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FOREWORD

The report on the South Hor-r area provides a map and description of the northern-
most part of the Great Rift Valley of Kenya before it loses its clear identity in the
Lake Rudolf basin. The area includes a small portion of Lake Rudolf and the small
volwnic area at its southern tip, where volcanicity has occurred Within the memory of
living man, and where the dying or quiescent phases of volcanicity can still rbe seen.
The author considers that slight movements in the floor of the lRift Valley might well
produce another episode of volcanicity.

The area is one of great diversity, ranging from high hills in the east, composed
of ancient rocks and clothed in parts in forest and favoured by a temperate climate,
to the sandy low-lying plains with a salt lake that deposits crusts of soda in the Suguta
valley. In the north-east there is the edge of the great plain that covers much of northern
Kenya, and around the hills stretches of lava country on which there is little soil or
vegetation. The area is remote and parts of it dfltficult of access and most trying to
work in. It is greatly to Mr. Dodson’s credit that he was able, with the assistance only
of a small force of Africans, to map the area under such inhospitable conditions.

The area is so remote that the few mineral deposits found Iin Iit have no economic
value, and unless extensive deposits or deposits of high-value minerals are Ifound there
is no prospect of mineral development. The author also concludes that there is little
value in developing sources of water in the waterless parts of the area owing to the
prevalent lack of grazing.

Nairobi, WILLIAM PULFREY.
February 26th, 1960. Commissioner (Mines and Geology).
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ABSTRACT
The ieport describes an area in northern Kenya of 1,187 square miles extent,

bounded by the meddians 36° 30’ E. and 37° 00’ E. and by latitudes 2° 00’ N. and
2° 30’ N. The area includes Ithe eastern wall of the Great Rift Valley and the southern
shores of Lake Rudolf. The main physiographlic units are (a) the Nyiru and Mara
mountain ranges, (b) the South Hour valley, (c) the lowland area north and south-east
of the mountain ranges, (d) the lava fields west and north-east of Nyiru and (e) the
Suguta valley. An account is given of their physical features, items of geographical
interest and the accessibility of the area.

The rocks exposed in the area include (1) Precambrian schists, Igneisses and granu-
lites of the Basement System, meta-intrusives, and anatectic rocks derived from siliceous
gneisses, (2) Tertiary sediments, (3) Tertiary volcanic rocks, (4) Pleistocene volcanic
rocks and sediments, and (5) the most recent lava flows in Kenya Colony. Descriptions
of the various rock types are given and the structures of the various beds are discussed.



GEOLOGY OF THE SOUTH HORR ARE
' I—INTRODUC'IION , *

The area described in this report is the south-eastem quarter of degree sheet 19
(Kenya; Directorate of Overseas Surveys sheet _No. 53), bounded by meridians
36° 30’ E; and 37° 00’ E. and by latitudes 2° 00’ N. and 2° 30’ N. It is some 1,187
square miles in extent, and includes the Samburu, Turkana and Rendile Native Reserves,
the Nyiru Forest Reserve, part of the Marsahit National Reserve and the southern tip
of Lake Rudolf. The area is part of the Northern Province. The Sambunu iand Unit,
an ungazetted area which includes most of the region between the Suguta valley and
South Horr, although pant of the Northern Province, is administered trom“Mara-lal,
which falls under the Rift Valley Provincial Administration. The western part of the
area, including the western shore of Lake Rudolf, lies in the ”Durkana District of the
Northern Province. The eastern, and north-eastern part of the area is also administered
as pent of the Northern Province.

Turkana settlement, while originally limited by the Suguta valley, now emtendsto
within a few miles of the western slopes of 01 Doinyo Nyiru. Samburu tribesrnen occupy
the area toithe south of Nyiru, the South Horr.valley and. 01 Doinyo Mara. "me open
plains to the north and east of 01 Doinyo Mara are occupied by mem'bersof the Rendile
tribe. As the three tribes mentioned are nomadic peoples no area is continuously
Occupied, the tribesrnen constantly moving in search of .fresh grazing for their herds of
cattle, sheep, goats and camels. Most of the Nyinu mountain range lies within Forest
Reserve,=whi-le the western» limits of the Marsabi-t National Reserve extend from Kowop
trigonometrica-l beacon, just south of the present area, to. Teleki’s volcano : and duenorthiWardsfrom there to the shores of Lake Rudolf. ; ' '

l The area was surveyedvin reconnaissance style between October, 1956, and May,
1957, as part of the regional geological survey of Kenya Colony. ‘ ‘ ‘

Nature of the Country and Climate—Geographically the area may be divided intofive units:'— , ‘ ‘ ‘ _ v -
“' . y. (1'). The Nyiru and Mara mountain ranges.

. _ (2) The south Honr valley. ‘ ‘ ' ' ‘
(3) The open'pl‘ajins to the north and south-east of the mountain ranges.~ p

‘ (4) The iava fields to the West, north and north-east of Nyiru.
(5) The Sug'uta valley and Lake Rudolf.
The nearly flat-topped Nyi‘nu mountain range attains an altitude of more than

9,000 fit. and, as it towers some 5,000 ft. above the sunrotmding countryside, it has afairly high rainfall and is frequently shrouded in‘ low clouds and mists. Nyiru supportsa dense forest growth of cedar (luniperus Aprocera), podo (Pod‘ocarpus milaniianus)'and
mumenous soft-wood trees of types which grow in cold, damp conditions”. The 01 DoinyoMara range extends to nearly 7,000 ft, but with the exception of a few stragglingcedar trees on Mumsu, and a somewhat larger patch on Sufukh, the two highest peaks
of the range, the mountain is devoid of'forest. Unprotected byfor'ests, and subjectedtothe fierce of severe daily winds, the upper and eastern slopes of 01 Doinyo Marapresent a bleak appearance. The western slopes and the Anage valley are better coveredby vegetation. ‘ F ‘ ' . = .

As the tribes occupying the area are pastomv {1,‘iittle cultivation of any .sort has beenattempted. At Tum Forest Station on the western slopes of OllDoinyo Nyiru a smallvegetable garden and paw-paw orchard has, however, proved highly Wu}, under:
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the lower slopes of 01 Doinyo Nyiru and the upper slopes of 01 Doinyo Mara occasional
haphazard tobacco planting has met with varied success. Since the indigenous popula-
tion consumes a great deal of chewing tobacco and snufi, and in view of the availability
of large quantities of stock-manure, it is feasible that tobacco and other cultivation
could be successfully carried out on the higher ground, and even in the South Horr
valley, where a certain amount of irrigation could be practised near the more important

streams draining 01 Doinyo Nyiru.

The South Horr valley nestles between the two mountain ranges, and as it drains
the steep eastern slopes of Nyiru and the western slopes of 01 Doinyo Mara a great
deal of water flows into the valley floor. As the floor is sandy there is seldom running
water to be seen but, in view of the dense vegetation, it is obvious that the waiter-table
is fairly near the surface. The valley is hot during the dry season, but it is tar more
agreeable climatically than the lower-lying parts of the area.

The open plains north of 01 Doinyo Mara extend eastward as far as the eye can
see. They consist of flat, sandy plains supporting little vegetation, of low thorn bush
and scrub type. At irregular interval-s slabs of rock or small hills stand up from the
plains and form conspicuous features. The plains lie at between 2,600 ft. and about
3,200 ft, so are fairly hot. During severe wind storms a great deal of sand becomes
wind-borne, an occurrence that makes field work somewhat trying. It must be added.
however, that the very openness of these plains greatly simplifies movement under
normal concfitions. '

The lava-fields occupy more than half of the area, extending from between Nyim
and the Suguta valley tome southernshores of lake Rudolf, and eastwardtothe flows
in the norm-eastern comer of the area. Traversing the lava-fields is an extremely diflicult
task—41w innumerable boulders or lava blocks require unequal spacing of footsteps,
while the high ground temperature caused by the heat absorbed by the lava and the
sharpness of lava in the more recent lava flows add to the general discomfort of walking.
The ' writer found that, used continuously, normal Well-made leather boots required
reasoling after about 10 days of use in the lava-fields.

Lake Rudolf and the Suguta valley are not much more than 1,000 ft. above sea-
level and consequently are considerably hotter than any other parts of the area During
the survey in the immediate proximity of Lake Rudolf, slightly cooling breezes were
considered to be greatly comforting and the availability of water, however saline, was
welcome for bathing purposes at least. 'llhe writer found that the addition of mtural
lime or lemon juice greatly disguised the unpleasant taste of the lake water. The Suguta
valley is a dry, sandy desert supporting little vegetation. At the onset of strong winds
huge dust clouds develop, reducing visibility to less than 50 yards. 0f the few Europeans
who have visited the Suguta valley, most believe it to be the hottest part of Kenya
()olony. It is the writer’s opinion, after five visits to Suguta, that it is unwise for the
average Europeantoarttemptto spend a fullday inthe valley dm'ingthedryseason.
It is preferable to confine movement to the early hours of morning or the late afitemoon.

Communications.—The area is served by two indifierent motor-tracks, passable to
fourvwheel-drive vehicles and, only to exceptional two-'wheel-drive trucks. The more
easterly of the two roads originates at Baragoi to the south, and passes through the
area to the shores of Lake Rudolf. South Herr, (where there are a Police Post, a Forestry
Post and a handing centre, is sited nearly a mile off this track. The other road branches
off the easterly road a few miles south of the present area, passes a small trading store
at Kowop andextends tothe Forest Stationat Tumouthe weetemslopesof OlDoinyo
Nyiru. In general it was found that safe average speeds for vehicles over distances
greater than five miles were seldommore than 10 miles per hour. It is noteworfiry that
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where possible the use of dry riveroourses is to be recommended—the sandy surfaces
are usually firm, invariably smooth and mostly free of large boulders. The open nature
of the plains in the north-eastern portion of the area simplifies road cutting in that part.

Maps.—The topography of the accompanying geological map was taken from aerial
photographs, reduced to suitable scale and checked by plane——table survey. The existing
topographical maps of the area on the 1: 500.000 scale proved to be almost valueless.
Control points were selected over the area and were fixed by plane-table resection. As
the coordinates of the Nyi'ru trigonometrical beacon, supplied by the Kenya Survey
Department from war—time records of an army survey unit, were believed to be of
doubtful accuracy, triangulation was extended from Baragoi area to the south to
encompass the present area. Formd'ines were drawn from numerous spot-heights, level
and clinometer readings. They are not accurate but serve to indicate the general form
of the topogmphy.

Acknowledgemems.—Ass'istance and hospitality, continuously received from the
Rev. Frs. Andrioni and Stelloni of the Roman Catholic Mission Hospital at Baragoi,
are gratefully acknowledged. The writer also extends his thanks to the Divisional
Forestry Officer, Thomson’s Falls, and lthe District Forestry Ofiicer, Maralal, for
assistance, particularly during the mapping of the 01 Doinyo Ny-iru Forest Reserve.
Acknowledgments are also made to Dr. B. Verdcourt, Nairobi, for assistance in the
identification of mollusc fossils.

II-—PREVIOUS GEOLOGICAL WORK

Lake Rudolf was discovered on 5th March, 1888, by Count Teleki and Lieut. von
Hohnel who described it (1894, p. 95)* as “set like a pearl of great price in the wonderful
landscape beneath us. . . .” The lake was named after Prince Rudolf of Austria. Von
Hohnel described beds of oyster-like shells about 50 to 60 fit. above the lake and pointed
out that they might be taken as proof of a former lake-level.'He described an active
volcano from which gases and clouds of black smoke were being emitted, and in honour
of the leader of the expedition named it Tcleki’s volcano. A. Rosiwal (1891) described
a. number of rocks collected by Count Teleki and von Hohnel, including basalts from
Teleki’s volcano, trachytes and phonolites {ran the nearby lava-fields, and amphibol-ites '
from the 01 Doinyo Nyiru range. F. Tonia (1891) also examined rocks collected by
von Hohnel, including amphibo‘li-tes from the western slopes of Nyir-u, “andesine-
trachy-te” from the lava-fields between Nyiru and the southern shores of Lake Rudolf,
and vitrophyric basalt from Teleki’s volcano. E. Suess (1891), provided with infomation
from several sources including the Telek-i expedition, described the East African rift
valley systems, which include the Lake Rudolf trough. In his description of Lake Rudolf,
he noted that on the eastern shores Shelly limes-tones occur at betwwn 40 and 50 meters
(138-162 ft.) above the lake level. Listed fossils identified from the hmestone are as
follows. Melania tuberculata, Unio teretiusculus Phil]. (CaiIlandi Fer.) and Corbicula
fluminalis Mii111(Consobrina Call-1..) He pointed out that Lake Rudolf contains a nilotic
fauna and concluded that a connexion between the Nile system and Lake Rudolf existed
in the past.

H. S. H. Cavendish (1898) travelled from Ethiopia down the western shores of
Lake Rudolf to join the restof his expedition on the smith-eastern shores of the lake.
He reported that Teleki’s volcano had disappeared and that its place has been taken by
an absolutely flJat plain of lava. He recounted that Ligob tribesmen stated that six
months before the lake had overflowed and the waters had swept in where the craters
had been—causing a vast explosion and putting out the fire!

‘ 3" References are quoted on: pages 52-53..
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There is record of at least two other visits by explorers to the southern shores of
Lake Rudolf within a few years of Count Teleki’s expedition. Major-General Sir Percy
Cox, President of the Royal Geographical Society, introducing A. M. Champion’s (1935)
paper, described a visit to that area by Dr. Donaldson Smith who reported having seen
Teleki’s volcano in eruption. later, in 1899, it was visited by Captain Wellby who found
the volcano in a quiescent state (Welby, 1900).

A. M. Champion explored the southern shores of Lake Rudolf in 1932 and was
able to record (Champion, 1935) that contrary to Cavendish’s statement, Teleki’s volcano
had not been destroyed ‘by an explosion. Champion made several interesting observa-
tions. He described former beach-levels on 'Na‘boiyoton ash—cone, and fossiliferous
deposits on shelves at various nearby localities... all of which lay between 250 ft. and
300 ft- above lake-level. He later concluded (Champion, 1937, p. 172) that the volcanic
rocks of the Barrier had separated the Sug-uta valley from Lake Rudolf and suggested
that the Suguta river may have been one of the headwaters of the Nile.

Rock specimens collected by Champion were later described by W. Campbell Smith
(1938). ‘

' V. E. Fuchs took part inrtwo expeditions to Lake Rudolf, giving accounts of his
work in 1934, 1935 and 1939. In 1930/ 1931 he studied Pleistocene lake deposits at Lakes
Baringo, Rudolf, Edward aneeorge. Concerning his investigations at Lake Rudolf,
the only record relevant to the present area consists of descriptions of fossil :beds on
the western shores of the lake, and his recognition of lake-level fluctuations. In 1934
work was concentrated on Lake Rudolf alone. In reporting the work Fuchs (1939)
briefly described the Basemem‘iSyste‘m rocks, younger volcanics, and fossiliferous
lacustrine sediments of the Lake Rudolf basin. He described the fluctuations of the
lake, specifying a total advance and retreat range of overh500 ft. as compared with the
1934 level. He estimated that the highest level reached by the lake, since early Pleisto-
cene times was about 330 ft. above the 1934 level. He drew up a tabulated correlation
of the geological sequence of the Rudolf basin with successions of similar time range
in Uganda and Kenya as visualized by Wayland, Gregory and Leakey.

In 1932/1933 C. Arambourg led a part-geological, part-anthropological expedition
over a wide area through the Turkana District west of Lake Rudolf, and {Ollie Omo
delta at the northern end of the lake. He gave an outline of the rock types encountered
in Turkana and described the fossiliferous beds of the Omo and other localities (Aram-
bourg, 1943,‘ 1947). He concluded that the structures of Turkana and the Lake Rudolf
basin follow a genera-l north-south trend which has been superimposed on earlier fold
structures of the same trend in the Basement System. He deduced the following tectonic
history for the area he investigated: —" ‘ ’

1. An early phase of post-Archaean faulting. ‘ p ,

2. A second tectonic phase, which was accompanied by lava outpourings, believed
’ to be of Miocene age. . . ._

_3. A third tectonic phase which was responsible for the main rift faulting.
4. Final faulting, after the early Quaternary deposition of the Omo beds. It was

confined :to the Lake Rudolf trough, and resulted in the tilting of small fault-
blocks, mostly to the west. These movements were considered to be contem-
poraneous with those that affected Kamasian lacustrine sediments elsewhere
in Kenya.

B. H. Baker carried out a geological survey of the Baragoi area, due south of the
present area, in 1955 (Baker, 1963). He described the Basement System rocks of the
Ba-ragoi area as a succession of metamorphosed and igneous mks with migmaitites and
granitic intrusives derived from the metamorphic rocks by granitization. He concluded
that the Basement System structures are dominated by a complex syncli-ne with a closure
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in the south-eastern corner of the area, but passing into a series of folds at the common
boundary with the present area. Baker described the volcanic rocks of Barajgoi as ranging
from Miocene basalts to Recent lava, believed to be basalt and possibly contemporaneous
with the lava outpourings from Telek-i’s volcano. He identified two post-Archaea-n
tectonic phases: tilting in a westerly direction at the close of the Pliocene, and Pleisto-
cene rim-faulting. Differences that will be apparent 'between the adjacent parts of the
map of the Baragoi area and the map of the present area. arise mainly from the tact
that in the South Horr area there are excellent hill-slope exposures on the Nyiru and
Mara ranges that allow more detailed subdivision of the Basement System rocks than
in the neighbouring area. In addition the Tirr-Tirr Series, described by Baker as pre—
dominantly traehytic, includes considerably more basalt in the present area and the
writer was able to subdivide the series into trachyte and “basalt formations.

III—PHYSIOGRAPHY

The area can be divided into several physiographic regions, which result largely
from the rock types and structures in them.

The mountain ranges, Nyiru and Mara, rise |between 3,000 and 5,000 ft. above the
surrounding countryside. Nyiru, in particular, forms a highly prominent physiographic
feature, which can Ibe seen from many miles away. Following the regional strike, these
two mountain ranges are elongated in a roughly north-south direction and both taper
ofi fairly gently northwards and more steeply to the south, while their east and west
faces are often precipitous. As is so often the case in the Basement System areas of
East Africa, the most prominent features, such as rocky crags and high points, are
composed of homogeneous granitoid g-neisses or at least of compact, rather massive
biotite gneisses. Nyir-u is nearly flat-topped, its summit plateau lying at more than
8,000 it. Two small pointed hills, Mowongosowan and Kosikos, rfiorm peaks which viewed
from a distance are insignificant features on the mountain range. One of the most
impressive physical features on the Nyiru range is the large semi-conical rock Ben,
almost directly overlooking South Horr on the eastern slopes of the mountain. The
Mara range consists of tapering razorabacked ridges, trident-shaped in plan, with the
prongs pointing north. Three pointed peaks. Sufuku, Mumsu and Borali, form distinctive
high points. Mumsu is the most impressive as it consists of seven rounded peaks remini-
scent of the crown of a molar tooth. 0n the norttestem ridge of the Mara range, a
lower-lying hill, Koros, forms a highly distinctive feature. Koros is composed of massive
north‘south-striking granitoid gneiss, which has exfoliated around a system of east-west
joints to form five large, equal-sized, rounded peaks. A :few small isolated hills, which
may be regarded as outliers of the two mountain ranges, are dotted on the plains to
the south and north-east of Nyiru and Mara.

Geological structures influence the physiography of Nyiru and "Mara. The best
example of relationship between topography and structure is the steep-limbed anticline
at Leyosi, the south-eastern tip of Nyiru. The anticline is composed of a massive granitoid
gneiss core, encased by less resistant layers, most of which have been stripped by erosion.
The grantoid gneiss forms a round-shouldered ridge following the trend of the fold,
while the adjacent valley to the west is cut through steeply-dipping synclinally fielded
rocks. ,

The Open plains to the north, east and south-east of Nyi-ru and Mara are part of
an extensive plain which stretches eastward as far as the eye can see. The plain represents
the most typical feature of the eaStern and central portion of the Northern Province of
Kenya. In the present area the plain consists of waterless sandy flats supporting sparse,
stunted vegetation. The monotony of the plain is broken by small hills, dotted about,
and to a lesser extent by sand-choked river-courses. Being flat, sandy, and possessing
little vegetation cover, this region is being increasingly subjected to wind action. Imme-
diately before the seasonal rains, when vegetation has been intensively cropped by‘ herds
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of goats and camels, sand-storms are frequent and sometimes of great intensity. Numerous

minor sand-dunes can be seen and a large sand-pile is banked against the western, or

leeward, side of the narrow ridge next to the South Horr-Marsabit road intersection in
the north-eastern part of the area (see Plate VII, Fig. 1). It is probable that over-grazing

by stock has notably increased the part played by wind-blown sand over the plains as

a whole. The dangers of large-scale sand movement are well known, the remedies

difficult to put into operation in an area occupied by nomadic tribes.

West and north of Nyiru, numerous lava flows of various ages form a series of

treppen. The treppen are cut by north-south fault-scarps and deeply incised by river-

courses. The valleys are usually steepasided and frequently attain a depth of 500 ft.

The Iyruk plateau forms the most prominent feature in the lava-fields as it rises over

1,000 ft. above the surrounding country, the upper layers of volcanic rocks in it having
been notably eroded. Erosion of the lava-fields west and north of Nyiru has produced
only a thin mantle of soil, the lava flovvls remaining as rough, bouldery sheets, in places

devoid of vegetation.

The most interesting physiogr-aphic feature in the area is the large volcanic mound

known as the Barrier. It was so named by Champion as it constitutes a barrier between
Lake Rudolf and what was formerly a southern extension of the lake, the Sluguta valley.

