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FOREWORD

The mapping of the Loperot area involved living and working for many months in one of
the most remote and inhospitable regions of Kenya, and Mr, Joubert is to be commended
on the thoroughness with which he carried out his work,

A complete account is given of the very varied rock types of the region, which comprise
Busement System crystalline rocks, and sediments and lavas of Tertinry and Recent apge,
and the author has been able to draw up a detailed geological history of the area. He also
gives a convincing explanation of the origin of the complicaied structures seen in the crystalline
rocks, and relates the structures in the later rocks to the pattern of Rift Valley laulting in
other parts of Kenya, pointing out the close relationship between structures in these laier
rocks and those in the Basement Syslem gncisses,

The economic potential of the area is small, for although good deposits of graphite and
sillimanite were found their remoteness makes them of little importance at the present time.

H. H. BAKER,

Cosrrnissionter { Mines and Geolog ),
21st February 1966,
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ABSTRACT

The report deseribes an arca in the southern Turkana District of north-western Kenya
bounded by latitudes 27 and 2° 30° N, and longitudes 35° 30" and 36" E. Four morphological
surfaces are recognized: (1) scattered relics of an old peneplain probably of end-Cretaceous
age, (2) the sub-Miocene peneplain, (1) the extensive end-Tertiary erosion surface, and (4)
disjointed surfaces formed by the pediments accumulated during Pleisiocene times.

The rocks exposed in the area are: (1) folded Basement System consisting of metamor-
phosed sediments and volcanic rocks intruded by basic and ultrabasic bodies and dykes, all
probably of Precambrian age. (2) Tertiary sediments. (3) Tertiary olivine basalts, phonolites.
phonolitic trachyiles and micro-fovaites. (4) Pleistocene and Recent lake beds, alluvium and
soil. The petrography of the rocks and the major and minor structural features of the area
are discussed. An account of the evolution of the area and age relations of the rocks is given
and the economic prospects of the arca are considered.



GEOLOGY OF THE LOPEROT AREA
I—INTRODUCTION

1. General Information

The Loperot arca as defined for this report comprises the south-cast quarter of degree
sheet 18, Kenya (D.CS. No. 51), bounded by latitudes 2° N. and 2° 30° M. and by longitudes
357 30" E. and 36" E. The arca which is approximately 1,200 square miles in extent, lies
within the Turkana District of the Rilt Valley Province of Kenya, Lodwar, the administrative
centre, is about fifty miles by road north of the northern boundary of the area, At present
the only two shops in the area serving the simple needs of the inhabitants are at Lokichar,
where there is also a Locust Control bait store, but in the past small administrative outposts,
now abandoned, existed at Loperot and Lokichar, the ruins of which can still be seen,

The area is inhabited by nomadic Turkana tribesmen who for most of the year live in
rude branch sheliers in close proximity of water holes where overgrazing is now pronounced.
During and afier the rains the population is sparsely scattered over the arca, with the majority
of people spreading along the Tringes of the Basement hills where the best grazing for their
goats, sheep and camels is to be had.

Permanent water is found at the wells of Kamuthia, three miles north-east of Loperot,
and at Lokwamuthing, in the south, where seepages from the Taull zones collect in small
pools with fringes of vivid green grass forming an unexpecied oasis in this semi-desert, Other
waler-holes which also occur along fault zones, such as at Akhuryo, Loporor, Luturere, etc.,
are semi-permanent. The most important water-holes, however, are those dug in the sand
of the larger river courses, where solid rock close to the surface forms sublerranean barriers.
These places are numerous in the arca, but only those at Gochodin, Lachararakhvang and
Loperot in the Kalabata river, as well as those of the lower reaches of the Timtim and
Kalabata rivers, have been known to fail during exceptionally dry spells. Otherwise these
waler-holes, especially those along the Basement escarpment, have water only for a very
limited period after the rains. Two similar water-hole groups at Lokhangamata and
Lokhosinyakhori in dry river courses were dug in impermeable gritly clays of Pleistocene age.