Emplacement of the earliest Barier volcanic rocks probably took place in middle Pleisto—
cene times and there has been almost continuous volcanic activity up to now, so that
the Barrier is not perceptibly affected by erosion. The mass is roughly dome-shaped,
sloping from the shores of Lake Rudolf in the north and from Lake Suguta in the
south, both at about 1,200 ft. above sea-level, to a maxi-mum height of just over 3,300 ft.
The Barrier has several interesting features.

Viewed from a distance the Barrier resembles a massive volcano as its flanks slope

gently up to a large craterlike depression, nearly 4,000 yards in diameter and about
500 ft. deep. This structure was described by Champion (1937, p. 169) as a crater but
there is clear evidence of caldera collapse. It is probable that the caldera occupies the
site of the original volcano responsible for the outpourings of intermediate lavas that
built up the Barrier. There is evidence of two and perhaps three collapse sin-laings, the
earliest movement being indicated 'by an arclshaped, steep-faced wall to the west of
the caldera. The second collapse produced the roughly circular caldera. The floor of
this depression is covered by a series of lava floWS believed to have been extruded
during the subsidence. At two points along the northern rim of the caldera, recent
outpourings of viscous lavas piled up until they finally overflowed the rim to form
prominent plateauulike hills overlooking the depression. Champion quoted the name
Kakorinya for the caldera but, although several different names were obtained from
local Turkana tri'besmen, the most persistently offered name during the present survey
was Nagaramasainia. Several small steam-jets are situated on the south-western edge of
the caldera rim.

A visit to Telek-i’s volcano proved that it has changed little since its discovery, and
the writer could not find any evidence to support Cavendish’s statement (1898, 'p. 390)
that the volcano had disappeared through volcanic action. As Cavendish made his
statement purely on the strength of infionnation obtained from local tribesmen, it is
fair to state that it is the writer’s experience that little reliable infoma-tion can be
obtained from the inhabitants of the area. Before accepting either a plaice-name or an
account of the past history, it is necessary to check and re—check the information. Few
Turkana tribesmen visit the southern shores of Lake Rudolf and many hold the region
in awe. In earlier writings Telek-i’s volcano has been referred to as Nagira Mwaiten and
Luburrua, the latter name being quoted in the Encyclopaedia Britannica. No Turkana
questioned by the writer had heard these two names. Apparently there is no specific
African name for Teleki’s volcano, but Lugugugut, meaning “the place that is burnt”,

' is a term used to describe both Telelci’s and a similar volcano, named Andrew’s volcano



7

by Cavendish, on the southern slopes of the Barrier. Champion’s description and sketch-

map present a good picture of Teleki’s volcano. The volcano consists of two elongated

irregular mounds, the larger mound being studded with numerous minor craiters, several

of which form a compound crater at the crest of the volcano. The westerly mound

includes a line of three explosiomtype craters with a larger oil-set crater, which erupted
p southwards. Both mounds are covered by a carpet of dull bluish black, highly scoriaceous
ash which, owing to its high porosity, is «totally non-reflective. The sornbreness of this
dull material is difficult to imagine, especially when pictured in its setting of a stark
landscape of vegetation-free lava-flows to the north with only scanty vegetation on the
older volcanics to the south. I-n patches a yellowish discolouration can be seen in the

black scoriaceous ash, and if the upper few inches of ash are scraped aside, abundant

sulphur is expowd. As the sulphur is fineagrained and thus easily removed by wind

action, little remains exposed on the surface. A pungent smell of sulphur gases can be

detected on the crest and in the composite crater, but the discharge of gases has obvi-

ously decreased since von Hohnel’s visit when he reported (1894, p. 223): “An over-

whelming smell of sulphur and chlorine . . ." and “. . . black clouds of smoke were

driven away from us by the prevailing winds. . . .”

Andrew’s volcano on the southern slopes of the Barrier is similar to Teleki’s volcano
in many ways. Like Telekils volcano it is known by Turkana as Lugugugut. Cavendish
named the cone Andrew’s volcano in honour of his companion during his expedition

to that area. The volcano has erupted within the last few hundred years, the most
recent lava-flow (forming a highly conspicuous “black, rocky Itongue which extends from
the cone down to Lake Suguta (see Plate IV, Fig. 1). A feature common to both

Andrew’s and Teleki’s volcano is the presence of a ’blanketin-g layer of dull black
scoriaceous ash which covers the cones and the countryside immediately around.

Several large volcanic ash cones form prominent features on the Barrier. The three
most important cones are Na'boiyoton, Wargess (referred to as Abili Agituk -by earlier

writers), on the shores of Lake Rudolf, and Mumiau east of Lake Suguta. A few

smaller less significant ash-cones are dotted about the Barrier, mostly projecting through

younger lava-flows. The three large ash-cones are pale yellowish to bull-coloured,
contrasting with the blackness of surrounding lava-flows. Being sofit and friable, all

show a greater or lesser degree of weathering, Murrn'aiu in particular being deeply fluted.

The remaining item of physiographic interest on the Barrier is the intensely faulted
lava-field known as Lata-r-r. The taultascarps, completely unaffected by erosion, torm a
series of steep-sided steps extending to the southern shores of Lake Rudolf, where they
form a series of narrow fingerdlike 'penins-ulas and correspondingly narrow bays.

The southern tip of Lake Rudolf lies within the limits of the present area. Lake
Rudolf is one of the larger lakes of Africa, the second largest lake in East Africa, and
is over 150 miles long, only seven miles of its length being included in the area mapped.
South Island, also known as El Molo Island and von Hc‘hnel Island, occurs a few miles

to the north of the northern limits of the area. Being an arm of internal drainage,

Lake Rudolf is strongly saline, containing a high percentage of sodium salts.* As a.
result the water has an unpleasant odour and 'a soapy unpalatable taste, although it
can be consumed without immediately obvious ill-effects. Daily winds around Lake
Rudolf are violent. No accurate measurements have been taken but it is safe to say

that the more violent winds exceed a speed of 60 miles per hour. During the peak of
wind activity waves on the lake are whipped up «to 6 fit. high. Most of the lake shore-
line included in the area is rocky, consisting of layers of lava boulders or minor cliff
faces where recent lava-flows have extended to the water line. In the smrth-weetem
corner of the lack, however, the shore-line opens out to form a gently curving arc with

* For analyses of water samp from Lake Rudolf, see p. 50.
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sandy and shmgle beaches. An interesting aspect of that region is the presence of 12
sand dunes which are a11 parallel to the shore-line. In appearance they a1re11like Succes-
sions of foredunes found in areas of marine retreat. The dunes are compacted and are
composed of 1a considerable amount of shingle or coarser material, and Isince this bay
is reasonably well protected from wind action by the surrounding higher ground, the
dunes have been fairly well preserved. The dunes are about 12 to 15 ft. high With a
wave-length between crests of about 50 fit. Further inland finer wind-bloWn sands are
heaped up against Obstacles to form dunes aligned to face the prevailing winds, thus
being almost parallel to the dune alignment in the centre of the coastal area.

The Suguta vailey represents a former extension of Lake Rudolf south of the
Barrier, sealed off from the lake by the emplacement of the Barrier volcanic rocks. The 1
valley is more than six miles Wide at its northern extremity but widens to the south.
Suguta is unique in that for most Of the year it is a desert aflected by aeolian action
only, While for short periods during rainy seasons it becomes flooded to form an exten-
sive shallow lake. Within the limits of the present area the va1ley is bounded by the
Barrier to the north and by fairly low-lying but steep-faced fault-scam walls of lava
to the east. The valley floor is remarkably flat and 1s composed of fine sands, grits and
gravels A few volcanoes such as Emuru Gumol rise abOVe the sediment-covered floor.
Most of the va11ey is free from any ferm of vegetation but a few isolated bushes such
as Salvadora persica, the toothbrush tree, and doum palms (Hyphaene coriacea) can
,be seen at the mouth of 1th'e Losergoi river-course. During severe wind-storms the amount
0f sediment lifted from the valley floor becomes sufficiently great to reduce visibility
toabout 50 yards. Locally, features assbciated with wind erosion, such as sand dunes,
are developed but occasional flooding of the valiey prevents the extensive formation of
characteristic desert topography The valley does not, therefore, have 1a landscape typical
“of either deserts or river valleys, although in general the influence of the flooding is
predominant

. Ahighly saline 1ake occupies the northern end of Suguta. Champion (1935, p. 327)
described a locality where the water of this “lake “. .disappeared into the ground and
may or may not pursue an underground course to the lake. ” Despite careful examina-
tion of the lake during the driest period of the year, When the level was below average,
the writer did not find any spot into which lake water disappeared. The pOssibility of
an underground connexion between Lake Suguta and Lake Rudolf must be considered
highly unlikely. The bite is typical of soda-rich lakes found in East African rift valleys.
A strong odour reveals the presence of excess soda, Which forms a whitish crust around
“the shoreline during the dry season. The water is undrinkab'le but ioca‘l tribesmen state
that immediately after heavy rains a 1ayer of drinkable water forms I over the saline
water, the two remaining more or less separate for several days. The take floor is
Mposed of foul-smelling black mud. Large numbers of flamingo are attracted to the

.1 East of Suguta there is an open desert plain with a wild desolate appearance
Unlike Suguta it is never fldoded. In part it has an erg topography with moVing sands
in dune form, while at its nerthern end it is mere rocky and is partly covered by ill-
sorted pebble-sheets. Though the streets of abrasion caused by wind-borne particles are
apparent on most of the boulders strewn about the sand, no well-ficrnied ventifacts were
observed ‘ - -

Drainage.-—The area includes two distinct drainage systems (see Fig. 1) Lake
Rudblf and the Suguta Vailey are the recipients of internal drainage, receiving the
greater share of the rainfall run-off west of Nyiru mountain and around the 1ake shore,
Whiie the second system drains the eastern slopes of Nyiru, the entire Mara range and
the more easterly 11aVa-flows. Most of the rivers flowing into Suguta and Lake Rudolf
have been forced to cut courses through a series of lava-flows or pyroclastic accumula-
tions. It is interesting to note that at 11least’some1'1of‘ the major riVersIIi'ini-this region are
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through the lava-fields are immature, their gorges being deeply incised to as much as

superimposed on their original courses. Evideneeef this superhuman is apamt in
gorges exposing the junction bet-ween the lavas and underlying. Basement System. socks
or Miocene sediments resting on them. In each ease the existence of a previous" gorge
is shown by the shallow V profile of the junction, the floor of which is smtimes as

obtained in most of «the river-courses, in some cases by digging in shallow sand, but
' often it is av 'i-lalble at springs emerging from cracks or joints in the lava floor or walls
of the river-courses. The solid lava is impervious, preventing general dispersion of «the
water, so that surface run-off passes into joints or gfiault—‘line cracks. The water, thus
channelled, moves downwards until it can escape in a river-bed or valley side in the

1,000 ft. and contrasting with the relative flatness of the lava terrain. Water can be

form of springs.

much as 400 ft. below the shoulders of the Original valley. Typically,
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f . The easterly-flowing river-courses present a complete con/crast Ito those of the
Rudolf-Sagan basin. Since end-Tertiary times at least, they have not been disturbed
:either by meouonic movement or by the outpouring of volcanic rocks. As is typical of
the greater spa-rt of Ithe arid nonthem regions of Kenya, these river-comes are broad,
and—choked, and Show mature development.
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Fig. 2—Physiographic map of the South Hon- area
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Erosion Surfaces.—Two‘ well-defined erosion surfaces are apparent in the area, and
in addition, bevels occur at various levels labove them. The bevels may 1be equivalent

' to older peneplains described 1by Dixey (1948) and ShackletOn (1946), but the writer
does not consider their appearance or situation sufficiently diagnostic of penepl-ains of
wide extent to describe them as erosion surfaces or to assign an age to their development.

The oldest erosion bevel is represented by a plateau, only slightly dissected, capp1ng
Nyiru mountain (see Fig. 2). The two highest peaks of Nyiru, Mowongosowan and
Kosikos, project a few hundred feet above the upper plateau. This plateau is possibly
equivalent to the undated surface described by Dixey as the “8,300 1ft peneplain”.
, Nearly 1,000 ft below the upper plateau on Nyiru, a series of smaller plateaux
or shelves can “be recognized. They are best seen toWards the southern end or the1range.
The northern end of Nyiru fOr-ms a gentle slope but the southern end of the mountain
terminates in a series of widely separated platforins, the uppermost being at about
7,400 1ft. Shackleton (1946, p. 2) described a bevel at about the same altitude in the
Maralal area as a remnant of a Cretaceous peneplain. Remnants of a subsequent surface
fOrm the crestlines or the southerly extension of Nyiru and- Lossom, platforms on the
northern and north-eastern slopes of Nyiru and the flat-topped parts of the Mara range.
This bevel at between 6,200 ft. and 6,500 ft. may be equivalent to Dixey’s end-
Cretaceous peneplain.

. A number of welldefined platforms sloping to the west occur along the westerly
base of Nyiru The shelves are best preserved in the vicin1ty cf the Forestry Depart-

'ment station, Tum, - and comparable shelves occur on the northern slopes of Nyiru and
north and south of Mara. These shelves probably represent an intermediate bevel between

1 the upper surfaces and the next lower surface, which has been described by Dixey as
the mid-Tertiary peneplain but--is- called the subMiocene bevel in publications of the
Geological Survey ofKenya. . . .

The sub-Miocene bevel was cut on Basement System rooks, gullies, valleys and
depressions being infilled with waste brought doWn from higher ground. Elsewhere in
Kenya similar sediments have been proved to be of Miocene age. Between Nyiru and
the Suguta valley this surface slopes as a result of down--warping and is faulted to suCh
an extent that it is not exposed either in the 811q valley nor in any of the lateral
valleys. If it is assumed that the sub-Miocene bevel 1s covered by about 500 ft. of lavas
in the Suguta valley, the surface has an overall slope of about 3% degrees between Nyiru
and the Rift Valley, 1which includes Suguta. On the southdwestem shores of Lake Rudolf
the sub-Miocene bowl is preserved at the contact of Tertiary lavas and the eroded
surface of Basement system rock-s. Where the lavas have been completely removed by'
erosion, the bevel too has been destroyed. The exposed sub-Miocene bevel in this part
of the area ocCurs at less than 1,400 ft. and slopes eastwards, towards the centre of the
Rift Valley. 1

On the eastern side of Nyiru the sub-Miocene bevel forms a distinct platform in
the South Horr valley. It slopes in a north easterly direction at an initial gradient of
about 70 1ft. per mile, but appears to level off somewhat towards the north-eastern limit
of its occurrence 1

' Few remnants of the sub-Miocene bevel can be recognized on the flanks of Mara.
The north-eastern extension of the range forms a platform which appears to have been
part of the original erosion surface. Less obvious terraces of coincidental heights occur
in some of the valleys but they are not sufficiently Well defined to warrant their inclusion
as remnants of the sub.-Miocene bevel. ..

By far the most obvious of all the erosion surfaces in the area is the low-lying
plain in the north-east corner. Described by Dixey as the end-Tertiary peneplain, this
vast sandy plain stretches eastward for as far as the eye can see, formmg the most
characteristic physwgraphic feature of northern and eastern Kenya
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N—SUMMARY 0F GEOLOGY

The oldest rocks in the area belong to the Basement System of Kenya, which
consists of a considerable thickness of marbles, quartzites, granulites, gneisses and
schists. The system represents an original sedimentary sequence of calcai eous, psammitic,
semi—pelitic and pelitic rocks of geosynclinal dimensions the rocks being converted to
their present conditions during orogenesis. The writer believes that some of the psamm-i-tic
rocks in the present area, Which have been converted to coarse-grained granitoid gneisses,,;
achieved 1a state of mobility approaching that of intrusive granite. The original sedi-
ments were invaded by molten basic material, now represented 1by numerous amphibolite
and plagioclase-«amphibolite bodies, and less abundantly by ultra-basic material, now
converted to anthophyllite, talc and other alteration products. Towards the close of
the orogenesis that caused the metamorphism 10f the Basement System rocks they were
extensively invaded by pegmatites and apliites.

The nest oldest rocks in the area are patchily distributed sediments which appear
to be similar to those Shackleton (1946, p. 27) recognized as of Miocene age The
Tertiary sediments in the area appear to be infillings of localized hollows rather than
remnants of large-scale sedimentation

O-verlying the Basement System floor and the patchy Miocene sediments are volcanic
rocks ranging 1from Tertiary to Recent age. The oldest volcanic rocks are finevgrained
basalts associated with pyroclastics. Later flows consisting of trachytes and basalts were
unconforma'bly laid on the older westerly-tilted lavas. The Barrier separating Lake
Rudolf and the Suguta valley is a volcanic mound consisting of agglomerates and
trachytes, together with younger olivine and augite basalts and basanites. The most
recent lavas in the area include those extruded from Teleki’s volcano on the north slopes
of the Barrier.

During the Pleistocene, lake-beds were formed on the shores of Lake Rudolf, on
the Barrier and on the flanks of the Suguta valley. The beds include fine silts, gravel-s,
diatomaceous bands and a few Shelly horizons. With the drying up of the Suguta valley,
evaporiites were deposited locally around the shrinking, lake.

The geological history of the area can be summarized as follows: —

‘1 Basalts from Teleki’s and Andrew’s
1 » g 1 Volcanoes.

Recent fRecent outpourings of lava '
' Trachyte flows in Nagaramasainia

J _ i caldera.
Slight Faulting

] Onset of desert conditions in Suguta valley.
, Drying up of Suguta Lake, saline deposits.

Upper Pleistocene Naboiyoton ash-cone. '
Sedimentary deposits around Lake Rudolf, on the Barrier and in the

J’ Suguta valley.
Trough Faulting

. Lacustrine sedimentation at 220 ft. above present Lake Rudolf.
Volcanic rocks of the Barrier—Olivine basalts and basanite.

Intermediate volcanic rocks.
Ash-cones.
‘Agtomerates.

Middle to Upper
Pleistocene *

Younger lavas of' Mt. Kulal.
Lavas of the Serima valley- and intercalated sediments.

' Sedimentation at 330 ft. above present Lake Rudolf.

Letter to ' Middle
‘ ‘PIéist‘Ocene
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Tilting. Slight Faulting
Tirr Tirr Series—Olivine basalt. . _

, Fine-grained trachytes.
Rhyolites, agglomerates at Iyuk.

Pliocene ?

Tilting
Porphyritic basalts.
Fine-grained basalts and pyroclastic rocks.

Miocene Erosion.
Deposition of Miocene sediments.
Maturation of Sub-Miocene peneplain.

Miocene to . . Successive periods of erosion and peneplanation.
' Paleozoic ' ,

Silica—rich intnfiions.
Folding, regional metamorphism, granitization
Fracturing, basic and ultra-basic intrusions.
Geosynclinal sedimentation.

Precambrian

V—DETAILS or GEOLOGY

‘ ' 1. The Basement System

The oldest rocks in the area are metamorphic rocks of the Kenya Basement System,
which is Precambrian. 'Dhey occupy about one~tlrird «of the area and except for three
outcrops . are confined to the south-eastern portion of the area. The outcrops separated
frOm the main exposures are on the hill of Radj, south-east of the debouchure of the
Losergoi river with the Suguta valley, at the southern margin of (the area south of Radj,
and on the «western shores of Lake Rudolf. In the south-eastern part of the area, the
Precambrian rocks are partly covered ‘by residual and transported soils, but they also
form the two high, impressive mountain ranges of Nyiru and Mara.

The following is considered to be the most satisfactory classification of the rocks
of the Basement System in the area: ——

Meta-sedimentary Rocks (a) Crystalline limestones
(b) Cale-silicate rocks
(c) Pyroxene garnet gneisses
(d) Hypersthene biotite gneisses .
(e) Epidote gneisses
(f) Diopside gneisses J
(a) Pelitic biotite gneisses 1P

J
p (b) Sillimanite gneisses

(c) Graphitic schists and gneisses

(a) Biotite gneisses

«Calcareous

]

(b) Homblende-biotite gneisses J\Semi-pelitic.
(c) Homblende gneisses

(a) Quartzo-felspathic granulites
(b) Granitoid gneisses }Psammitic.
(c) Augen gneisses

. (a) Biotite migmatites.
Migmatites (b) Homblende migrnatites.
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For convenience other rock‘s“ closely— associated With the Basement System, and

which are considered in later sections ofkthe report, are listed here: —_- "

Pre-metamorphic Intrusives (a) Arnphibolite‘s and plagioclase amphibolites.
(b) Ultra-"basic intrusives. ‘ ’ ‘
(c) Meta—gabbro'; '
(d) Garnetiferous felspathic ortho-granulites.-

Anatectic rocks (a) Granites: ’ ~ ' ‘ ' ‘” -'
(b) Aplites.
(c), Pegmatites.

Quartz veins. .: . . , , - y ,

Though the part of the area occupied by outcropping Basement System rocks is

not extensive compared with many other areas in Kenya Colony, the local Success-ion

is particularly well exposed on the eroded rocky slopes of' the Nyiru and Mara. ranges.

Consequently the writer was 'iable ‘ to" measure the succession, tabulated below. The

sequence in the Bara-goi area to the south of the present. area, described by B. H. Baker

(1963, p. 7), is included for comparison. The apparent differences in the two Succes-

sions stem from the more detailed subdivision adopted by the writer, in view cf the
excellence of the mountain slope exposures in the South Honr area.

South Horr Area ' ' Thickness Baragoi' Area

Feet

Biotite gneisses, .in parts mobilized, with ultrae . - , Gneissose granite.-
.abasic .intrusives, amphibolites, _. graphitic ' ' . , ' , , 1 fl' .,
schist. , ., . , . . ' 2,000 ‘ Pla'gioclaSe amphibolites .'

Biotitemigmatites _ ‘ ‘.'. , .. , $0—’ 600 ‘ ' ' -' , -' f *' ‘
' Granitoid gneisses ,. .. " , $600—1,400 ’- GranitOid' gnei5ses. ” '

Biotite gneisses'With amphibolite . . - . . $600—1,600 ‘ Plagio’C‘las‘e ”amphibolites
-» '"“ . ' , . . , . ‘ ‘ _ with ,amphibolites and

" :v-mugscov-‘iteabiotite
. gneisses.

Augen gneisses , .. .. .. _. i600 . i -
Politic biotite gneisses ' .. t .. :E600 - ‘ .
Granitoid gneisses . . . . . . . . $1,200—2,000
Banded biotite gneisses . . . . . . $1,600
Biotite gneisses .. .. .. .. .. $1,600
Granitoid gneisses . . . . . . . . $1,200-2,000 }Biotite gneisses.
Banded biotite gneiss . ; . . . . . . $1,600 ' , ’
Biotite gneisses .. .. .. .. .. $1,600
Granitoid gneisses . . . . .e -. . . $1,200
Banded biotite gneisses . . .. .1 , . . $1,100
Biotite gneisses . . A . . . . . . . $3,000 J

Hornblende-biotite gneisses . . . . . . $2,500 1 .
Diopside gneisses . . . . . . . . $400
Biotite gneisses .. .. .. .. .. $1,200
Banded biotite gneisses . . . . . $600
Biotite gneisses . . ., . . . . . . $1,000 . Hornblende migmatites.
Hornblende migmatites ‘ .. .. .. $900 ‘

' Biotite gneisses .. .. .. $1,100 ,
Amphibolites .. . .. .. .. $1,000
Biotite gneisses . . . . ._. . . . .. $900
Hornblende-biotite gneisses .. .. .. $900 J

Granitoid gneisses . ; . . . . . . $1,400 ~
Amphibolites . .. . . . . . . y . . $1,400 Biotite migmatites.
Biotite migmatites . . . . _ . . . . $1,000 ,

BOTTOM ' . '
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" (l) Chansons” "Rooks W
(a) Crystalline Limestones I .

Limestones form an 1ns1gn1ficant part of the geological sequence in the area mapped
They occur as narrow lenses and as discontinuous bands usually less than 10 ft. wide.
The mapped hmestones 101311111 in the Muran- valley, south of south Herr, on the western
slepe's of Mara, on the north-eastern slopes of Nyiiru and 1n the core of the Tum synch-ne.
Shackleton (1946, p. 7) and Saggerson (1957,11. 9) have noted the frequent association
of iimestones and graphitic rocks in the Basement System In the present area, at Tum,
marble lies adjacent to a band of graphitic gneiss, while 1on Mara narrow bands of
lirnestone areenclosed 1n graphitic schists. » - I .

' 1'

Most of the limestones are white or pale blue and they are usually coarse-textured
Banding or mottling is not common. Spee1men 19/2*,1a compact, mottled grey and
white hmestbhe, consists of medium-grained calcite, abundant muscovite' flakes which
are ' comentmted along seams, and small grains of magnetite. The magnetite is respon
sible for the grey colouring of the mottles.Bo1th at Turn and on Mara ”the limestone
near the graphitic rocks contains graphite flakes. None of the marbles contains c119.
silicate minerals. , , . .

(b) Cale-silicate Granulites
The cale-s1hcate rocks occur as variable-sized lenses intercalated ampng the finely

banded layers of migmatites and other banded rocks. They often form rough boudinage
structures around which the less competent surrounding layers have been folded. The
lenses vary in size from a Ifew inches to 10 ft. in length.‘ ‘ ,

_ In the hand-specirnen the cale-silicate granulites are mottled or patchy, greenish
greyish or, when «rich in garnets, reddish rocks. They are invariably tough and are
highly resistant to weathering. Consequently, they stand out from weathered surfaces
as small ridges or as rounded knots. Specimen 19/ 175, trom a minor lens included in
a banded gneiss exposed in the Muran valley, is far more calcic than most of the calc-
silicates examined and resembles those described by Dodson (1955, p. 9) and Bear
(1952, p. 9) from central Kenya. It is composed of hornblende, epidote, calcite, calcic
garnet, quartz and 1fe’1spar. A crushed sample of calcareous granulite from near Berali
was examined, as small grains of a sparsely distributed metal sulphide could be obserVed
in a hand-specimen. The following minerals were recognized: diopside, epidote, garnet,
plagioclase (An 50--50), with apatite as an abundant accessory mineral and a few minute
grains of pyrite.

Shackleton (1946, p. 8) attributed the Composition of calc-silieate granuhtes to
reaction between limestone and granitizing fluids. The writer considers that the matenals
introduced during granitization are mainly potassium and Sodium. It seems more likely,
therefore, that the granul-ites, if formed by granitization, would be the result of granitiza-
tion of a calcareous pel1i1te.'I‘he writer belieVes, however, that they represent almost
closed metamorphic systems, little affected by granitization.

(c) Pyroxene-garnet Gneisses
West of Nyiru,pyroxene-garnet-1rich rocks form a series of low ridges and rocky

exposures, which protrude from the sandy soils covering most of that region. The
resistance to weathering 'of these outcrops as compared with the surrounding material
suggests that they represent lenses enclosed in a thick band of garnet-free hornblendic
rocks—it 1s known that when free of garnet the hornblendie rocks are part1cularly prone

“ Numbers 19/2 etc., refer to specimens in the regional collections of the Mines and Geological
Department, Nairobi.
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to erosion. The exposures of the garnet-rm rocks aredistinctive, as weathering leaves
a dark maroon--coloured gravel composed almost entirely of garnets, ranging in size
from less than a tenth of an inch to several inches across. Garnet-rich Igravels surround
W of the outcrops. -

Specimens 19/129,19/130 and 19/138 are typical of these rocks. They vary in the
hand-speohnen from tumpy. coarsegrained reddish Ito greenish biotchily-coioured rocks
to more homogeneous pale brownish or greyish finegrained granuiitic weeks. In thin
section they are seen to be variously coniposed of plagioclase, ranging in composition
tram about An,0 to A1150. quartz, pyroxene, garnet, sphene. epidote, ilmwnite, ‘scapolite
and rare zircon. The pyroxene is a dark green Whergitic variety with a slight bluish
tinge and occurs both as subhedral to Ianhedral grains and in complex graphic inter-
growths with plagiooiase. These intergrouthsusually, but not-always, surround crystallo-
blastic garnets, when the pyroxene vermicules exhibit radial or tangential arrangement
with respect to the margins of the garnets. The garnet, presumably of calcic almandine
composition, varies from pale pinkish to a bright salmon colour in different rocks and
mamas in the some rock. It occurs as medium-sized irregular or subhedral to dihedral
grains, in coarse graphic truer-growth with plagioclase. Larger crystals have the‘‘coronas”
of symplektitic pyroxene.

Most of the medium-sized garnets contain numerous inclusions, larger grains being
almost free of them. The, chadacrysts are plagioclase, quartz, pyroxene, epidote, s-phene
and magnetite. The scapol'ite occurs as roughly equant anhedral ' grains of moderate
birefringence, indicating predominance of the calciumirich meionite molecule.

Baker (1963, p. 12) considered similar, but hornblendic, rocks in the Baragoi area
as the product of granitizatibn of amphibolrtes The writer agrees with this explanation
in general but, in view of the presence here or nearby amphibolites, considers it Ilikely
that the original composition of Uhe pyroxene-garnet gneisses was more calcic than
typical amphibolites.

(d) Hypersthene Gneisses
On the extreme eastern slopes of Mara, hypersthene—bearing gneisses are exposed

as linear dark bouldery heaps. Owing to intensive shearing, Which tends to make all the
rocks in the region look alike, their reiationships with nearby rocks are difficult to assess,
but their contacts where exposed are sharply defined. -

The hypersthene gneisses are blotchy greyish to brownish, with apparently medium-
grained textures. Specimens 19/58, 19/ 80 and 19/ 81 are examples. In thin section it is
seen that they are medium» to coarse-grained, the crystals showing pronounced strain
effects, and the quartz and felsparr grains being elongated. Thin crush-zones occur
between the elongated grains and parallel to their long axes. The gneisses are composed
of quartz, orthocla'se, microcline microchne-perthite oligoclase, hypersthene, clinc-
pyroxene, biotite, hornblende, magnetite and the accessory minerals apatite and rare
zircon. The hypersthene is pleochroic from pinkish to bluish green, and occurs as
irregular grains with minute sc‘hiller inclusions or larger coalesced irregular ironaore
grains. The pale green clinopyroxene, probably diopside, occurs both as irregular grains
and as elongated shreds with abundant inclusions of iron ore Some of the hypersthene
is. partly replaced by hornblende.

(e) Epidote Granulite ,
A number of the slightly calcic and oak-silicate rocks found in the area. contain

epidote as an essential constituent. A single lens on the eastern slopes of Nyzlru, about
one mile to the south-west of South Horr, is, however, composed of epidote and Ifelsic
minerals, to the exclusion of other ferromagnesian minerals.
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In the hand-specimen this rock bears -a resemblance to quartzo-‘felspathic granulites
tound in the area. It is a whitish to pale grcyish green granular rock and forms a series
of prominent rocky outcrops along the strike. The 'band is less than 8 ft. thick. Specimen
19/ 21 from this band is a granular medium-textured rock composed of epidote, plagiOo
clase and. quartz. The epidote, a faintly pleochroic pale yellow to colourless variety, is
present as variable-sized grains, with a tendency to torm granular aggregates.

In view of the compactness of this lens, which is enclosed in a send-politic band,
the writer believes that the rock originated :as a magnesium-deficient lens of semi-politic
composition which, by virtue of its compactness and situation, Was not affected by ‘
metasomatism. '

(f) Diopside Gneiss , - ,
A single lens of this rock type outcrops discontinuously about 2% miles west-north-

west of Tum. It occurs as a narrow lens along the margin of a broad horizon of - gratin!
litic pyroxene-garnet-rich rocks previously described. In the hand-specimen (19/136) "it
is a mesotype pale greyish to greenish evendgrained rock. .-

In thin section the rock. is seen to be allotritomorphic and composed of pale green
diopside, hornblende, quartz, orthoclase, oligoclase, and a small amount of_ replacive
microcline, ilmenite and abundant apatite, present as large and small rounded crystals
and grains. A few small grains of sphene and less common idiomorphic crystals of zircon
are the other accessory minerals present. The diopside is mainly developed atjthe
junctions of quartz and felspar grains, patchily forming an irregular network in the rock.

(2) PELITIC ROCKS
(a) Pelitic Biotite Gneisses _‘

As these rocks are particularly susceptible to weathering, they are poorly exposedin the lower-lying areas. The depth of erosive incutting on the two mountain rangeshas, however, exposed the sofitest rocks in most valleys, gorges and gullies. The politicbiotite gneisses for-m persistent bands in the area, but are perhaps best exposed in thesouth-eastern part of Nyiru (Leyosi peak), where ' they are anticlinally fielded around atough core of massive granitoid gneiss and where over a small area a thin remnant
forms a saddle covering the granitoid gneiss. Ju-nctions between the biotiw gneisses and
adjacent psammitic or semi-politic rocks are invariably sharp».

In the hand-specimen the politic Ibiotite gneisses bear a superficial resemblance tosome fine-grained plagioclase amphibol'ites. They are typically dark, often fine-«grained,
well-ficliated rocks composed of biotite and ‘fe‘lsic minerals. As previously mentioned.they sometimes include lenses of eels-silicate granulites. Lenses of hornblende enrich:merit, grading into the surrounding biotite-rich layers, are a fairly common feature.
The ,biotite in these rocks is usually a green variety and accounts «for upto 40 per centof the total rock composition. The fol-sic minerals are quartz, plagioclase (usuallyAn .20-30), orthoclase and less commonly :microcline, which is both replacive and formsintergrowth textures with quartz. Diopside and epidote are rare constituents. The mostcommon accessory minerals are zircon, which is frequently present as i=nch1sions withpleocltoic haloes in the 'biotite flakes, and apatite. Specimen 19 / 3 from the Muran valleyis typical of the pelitic lbiotite gneisses. It is composed of reddish brown to ‘olivegreenbiotite, plagioclase (Apes), orthoclase and quartz. Accessory minerals are colourlessgarnet, apatite, magnetite and zircon. , p, . r

(b) Sillimanite Gneisses ‘ >
Two outcrops of sillimanitesbearing gneis'scs were recorded in the area. The moreeasterly of the two occurrences forms a conspicuous line of mended whitish boulders,shnilar in general aspect to {the numerous pegmatite vein outcrops in the area. It lies



'18

adjacent total-folded graphitefischist bed onthei western slopes of 1 Mara, two miles north-
east of. South Horr. The outcrop of sillimanite gneiss is narrow and is visibly persistent
for less than half a mile. It. appears to be a lens. In general appearance the rock is
unusual, the best comparison perhaps being with a ripe maize cob. It consists of» pores;
laneous White, rounded, lumpy faserkiesel projecting froma fine-grained white micaceous
ground-mass. This texture is frequently emphasized by a dark surface staining by iron,
oxide of the porous ground-mass, the seeddli'ke faserkiesel being unaffected. The faser-
‘ki'es'el are between a quarter and a halt an inch long, their axes orientated parallel to
the local lineation which plunges at 15° to 8° east of north; Specimen 19/ 160 froth
this locality Was found in thin section to consist of a fine-grained eqmgr’anular mosaié
of quartz, oligoclase and less abundant muscovite, scattered with medium-sized aggre:
gates of sillimanite. Individual fibres, slender prisms and groups of fibres of sillirnanite
orientated along the foliation planes, are also ‘scattered through the groundvmlass, but
nearer the faserkiese'l are prOg'ressiVely concentrated. The accessory minerals present
agre'scanty' magnetite and graphite. The adjaCent graphiti'c schist centai‘n-s abundant
siliimanites; specimen ~19 /-175includes siliima-nite aggregates up to "a quarterofan inch
long. The aggregates, though similar in thin section to those of specimen 19/160, do not
form the distinctive lumps on the weathered surfaces. , , . = ~ 2

fl] The ether exposure of sillimavnite-rbea'ring - gneiss outcrops on the eastern nope: Fo'f
Mara, in the Arrage valley, just on two miles east-southeast of Borali peak. This cut.
crop is too narrow to be shoW-n as a separate band but isjtrecorded on the geological
mapin words. It is a dark greyish micaceousgneiss scattered with smalleuhedral garnets
and nurherous white silky tufts of sillimanite. Specimen 19/52 is comprised of quartz,
felspar, 'biotite, sillimanite, garnet and accessory minerals. The quartz, which Was origin-
ally present as large crystals, has been shattered and now consists of smaller grains, the
larger of them showing strain polarization. The proximity of the horizon to strong
Shear-zones in the north-eastern part of Mara may account for the crushing. The f-elsp-ar
present is mainly untwinned plagioclase (An 25-30) with a small amount of orthdclase.
Brown .biotite accounts for about 15 per cent of the total rock composition and occurs
among sillimanite needles and intergrown with the larger garnet crystals. The garnets
are pale pinkish, and presumably of almandine composition, the larger crystals including
or being intergrown with quartz, 'felspar and biotite. The accessory minerals are rare
zirconsand apatite. ; . ~ ' " - ' ‘ ~.

_ (c).Graphiti}: Schism atne‘isses “
, 7 Several v-graphritic beds are exposed in the area. Their outcrops vary, greatly accord-
ing to , their composition. On the western slopes of Mara, a fine-grained yaphitic schist
in an anticline outcrops in a broad shallow V. It is noticeably more resistant than the"
surrounding --gneisses, and heaps of slabby schist form low mounds along the strike.
The other graphitic rocks in the area” are 'gneissic and as .a‘ rule are less «resistant than
surrounding rock layers, with the result that they outerop only sporadically in the Andere
valley, north-eastern Nyiru, on the small hill immediately west of the South Horr-
Marsabit road intersection, and against the granitoid gneiss core of g the Turn Syncline
on the Western slopes of Nyiru.

. 'Ilh'e Mara graphite schist is a fine-grained grey to silyery micaceous, schistose rock,
almost free of other visible minerals. It consists of highly irregular graphite flakes,
radiating tufts of sillimanite, abundant quartz, less common orthoCl-ase, and a few flakes
of muscovite. Tests carried out in the Mines and Geological Department proved the
carbon content of samples of . this schist to be apprdXimately 15 to 16 per cent, silli-
rn-anite accounting tor‘abwt-S per cent of the total‘rock cernposition. The other ’graphitic
rocks are guerssose andsimilw’. to each other‘in general characteristics} Tliey are Silvery

vgrayish . soft, often crmnfbl‘y, gneissose. rocks cornposed essentially Jof kaolinized renter:
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Soft friable altered IbiOtiIte and medium-sized graphite flakes up to a: maximum length
Of a quarter of an inch. Heavy mineral concentrates extracted from these rocks show
thet small quantities of accessory apatite and zircon are present. I 1 ~ -

The common Irelationship between crystalline Iimestones and graphitic Irocks in the
Basement System has already been mentioned (-.p 15). It might be supposed from this

,_ relationship that the graphite had been derived from carbon released from the lime-
stones. If, however, carbon had been lost from the limestone in the form of either of

1 the carbon oxides, the remaining calcium oxide would have reacted with siliCa or silicates
to form oak-silicate minerals. There are only a few calc-silioate rocks of minor signifi-
cance in the area and, since the limestone; are free of calcesihcate impurities, it must
be concluded that the source of carbon was not the limestdnes.

(3) SEMI-PELITIC ROCKS 7
(a)Bioti1te Gneisses

In most parts of Kenya Colony occupied by the Basement System, the most common
rock type is a homogeneous Ibiotite gneiss derived from semi--pelitic rocks, and in the
South Horr area such biotite gneisses constitute an important part of the succession.
Normally the semi-politic Ibiotite gneisses Contain less biotite than the politic types.
Although localized gradations between the two types occur, there is little danger of
confusion between them in the field.

The biotite gneisses form conspicuous outcrops, often of well-foliated slabby layers,
but less commonly as massive cIIifi‘ faces or ridges. Some of the more impressive physio-
graphic features in the area are composed of such gneisses.

The semi-politic biotite gneisses are usually mesotype grey, pinkish or cream-
coloured rocks, or when iron-stained Ireddi,sh chIaracteriZed by abundant and evenly
distributed small to medium-sized flakes of Ibiotite. 'Dhey I to strongly gneissio, the pre-
ferred orientation of the biotite crystals emphasizing that feature. Specimen 19/ 29 from
the eastern slopes of Mara is typical of a slightly calcic type of Ibiotite gneiss. It has a
granoblastic texture and is composed of biotite, quartz, orthoclase, plagioclase (A1125)
epidote, sphene and other accessory minerals. The biotite is a dark greenish brown
variety occurring both as individual crystals With preferred orientatIOn and intergrown

1 with epidote and sphene to form glomerate aggregates. Epidote and Isphene occur in"
the same manner. The other accessory minerals are medim-sized rounded apatite grains
and small rare zircon prisms.

Specimen 19/97 from the Turn area is a coarse-grained Ibiotite gneiss distinguished
from. specimen 19 /29 by the presence of less biotite _ and plagiOola'se, the absence of
sphene and epidote as primary minerals and the appearance of mienocline. Texturally,
specimen 19/97 exhibits slight stress, manifested chiefly by strain polarization of quartz
grains. MIicrocline extensively replaces Iorthoclase and plagioclase. Accessory minerals:
are magnetite, apatite, sphene and zircon. ' ,

(b) Hornblende-biotite Gneisses I'
. In semipelitic meta-sediments containing more lime than the biotite gneisses, horn-

blende supplements biotite as the ferromagnesian constituent. HOrnblende is, however,
seldom present in highly metasomatized rocks, as the introduction ofIpotash inVaria'bIlyfi
causes the conversion of the hornblende to biotite. Transitional stages of the conversion
of Ibiotite to hornblende, of course, allow co-existence of the two minerals.

, Homblende-biotite gneisses Iform an mportant band in the slightly calcic succession
of rocks to the west of Tum It extends from west cf Tum, Where it emerges from
beneath a covering of Ilava,1in a north-Inontheeasterly direction to the northern slopes of
Nyiru where it is once again overlain by Lava-flows » . , . .
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In the hand-specimen hernblende-ibiotlte gneisses are often subject to wide varia-
tions of colour, composition and texture, 'but in the present area they are consistently
mottled, pale greyish, fine— to medium-grained rocks. In specimen 19 / 73 from the
northern slopes of Nyiru, the hornblende crystals are larger but subordinate to the
biotite. The hornblende is a bluish green variety and some grains are intergrown with
biotite. 'Dhe fbiotite is a highly pleochroic brown variety. Garnet is an essential cdrstituent
in this specimen, occurring as medium-sized, pale pinkish, subhedral crystals, with inclu-
sions of quartz, felspar, apatite, iron ore and rutile. Chemical tests proved that calcium
is an important ingredient in its composition. Secondary calcite'is an alteration product
associated with one of the garnets. Muscovite is a rare constituent, intergrown with
biotite. The accessory minerals are abundant apatite, occurring both as munded grains
and as prismatic crystals, titanifer-ous magnetite, zircon and rutile. Specimen l9 / 99 from
west of Tum was collected from the same band as specimen l9 /73. It is generally
similarto it but does not contain garnet. '

(c) Hornblende Gneisses
.Hornblende-bearing 7 meta-sedimentary rocks without 'biotite are rare in the present

area. A narrow exposure outcropping in the South Horr valley, near the Moran river,
is the only example mapped in the area. In general appearance the rock is similar to
the ‘biotite gneisses. It is a m-edi-um- to fine-grained rock, flecked with small hornblende
crystals concentrated in thin [bands about a tenth of an inch across, the ‘bands being
spaced about a quarter of an inch apart. Specimen 19/18 from this exposure is seen
in thin section to be an inequigranular rock composed of quartz, orthoclase, plagioclase
(An 20-30) bluish green hornblende, magnetite, and the accessory minerals garnet, apatite
and rare zircon. The presence of hornblende in "place of Ibiotite in this rock may be due
to a slight calcic enrichment in the original sediment. '

(4) PSAMMITIC ROCKS
. (a) Quartzo-felspathic Granulites , .