Rainfall is scant and is more concentrated on and around the hills. There are no meteoro-
logical stations in or near the area and the rainfall is thought to be less in the Loperot area
than at Lodwar or Lake Rudoll. Nevertheless the rainfall statistics for these places give a
reasomable idea of the precipitation in the Loperol area: -

RAINFALL STATISTICS
(From the swmiarics of the East African Meteorelagical Deparitment)

Annual Total—Inches Mumber

Suation Allitude  —4—M8M — —— " of Years

| in feet 1955 19546 1957 Average | Recorded
Lodwar .. .. 1,660 -6l | 376 | 666 | 565 »n
Ferguson's Gulf . . 1230 | record not complete | 4-86 G649 | 3

The average monthly rainfall chart indicates rain from March to August for Lodwar,
with predominant precipitation during April and May. Another Feature of the climate which
requires mentioning is daily dust storms before and during the onset of the rains, when parts
of the arca become completely shrouded by clouds of dust. They usually commence in the
afternoons and precede the loclized thunder storms.

Vegetation.—Three distinet regions of vegetation can be recognized, the control being
geological. Firstly, the vegetation of the hills and fringes of the hills composed of Basement
System rocks where low thorny bush, dense in parts, predominates. Secondly the area of
featureless plains carved by numerous small dry river courses along which large and small
thorn trees of the acacia family and occasional dowm palms grow, while the plains themselves
are bare or covered by patches of grass and hard scrub which increase in density as the hills
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are neared. The third region s compnised by lava boulders and Mows of Tertiary age and
the Pleistocene pebble sheets where no vegetation can exist, excepl the occasional bush or
tree along gullics draining these hills and ridges.

Compmunications.—The road leading south from Lodwar enters the arca in the north and
hifurcates at Lokichar. The branch to the cast passes through Loperot and proceeds out
of the arca 1o Kangetet, where it turns west and enters the area in the south-castern corner
and joins the road from Kalossia in the south at Lokwamuthing. The other branch from
Lokichar proceeds in a south-westerly direction and leaves the arca near Kaputir which is
just west of the southern pari of the area. This road again enters the arca near the south-
western corner and then continwes south to Lotongot and Kalossia, These roads are
occasionally patched up, but the frequent solt sandy river beds crossed by them make the
journey by ordinary vehicles extremely difficult,

Another track, although not maintained, leads due west from Lokichar 1o the Turkwel
river west of the area and is in good condition over most of the way in the present area.
Two tracks, now mostly overgrown and which can only be negotiated by small four-wheel-
drive vehicles, link Lokichar 1o Lokwamuthing and Lokwamuthing over the hills to Kaputir.

Maps.—Maps available during the survey were the | : 500,000 Moroto sheet, EAF. No.
1570 (1949) and the 1: 250,000 Moroto map, G.5.G.5. No, 4801, sheet N.A-36-8 (1st edition,
1956). These proved to be sketchy and inaccurate for the purposes of this survey. The arca
is partly covered by aerial photographs flown during the carly months of 1952

The Kenya trigonometrial survey does not extent into the Loperol arca, so that control
was obtained in the area to the west. For this purpose three determined points (Tarakin,
Tenus and Kachagalau) on the Turkwel escarpment were used and the survey carried by
plane-table across to longitude 36° E. The necessary ground control for the acrial photo-
graph flight strips was obtained in this way, while the region not covered by aerial photographs
was mapped by plane-table on a scale of 1: 62,500. The mapping of the geology was done
direcily on transparent overlays on acrial photographs in parts covered by them and afier-
wards translerred to the hicld sheets by reduction,

The form-lines on the geological map were drawn as accurately as possible with the aid
of an aneroid barometer corrected for diurnal varations.

2. Previous Geological Work

Very few geologists visited the area in the past, the early travellers cither passing the arca
to the east along the Suguta or Kerio valleys or following the course of the Turkwel river
1o the wesl.

The first geological map of the Loperot arca to appear is a small scale map by Murray-
Hughes (1933)* of the western hall of Kenya. This map shows the main part of the area as
consisting of Bascment Complex with Turkana Grits along the castern boundary and a
little volcanic rock im the north-castern corner of the arca. The Turkana Grits are here
provisionally dated as Jurassic.

A. M. Champion (1937), during his tour as Administrative Officer in Turkana, assisted
greatly in the topographic mapping of the district and made many physiographical and
peological observations in the area. His geological collections were petrographically des-
;ll'_lhchcd ﬁﬂmphﬂ“ Smith (1938) 1o which Champion supplied notes on the field occurrence

1 5.