' No true quartzites Were found in the area, and several rocks, thought in the field
to ‘be quartzites, proved on microscope examination to contain an appreciable amount
of telspar. Texturally, too, these rocks are unlike the typical eqiuigra'nu'lar Basement
System. quartzites. They are more resistant than most of the associated rocks and are
exposed as lines of prominent whitish boulders even in areas where adjacent rocks have
been eroded :to sand.

In the hand-specimen the granulites are whitish, reddish or pale bluish, fine- to
medium—grained rocks, nearly devoid of dark minerals. Their =felspars are invariably
whitish to pale grey and as in all exposures examined they are unaltered, they are clear
and not unlike quartz on cursory examination. As do the Basement System quartzites,
these gran-ulites often contain magnetite and pyrite. Specimen 19/16 from" the South
Horr valley consists of an intricate mosaic of interlocking quartz and tel-spar grains,
with pyritohedra and irregular grains of pyrite, granular to subhedral sphene, and a
few small zircon and apatite prisms. Muscovite was recognized in the hand-specimen
only. The felspars are orthoclase and a small amount of faintly twinned or untwinned
oligoclase (An 10-15). Specimen 19/23, also from the South Horr valley, is similar in
appearance and general composition but is more granular textured. Specimen l9 /60
from the Turn syncline is a- fine-grained almost translucent pale greyish rock composed
of telspar, quartz, pyrite, ibiotite and the accessory minerals sphene and zircon. The
felspaxs are microcIine, orthoclase andoligcelase. MicrOcline replaces ,‘ortlioclase, plagio-
clase and quartz, sometimes with the formation of marginal intergrowths. The quartz
grains are often elongated along the :line'ation direction and are characterized by irregular
margins. They invariably exhibit strain polarizatidn. The biotite occurs as thin plates
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and is pleochroic from almost colourless to brownish. Specimen 19 / 71 from the north-
eastern slopes of Nyiru is exceptional in that it includes abundant pale maroon crystallo-
blastic garnets between one-eighth and one-quarter of an inch in size. Graphite, too,
is present as medium-sized flakes crowded in narrow discontinuous seams. ‘Itn thin section
the rock is allotriomorphic textured and composed of quartz,perthite, plagioclase (An15),
garnet», epidote, and the accessory minerals graphite, titaniferous iron ore and rut-ile.

The most likely explanation of the origin of these rocks- =is granitization of either
quartzites or, more probably, semi-pelitic sediments deficient in ferromagnesian minerals.
The influence of granitization on some of these granulites is indicated by the growth of
microcline, frequently at the eXpens-e of «preexisting minerals. 'Megascopically, specimen
-19/22- from the South Horr valley is similar to the other granulites which contain
Variable amounts of microcline, but examination of a thin section proves that microcline
in it accounts for over 60 per cent «of the total composition.

(b) Granitoid Gneisses
Granitcid gneisses 'form the most striking physi0graphic features in the area. They

are tougher and more resistant to erosion than the other gne'isses and a number of cliff
faces, extoliation rock slabs and massive rounded boulders owe their existence to being
composed of such rock. Borali, Mumsu, Leyosi, Ben and Koros are examples of the
more impressive physiographic features composed of granitoid gneiss. Bands of granitoid
gneiss are repeatedly exposed by the extensive folding in the area, and sometimes act
as cores around which less resistant rock layers are folded. Examples of granitoid cores
are to be seen in the Tum syncline and the Leyosi anticline.

-

Typically the granitoid gneisses are pale yellowish, or lbufl to pinkish in colour,
medium- to coarse-grained in texture and composed essentially of quartz, potash felspar,
rare plagioclase, biotite and iron ore. They are massive or faintly foliated rocks. The
pegmatites usually have diffuse marginal contacts and in composition and mineralization
bear strong relationship with the granitcid host-rocks. The quartz lenticles are often
surrounded lby a margin of reddish iron oxide staining.

Specimens 19/ 10, 19/43, 19/53, collected from various localities in the South Horr
valley, are representative of the granitoid gneisses. They are medium- to coarse-grained
rocks with allctriomorphic textures showing little Or he preferred or1entat1on Micro
cline is the most abundant felspar, and frequently replaces orth-oclase, plagioclase and
quartz. 'Ilhe potash felspars in these rocks are prone to sericitization. Biotite present is
usually a green variety sometimes intergrcwn with muscovite; in specimen 19/10 it has
altered to chlorite. The pla-gi-oclase is a medium olig-oclase (approximately An20). Quartz
occurs both as large recrystallized anh-edral grains and as smaller rounded grains remini-
scent of sedimentary particles. Magnetite is usually present in euhedral to subhedral
crystals, sometimes altered to martite or hematite. Accessory minerals are rare, the must
constant tbeing zircon and apatite. Sphene is sparsely represented in heavy mineral
residues extracted 1from hand-specimens. Despite the fact that pyrite occurs in the quartz
lenticles previously mentioned, it is rare in the granitoid gnei-sses; . .

' The granitoid gneisses in the present area are undoubtedly the product of granitiza-
tion and accompanying partial recrystallization of coarse-grained psammitic sediments-
Owing to the permeability the parent rock underwent a greater degree of granitization
than any other rock types in the area. Granites in the area show strong textural and
mineralogical affinity to the granitoid gneisses, and it is the writer’5 opinion that the
two types are gradaticnal, the granites being localized portions of the gneisses which
achieved mobility. - ‘ . . 1 _ -
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- .'(c) Augen Gneisses’“ * -

An augen gneiss forms a prominent, consistent marker horizon throughout the

folded succession on the Nyiru and Mara ranges. It is separated frbm one of the gran-Li'-

toid gneiss hands by a narrow ’bed of. pelitic gneiss. As "it is less readily weathered than

the pelitic or nearly semi-pelitic gneisses, the augen gneiss frequently crops out as low

rocky ridges. North 'of Nyiru augen gneiss is exposed in the sandy p1 ins as a series of

steeply-inclined slabby hills. Unlike the granitoid gneisses the augen gneisses do not

form cliff faces of massive shoulders, as theyjretain a flaggy toliated structure. .

The augen gneisses are medium- to coarse-grained aporphyroblastic «rocks consisting

of a mesotype pale greyish to pinkish .folia-ted ground-mass with included dull whitish

to; pink felspar *porphyroblasts between 3, in. and about 3 in. in length. Specimens 19 / 1 ,

19 /48' and 19/ 63 from the augen gneis-s hand exposed along the eastern slopes of Nyiru

are typical of the local variations found in this horizon. The ground-mass in thin section

is seen to have allotriomorphic texture, and to be composed of quartz, orthoclase,

microcline, perthit-ic intergrowths, biotite, hornblende, garnet in 19 / 48 and accessory

apatite. The porphyroblasts are always microcline.

Harpum (1954, p. 183) and Baker (1963, p. 11) have noted a close relationship

between augen gneisses sand epegmatites. They both statethat permeated augen 3113119535

sometimes merge agradationally into pegmatites. In the present area there is also evidence

Of a connexion between peg-matites and the augen gneisses, best illustrated in the Muran

river-bed on the south-eastern slopes of Nyiru, where a large river-cut section of the

gneiss is well exposed. In this rock wall, numerous pegmatites, mostly orientated along

the foliation and scattered through the gneiss, consist chiefly of aggregates of felspar

porphyrob‘lasts, similar in composition but usually much larger than the augen or the

host-rock. Harpum (op. cit.) pointed out that in many parts of ' Tanganyika, augen

gneisses are frequently developed under conditions of shearing stress. Evidence in the

present area suggests that there has been a certain amount of stress associated with

the development of the augen gneisses, though there is little doubt that they are products

of, metasomatism resulting from permeation. The reason for selective porphyroblastesis

and localized stress must be sought in the original rock composition. The writer believes

that the two factors responsible for the growth of the augen were the permeability of

the original sediment, increasing its absorptiveness to introduced potash-rich solutions,

and a sufficiently high mica content to allow movements in it under stress preferentially

to movements in adjacent layers. 0

(5) MIGMATITES
(a) Biotite Migmatites

Most of the Precambrian rocks in the present area have undergone a greater or

lesser degree of granitization, the process during which reeks are converted to a more

granitic form (see p. 44). The miegmatites represent a stage in gran-itization, and are

characterized by the presence of clearly recognizable introduced material in the form

of pegmatitic stringers, veinlets or lenses.

Migmatites occur in most parts of the area occupied by Basement System rocks.

They vary greatly in texture and to a lesser extent in mineral composition, and usually

grade into neighbouring non-migmatized gneisses. In the field they are recognized by

their heterogeneous banded or mottled nature (see Plate .1). The host-rock is usually a

dark, pelitic, lbi-otizte-‘rich sch-istose type, as on the northern slopes of Nyiru. This type

strongly resembles the pelitic biotite gneisses in the area and there are gradations and

, intermediate stages between the two rock types, which as a result are difficult to define.

The reason for the greater prevalence of ‘pelitic host-rocks is that such rocks are more

schistose and more complexly jointed than the more massive psamgmi-tic rock layers.
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The introduced material is present in a variety of forms which the writer found possible
to classify into three main types. It must be admitted, howevger that the classmcation
is at times indefinite and gradational forms occasionally found. The most commenly
occurring form is a concordant band, parallel with the toliation. These bands are often
parallel—sided, varying’trom. less than’l in. to about 2 ft. in width, and characteristically
have sharp contacts which suggest. intrusive emplacement. An almost equally Common
form is normally lensoid, impersistent and often curving or cuneiform. Contacts between
this type and the country rock are invariably diffuse. The remaining type is usually
irregularwith uneven, gradational contacts, and frequently with inclusions of unaltered
country rock along their margins, so that they resemblepseudo--breccias. The inthoduced
material is composed largely of quartz, microcline, orthoclase, plagioclase (oligoclase
or less commonly albite), with a small amount of mica, usually biotite but occasionally
muscovite, epidote and, rarely, hornblende. Where the felsic veinlets or lenses cut across
hornblende enriched streaks in the host-rock, the hornblende immediately adjacent to
the felsic vein is converted to biotite. Specimen 19/34 from the eastern slopes of , Nyiru
was cut from near the contact between a felsic vein and a pelitic host-rock; As is typical
cf the migmatites, the specimen exhibits intense microcline replacement of orthoclase,
quartz and plagioclase. - . 1 »

‘ Mesotype migmatites are found on Mara and are similar in most respects to the
migmatites already described except that “the host-rock is of semi-pelitic composition,
with the result that the contrast between the two components is less obvious. In extreme
cases of localized felsic enrichment, the migmatitic veins or lenses remain as “ghost”
relics. In mineral composition, these migmatites differ from those described above mainly
in that there is a higher microcline content With proportionately less plagiioclaise in the

_ host-rock. Specimen 19/51 from the western slopes of the Arrage valley about 4&- miles
north-east of South Horr is typical of the mesotype migmatites. ., - .

(b) Hornblende migmatites
Unlike the Baragoi area to the south Where Baker (1963, pp. 13- 17) recorded a

variety of hornblende migmatites, the present area has few hornblendic rocks that have
been migmatized. These consist exclusively of amphibolites that have been cut by peg--
matite-like stringers, veins and lenses. The felsic veinin'g is rarely parallel, the most
common forms being crescentic or folded lenses and fine ptygmatic veins.

The most obvious effect of migmatitization of the amphibohtes is the metasomatic
effect of potash solutions along a narrow" margin around each of the felsic lenses. As
a result biotite appears with the hornblende and potash felspar replaces plagioclase' in
this narrow zone. Specimen 19/140 from about five miles north-west of Tum illustrates
the eflects along the outer edge of a potash-enriched zone surrounding a felsic lens
about 7 ft. long and just less than 2 ft. wide. The rock is allotriom'orphic and composed
of orthoclase, microcline, plagiocl-ase (M30), biotite, hornblende and quartz with acces-
.sory apatite and magnetite. Microcline occurs as sparsely distributed small grains,
replacing the plagioclase and orthoclase felspar. Biotite intergrowth with hornblende _
has taken place on a limited scale only.

Migmatitization of amphibolites 1n the present area has taken place on the Smallest
scale only, but Baker, in the Baragoi area, observed migmatitization of amphibolites on
a sufliciently extensive scale to form hornblende granitoid gneisses.

. 2. Pie-metamorphism Intrusive Rocks
(1) AMPHIBOLITES

. Though present in mOSt parts of the area in which Basement System rocks are
exposed, amphibolites are mest abundant in the South Herr valley, where they occur
as prominent linear outcrops of dark slabby rock, frequently forming narrow ridges.

\
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The most. prominent ridge extends (from just north of the Moran river roadacrossing,

where the rock emerges from a small alluvial plain, to just east of South Hort. As that
region is. only patchily covered by grass the dark. rocks stand. out in bold relief against

the tighter-coloured gneisses and sandy soils. Contacts between the amphibolites and

gneisses are invariably sharp. The bodies vary in size from small lenses to bands several
hundred yards wide and extending for over five miles. ’

The amphibolites vary from an extreme dark greenish fine-grained slabby type,
seemingly devoid of Ifelsic material, to mesotype, coarse-grained greenish grey mottled
rocks, but examination of thin sections proved that some of the *ampbibolites recorded
in the present area fall into the plagi-oclase amphibolite class. These rocks are seldom
much affected by granitization although they are frequently cut by pegmatite and quartz
veins. Along the margins of the pegmatites there is a slight enrichment of potash resulting
in biotite replacement of hornblende and the growth of potash felspar. Specimen 19/92
from the Tom syncline is a coarse-grained epidi-oritic amphibolite. It is allotriomorphic,
showing preferred orientation of hornblende grains, best observed in the hand-Specimen.
It is composed of green hornblende, plagioclase ((sodic andesine) biotite and accessory
apatite. Diopside and epidote are commonly found in the amphibolites, otten being
concentrated in narrow lenses or ill-defined bands. Quartz and the potash felspars are
uncommon in the amphibolites, but found sometimes in the mesotype examples. Sphene
and ilmenite are usually present as accesso minerals.

The amphib-ol'ites appear to be derived from basic intrusives, their mode of occur- _
rence and occasional relic igneous textures, not observed in the present area, providing
evidence of their nature. They appear to represent an extensive intrusive phase. As in
their present condition the amphibolites are obviously the result of intense metamorphism
it is concluded that they were emplaced prior to the regional metamorphism of the
Basement System and, therefore, that they may represent the basic intrusive phase of
the orogenic cycle. Amph-ibolitization of the basic rocks probably took place in two
phases, the earlier consisting of conversion of pyroxenes to hornblende, and the growth
of sodic plagioclase at the expense of plagioclase of more basic composition, the later
phase being one of recrystallization with the schistose or fissile structures typical of
most amphibolites. ’ ' '

(2) ULTRA-BASIC ROCKS

Numerous intrusive bodies of ultra-basic rocks are scattered about the areas of
exposed Basement System rocks, but they tend to be concentrated in the floor cf the
South Her-r valley. They vary from small narrow bodies to more extensive sheets, all
being concordant with the country rock. '

In hand-specimens these rocks vary from pale greenish er whitish talcose types to
compact green, bull? or dark grey rocks forming bouldery exposures. Typically they are
of pyroxenitic composition with a variable degree of alteration of the pyroxene. About
two miles south of the Muran river, alongside the Baragoi-South Horr road, a narrow
lens. of. greenish ultra-basic rock includes segregations of somewhat friable bufi—coioured
anthophy-llite. .The :anthophyl‘lite fibres, attain a maximum lengthof about 3 in. but the

" ' ineral "is present in limited .‘quantity only and is of obviously, poor quality. Several
exposures of the ultra-basic rocks are cut by reticulated veins of magnesite, the largest
veins observed being less than —;— in. Wide, with the average width about -3— in. Aggregates
of small phlo-gopite flakes that occur in a discontinuous seam along the margins of one
of the ultra-basic intrusives occurring about halfway between the Moran river and
South- Horr are exposed in a few shallow pits excavated by a prospector. The largest
of the aggregates is about -6 _ in. long and includes phlogopite flakes up to 1 in. in length,
haphazardly clustered into separate lumps.
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' Examples of "the ultra-basic intrusive rocks are provided by specimens 19/ 76, 1'9 / 31
and 19/ 35. Specimen 19/76, a greenish grey coarsely crystalline rack from Lol Mark!
in. the south-eastern corner of ‘ the area, is a peridotite, consisting of partly sementinized
“aniline, enstatite, iron are, and secondary tremolite, serpentine and talc. Specimens 1‘9/ 31
and 19/351 trom the western slopes of Mars, near South Horr, exhibit the extremes of
development of tremoiite-actinolite, anmophyllite and talc respectively. Greenish staining,
characteiistic of many of the altered ultra-besic rocks, is probably due to the presence
of nickel. Chemical tests proved the existence of strong traces of nickel in every specimen
collected in the area.

(3) METAvGABBRO
A single lens of an intrusion of gahbroic composition occurs adjacent to an ultra—

basic body alongside the Baragoi-South Horr road. It is a ' mottled greyish medium- to
coarse-grained rock and forms a prominent rocky ridge. Specimen 19 / 19 from this
occurrence is a medium-grained allotriomorphic-textured rock composed of hornblende,
labrodori'te 1felspar, diopside, epidote, and 1a iittle accessory. apatite.

Baker (1963, p. 25) has described other gabbroidal rocks from the Baragoi area
further south.

1(4) GARNETIFEROUS FELSPATHIC ORTHO-GRANULITES
'Ilhe north-eastern extension of Mara range is partly composed of an interesting

garnetiferous felspathic gran-ulite. The adjacent beds are hornblende-:hypersthene-hearing
gneisses. As that area has been intensely sheared, most of the rocks forming the ridge
show signs of stress white some, such as specimen 19 / 78 from the main shear-zone, have
been severely crushed.

Specimen 19/ 77 from the peak of this range is a brownish to reddishstained
medium-grained rock studded with abundant maroon-coloured garnets. Shearing has
allowed the formation of small quartz lenses in the rock. A slightly banded effect is
produced in exposures by a succession of narrow shear-planes. In thin section the rock
was found to be granular and composed oi orthoclase, pertnite, occasional plagioclase
(oligoclaSe), garnet, hiotite and iron ore. The felspars are irregular and fractured, the
albite twinning of the aplagioclase being only just visible. The garnets, a pink variety of
ahnandine composition, are fractured but not disintegrated. The 1bi1otite is unusually
pleoclrroic from 1pa=1e yellowish green to reddish brown. Iron ore is present both as
magnetite and as the hydroxide limonite.

3. Anatectic Rocks
(I) GRANITES

The granites in the area are rocks with variable 1but homogeneous textures, which
attained a state of mobility, however localized, in relation to the rocks of the Basement
System. They are of minor importance in the succession, occurring in the south-eastern
corner Where coarse-grained granite forms a small tor and at several localities in the
pmmmitic gneiss bands.

The granite tor is slightly elongated but well rounded and is characterized by large
convex exfoliation surfaces. In the hand-specimen the rock that composes it is pale
buff to pinkish, coarse textured and homogeneous, With microcline forming pinkish to
dull grey porphyroblasts up to -- in. across. In thin section (specimen 19/ 62) it is seen
to be coarsely granitic and composed of microcline, orthoclase, sodic plagioclase,q1uartz,
biotite, muscovite and the accessory minerals sphene, apatite and zircon. The microcline
replaces orthoclase and quartz, and forms graphic intergrowths with quartz. A few
crystals of the lbiotite have been replaced by chlorite. Zircons enclosed in the biotite
flakes are surrounded by pleochroic haloes.
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‘i ' The other granites are far more limited in extent, the onlynotable occurrence being
in the most " northerly exposed section .-of a band of anticlina‘lly folded granitoid g-neiss
about two miles east of South Horr on the western slopes of Mara. Graduations of these
granites can sometimes be traced from heterogeneous, foliated grantoid and biotite
gneisses, through an augen zone which appears to bean intermediate stage, to a granitic.-
terstured reck. The augen ,stage has no connexion with the augen gneiss which forms
a definite horizon in the metamorphic succession. The zone of . granite mobilization
sometimes cuts “across the local strike. :Itgwas found that the granites. vary little in
composition from the rocks from which they were derived, the only. changes being that
nricrocline is more abundant and the texture both more coarse grained and of a more
homogeneous nature, free of preferred orientatibn. Features indicating mobilization are
marginal intrusion and, in some cases, complete or partial digestion of adjacent rocks
along marginal contacts, maulting in local enrichment or the presence of small xenoliths
along the margins. Contacts are always difiuse.

The granites in the area are products of granrtrzatron processes sufficiently advanced _
to induce localized mobility. There appears to be a connexion between deformation and
mobilization, the areas of greatest stress such as the axes of folds ‘being more liable to
have granites formed 1n them than other parts of rock bands. Baker (1963, p. 31) noted
a connexion between such granites and pegma-tites. In the present area no such relation-
ship was observed, but the 7writer considers it likely that the ._ intrusion of pegmatitic
material would influence any tendency there was for their host to attain mobility.