V. E. Fuchs (1935, 1939} made a rapid reconnaissance into the Loperot area in 1934, but
in his description of the arca relics mostly on information gained from Champion.

F. Dixey spent several months during the latter part of 1943 on an extensive tour of the
Northern Province and also passed through the Loperot area. Since then he has written
several papers in which he expands on the geology, physiography and hydrology of southern
Turkana (Dixcy 1944A, 19448, 1945, 1946 and 1948),

— — = S . . —

*References are quoted on p. 52,
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C. Arambourg (1933A, 1933B, 1943, 1947) never visited the Loperot arca, but his geological
and palacontological work in the Rudolf basin is of importance in deciphering the geological
history of the Turkana District.

P. Mason and A. B. Gibson (1957) mapped the geology of the areas immediately 10 the
south of the Loperot arca during 1952 in the course of their duty as geologists of the Geological
Survey of Kenya. This work is now being extended in the present area.

H—PHYSIOGRAPHY

The Loperot arca can be divided into four natural regions in each of which the type of
reliel and vegetation are more or less uniform:—

(1) The hills composed of Basement System rocks and the inselbergs on the plains.
(2) The featureless plains for the main part covered by alluvium.

(3) The hills composed of volcanic rocks.

(4) The arca sloping to the cast away from the hills composed of volcanics,

The Basement System hills form the most prominent features in the area, becoming smaller
in stature and extent northwards, and eventually only forming isolated monadnocks on the
plain in the north-west, The main hill group represents a denuded horst, being bounded by
north-west south-east striking faults on both sides. The western scarp has retreated to such an
cxtent that the existence of a fault could only be proved there by displacement of related sur-
laces. On the eastern flank however, the scarp is distinet although it has retreated to nearly five
miles in places. The Basement System has been folded in a series of steep-sided folds, usually
1sochinal, which result in hogback ridges along the steeply dipping resistant gneisses, while
bald crags and exfoliation domes also mark the sirike of such gneisses. Some of the crags
have been named by Champion, (Oterrkott needle, Matai obelisk) but as these names are
not known to the people in the area, they have not been repeated on the map. The highest
peak is Kaimeruk, which has been measured by aneroid barometer to reach just over 5,200 [,
Other high peaks are Lokhosiniogurr and Lopatumuthingo (see Fig. 1) measured to reach
4,510 and 4,970 ft. respectively. Both these latter peaks are hogbacks composed of resistant
leuco-gneisses, while the Kaimeruk massif is formed by an elongated isoclinal domal structure,

The plains fringing the hills and separating the Basement hills from the Tertiary voleanics
are of a two-fold nature. The western half consisis mostly of the end-Tertiary peneplain
and the area draining to the east. On the end-Tertiary crosion surface angular felspar and
sub-angular quartz pebbles occur profusely, in many places forming disconnected sheets.
Subsequent deep disscetion of this surface by numerous dry river courses has produced a
quilted or dimpled surface.

The castern halfl of the plains is a wide smooth surface covered by alluvium formed by
the convergence of alluvial fans and is dissecied by numerous tree-lined dry gullics (Plate 1).
Near the scarp fans of pebbles, sometimes extensive, occur just below the larger valleys drain-
ing the Basement hills. The upper parts of this piedmont plain are now again being incised
by the waters rushing down the mountains after thunderstorms.

Dixey (1948, p. 24) mentions a clearly defined terrace blufl, about 10 fi. high, that can be
followed for many miles south of Lodwar along the track leading south. 11 consisis of
coarse, slightly water-worn, gneiss debris, and although it resembles a lake-croded clill,
Dixey considers it to be the result of sub-aerial erosion of the lower erosion surface consequent
upon the falling of the lake base level as il increasss sleadily in elevation southwards, In
the Loperot area it is still evident north and south of Lokichar at an elevation of just above
2,500 ft., where it scparates the alluvial plains from the end-Terliary erosion surface.