(2) APLITES
Aplites are uncommon in the area and where present occur as insignificant veins

and stringers, seldom more than a few inches wide. They either form cross-cutting
anastonro'sing vein networks in various gneisses, showing a preference for those with

. bestdeveloped jointing systems, or they occur as minor concordant siil-like intrusions.
Contacts with the country rocks are sharp but there is little textural variation in the
aplites between the contact and their centres. . .

The aplites are pale pinkish to huff leucocratic rocks sprinkled with small flakes of
biotite, muscovite and magnetite. They are usually homogeneous and roughly equi-
granular, although specimen 19/11 from the Muran river gorge, south of Nyiru, is
strongly gneissic and inequigranular textured. In thin section, however, the composition
is seen to be typically aplitic with microcline, orthoc-la-se, .oligoclase, quartz, green biotite
partly replaced by chlorite, and the accessory. minerals- magnetite, pyrite and zircon;
[he aplites are characteristically rich in potash.

(3) PBGMATITES
‘ The area is particularly rich in pegmati‘tes. They tend to be concentrated in certain

zones, most of which are areas in which mobilized granite occurs, such as the western
ridge of the Mara range, the southern part of the South H-orr valley and the Lol Marlu
ridge in the south-eastern part of the Mara range. 80 numerous are pegmatites in some
parts of these regions that it would be difficult to demarcate an area of 50 square yards
not cut by them.

Three types of pegmatite are “Bound among the Basement System rocks: ——-
Segregation pegmatites.
Penneation pegmatites.
Intrusive pegma'tites. .

The segregation pegmatites mostly occur in migmatites or other receptive host-rocks
that have undergone deformation. They occur as lenses, patches and stringers and are
characterized by gradational contacts. In the more politic host-rocks, dark margins defi-
cient in felsic minerals often surround these pegmatites. They are usually composed of
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sodic . plagioc’lase felspar, with lesser amounts of; potash felspa , quartz and the ferro-
magnesian minerals biotite or hornblende. The permeation peg-matites are limited in size
and dismibution and are usually found in coarse-grained psammitic rocks only. (Their
grain varies from medium to coarse, they often have, porphyritic texture and, occur in
lenses up to about 20 ft: long. These pegmatites are composed mainly of potash felspar,
a little quartz and only rarely dark minerals. When mica is present it usually occurs
as haphazardly-arranged flakes concentrated along the margins. The-intrusive pegmati'tes
are characterized by sharp contacts and roughly parallel-sided sheetalike form. They are
both concordant and cross-cutting. In the area mapped they vary from small bodies less
than 10 ft. long to larger veins up to 20 ft. wide. The intrusive pegmatites are usually
composed of potash felspar, myrme‘kite and quartz; where mineralized they contain
muscovite, biotite, magnetite and rarely garnet. Complex pegmatites, like those recorded
by Baker (1963, p. 35) in the Bar-agoi area, also occur in the South Horr valley.
Typically, they consist of a core of white milky quartz enclosed by coarse-grained
microcline or, less commonly, sodic plagioclase, followed by fine-grained felspar and
quartz with an outer aplitic banded zone. 'Wh'ile none of the exposed zoned pegmatites
in the area is well mineralized, it was noted that the more important concentrations of
valuable minerals are found in the c=oarse4grained Zones immediately surrounding the
‘quartz cores. The mineralization consists mainly of muScovite‘, the iron ores magnetite
and specularite," garnet and localized occurrences of biotite, hornblende and graphite.
The largest book-s of muscov-ite found were less than 10 'in. across and the mica is
striated, spotted and of generally poor quality. In the north-eastern part "of the Mara
range, yellow staining in a pegmatite which resembled the yellow uranium oxides proved
to be iron hydroxide. Two small crystals of the radio-active mineral samarskite ' were
found about three miles north-east of South Horr and it is presumed that they were
originally contained in a pegmatite.

There is a close relationship between the mineralizations of pegmatites and charac-
teristic minerals of their country rocks, indicating that the pegmatites are derived, in
part at least, from the metamorphic succession. As previdusly stated, in localizm areas
metamorphism and allied processes have caused the formation of mobile bodies. The
writer considers the peg-matites to be felsic tractions of completely mobilized rocks and
introduced into the upper, less aflected country rock as the veins, stringers or other
bodies that are now seen.

4. Quartz Veins .
Quartz veins occur in most parts of the area occupied by Basement System reeks.

They vary ofirom narrow veins less than 1 in. thick to large lenses up to 20 it. across.
Some or the quartz cores of zoned pegmatites, being more resistant to erosion than the
surrounding layers, project from the soil overburden, giving the erroneous impression
that they are simple quartz veins. While by no means a fixed rule, the pegmatite cores
are generally milky white, the quartz of veins tending to be more nansparent. .

None of the quartz veins examined contained mineralization of note—magnetite,
specularite and ilmenite occur in some. In one of the veins small cavities, possibly
originally occupied by mica or iron ore, have been infilled with chalcedony.

5. Tertiary Sediments
Coarse gritty sediments, overlying the Basement System rocks, are patchily exposed

underlying some of the oldest lavas in the area. At a number of localities there are no
sediments, the lavas directly overlying the older crystalline rocks. Judging from the
irregularity of their distribution and their variability of thickness, it seems likely that
the sediments are valley infillin‘gs. No accurate measurements of the exposed sediments
were possible but it is unlikely that they exceed a thickness of 100 ft.
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The sediments vary from medium- to fine-gmined’ reddish sandy beds, alternating
with well consolidated coarse, gritty conglomeratic bufi to pale grey beds containing
angular to rounded quartz and felspar pebbles or, less commonly, gneiss pebbles. The
more coarsely conglomeratic horizons are usually found at the base, but the upper layers
do sometimes contain ill-sorted conglomerates. In the Manala-l area, Shackleton (1946,
p. 27) mapped sediments in similar situations. He described the most characteristic type
as coarse lightecoloured grit with well-rounded . pebbles of quartz, a description which

' suits the sediments of the present area. From the "contained fossils Deinorherium hobpleyi .1
and Mastodon spp., Shackleton was able to date his sediments as Miocene. No fossils 1’
were discovered in the sediments exposed in the present area, but there can be no doubt
that they are the equivalents of. the Miocene sediments of the Baragoi and Maralal areas
Their age and their mode of occurrence suggests correlation with the Turkana Grits
(Dixey, 1948, p. 20) of north-western Kenya.

6. Tertiary Volcanic Rocks
(‘1) FINE-GRAINED BASALTS AND PYROCLASTIC ROCKS

The oldest exposed lavas in the area outcrop in the deep gorge cut'by the Losergoi
river, which . flows from the Tom area on the western slopes of Nyi'ru in a general
westerly direction to the Suguta. valley. These lavas were deposited on a valley floor
which subsided from time to time so that the oldest volcanic rocks, covered by later '
lavas, probably occur closer to the centre of the ‘Sugu-ta valley. The gorge is not suffi-
ciently deep to expose the junction of the lowest lavas and the underlying Precambrian
rocks. Owing to successive subsidences and rift faulting, the early volcanics are tilted
at anything up to 20 degrees in a westerly direction, or rarely in an easterly direction.
The fault-blocks, however, arenorm-ally tilted 1a few degrees only.

The oldest lavas exposed, are fine-grained basalts intercalated with ashes, tufis and
agglomerates. The individual lava-flows are rarely thicker than 200 ft. and tend to thin
out, wedge-fashion, to the east and north. The early lava extrusions formed a series
of wedge-shaped lavas and pyroclastic rockssuccessively overlapping, to the extent that
some of the youngest lavas of this series directly overlie the Precambrian gneisses higher
up the valley. The oldest lavas vary from pale grey slate-like, highly fissile types to
dark-er greenish grey, slightly coarser, porphyritic types. Amygdaloidal and coarsely
porphyritic types are absent. Specimen 19 / 105 from. the 110-Wer reaches of the Losergoi
valley is a particularly fissile example. It has microgranular texture with sparse. pheno-
crysts of felspar and, is composed of plagi-oclase, augite, somewhat altered olivine and
iron ore. A darker, more porphyritic lava, specimen 19 / 107, from the same locality,
consists of a finer-grained ground-mass with small phenocryst-s of , augite, iron ore and
plagiocla-se. The intercalated pyroclastic rocks are fine-grained brick-red to pale bufl?
ashes, greyish ashes and brownish to grey agglomerate. The agglomerate includes trag—
ments of finegrained lava and tuff. The pyroclastic rock-,3 like the lav,as are generally
wedgeshaped, few layers being traceable from one valley to the next. The thickest layer
of red ash was found tobe over 50 ft. thick.

The upper part of this group of volcanic rocks includes flows of slightly more
porphyritic lavas, the most characteristic being a porphyritic augite basalt that directly
oVerlies Basement System gneisses in the Radj valley, towards the southern bonn'dary
of the area. The augi-te basalt is in turn unconformably overlain by coarse-textured
basalts of a difierent group. The augite basalt is a medium-grained bluish grey lava
with conspicuous dark phenocrysts of augite scattered through it. Amygrdales are rare
but, when present, are invariably infilled with zeolites and calcite. A thin section of
specimen 19 / 169 from the ‘Radj valley shows that the rock consists of a medium- to
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fine-grained ground-mass of iron ore, pyroxene and plagioclase, with medium-sized
phenocrysts of titanaugite and iron ore. The augite occurs as ' euhedral to subbed-rel
pale mauve prisms, some of which exhibit faint zoning. Iron ore is present as subhed-ral
octahedra or in complex skeletal structures. ‘ '

The abundance of intercalated tails and ashes, particularly the brick-coloured types,
the tact that augite is the main ferromagnesian constituent, and the stratigraphic position
of these volcanic «rocks, indicates a relationship with Shackleton’s Samburu Series (1946,
p. 29) and Baker’s. equivalent porphyritic basalts and tufl's (1963, p. 41). Owing to the
variability of the Sam'buru Series, detailed correlation with the lowest group of Tertiary
volcanic rocks in the present area is not possible. -

The Rumuruti Phonolites described by Shackleton (1946, p. 31) as overlying the
Sarnburu Series were not recognized in the present area. Baker states that they thin to
the north and it must be considered highly unlikelythat they persist as far as the limits
of the present area.

(2) POR‘PHYRITIC BASALTS
The oldest lavas are unconformably overlain by. another series of basalts charac-

terized by the presence of highly porphyritic flows; They form a considerable thickness
in the total volcanic succession and occupy an extensive area. The best localities for
seeing members of this group are in the _ upper valleys of _ the east-west flowing rivers
that discharge into the Suguta valley. In some valleys these basalts approach 1,000 ft.
in thickness and it is safe to assume that their maximum thickness is in excess of this
figure. The lavas thin out in a north-easterly direction and at the Iyruk plateauthey are
less than 500 it. thick. .

The succession "is almost devoid of pyroclastic rocks. The few narrow layers 0f
tufis and ashes which do occur are slightly more abundant towards me north-eastern
part of the area occupied by the lavas. " The ashes and muffs are pale grey to whitish or
pale brown, and usually show crude bedding. One of the ash layers contains a consider-
able amount of pumice fragments and lapilli. The lavas are coarsely porphyritic brownish
to grey basalt-s, medium-grained greyish to purple amygdaloidal basalts, and fine-grained
bluish grey basalts. The porphyritic basalts are highly distinctive. They occur both as
vesicular, almost scoriaceous lavas with abundant slender prisms of labradorite, and
smaller greenish olivine phenocryst-s, and as coarser-grained cornpact lavas with stout .
prisms of calcic labradonite, accounting for up to 20 per cent of the total rock com-
position. Specimen 19/116 from the ELoserg‘oi valley, about five miles south-west of Tum,
an example of the second kind of porphyritic lava, has a fine-grained «ground-mass of
granular specks of iron ore, small prisms of plagioclase, pale greenish augite and olivine,

‘ supporting large prisms of lza'bradorite up to i in. long and smaller phenocrysts of
olivine, partly or wholly replaced by idd‘ingsite. Specimen 19/112 from the same locality
is an example of the non-porp’hyritic basalts. It occurs as a fissile layer with WellLdefined
partings. In the hand-specimen it is a dull bluish black rock with an even-grained texture
and with a few small felspar and iddingsite phenocrysts. In thin section it is seen to
have a ground~mass with basaltic texture of medium-grain size, and to be composed of
labradorite, titanaugite, some of which has been replaced by chlorite, and iron cm.
The labradorite and pyroxene also form microphenocrysts, but the most prominent
microphenocrysts are olivine patchi-ly replaced by iddingsite. Specimen 19/ 142 from
about three miles north-West of Tum is a coarse-grained mantle-coloured amygdaloidal
basalt. The vesicles are seldom completely infilled, but are usually lined with calcite
and zeolites. Texturally this lava is approximately intermediate to the other basalts Of
this group, being medimn-gra‘ined' and including a moderate amount of phenoc-rysts’.
It is distinguished from them by more abundant augite and altered olivine, partiwlarly
in phenocryst form. “ C
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The lavas ' teaming the Loriyu plateau‘on the Western side of Lake Rudolf; are
probably contemporaneous” with the porp‘hymio basalts- * on the eastern side of the
Suguta valley. They directly overlie the Basement “eysamsmcks in that part of the area,
forming a lava cap several hundred feet thick. . Specimen * 19/ 157, a ,porphyritic basalt
which forms a prominent flow in the succession on the plateau, is ienttercalated with
finer-grained less porphyritic basalts. In thin, section it is seen to be composed of a fine
granular ground-mass with olivine, augite and labradorite phenocrysts. The augite
phenOcrysts are somewhat rounded, probably as a result of late resorption. The upper
lavas of the plateau are similar to the nonporphyritic basalts of other parts of the area.

(3) ACID VOLCANIC .Rocxs, OF IYUK . s
y The Iyuk plateau consists of a thickness of about 600 fit. Of; ._v-olcanic rocks of acid

composition, capping about 400 ft. of the porphyritic basalts, which overlie. a foundation
of Basement System gneisses. The plateau block shows evidence of two phases of tilting.
The early movement tilted the Basement System rocks. and basalts before extrusion of
the acid volcanic rocks. As far as can be estimated this tilt was about 8 degrees to the
west. Later movement affected the entire Iyukvolcanic succession, tilting the. acid lavas
to” «west-southwest at about 110' degrees, the tOtal tilt off‘ the 'hnderly-in-g' lavas being
nearly '1 8' degrees in an approximately westerly direction. "The, Volcanic rocks heaped
up to form the higher part of the Iyuk plateau probably originated from a’ nearby
source, as the layers did not spread out like the basalts; _ ‘ " ’ . ' ‘ .

The acid volcanicrocks are easily distinguished from the basalts as,» they are lighter.
coloured and obviously free of olivine or replacive iddin-gs‘ite, which characterizes most
of the basic lavas in the area. The lowermost flows consist of bull to V-gr'eyish fine—grained

‘ porphyritic jrhyolite. Specimen 19/ 133 from the south-mstern part of Iyuk is an almost
felsic-textured rock, which is in part spherulitic. In thin section it is seen to be composed
of a fine-grained ground-mass of felspar, quartz, iron ore and altered ierromagnesian
minerals with potash felspar. phenocrysts. Over-lying this lava is a layer of coarsegreenish
grey agglomerate, of which the matrix is represented by specimen 19 [134, in which
angular fragments and idiomorphic prisms of potash 'felspar, some quartz grains and
rare grains of rferromag-nesian minerals. are contained in a fine-grained matrix of- felspar,
quartz, ferromagnesian minerals and oxidized iron ore. The uppermost lava'is pale bull
to. pale greyish, finedgrain-ed and somewhat fissile. Specimen l9/l35 is a lava composed
of a fine-grained ground-mass of felspar, quartz and altered amphi‘bole, with phenocrysts
of orthoclase. It exhibits a fluidal teXture in the hand specimen. '

(4) TIRR TIRR SERIES , _

Lavas of the Tirr Tirr Series (see Baker, 1963 p. 45) directly overlie the older
basalts in the western part of the Emuru Akirim plateau. Baker considered these rocks"
to be of Pleistocene age, but the writer believes that the series was affected by “late
Pliocene tilting. The tectonic movements responsible for the tilting, which was also
recognized by Baker in the Baragoi area to the south, affected the older fine-grained
and porphyritic basalts, the Iyuk volcanic rocks and the Tirr Tirr Series, but did not
affect the Lower PleistOcene sediments exposed near 'Murniau cone. Between Radj and
the Suguta valley the series is tilted at between 5 and 7 degrees to the. west. 0n the
Emuru Akirim plateau, however, it is not noticeably tilted, but the underlying fine-
grained and porphyritic basalts, which are steeply tilted in the Radj- valley, show pro-1"
gressively less tilt, while in the Losergoi valley near Turn the porphyritic basalt flows
are horizontal. It must be concluded, therefore, '- that? most of the tectonic activity was
centred nearithe '»_.Suguta ‘ valley treagh,*the, outer? margins of. ”the lava-fields remaining
any sable.
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The uppermost laVas of the Tirr Tirr Series overlap the wedge-shaped older lava-
flows, to directly overlie the Basement System gneisses west of bosom. The series, like
the underlying basalts, consists of a succession of wedge sheped lava-flows that thin out
rapidly to the north and east. The lavas appear to have issued from fractures in the
region of the Sugu-ta valley, flowing out on 1a faulted, tilted surface composed of the
older basalts. The lowest member of the Tirr Tirr Series in the present areareais 1a fine-
grained bluish grey trachyte that is eX-posed along the eastern shoulders of the Suguta
valley and in some of the nearby deeply cut valleys It also forms Emuru Gumol, the
isolated volcanic plug in the Suguta valley. Specimen 19/ 108 from Emuru Gumol is a
fi1-ne grai,ned porphy-ritic, trachytic-textured lava composed of a ground-mass of ortho-
elase felspar, Ibiotite, iron ore both as octah-edra and as irregular granules, au-gite and
calcite with phenocrysts of 1fe1spa11, augite and magnetite. The biotite oceors as flakes
up to 1 mm. in size, the biggest felspar laths attaining a length of slightly less than 1 mm.
The biotite is characterized by pleochroism from pale greenish yellow to chestnut. The
calcite appears to be a late infilling and frequently occurs in association with biOtite.
The rock includes abundant reddish brown prism--like grains which appear to be the
alteration products of a ferromagnesian mineral. .

The upper lavas are remarkably constant throughout their extent. They vary from
medium-grained to coarse-grained bluish to greyish olivine basalts, in which the olivine
is more or less replaced by iddingsite or Iby iddingSite and bowlingite. Specimen 19 / 170
from the south-eastern margin of the Emuru Akirim plateau 1s 1a coat grained basaltic
textured lava consisting of a ground-mass of au-gite, labradorite,i- olivine, iron ore and
calcite, with phenocrysts of laibradorite and olivine Specimen 19/ 100 firom the Radj
hill. area is generally similar in texture and composition but is finer—grained and the
olivine much less altered.‘ '

7. Pleistocene Volcanic Rocks and Sediments
The sequence of events in Pleistocene times is not absolutely clear—there is every

likelihood that some of the events took place simultaneously, and others, notably the
deposition of sediments, continued over relatively long periods during which phases of
volcanism commenced and ended. The writer concludes that the history of the area:
during the Pleistocene is characterized by almost continuous slight tectonic moVem1,ent
volcanism and sedimentation, with peak phases of fracturing and lava 1mitpourings, net
necessarily coincidental with sedimentary W-beaeh level deposition. The fellowing is
considered to be the sequence during the Pleistocene period: ——

5. Upper Pleistocene Lacustrin-e sediments:
(c) Saline deposits in the "$q valley.
(b)Su1g-u1ta valley deposits.
(a) Lake Rudolf sediments at 220-.1fit beach level.

4. Volcanic rocks of. the Barrier:
(d) Olivine basalts _ 7
(e) Intermediate volcanic rocks.
(b) Ash cones.

“ (a) Agglomgates.

_ .. 3. Younger lavas of- Mount Kulal. _ . , ,
‘ ~2. Lavas and sediments of the Ser1ma valley.” '1

:;l1._Lacustr1ne sediments near Murmau H
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(1) LACUSTRINE SEDIMENTS NEAR MURNIAU
Inmrediately east of the ash cone Murn-iau, to the cast of the Suguta salt lake,fossili'ferous sediments are exposed in a fault-scam caused 'by a fault with westerlydownthnow of about 160 it. That part of the area. is intensely faulted, but few of thefault-scanps exceed a height of more than 30 ft, so that similar sediments are notexposed in any other scarp. The sediments are slightly coarser-grained at the top, fine-grained at the bottom and are yellowish lbull or greyish. They are tilted in a south-westerly direction at about 2 degrees. The exposed section is as follows: —

Feet
Upper White diatomaceous clays with abundant 3Pleistocene Melanoides tuberculata.
to Recent

Middle (?) Brownish grey massive agglomerate . . . . 68Pleistocene

Pale yellowish to light grey, medium to coarse-
grained gravels with abundant fragments of
Melanoz'des tuberculata and Corbiculina . . 7Lower to

Middle Bufl' to greyish fine-grained calcareous silts andPleistocene clays with abundant mollusc fragments
(Iridina ( ?) and rare Melamides tuberculata) 80

The fossils found in the lower beds are recrystallized and appear to be older thanany other fiossils collected by the writer. The fact that the sediments are overlain bythe oldest volcanic material of the Barrier, and cut by faulting which is believed tohave occurred at the end of the Middle Pleistocene, indicates that they are at least ofMiddle Pleistocene age. At present the sediments lie nearly 500 ft. above Lake Rudolf,but owing to the intensely faulted nature of the area in which they occur, comparisonof their altitude and the present Lake Rudolf level is of little value.
It would seem likely that since the beds “bear little resemblance to the sedimentsat the “300-f-t. level” at Serima they belong to the “330-ft. ieve ” described by Fuchs(1939, up. 251) or, less probably, to an older Lower Pleistocene sedimentary «phase likethat described by Fuchs as occurring at Gaza on the central eastern shores of LakeRudolf, or like that in the Omo delta area at the nondiem end of the lake (Arambourg,1943, p. 186).

(2) LAVAS AND SEDIMENTS OF THE SERIMA VALLEY
The Serima river-course debouches on the eastern shores of Lake Rudolf just southof the northern limit of the present area. The deep gorge cut by the river affords a goodexposure of the local volcanic rocks and in the lower reaches includes a thin sedimentaryband. Owing to adverse weather conditions during the writer’s visit to that region, thegorge received cursory attention only. V. E. Fuchs examined the gorge and immediatesurroundings in greater detail and his observations are incorporated in the descriptionthat follows.

The oldest exposed Pleistocene lavas are mediumvgrained greyish olivine basalts inwhich idd'ingsite has partly replaced the olivine. Judging from the age of the sedimentsincluded in the sequence the lowermost lavas are probably of lower Pleistocene age.The sediments near the mouth of the gorge described by Fuchs (1939, p. 256) outcropat several localities to the north and south of Serima but are mostly obscured by latervolcanic rocks and hil14wash. The bed varies in thickness from about 8 ft. to about 3 ft.
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and consists of a rock with a calcareous, pale buff. to greyish matrix containing ash
and lava augments. Fowils are sparse, but where present are concentmind in the upper
and lower parts of the bed and in slightly fossiliferous lenses scattered about the horizon.
Identifications qnoted by Fuchs were as follows : ~——- 1 , y , '

Remains of fish skeletons Lates sp.
. , Clarias sp.

Mollusca ‘ Melania tuberculata.
- Vivip’arus'sp. '

Unio sp.
'Aetheria elliptica.

Fuchs considered the bed to be Middle Pleistocene, and equivalent to the deposits
of the BOO-fit, beach at the type locality on the east side of the . Losidok range on the
western side of Lake Rudolf. . ' '

Preceding the final phase of volcanic activity in the vicinity of the Serima valley,
a number of scoriaceous cones were built up, most of them aligned along a mughly
north-south line that probably indicates a fracture now covered by the youngest lav-as.

The youngest lavas in that part of the area are olivine basalts, which flowed over
a slightly tilted surface of the earlier Pleistocene basalts to form extensive bare lava-.
fields, through which the scoriaceous cones pmject. Specimen 19/ 87 from the upper

‘v lavas is representative of all. the Senima olivine basalt-s. It is a dark grey ”medium-grained
porphyr-itic basalt with a coarse-grained ground-mass of pla'gioclase (labradorite), augite,
olivine pwudomorphs, iron ore and secondary calcite, containing phenocrysts of labra-
dorizte, olivine largely replaced lby iddingsite, and augite. ' . _

(3) YOUNGER LAVAS OF MOUNT KULAL

In the northeastern corner of the area, a l-ow plateau is formed by lav-as which
flowed from volcanoes on the southern slopes of Kula-l, a volcanic «pile a few miles
north of the present area. Fuchs (1939, p. 246) considered that the oldest lavas of ' Kulal
date back to Miocene times. The oldest lava-flows do not enter the area mapped, the
lavas present being perhaps the result of the more recent phases of 'Kulal volcanism,
during the Middle or Upper Pleistocene. The most recent flows were extruded from
scoriaceous cones, Which built up on the main lava-flows. -

Specimen 19/ 162 from the main lavas in the north-eastern corner of the area is a
medium- to coarse-grained amygdaloidal basalt. The amygda'les are seldom more than
44- in. in diameter and are usually infilled’ with calcite. In thin section the lava is seen to
have an ophitic texture and to be composed of mauve to neutral-coloured titaniferous
augite, labradorite, abundant olivine mostly rimmed with replacive «iddingsite, iron ore
and secondary calcite. The youngest flows are invariably composed of coarsely porphy-
ritic basalt such as specimen 19/ 163, from the westerly of two- younger flows, which
consists of a fine ground-mass of plagioclase, pyroxene, iron ore and only rare olivine,
with abundant stout ‘idiomorphic Iphenocrysts of labradorite. .

'(4) VOLCANIC ROCKS OF THE BARRIER
The Barrier is ,a composite. volcanic ridge that cuts oil the Suguta valley from

Lake Rudolf. The emplacement of the volcanic rocks took place in at least four phases
including a recent rejuvenation, which, resulted in a number of lava ontpourings, the
youngest being extruded at the close ‘ of the last century. The volcanoes responsible for
the recent activity still show signs oflife in the form of gaseous ‘fumaroles and solfatara,
and it is possible that withtfunther fracturing or crustalmovements of sufficient displace
ment there will be a renewal of volcanic activity. ' .
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The formatwn Of the Barrier is believed Ito have begun durmg the upper Middle
Pleistocene period. Evidence for the dating is provided by the presence of beach. depdsits
220 ft'. above the Leyel of Lake Rudolf on the notthem slepes of. the Barrier, and by
a well-defined beach platform on the slopes of the ash?" cone Wair'gess (Abili Agituk).
The absence of older sediments or beach platforms at the 300-ft. or _-330 ft. levels, such
as are describedIby Fuchs (1939 p.251) in Other local1t1es Of the Lake Rudolf basin,
indicates that the Barrier was emplaced between the Middle Pleistocene 300-ft. and
33O—Ift. depositions and the Upper Pleistocene 220~ft. sedimentation.

(a) Agglomerates
., The earliest apparent volcanic phase at the Barrier was the extrusion of a thick

layer of aggIMerates Which built up a ridge that sealed oh the Suguta valley from the
Lake Rudolf, as is indiCated by the fact that none Of the Barrier lavas examined show
evidence of having flowed into water or over a moist surface. The presence of abundant
fragments of lava in the agglomerate suggests, hoWever, that it IfolloWed the pouring
out of lavas at that Locality. . , . . . . . . .

The agglomerates are brownish to grey, usually compact and'ucoarse-grained, but
on the eastern slopes of the Barrier they tendIIto be more ashy and finer-gramed In the
vicinity of the ash cone Murniau the agglomerate forms have nook surfaces often devoid
of vegetation. Specimen 19 / 123 from near MuI'Irnia-u Ilms a fine dark brown ground-mass
with inclusions of fine~grained lava and Iid'iomorphic crystals of orthoclase. Fragments
of volcanic glass and obsidian are found in most exposures but are rare in the agglo-
merates on the eastern slopes cf the Barrier. Specimen 19/ 173 from the eastern slopes
of the Barrier consists of orthoclase crystals and Isp'herulitic zeolitic material.

(b) Ash Cones
Several ash cones protrude through younger lavas to fOrIm pronnnent physical

features on the Barrier. They are yellow to buff-coloured, contrasting strongly with the
Chocolate brown, grey or black lavas , . ,

' The two mOst important cones of this phase are MIuIm-‘iau on the southern slopes
of the- Barrier, and Wa-rgess, which overlooks the Southern] shores of Lake Rudolf.
Other, less important cones of this phase are scattered about the north-west, southern
and south-western slopes of the Barrier. The largest and best preserved ash cone,
Naboiyoton, despite its similarity of appearance and composition, is, IhoWever, obviously
younger than the other cones. The early ash cones are extensively faulted, Murniau and
Wargess being cut by at least four and six faults respectiv.ely Owing to their incoherence
the cones are much eroded and have prominent gll'll'ies down their sides, and alluvial
fans around their bases. The ashes that form the cones are usually fine-grained but
sometimes contain scoriaceous material, pumice and rarely fragments of lava. Naboiyo-
ton is unfaulted and well preserved, the ash walls being only slightly corrugated by
erosion. It is an “almost perfectly symmetrical cone rising over 600 ft. above lakeelevel,
and topped by a large shallow crater. WaIrgess has a well-defined beach platfdnn at

' about 220 ft. above Lake Rudolf. The absence of an equivalent bevel on Naboiyoton
suggests that it was built up during the Upper Pleistocene. ‘ ' ‘

(c) Intermediate Volcanic Rocks of the Barrier
. L The central pant of the Barrier was built up by a series of cutpourings that com-
menced with the extrusion of IphonOLites and accompanying pyroclastics. The clming
stages of this phase are characterized by more porphyritic flows of soda trachytes, and
the extrusion of extensive beds of pumice. During 'Recent times, renewal of volcanic
activity at this Locality caused the outpouring of two trachyticte-xturedILava-flows from
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the» newborn" rim of11Nag1‘a1rarhasainia Caldera, but as these flows are sciobviouslyi younger
than the other intermediate vol'ca-nicS they are .-descri1bed. under the, heading ofiRece‘nt
volcanics. _ , . . , '

Nagaramasainia caldera is a collapse structure and is believed (to have for-med
during the Middle Pleistocene near the close of the outpourings of trachyte and pumice,
when the more viscous and more porphyrit-ic lavas were extruded. A conimonly accepted
theory of caldera formation is «that, with continued volcanism from a centre and the
building up of parasitic cones on the slopes of the main crater, the central part of the
cone becomes inadequately supperted and finally collapses into the volcano.

Campbell Smith (in Champion, 1937, p. 170) described the intermediate lavas of
the Barrier as phonolitic trachytes. The writer has previously expressed the opinion
(Thompson and‘Dodson, 1963,13. 26) that the term. “phonolitic trachyte”‘is misleading,
preferring “soda trachyte” when a trachyte contains soda-rich minerals, but no recog-
nizable felspathvoid mineral or felspathoidal mineral that can be deduced by chemical
analysis.

The phonolite forms a fan-shaped lava-flow extruded southwards from the caldera.
specimen 19 /154 from the south-western caldera rim is a fine-grained compact dark
grey porphyritic rock. The phenocrysts consist of dirty white porcell-aneOus prisms of
an-orthoclase up to i in. long, and small greenish waxy looking analcite j grains about
1/10 in. across. The rock is not 1 vesicular but irregular cavities are partly infilled with
zeolites or calcite. In «thin section the rock is seen to consist of a. fine-grained yellowish
hemi-crystalline ground-mass with, small crystals of 1anorth1oclase,3orth1oclase, iron-ore
and aeginine-augite. Some of the larger anorthoclase crystals show marginal resorption.
The analcite occurs in patches, Usually with turbid centres. The presence of analcite as
an essential constituent in this rock qualifies it as an analcite phonolite.

Theroda-tidchytes were extruded in two phases. The older trachytes are fine-grained
grey. rocks with rare phenbcrysts of sodic orthoclase or a-northoclase.“ Specimen 19 / 152
from the north-western. slopes of the Barrier is a fine-grained porous trachytic-ttextured
rock cornposed of anorthoclase, aegirine-augite, the sodic 'amphibole .kataphorite, iron-
ore and scoondary - calcite. The” aegirine-augite occurs in skeletal-crystals" up to .2 mm;
in"1len-gth,- and the kataphorite is pleoch-roic X 2. mauve to brownish, Y = dull green,
Z = greenish blue. The younger of 1. the trachytes forms a prominent flow on the south-
eastern slopes of the caldera, overlying the analcite phonolite. Specimen 19/155,1a1n"
example of this trachyte, is a grey, coarse-grained Iporphyritic rock. In thin section it
is seen to have ophi-tic texture and to be composed of green aegirine-augite, aegirine and
cossyrite in ophitic patches, sodic orthoclase and analcite. The pyroxenes somaimes
occur as marginal concentrations around patches of the analcite. The cossyrite is plen-
chroic as follows: X = clear mauve~brown, Y = dark mauve-brown, 21: very dark
brown. Towards the close of this phase .pum‘iceous ash was ejected, covering areas on
the north and north-western sides of the caldera. The ash is pale greyis'h to buff and
cOnsists of. pumiceous fragments not larger than 1 in. across. The porphyritic trachytes
may be youngerthan the pumice .

(d) Olivine Basalts and Basanites
Following the phonolite and trachyte outpourings, which were confined to the

upper part of the Barrier, numerous olivine--bea1ring basaltic lavas flowed out along the
north-western and eastern s10pes of the Barrier. The north-eastern shoulders of the
Suguta valley are composed of similar lavas. Some of 1the lavas are classified as basanites
as they contain small quantities of, felspathoid mineral, believed to be nepheline. The
majority of the lava-flows, however, are basalts in which no felspathoid mineral is
recognizable either by direct obserVation or following staining. Champion (1937, p. 171)
described a sample of nepheline 'basanite from the Neangoil river-course on the south-
western shores of Lake RudOlf. Campbell Smith, who described Champion’s rock speci-
mens in the light of chemical analysis, later reclassified this rock as an olivine basalt with



a mu amount of 1mm1 .nepheline (Campbell 8111.11.11.19”, p. 528). The following
is the chemical analysis and norm quoted byCampbell Smith: - , . .

. . . % , %
$102 . . . . . . . . 45‘27

=TiOz' .. .. 127-40 1
A1203 .. . . .. 1 » ' 113-91 or 5-72
Fe203 .. . .. .. 1 ' 3-41 ab 1 11-84 '
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M110 .. .. .. 015,-ne 3-29
MgO .. ' .. 10-76 hl 0-03
CaO .. .. .. .. 12-68‘ 2 0-05
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ZrOz .. .. .. .. .. 0-03 ap 0-6
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CI’ .. .. .. . .. 0-02'

:8” '.. .. .. . . 0-16
3210 .. .. ‘ .. .. . 0-03-
SrO .. .. .. .. .. 002

100-77
Deduct for p '

8”, Cl’ .. .. 009

100-168

9 Anal: M. H. Hey.
No specimens were collected during 1the present survey from the lava in the river-

course, but specimen 19 / 156 from the eastern extension of the same lava-flew west of
Wargess agrees closely with Champion’s description. It is a porphyriitic rock with, a fine-
grained gound-mass of augite, idiomorp-hic magnetite, olivine and lathe of labradorite.
Champion stated . that small quantihies of interstitial material, unrecognizable under the
microscope, Were proved in his specimen 1ho be nepheline by micmchemical tests. The
writer attempted to detect felspahhoid minerals :by staming with methylene hlue,’foll1ow-
ing treatment with phosphoric acid, and though the results were not entirely conclusive
they suggested the presence of felspahhoid minerals. The ”rare phenocrysts of specimen
19/ 156 are olivine, labradorite and dull green augite. Specimens 19 / 121 from the south-
eastern slopes of the Barrier and 19/1471from 1hhe highly faulted Latarr area and a
number of other samples from the olivine bearing lavas are generally similar but are
usually more porphyeitic and finer-grained. The uphenocryshs are labradorite, olivine and
neutral-coloured augihe, the last being up 10-1-4111. long Staining tests carried out on the
two samples mentioned showed fine aggregates of :felspathoid mineral in the ground-
mass of specimen 19/147 only.

These olivine basalts were 1the last lavas extruded during Ihhe Pleistocene period.
At the close of the Middle Pleistocene, complex faulting cut the basalts at Laitarr, at
the north-eastern shoulders of Suguta, and in Ihhe Neangoil valley. During the Upper
Pleishoce’ne the area was relatively stable, When it was characterized by lacustrine sedi-
mentation. The final phase of volcanism on the Barrier took place in recent times.

(5) UPPER PLEISTOCENE LACUSTRINE SEDIMENTS
Following the volcanic phase that led to the building of the Barrier there was a

period of quiescence, during which the lake-level rose to a maximum height of just over
220 ft above the present level. It seems likely that the emplacement of the Barrier
contributed to the rise of lake-level that led to deposition of the “220-ft.” sediments.
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Following the separation from Suguta, the reduced Flake continued to receive water fromthe Omo river at the northern end and the Turkwe-ll river in the west. It is unlikely that
the rivers discharging into Suguta contributed much to the original greater Lake Rudolf
and it 'is likely that the Suguta valley extension was shallow, offering a greater surface
area for evaporation and offsetting the amount of inflowing water in other parts of the
lake. With minor fluctuations the lake-level has steadily dropped since the Upper Pleisto-
cene to the present. The Suguta valley is today a trough-shaped desert, with a small
salt lake at is northern end. During; rainy seasons the valley is sometimes flooded for
a week er two, so it is likely that during the Gamblian pluvial period it was filled with
water, although probably not so high as the Lake Rudolf level. As previously stated
(p. 8), the writer found no evidence in support of Champion’s suggestion (1935, p». 327)that the lake water might flow underground into Lake Rudolf. Since the Upper Pleisto-
cone the Suguta‘ lake has progressively retreated to its present position. As a result ofthe, evaporation, a small quantity of salt has been deposited.

, (a) Lake Rudolf Sediments at the 220-19. Level . ,
The severity of local winds and the recent volcanism have destroyed most of theoriginal lacustrine deposits around the southern shores of Lake Rudolf. At only twolocalities were deposits discovered at the 220—ft. level in which the original beddingremains intact. Several other patches of fossihferous sedimentary material, such as inthe Neangoil valley, have sulfered erosion and are largely reconstituted.
The 'best locality tor the 220-ft. level sediments is at Nokwamosin, on the south-eastern shores of Lake Rudolf (see Plates V and VIII). About 20 ft. of sediments areexposed in a small depression where they have been protected from the prevailing winds.The exposed section is as follows : -—

Thickness
. Feet Inches‘ Patchy overburden of ashy soil . . . . . . . . . .5. White diatomite .. .. .. .. .. .. 5—114. Grey diatomaCeous layer with dark coarser-grained sandy lenses .along the upper and lower edges. Fossil fish vertebra anddorsal spines: , lie—2%Lates m’loticus (Nile perch).

Clarious sp. (cat-fish). . '
3; Shelly limestone, composed of shells cemented in a greyishcalcareous matrix. . . . .' . .. . . . . . .Fossils :-—- I§~2§

Melanoides tuberculata.
Corbicula africana.
Corbicula consobrina (?)
Aetheria elliptica.

‘ Mutela nilotica.
rare Mutela iridina (?)

Mutela truncata (sensu Arambourg, probably ”
not of Von Martens and possibly new).2. Whitish conglomeratic bed composed of lava pebbles cemented , .in a calcareous matrix. Fossils :-— 0—10Melanoides tuberculata. '

Carbicula africana. ' ' , '
l. Pale my ashy sediment. Fossilsz— >4- Melanoides' fishermen.

Corbicula africana,
, Aetheria elliptica. I

No sednnents deposited alter the ZZO-ft. level deposits are preserved in the'presentarea. They have been eroded and either reconstituted er removed bywind-action The

common
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youngest depOsitsemund the lake share are shingle and sandy beaches and pale yellow
to bull-coloured clay deposits The letter come-1nl distributed present--day shell,

1 fish and reptile remains.
-

(b) Suguta Valley Deposits
The 'best exposures of lacustrine sediments 1n the Suguta valley regibn occur in the

-1l'ower reaches of the Losergoi valley (see Plate VI, Fig. 2). The upper beds of these
.Sediments are generally missing or have been reworked by windaaotionz. Much of the
dune material in thet area is derived from them. The mbet easterly of the Losergoi
valley sediments are mainly of deltaic origin, consisting of il1l-sorted conglomeratic
washes. Tlhe sediments at the mouth of this valley, however, include diatOmaceous clays
with very sparse megascop‘ic fossils. Although some of these sediments occur at nearly
300 ft. above the1present floor of the Suguta valley, there is little doubt first they were
deposited after. the emplacement of the Barrier as more are slight recOgnlzable traces
of equivalent shelves on the south--w_estern slopes of: the Barrier, Where the older Volcanics
are not covered by recent lava-flows. The present floor of the Suguta valley cannot be
accepted as a base from Which to compare the leVels or sedimmts flanking the valley
with those of Lake Rudolf. The valley represents the original greater Lake Rudolf floor,
and is therefore not related to the 1934 lake-level accepted by Fuchs and on which the
levels of earlier lake sediments were based.-

' r The exposed section of the most easterly sediments in the Lasern valley is
follows: — 1 1 . 1 1

9. Recent aeolian sands ‘ " ‘ " ' " ' '_ 19
8. Pale grey conglomerates containing lava boulders and with calcareous

matrix . . . . . 10
7. Dirty-white diatomaceous band with conglomeratic partings . . . , 6
6. Reddish brown conglomerate with coarse, sandy matrix and fairly small ' _,

pebbles. .. ‘9‘ 1
5. Finely bedded reddish to bufl‘ slightly diatomaceous band .' " 7
4. Reddish conglomerate With coarse matrix ". . '1 4
3. Diatomaceous bands alternating with fine-grained sandy partings 6"
2. Dark-grey fine-grained sandy bed .. .. .. . .. .. . _ 8
1. Well consolidated compact conglomerate ._. _ .. .. g. ._ ll

Near the mouth of the Losergoi the exposed section is as follows:«--—

1‘ Thickness
.. _ . _. feet

3. Pale grey to Whitish powdery diatomaceous sediments with very rare
fossils:1»— ..

Melanoides tuberculata.
Lates niloticus (vertebrae) Q . 1 .- . . , “ 1
Mammal bones ‘ “ ‘ “ ' ' ’ ‘ ‘1 .. >24.

2. Well compacted conglomerate composed of rounded lava boulders 1n a; , 1 ‘ ‘
silt matrix .. ‘ , 8

1. Pale buff to grey sandy bed with conglomeratic and silty partings " ' . .1 ’> 12
From the composition of these sediments it is apparent that an appreciable propor-

tion of them was laid as deltaic flood deposit-ions, the finer~gralned diatomaceous layers
representing more-stable lacustrine sedimentation.