Another feature which requires mentioning is the open grassland in the south-weslern
corner of the area. I is situated on the plain west of the hills and is distinctive in having a
fairly thick grass cover and no trees. In contrast the surrounding plains themselves have a
fairly dense low thorny scrub cover with hardly any grass. The slope of the grassland is low
and it is thought that it may have been swampy in the past. Another factor noticed at the time
of mapping, which may also partly account for its existence, is the fact thal it receives more
rain than other parts of the Loperot area.
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The hills to the cast are of two types. Usually they are composed of basalts and flat-topped
remnants of lava plateaux, Oceasionally they are capped by plateau phonolites, and very
often the castern Manks represent retreated Tault scarps. Their surlaces are boulder-covered
and dips can only be measured from a distance. Because of the absence of vegetation, these
parts of the arca are indescribably bleak. Later micro-fovaite intrusions form st i
isolated conical hills in the south-castern part of the area, such as Lokhoriokhot, Morutena
and Kakhapit, The flat tops of the basalt hills ¢ither slope 1o the east or west due to faulting,
while the conical hills were intruded along major fractures.

Sloping away from the basaltic hills of Nakuagale, Hadukhungele, Auwerwer and those
north of Loperot, are smooth pebble sheets, which become bouldery as the hills are neared.
These sheets have been deseribed as shingles along the beach of a Pleistocene lake (L. S, B,
Leakey, personal communication), but because of their extent and smoothness are thought
to be alluvial fans from which the finer material has been removed to leave desert pavements.
Subsequent dissection of the desert pavement overlying soft Turkana Grits, has left smooth-
topped ridges aned pillars in paris where it can be shown to have been continuous. These
desert pavements are usually composed of small pebbles of basalt, and grade into the bouldery
end-Tertiary surface, where the boulders are mostly composed of phonolite.

Dunes are also found in the same region and are normally of a longitudinal (seif ) type,
this being indicated by the shape ol the sandy outliers, as the prevailing wind is easterly.
The effect of wind abrasion is seen in the formation of yardanes mainly in the sofl grils
between the Auwerwer and Hagit hills, but also in the lower regions of the Kalabata river.

1. Drainage

Although there are three directions of discharge, all ihe water of the arca eventually
drains into the closed basin of Lake Rudolf. The rivers draining 10 the west discharge into
the Turkwel river on its way to Lake Rudolf, while the Lomenyenkoporat and its tributarics
driin 1o the north straight inte Lake Rudolf. The rivers in the cast such as the Kalabata,
Timtim and Kangetet, discharge into the Kerio river to the east and thenee (o Lake Rudoll,

Dendritic drainage patterns are most common in the area, bul other types of patierns are
also frequently found, such as parallel patterns on alluvial plains, trellis drainage on the
Basement System hills where the drainage follows the sirike of the rocks and cuts across
along major joints, while lulting produced rectangular drainage between the Nakuagale and
Hadukhungele hills. Radial drainage is uncommon, and is usually found in association
with the conical micro-foyaite hills, while annular drainage resulting from slight doming
of the basalts was seen on acrial photographs just 1o the south-cast of Lokwamuthing.

A distinetive feature of southern Turkana is the large number of dry river channels, which
15 uncxpected in view of the low annual rainfall, This can be ascribed to the localized Nash
floods, however, when relatively small areas have to cope with large amounts of water in a
very short time, The streams normally soak into the parched sand in a relatively short time
andl within a few miles of the rain, The sudden discharge of large volumes of waler is
manifested in unusual drainage phenomena. Braiding of the channels and river capture are
commonly encountered. Often gullies with high banks occur situated on higher ground than
that found in the immediate surroundings. In cases like these, the streams are likely 1o
breach their banks, the channel bifurcating and forming a new channel without relinquishing
its old course,

Nearly all river channels in the area are young due to faulting and the lowering of the base
level by the retreat of Lake Rudoll. The valleys on the Basement hills are deeply incised
and erosion is taking place rapidly along the scarps where waterfalls are retreating. Large
boulders and smaller debris are being washed down by every rain and deposited as soon as
the plains are reached. Along the western flanks of the hills there is now a narrow zone of
pediment but further down the incision of the end-Tertiary peneplain is pronounced.
Heyond this surface the channels become gradually shallower farther 1o the west.