.At. several localmes, small diatomaceous tossiliferous deposits believed to be of
late Upper Plelstoceme to Recent age, have been preserved in shallow depressions or
hollows The largest of these occur in the V1c1n1ty of the ash cone Mumiau, due east.....
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of 811q lake. Typically, the deposits consist of Up to 5ft. of white chalky diatomaceou-s
clay, crowded with perfectly preserved shells of Melanoides tuberculata. They areprobably the. result of deposition in small lakes that occupied localized depressions
during a Recent wet period. ' .. » ' » , .

I 1 . . (c) EVap'ori‘te Depositsin thé Suguta Valley." ' p . _
- ., , Following the Upper Peistocene pluvial period, which probably correspondciththe-Gamblian pluvial period of the Lake Naivasha'area (Tho-mpson and Dodson, 1963,. p. .43), Suguta lake steadily-retreated to its present position. at the northern end of thevalley (see Plate IV, Fig. 2). With increased salinity of the lake—water, evapOritesWere
deposited along the retreating, shoreline. The best preServed deposits have been protectedby the recent lava which flowed down the southern Slopes of the Barrier to the suguta
lake from Lugugug-ut or Andrew’s volcano, covering the lake deposits. The evaporite
consists of variable-sized layers of matted fine acicular crystals, contained in a clayaboutS ft. thick. ' ' ' ' ' "‘ ' ‘ ‘ ‘ ' '

~ ,- Analysis of a typical sample of ,.t.h¢ crystals gavethe ‘fOllowing- results ——-L
l. ; 1a.;

' % %Na2C03 .. .. .. 2492 24-92
NaHCO3 ' .. .. 20-14 20-14
C] , ' ' 7' ' 20 J ' 32‘95 (NaCl) a ‘, .SO3 , .. . ~. , .. . . , 4-25- 7-54 (Na2804)f‘ Insoluble. , .. . ' .. 14.64 . .14-64. . - ‘

- ' Analyst: Mrs. R. Inamdar.1. Analytical results. _ .. . , , .
1a. Recalculation of the analytical results: C1 calculated to NaC1,and $03 to NaZSO4.

,2 Microscope examination cenfirmed the presence ' of trona; The Writer “belieVes thatthe high percentage of chloride, carbOnate and sulphate in the eVaporite are a result._otthe action lof chlorine, carbon dioxide and ’ the oxides of Isu'lpghiur, all of which are gases.rcleased during lava extrusions. The gases, cembiriiin’g with" water, fOrm hydrochloric,. < 'scarbonic, sulphurous and sulphuric acids, capable cf. attacking felspars and ,felspathoids,
particularly. thesodic varieties, leading to the formation 0f. soluble soda salts like” thosedeposited-insugut'a.‘ ,_ 3 ’ . .’ . .

v: «. p - q i: i ,, . _ 8. Quaternary Depoets-J. ' . .. . ,.
The ‘ybung-est deposits in the area consist of sells derived from Basement Systemrocks in the" "eastern portion of the area, aeolian deposits in the-I‘Suguta valley and" in adesert a few miles, east "of the northern end? Of Sugwta, and rare scoondary limestoneprecipitates. ' " ‘ " . “r X ‘ ’

_ __. .A thick mantle . cf Soil covers an appreciable portion of the area not overlain bylava. The lopen‘ plains north, east and south 20f the Nyim and Mara ranges ,, are coveredby "bulf gsandy quartzose soil-s, almost devoid of humus, and leached of [most of theiroriginal argillaceous material. These scilrs support a scanty cover of Vegetation ” and arebeing progressively eroded by Winds. In the-I'Sou'th l-Horr valley, permanent water insome of; the: streamsadra'ininga Nyiru, and? adequate protection. frowngtheé‘efiects. of theeast7west prevailing winds, has promoted :“a =:much denser. covering: of Vegetation. Thevalley soils-.z'vary ,i£17011]?fiineegraincdt-gfeyish alluvium to reddish soils rich in iron oxide;pongas out ibykvithe. main river-courses Indicate that the soil mantle inxsom'e places exceedsath'ioknessof .150 ft The Plains immediately west of Nyim are :coveredaby 1 soils derived, partly iii—om the Basement System - rock's;:and ‘ partly. from "the “oldest lavas: in the '3 .‘area;They are freddish-g-brownijand :swppoftgaafai'rly evenly dietrilmfled grass “covering which, ends-at» the edge: cf, the younger lava fields further: West. The forested , plateau capping
NW!“ 5'8 WCEe’hy, dark'grey 'a—nd- humusrich thickresidual soils, Which support either:dfimforestorluxmamsrass ‘ _. ~ -»

- .
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The Suguta valley is almost entirely covered by fine-grained bull to pale grey sands,
composed mainly of well-rounded quartz, felspar and iron-ore grains. Wind-blown sands
are less obvious in the» Suguta valley than in the neighbduring desert as the waiter-table
in the valley is probably less than 20 1ft. below the surface, and the water, assisted by
the presence of soda salts, provides a certain amount of coherence, which prevents
excessive sand movement of the lower layers. The adjacent desert has both sandy
deposits, often in the form of dunes (see Plate VII, Fig. ‘2) and peb‘bly or rocky plains.
As previously stated, most of the sandy desert soils appear to be derived from fiormer .
lake sediments. An overall desert varnish 18 apparent On all the lava boulders and peb'blwes
but no faceted ventifacts were discovered.

Kunkar or secondary limestone is rather rare, the best exposures being in the river-
courses cut through solid lava. In discussing the drainage in the lava areas (see page
9), mention was made of the movement of underground water through joint-planes
and other crevices in the lava. The waters from the springs discharging into the river-
courses are invariably strongly saline and contain an appreciable amount of Calcium
derived from the lavas 'by the decay of calcic plagioclase 'felspar. Towards- the southern
end of the Suguta valley, siliceous sinter has 1been deposited around the L'ogippi steam-
vent.

9. Recent Volcanic Rocks
During the past few hundred years there have been eruptions from three localities

on the Barrier. The oldest of the three eruptions consisted of laVa outpourings from
two fissures along the margin of the northern rim of Nagaramasainia caldera. The two
more 1recent volcanoes, Andrew’s or Lugugugu-t, and Teleki’s, were described in an
earlier” chapter in connexion with their physiographic significance (see page 7).

(1) CALDERA TRACHYTE
The lava eruptions on the caldera rim were possibly caused by a slight renewal of

subsidence along the northern edge of the caldera. Art the bottom of the northern wall
there appears to be a small step, which may indicate the eXtent of a later collapse
moVement. The lava, a fine-grained sodic trachyte, welled out from two fissures, in a
series of extrusions, building up against the caldera wall, and finally flowed out over
the northern rim. The lava mounds were rapidly built up as the extruded material was
of particularly viscous consistency. The lava is a fine-grained, porous, greenish, grey
trachytic-textured rock. Specimen 19/ 153 from the more westerly of the two lava-flows
is deceptive in appearance. Owing to its lightness of colour and variable porosity it gives
an impression of ‘being weathered. The lavas, however, rest directly on recent soils,
reworked pyroclastics and the older lavas, and the flows exhibit all the characteristics
of recent extrusion, with well-defined flow-wrinkles and a semewhat oxidized skin. In
thin section the rock is seen to be highly vesicular and slightly porphyritic, the ground-
mass being composed of prisms of anorthoclase (‘7) irregular specks of cossy-rite and
small prisms of aegirine in a base of analcite (?) The rare phenocrysts present are
anorthoclase.

There are several weak steam-jets around the southwestern edge of the caldera.
(2) TELEKI’s Vow-mo

Teleki’s Volcano has erupted on several occasions Within recent times. The lava-
flows, of which five are recognizable, spread out to form extensive m between the
volcano and the southern shores of Lake Rudolf (see map at end). A thin discontinnous
veneer of oxidisadon covers the lava of the oldest flows, colouring the rock a dark
chocolate brown The more recent flows are dark grey and still retain the thin wrinkled
slag‘like skin characteristic of very recont lam-hows (see Plate III). Between the most
recent ontpourmgs and the earlier crispness, the volcano extruded a carpet“ of pitch black,
dullscoiiae 'llheywerethrownasmuchasamilefromthevomo covoiingsmneof
the older lava and building upthe presentday cone of Teleld’s volcano (see Plate II,
Fig. 2). The ash scoriae are not more than I in. in diameter, and Wily low than I» in.
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across. They are made of vitreous material and, as they are highly porous, are only
slightly heavier than rhyoli-tic pumice. The most recent eruption took place in 1895. The
lava flowed out from a small vent towards the centre of the cone, curving round from an
initial north-westerly to a north-easterly course, to reach a point just south of the ash
cone Naboiyoton. The lava has texture varying from vitreous to fine-grained granular
aphanitic, and usually contains email phenocrysts of felspar, pyroxene and olivine. 'Ilhe
slaggy skin covering the younger flows is nearly always glassy with only rare plagioclase
mierophenocrysts. A. Roeiwal (1891, p. 509) described a specimen from the Teleki’s
volcano lava as a vitriophyric basalt. Campbell Smith, in a petrologiea-l note in Cham-
pion’s paper (1937, p. 167) described the hva as a basanitiod, a term used :00 describe
rocks with the composition of basanite but normally’with a glassy groundmass and
without felspaiflioids. '

Later, on the strength of chemical analysis, Campbell Smith (1938, p. 532) considered
“glassy mhybasa-lt” the most appropriate term for the Teleki’s volea-no lavas, the
holoorystalline equivalent being anorthoclase basalt. I-I-is examination of the plagioclase
present showed that ‘the felspar microlites varied from 'labradorite (Any) to bytownite
(-An”), with an overall tendency towards a composition of about An“. He noted that
many of the microphenocrysts have basic cores with round outlines, surrounded by
more acid shells. He considered the average composition of the felspar in the lava to
be about An,so (iabradorite).

The following are analyses quoted by Campbell Smith (1938, p. 530) of two samples
from flows originating from Telelci’s volcano and two from the lava of Andrew's
volmnoz— ’ '

l - 2 3 4

. % % % %
SiOz . . . . , . . 50-58 50-27 . 46-25 45-41
A1203 . . . . . . 17-20 18-09 13-28 13-06
Fe203 . . . . . . 1-22 1-65 2-55 2-94

‘ FeO . . . . . . 8-49 8-64 7-65 7-64
MgO . . . . . . 4-06 2-18 12-36 12-05
CaO ' . . . . . . 8-05 8-74 12-62 12-01
Na20 . . . . . . 4-57 4-32 2-00 2-26
K20 , . . . . . '. . . 1-88 -2-04 0-53 0-91
H20+ . . . . . . 0-00 0-00 0-04 0-74
1120— . . p . . . . 0-03 0-04 . 0-02 0-01
TiOz . . ' . . . . ’ 2-73 2-88 ’ 1-98- 2-72
P205 ' . . . . . . 0-79 0-95 0-14 036
S03 , . . . . . . , nil nil 0-05 —
Cl' . . . . . . . 0-08 0-03 0-06 » —
S”- ~.. , .. _ 0-10 0-11 0-08 011
MnO . . . .. . 0-27 0-14 0-12 0-28
BaO . . . . . . . ‘ 0-10 0-19 0-01 0-11
SrO .' . . . . . 0-05 tr 0-04 tr
‘Zr02 . . . . . . 0-03 0-02 0-02 0-02
(CeY)203 . . . .- 0-01 tr - 0-01 —

. V. . 100-24 2100-29, .9981 100-63“
Deduct for ' ‘

' S”/, l - . . . . 0-07 0-06 0 05 _ 0-06

100-17 . 100-23 99-76 100-571'

Analyst: M. 'H. Hey,-

1 * '510032 in original;
1 100.66 in original.
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Norms

l 2 3 4

% % "/0 °
or .. .. .. 11-1 12-05 3-1 5-55
ab .. .. .. 34-05 34-05 14-15 13-6
an . . . . . . 21-15 23-95 25-85 22-7
ne 2-0 1-2 1-25 3-4
hl 0-12 0-05 0-15 0-0
2 . . . . . . 0-05 0-04 0-04 0-04
di .. .. . . 11-5 12-4 28-7 27-6
01 .. .. .. 10-95 7-1 18-4 17-25
mt 1-8 2-4 3-7 4-2
i1 5-2 5-5 3-8 5-2
ap 2-0 2-35 0-34 0-9
pr 0-2 0-2 0-16 0-2

1. Basalt (glassy soda trachybasa'lt) from the most recent flow from Teleki’s Volcano.
Taken near the northern fissure of the volcano.

2. Basalt (soda trachybasalt) from an earlier flow, taken at a point south-west of
the main crater, Teleki’s Volcano.

3. Olivine basalt with interstitial nepheline, from the most recent flow of Andrew’s
Volcano.

4. Lapiili (glassy basalt) from north-west of Andrew’s Volcano cone.

Specimen 19/148 is typical of the Teleki’s volcano lavas. It is micro-porphy-ritic,
with small phenocrysts of plagioclase set in a matrix of plagioclase and glass with
scattered olivine and augite crystals. The glass is crowded with abundant skeletal and
dendritic patches of magnetite. The plagioclase is a slightly sodic la‘bradorite (M55).
No felspamhoid is recognizable but in view of the prevalence of felspathoid minerals in
the older olivine basalts of the Barrier and the somewhat sodic nature of the intermediate
lavas of the Barrier there is every likelihood that these would have contained small
quantities of nepheline if completely crystallized. The writer, therefore, considers the
term basanitoid to be appropriate for these rocks.

Early writers described the pungent smell of sulphur gases discharging from vents
on Teleki’s Volcano. During the writer’s visit to the volcano on 17th March, 1957, no
escaping gas could be isolated, but the smell of gases, particularly sulphur dioxide, could
easily be detected at any point on the cone, especially towards the centre ofthe crater
from which the most recent flow took place. The continuous discharge of sulphur-Oils
gases has led to the deposition of sulphur, extending to at least 3 ft. below the surface.
The sulphur occurs as fine flour-like yellow powder disseminated through me ash. The
intense prevailing winds ensure that the surface is kept free of the fine powdery sulphur.
Several vents, scattered about minor craters, discharge a small amount of steam. The
steam vents are recognizable by reddish oxidized zones around their openings. A pungent
odour of sulphurous gas in the steam indicates admixture of other gases.

As the site of the most recent volcanic activity in Kenya, |there has been some
speculation as to the probability of a rejuvenation of volcanicisrn. The writer believes
that there are certain factors that might bring about a renewal of activity. The volcano
occurs in an intensely faulted zone situated in the Rift Valley, a tectonic trough known
to have undergone slight movement within the last 30 years. A slight increase of
movement alone might initiate another phase of volcanism.
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' (3) ANDREW’S VOLCANO on LUGUGUGUT “
"Lugugugut is situated on the southern slopes of the Barrier, nearly opposite Teleki’s

Volcano on the northern slopes. While the lavas extruded'lrom Teleki’s flowed down to
the shores of Lake Rudolf, those of Lugugugut floWed‘ down to Suguta lake. The lavas
ind pyroclastic rocks extruded from the two volcanoes are similar. The Lugugugut
eruptions commenced some time after the earliest extrusions from Teleki’s, but the
v'olcanism did not continue to the date of the last lava outpouring from Teleki’sVolcano in 1895. Lug-ugugut cone is mainly composed of reddish slaggy scoriaceousmaterial, partly covered by dull black porous scoria'c, similar to that found at Teleki’sVolcano. The cone includes three medium-sized craters with at least four smaller explo-sive vents. The area around the cone is strewn with lapil-li and volcanic bombs. Champion(1937, p. 168) suggested that they might have been ejected 10 to 15 years before hisvisit to the volcano. The writer considers that unlikely, as the bombs retain a deceptivelyunaltered appearance for a number of years and there is no evidence at the volcanoto suggest activity within the last 100 years.

In the hand-specimen the lava is a porous dark grey rock, speckled with medium-sized olivine crystals. In thin section (19/124) phenocrysts of augite and olivine are seento be enclosed in a ground-mass consisting of small tfelspar laths, augite prisms, mag-netite grains and interstitial glass. Unlike the lavas irom Teleki’s. no plagioclase pheno-crysts are present. Campbell Smith, in a pathological note in Champion’s paper, referredto this lava as a limburgitic olivine basalt. As an analysis of ”the rock (see p. 41,anal. 3) shows that the basalt is not notably alkaline, the unqualified name olivine basaltis considered more appropriate. -
, A small amount of steam and sulphurous gases is released 'firom vents scatteredabout the cone. ' '

VI—METAMORPHISM AND 'GRANI'I'IZATION
The nature of the Basement System rocks in the area is believed to be the resultof intense regional metamorphism accompanied «by .granitizattion, a succession of arena-ceous, argillaceous and calcareous sediments with intercalated volcanic sheets beingconverted into psammitic and pelit-ic gneisses, granites, crystalline limestones, calc-silicaterocks and amphibolites. Metamorphism and granitiza-tion in the present area are thoughtto be processes allied to geosynclinal orogenesis. During the early phases of folding anddepression, the raised temperatures and pressures effected recrystallization and thedevelopment of mineral assemblages indicative of the metamorphic conditions. It isbelieved that gra‘nitization followed regional metamorphism.
As a whole, the rocks are representative of the amphibolite facies of Eskola, orthe almandine amphi‘bolite facies of Fyfe, Turner and Verhoogen (1958, p. 207), indi-cating high temperatures and pressures. The greater portion of the rocks falls within thesiflimanite—ahnandine subfacies described by Turner and Verhoogen (1951, p. 46.6). Theindex mineral sillimanite is present at two horizons and occurs in association with alman-dine and orthoclase, the typical mineral assemblage of this subfiacies. West of Nyziru asuccession of h-ornbl-ende-garnet-rich rocks are probably representative of the hornblendegranulite subfacies. The typical. mineral assemblages found in these. rocks are asfollows: —_-—

' hHornblende-epidote.
Hornblende-ahnandine-epidote.
Homblende-diopside-epidote.

This w‘bfacies represents slightly more decpmte‘d regional metamorphism, tran-sitional between the almandine, amphibolite and the eclogite facies. The implication ofthis relationship is that the garnet-hornblendic rocks were of a deeper-seated nature.Their present position, underlying the succession of semi-pelitic and psammitic rockswhich form the Nyiru and Mara massifs, is probably the original stratigraphic sequence.



44

The processes responsible for the conversion of some of the original sediments to
the various granitoid rocks in the present area fall into the category of granitization.
Granitization requires at least two conditions: a rise of temperature to allow recrystal-
lization, and the introduction of material to promote the growth of certain minerals,
i.e. metasomamism. The compressive phase of an orogenic cycle, followed by depression
of the roots of rthe folded sediments into the substratum, ensures sufficiently high tem-
peratures to effect recrystallization. The sequence of metasomatism is believed to be as
follows. Initially, aqueous solutions with a high soda content invade the high-grade
metamorphosed, folded sediments, inducing the growth of sodic plagioclase. This is
followed by the introduction of potash-enriched solutions which induce the growth of
potash felspar, and typically the potassic minerals biotite and muscovi-te, sometimes at
the expense of existing ferromagnesianrninerals such as hornblende. The limestones
undergo metamorphic recrystallization, but remain largely unaffected by metasomatism.
Locally, when temperatures are sufficiently high, the metamorphic rocks attain a state
of mobility and adopt the characteristics of intrusive granites. These granites often occur
in regions of localized strain such as in the axes of folds, where temperatures have been
raised by the release of kinetic energy, triggered by strain or direct stress during
defamation.

The origin of the granitizing fluids is assumed to result from differentiation of a
silica-rich melt produced either by the intrusion at depth of a basic magma into the
roots of the folded geosynclinal sediments or by the depression of the sediments into
a high-temperature substratum. There is, of course, the likelihood that both processes
combined to produce the melt from which the alkaliJrich material is derived. In regions
occupied by metamorphic rocks, intrusive pegmatites produced by granitization of the
former sediments contain mineralization similar to the host rocks. This close relation-
ship is recognizable in most parts of Kenya (Dodson, 1957, p. 90).

VII—STRUCTURAL GFDLOGY
1. Basement System Structures

(1) MAJOR STRUCTURES
, The Basement System rocks are folded and, along the eastern margin of the area,

intensely sheared. Only a few minor faults other than the shearing were recognized. The
folds mapped, from west to cast, are as follows (see Fig. 3) : —

(a).Tum Syncline.—A steep-sided blunt-nosed syncline, whose limbs approach
vertical near the gra-nitoid gneiss core south-east of Tum. _

(b) The 'Losom Monocline.—The gneisses in its eastern flank dip gently away from
the Turn syncline in the south; in the north, near Tum, the monocline passes into an
anticli-nal fold.

_ (c) The"Laldama Sync]inc.—This syncline, plunging gently to the south, is hardly
recognizable towards the central part of Nyiru.

(d) Leyosi Anticlineré'l‘he anticlinal fold immediately east of the Laldama syncline
also plunges to the south. Leyosi hill, on which the Nyiru trigonometrical beacon is
erected, consists of a steep-sided anticline with a granitoid gneiss core, surrounded by
shells of pelitic gneiss, augen gneiss and biotite gneiss. A saddle of the pelitic gneiss
straddles part of the core. The fold rapidly dies out to the north.

(e) South Horr Valley. Syncline.—This is a broad, shallow, trough-like complex
syncline, incorporating numerous minor folds. »
' (f) Mam Anticline.—In thel‘vicirrity of the Mirran river, this anticline is a gentle fold,
the limbs dipping at about 10 degrees to the east and west respectively. Further north,
east of'South Horr, it is compressed and forms a steep-sided fold with a 'sharp crestf '
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Along the eastern boundary of the area, intense shearing along a north-northwest
to south-southern zone can be traced. Judging from the abundance of crush-breech
and mylonite scattered about the sandy soils covering large tracts in that part, there is
considerably more shearing than is immediately apparent. Most of the rocks that out-
crop, are slabby in the hand—specimen and reveal considerable crushing in thin section.
Along the main shear-zones thin bands of rock have sufiered complete mylonitization,
developing a glazed, chert-like appearance. Specimen 19/82 from the eastern extension
of Mara is an interesting example of mylonite, as it is black, having a resemblance to
some manganese ores. The relative movement in the area could not be established with
certainty but the shearing is believed to have been caused by tear—faults, the eastern
side moving northwards in relation to the western side. Traces of a-lineations, recog-
nizable on some fault-faces, plunge at between 2 degrees and 5 degees to north north-
west. The other faults, believed to be of Precambrian age, are of small displacement
and too rare to be of significance.

(2) MINOR STRUCTURES
Minor folds conforming with the tectonic style exhibited by the major folds occur

in the South Horr syncline. They are of variable size with wave—lengths of up to 15 ft.,
and occur within the limbs of large-scale folds (see Plate II, Fig. 1). Yet smaller folds,
with waveulengtbs seldom more than 2 ft. or 3 ft, occur extensively in the finely banded
and migmatitic rocks. The smallest folds do not appear to be related to the major
folding, occurring haphazardly in the contorted rocks. They include both slip-folds and
flexural-sli-p folds. In the migmatitic rocks, slip-folds, presumably developed from earlier
fiexural-slip folds, sometimes lhave complex crenulated limbs (see Plate 1). Pegmatites
are generally not folded, but in the less competent bands, such as amphibolite and
micaceous politic gneisses. they are sometimes folded in asymmetrical slip-folds.

In considering the relationship in connexion with the Basement System rocks of the
present area, Tu-mer’s discussion on fabrics (1948, p. 311) is of value. He accepted that
where migmatites have formed solely by metasomaitism they tend to retain foliation
derived from the parent-rock bedding, but in cases where defamation has accompanied
or outlasted migmatization, or when a state of mobility has been achieved during graniti-
zation, the ultimate fohation may be completely unrelated to the original bedding. Within
the area mapped the rocks were locally converted to a mobile condition (see p. 44)
but are of little significance in the regional structure. There has been slight pbst-migma-
titization defamation as evidenced by pegmartitic slip-folding, but as can be men in the
field here again the deformation is of strictly local importance only. On a regional scale
the relationship between foliaition and the original sedimentary bedding is perhaps best
illustrated by the behaviour of bands of crystalline limestone and graphitic schist which,
although recrystallized, are unaficcted by granitizaxtion. Through the Basement System
areas of Kenya, layers of marble particularly, on scales ranging from regional to that
of an outcrop, follow the trend of the foliation, indicating that the foliation is closely
related to “the original sedimentary bedding.

A trace of an additional plane, transverse to the foliation, is to be seen in some
exposures. Specimens 19/18 and 19/51 from the Mara range contain trams of transverse
planes, and appear to be generally similar to the tectonites described by Turner and
Verhoogen (1951, p. 544).

Lineation is well developed in all but a few of the rock bands in the area, the best
developed types being the elongation of micas, the growth of trains of mica flakes, the
elongation of amphiboles in the foliation planes of pelitic or amphi’boli'te rocks, and the
orientation of augen in the augen gneisses. In some marbles the li-neaitio'n~ consists of a
fine ribbing. Most of the measured lineations plunge gently to just east or west of
north, or in the reverse direction slightly east or west of south. As these lineations are
parallel to the direction of the fold-axes they conform with the definition of b-lineation
described by Turner and VerhoOgen (1951, p. 534).
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Traces of a-lineation can «be observed in some of the rare exposures of slicken-sidedfl'mr-ustnplanes along the eastern limits of the area. This 'li-neatrion is present as polishedstreaks, with a tendency to development of ragged, rod-like felspars.
The orientation of the major folds described was confirmed statistically by plottingpoles to foliation, lineation and minor fold-axes on a Schmidt equal area net (see Fig. 4).
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Fig. 4—Structmal data from the Basement System rocks plotted on the lower hemisphereof a Schmidt equal area net ’

The area may be described as typified by homogeneous folds with roughly north-south,almost vattiealmrial planec.ltmustbeconcludedmatfl1eareawassubjectedeo

2. Tertiary to Recent Structures
Thorcisnoevidencein-Mepreeentareaeomggeetedefinieeageformeeurfiesttectonic distmbances.. It is known, however, that the earliest lavas flowed out on sedi-ments that have been identified as Miocene, andthe writer believes that the lava wasreleased from fault firaomres. Fuchs (1939, up. 266) considered the oldea rift faults ofthe Lake Rudolf are: to be of late Oligocene age. A
Fuchs (op. cit.) described gentle folding of the Tertiary sediments and volcanicsalong approxinm norm-scum axes to the north-east and west of the present area. Heoonsidemdfifisfddingmbe hidienfiveofaemnpxessional odginofmefiftfaulu'ngwhich produced the valley, inclmfing Stigma and the southern end of Lake Rudolf.
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The writer, however, considers that the Suguta valley was formed. by tensional trough
faulting. It is considered likely that the earliest movement took place as gentle down-
warping to form a trough-like depression along a norm-norm-easterly direction. This
movement was followed by fracturing which it is believed mitiated the first plateau-lava
outpourings in the area. Evidence of this down-warping is provided by the situation of
the original surface of Basement System rocks and Tertiary sediments over which the
earliest lavas flowed. After allowing for the extensive fault displacements, the convexly
curving surface can be traced from the Nyiru and Kowop areas to Sugum.

The folding of sediments and volcanics may be explained as a localized relief of
load, a possibility suggested by the absence of a more general folding, and the complete
absence of Tertiary folding of the Basement System rocks forming the eastern shoulders
of the Rift Valley. The folding is, however, of minor importance as it is of a limited
nature and confined mainly to soft friable pyroclastics and sediments.

The writer agrees with Fuchs that most of the Lake Rudolf basin does not lie
within the Suguta valley rift system. Examination of the rift faulting at the southem
end of Lake Rudolf indicates that this rift system cuts obliquely across the lake in a
north-north-easterly direction.

The down—warping into the Rift can be observed from a point to the south of the
present area, where the Basement System contact with capping lavas can be seen for
several miles along an east-west direction. The earliest recognizable faulting forms the
north-small step-like features near the eastern edge of tillelava-fields. Fuchs (1939,
p. 266) suggested that Nyiru might represent an upthrust mass. 1111: writer; found no
evidence in support of this suggestion, but, in view of the regularity of the scamp—like
westerly edges of the mountain, consicbrs it «possible that the western face of Nyiru
may be a fault-scarp resulting from a fault with a westerly downthrow. As there is no
conclusive evidence, this fault is not represented on the geological Inap, but is included
in the structural map (see Fig. 3).

During the Pleistocene period the area was subjected to trough rifting. The faulting
followed a general north-north-easterly trend with minor faults apprommately normal
to the main direction. This tectonic phase resulted in the faulting which extends from
the eastern walls of the present-day Suguta rift valley to the intensely faulted Iatarr
area on the south-east shores of Lake Rudolf (see Plate VI, Fig. 1). None of the Pleisto~
cene faults have vertical displacements of more than 300 ft., most having considerably
less than 100 ft. throw. The faults seldomnccur in confident step-like sequence, oom-
sional faults with easterly downthrows 'being intermingled in the fault complex. While
most of the lavas have been progressively tilted to the west, lavas on the north-eastern
shoulders of Suguta, faulted by the most recent trough rifting, have been tilted to the
east. ,

The collapse of the Nagaramasa‘inia caldera took place by two subsidences, the
earlier collapse occurring along an arc to the west of'the present mldera. The second
collapse,rwhich formed the caldera, followed the mttern of thefirst in aha-bathe largest
displacement took place on the western side. There appears to have been a slight
rejuvenation of collapse movement in recent times.

In the wind-deposited sands exposed in the Loser-gal river there is evidence of
recem faulting. ’Ihe faults, most of which have westerly downtmoWs of about 3 ft. to
5 ft, are of limited extent and can only be observed in river sections. It is possible
that such faults may be related to the recent movements in the camera, orthe recent
rejuvenation of volcanism on the Barrier.

No recognizable folding took place during the Tertiary period within the limits or
the present area, but gentle folds in «the UpperPleistocene beds exposed in the Losergoi
valley can be observed. The fold axes are aligned approximately east-west and the
amplitude of the folds does not exceed about 200 ft. The aligmnent of these folds
suggestsgenflemflhsouflrmmsdmingflrehmeUpperPleistocenepaiod.
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VIII—MINERAL DEPOSITS
The area is remote. The nearest Irailhead is at Thomson’s Falls about 210 miles to

the south, while the road as far as Maralal includes several Ibad sand-river crossings,
extremely steep gradients and generally poor sinfaces. Any mineral occurrence would
have to be sufficiently valuable to cover the expense of long, difficult hauls by road.

No mineral occurrences worth exploitation in present chmnnstances were discovered
during the course of the survey. The following are the minerals of economic interest
recorded in the South Horr area.

1. Graphite

The graphitic schists and gneisses of the South Horr valley were described in a
previous chapter (see p. 18). The most important band is the folded schist exposed on
the western slopes of Mara. The lower hillside is a dip-slope on the western limb of the
Mara anticline, and yields an exposure of the schist about 1,000 yards wide at its widest
point. The band narrows sharply to the south. In the hand-specimen the schist appears
to contain a high percentage of graphite. Tests on two representative samples, however,
gave 15.43 and 16.8 per cent for the carbon content, as determined by loss on ignition
(Analyst: Mrs. R. Inamdar).

Flotation in lthe presence of phosocresol “A”, conducted by A. Stewart, Metal-
lurgist, provided the following information regarding the size of the graphite flakes:—

Weight Carbon
Product in grams percentage

Calculated feed .. .. .. . . .. .. 234 16-8
Concentrate + 100 mesh BS . . .. . . . . 42 14-3
Concentrate — 100 mesh BS . . . . . . . . 78 31-9
Tailings + 100 mesh BS .. .. .. .. 65 8-0
Tailings — 100 mesh BS .. .. .. .. 49 6-8

The results show that the schist would be difficult to upgrade by the standard-
methods and that it would require grinding (to at least 100 mesh (150 microns) in order
to release the graphite The flakes are too fine for crucible grade. There is also silli-
manlirte in the schist and it would be easy to separate, but it accounts for about 3 per cent
only of the total rock composition.

The occurrence is, therefore, of no value in present conditions because of the
costliness of transportation and beneficiation, and the low price of small—flake graphite.

2.Mica

No saleable mica was discovered in the am, but as in the Bamgoi area to the
south, some of the complex pegmatites might yield mica. Prospecting for mice. in complex
zoned pegmat-ites should be directed towards the centre of the pegmatite, around the
quartz cores, as most mineralization occurs in the zone immediately enclosing the quartz
core.

3. Nickel

All intrusives of ultra-basic composition in the area, qualitatively tested, proved to
contain nickel. There is no chance of exploitation of the ilimited intrusives, which contain
small quantities of nickel only, but it is possible that they may be related to an un-
discovered lavrger, mineralized intrusive body.
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4. Asbedos
Several pits dug 'by prospectors in the central South Horr valley have revealed the

premce of poor quality anthophylli-te associated with a small ultra-laasic intrusion. The
asbestos reaches a maximum fibre length of about 2 in. ihut is friable and of generally
poor quality.

5. Evaporltes
The evaporite deposits in the Suguta valley, while unlikely to prove commercially

exploitable, play an important part in the life of the Turkana hibe. Although the com-
position (see p. 39) of this salt is unlike the trona from the Magadi salt lake in southern
Kenya, it is used for the same purposes as unprocessed trona, namely, as an addition
to finely ground tobacco to produce snufl, which is extensively used 'by most African
tribes :in Kenya. Turlra-na tribesmen have] for considerable distances Ito collect supplies
of the salts.

As a stock salt-lick the ev-aporite is much sought after.

6. Heavy Minerals
Examination of panned concentrates from various parts of the area failed to reveal

the presence of even minute quantities of valuable minerals. In view of the presence
of the ultra-basic intrusives, careful attention was paid to the heavy mineral residues
collected from their proximity, but the concentrates proved 'to be devoid of the heavy
rare metals sometimes associated with such rocks.

7. Water
In relation to the vegetation available as food for stock, the western portion of the

area has a sufficient water supply for the indigenous population. Permanent and semi-
perm‘anenrt water is found in most of rthe river-courses cut through the lava-fields and
in some parts of the Suguta valley, such as at the mouth of the Losergoi river. Lake
Rudolf water, while not palatable, is apparently fit for human and animal consmnption
although the fluoride content is excessive (see table). The following analyses of water
samples from Lake Rudolf show a high percentage of matter in solution. In most cases
the sodium content was not determined, but it is safe to assume that nearly all of the
carbonate and bicarbonate is present as sodium salt.

COMPOSITION or LAKE RUDOLF WATERS
Parts per 100,000

1 2 3 4 5 6 7 8
Alkalinity (as CaC03)—

Carbonate . . . . 30-8 Nil 32 60 50 13 24-8 50Bicarbonate 82-3 15-6 76-5 45-8 59-9 37-6 91-2 82Ammonia—
Saline . . n.d. n.d. n.d n.d. 0-048 0-016 0-032 0-05Abuminoid . . n.d. n.d. n.d n.d. 0023 0-012 0-072 0-036Chlorrdes (as C1) . . 44 2-8 41-2 40-3 43-1 19-3 42-8 52Sulphates (as S04) . . 4 trace 2-4 3-2 2-1 trace l-5 5Nitrites (as N02) . n.s. n.s. trace n.s. n.s. present n.s. presentNitrates (as N03) . . n.s. .s. n.s. n.s. n.s. present n.s. presentCa1c1um_ (as Ca) . . 0-5 1-1 n.d. n.d. n.d. n.d. n.d. n.d.Magnesium (as Mg) 0-79 0-66 n.d. n.d. n.d. n.d. n.d. n.d.Iron (as Fe) . . n.d. n.d. n.d. n.d. 0-014 0-03 0-14 0-07Silica (as 8102) n.d. n.d. n.d. n.d. trace 6-3 0-7 0-3Total hardness 4-0 5-0 3 -5 3 3 2 2 2Totalsolids . . . . n.d. n.d. n.d. n.d. 199 103-5 203 230Fluorides (parts per million) 12-5 1 -0 17-2 11-3 9-3 3-8 9-2 8 -6pH. . . . . . . . . 10-3 7-6 10-6 n.s. 10-4 8-7 8-5 8-5

n.d. = not determined.
n.s. = not stated.
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9 10 11

Alkalinity expressed as Na2C03
equivalent . . . . —- —- 139-92

C02 . . . . . . . . 149-5 17-4 Not
determined

Cl . . . . .. .. 45-2 13-4 49-77
804 . . . . . . . . 14-3 12-0 2-2
Na .. . . . . .. 12-8 19-1 Not

determined
Ca .. .. . . .. 1-0 2-6 0-70
Mg . . . . . . . . 0-6 4-9 0-38
Al—Fe . . . . . . 0-8 0-2 0-28

1. Lake Rudolf, Todenyang.

2. 0mo River, northern end of Lake Rudolf.

3. Lake Rudolf.

4. Lake Rudolf near Lokitaung.

S. Lake Rudolf.

6. Lake Rudolf.

7. Illeret, Lake Rudolf.

8. Ferguson Gulf, Lake 'Rudolf. Analyst: Government Chemist.

9. Hot spring near Lake Rudolf.

10. Lake Rudolf. Analyst: Mrs. J. A. Stevens.

11. Lake Rudolf, about eight miles south of Loyangalani. Analyst: Mrs. R.
Inamdar.

There is fittle chance of growth of stock herds as the inhospitable, rocky arid nature
of the country prevents the growth of more than sparse vegetation, which consists mainly
of stunted thombush.

The South Honr valley is adequately supplied \by three river-courses draining the
eastern slopes of Nyir-u. Water is obtainable at certain points in these river-causes even
during the driest months of the year. There is little hope of increasing the water supply
in the barren, desert-like plains in the eastern part of the area. The plains are mntled
with sandy soils incapable of holding water for more than a day 'or two afiter heavy
rain. The sinking of boreholes ‘is generally inadvisable in arid areas but may be of value
if holes are widely spaced. Water might ‘be conserved by the construction of deep,
narrow dams with relatively small surface areas to minimize evaporation. The dams
could only ‘be built in some of the rocky river—courses draining the inselbergs
dotted about the plain. It must be pointed out, however, that there is little point in
increasing the water supply in this region as the supply of vegetation available as food
for stock ‘15 strictly limited.



52
lX—REFERENCES

Arambourg, C., 1943.—“Mission Sciemifique de L’Omo, 1932/1933” Vol. 1, Fasc. 2,
Museum National D’I-Iistoire Naturelle, Paris.

1947.—“Mission Scientifique de L’Omo, 1932/1933”. Vol. 1, Fasc. 3,
Museum National D’Histoire Naturel-le, Paris. '

Baker, B. H., 1963.—“Geology of the Baragoi Area”. Rept. No. 53, Geol. Surv. Kenya.

Bear, L. M., 1952 —“A Geological Reconnaissance. of the area south—east of Embu”.

Rept. No. 23, Geol. Surv. Kenya

Cavendish, H. S. H., 1898.—‘‘Through Somaliland and south of Lake Rudolf”. Geog.
Jour., Vol. XI, pp 372-396.

Champion, A. M., 1935 .—“Teleki’s Volcano and the lava fields at the southern end of
Lake Rudolf”. Geog. Jour., Vol. LXXXV, pp. 323-341.

1937.—"The Volcanic region around the southern end of Lake Rudolf,
Kenya Colony”. Zeitschrift fiir Vulkanologie, Band XVII, pp. 163-172.

Dixey, F., 1948.—“Geology of northern Kenya”. ‘Rept. No. 15, Geol. Surv. Kenya.
Dodson, R. G., ”Si—“Geology of the north Kitui area”. Rept. No. 35, Geol. Surv.

Kenya.

1959.—“Pegmatites of Kenya". Proc., Meeting of «he East-Central and
Southern Regional Committees for Geology, C.C.T.A., Tananarive, 1957.

Fuchs, V. E., 1934.—“'Dhe geological work of rthe Cambridge expedition to the East
Afiriam Lakes, 1930/31”. Geol. Mag, Vol. LXXI, No. 5, pp. 837-8.

l935.———“'llhe Lake Rudolf Rift Valley Expedition, 1935”. Geog. Jour.,
Vol. LXXXVI, pP- 114-142.

1939.——“The Geological History of the Lake Rudolf Basin, Kenya
Colony”. Phil. Trans. Roy. $00., London, Ser. B, No. 560, Vol. 229, p. 219-274.

Fyfe, W. S., Turner, F. 1., and Verhoogen, J., 1958.—“Mctamorpl1jc motions and
metamorphic facies”. Memoir 73, Geol. Soc. of Amer.

Harpum, J. -R., 1955.—“Recen«t Investigations in pre-Kanroo Geology in Tanganyika”.
Compte Rendu, Association des Services Géologiques Afrieains, Nairobi, 1954.

King, L. C., 1949.—“0n the ages of African land surfaces”. Quart. Jour. Geol. Soc.
Vol. 104, pp. 439-459.

R'osiwal, A., 1891.—“Uber gesteine aus dem Gebiete zwisohen Usambam 11nd dem
Stefanie-See”. Denk. K. Akad. Winn, Wien., Math. Nat. K1,, LVIII, pp. 465-550.

Saggieé'son, E. P., l957.—“Geology of the south Kitui area”. Rept. No. 37, Geol. Surv.
enya.

Shackleton, R. M., 1946.—“Geology of rthe country between Nanyuki and Marahwd".
Rept. No. 11, Gco1.Surv. Kenya.

Smith, W. Campbell, 1938.—“Petr1'ographic description of volcanic rocks from Turkana,
Kenya Colony, with notes on their field occurrence from the manuscript of Mr.
A. M. Champion”. Quart. Jour. Geol. Soc" Vol. XCIV, pp. 507-553.

Suess, E., 1891 .——“D1e Brfiche dos Ostlichen Afrika”. Denk. K. Akad. Win, Wien..
Math. Namr. lolasse, 58, 1891, pp. 555-584.



53

Thompson, A. 0., and Dodson, R. 6., l963.——“The Geology of the Naivasha area”.
Rept. No. 55, Geol. Surv. Kenya.

Toula, F., 1891 .—“Geologische Ubersidftskwrte der Gebiete zwischen Usambara and
dem Rudolf-See, und Bcgleitwor-te zu derselben”. Denk. K. Akad. Win, Wien.,
LVIII, 1891, pp. 551-554.

Turner, F. J., l948.—-“Minerav10gioal and Structural Evolution of the Mmpplfic
rocks”. Geol. Soc. Amer., Mem. 30.

Turner, F. J., and Ver-hoogen, 1., ESL—“Igneous and metamorphic petrology”.
Von Hohnel, L., 1894.—“Diseovery by Count Teleki of Lakes Rudolf and Stefanie”.

Vol. II.
Welby, M. S., Boa—“King Menelek’s Dominion and the country between Lake Gallop

(Rudolf) and fine Nile Valley”. Geog. Jour., XVI, 1900, pp. 292-306.
Winchell, A. N.. 19ll.—“A meory for the origin of graphite as exemplified in the

graphite deposits new Dillon, Montana”. Econ. 6201., Vol. VI, pp. 218-230.

G.P.K- 483—800—2/61