A significant feature of the drainage is evident on the plains east of the main Basement
hills, When looking at the drainage here, it is obvious that discharge was mostly to the north
in previous times, but now the slope of the plain is easterly, with the resultant change in
drainage direction. This change in drainage direction can be ascribed to late Pleistocene
tilting of the area to the east or may be due to the numerous examples of capture of rivers
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flowing north by rivers flowing east. By river capture and consequent fast erosion, much
of the alluvium could have been removed, thereby changing the slope of the alluvial plain.
The Gochodin river which made a straight line for the Hadukhungele hills, and probably
formed the headwaters of the Akhuryo river, was captured by the Timtim river and since
then has shortened its route 1o the cast, as it was captured by another tributary of the Timtim
river. It must have been at approximately the same time when the Kalabata river breached
the lava barrier at Loperot and captured the headwaters of the Lomenvenkoporal river.
This capture must have been the cause of the removal of much of the material previously
deposited to the west of the Auwerwer and Loperot hills.

The degree of maturity reached by the Kalabata river in parts along its course can be
ascribed to several obstructions it encounters on its way to the Kerio river. The upper
reaches of this river are aggraded to the point where it cuts through the lava barrier about a
mile west of Loperot and further down it is again obstructed by several Tertiary dykes
impeding its gradation. The same applies to the Timtim river which has cut its way through
a wide barrier of lavas to the cast of the area.

The terrace blull in the vicinity of Lokichar, described above, is thought to be remnants
of a terrace of the Lomenyenkoporat river which has migrated steadily to the cast, and when
it reached the resistant lavas north of Loperot, incised its channel in the softer alluvium,
resulting in the excavation of the Pleistocene deposits there. Previously it may have been a
tributary of the Turkwel river and joined the river somewhere east of Lodwar, but since then
has been captured by a river draining into Lake Rudolf beyond the Kamutili hills north of
the I!:mﬁcnt ;m:a. If this is correct, it would explain the decrease in elevation of the terrace
to the north,

A similar step also occurs on the western boundary of the end-Tertiary peneplain, but
here it is not so marked as it has been cut far back in parts and is also much more dissected.

2. Erosion Surfaces

The physiographic history of the Loperot arca is displayed by reminants of three distinct
peneplaing, the oldest of which occurs at an elevation of approximately 4,400 ft. (Fig. 1).
This surface bevels a large area on the Kaimeruk hills, where it has an appreciable soil
cover, and tops the highest hills composed of Basement System rocks such as Buradyakim,
Lopatamuthingo, Kamunono and the northern promontory of Lokhosiniogurr,

The surface below is more distinctive in having a thick soil cover and is particularly
well preserved in the Lopatamuthingo, Lokhosiniogurr and Kaimeruk hills where it occurs
at an elevation of 3,800 ft. above sea-level. This surface slopes demonstrably to the north,
also occurring at 3,600 1. on the Lobopakeyu hills further north and a small remnant is
preserved on Gathurod hill near the northern boundary of the area at 3,290 fi.

The lowest surface, 600 ft. below the middle pencplain, is widespread in the arca and the
most distinctive of the three surfaces. In the western parts of the area this lowest surface
is always covered by sub-angular pebbles and pebble shects derived from Basement System
rocks. Whenever isolated pebble sheets were found in that part of the area, they are co-planar
with the lowest erosion surface. In the vicinity of the Habokok river, the pebble sheets are
terminated to the west by thin layers of ferruginous pellets which underlie them there,

The slope of this surface is nearly 18 1. per mile to the north, which is consistent with the
slope of the middle erosion surface. In the south of the arca the lower peneplain nearly
reaches 3,200 M. and slopes down o below 2,600 ft. on the northem boundary. Faulting
has affected this surface since its formation so that the isolated patch in the south-western
corner of the area at 2,500-2,600 It is at Jeast S00 1. lower than the same surface bordering
the hills in the same vicinity. Further indication of the lowering of the south-western corner
of the area is found in an isolated sheet of ferruginous pellets on the Lokichar Kaputir road
just east of the Khoringyang river at an elevation of 2,480 . Mason and Gibson (1957) also
map an outlier of Turkana Grits bevelled by the lowest surface to the south-west of Laiteruk
mountain, which substantiates evidence for a fault along the western side of the main hills.

The inlier of Basement System in the north-eastern corner of the arca is also covered by
the distinctive pebble sheets, sometimes massed in heaps and small ridges. Here the surface
occurs at approximately 2,200 11, which would mean that it was lowered by Taulting Turther
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Fig. 1.—Erosion surfaces of the Loperot Area.

west by as much as 400 fi. From here this erosion surface can be extended onto the lavas
down to the south-castern corner of the area. On the lavas this lowest bevel is not so easy
to follow as on country underlain by Basement, but by the fact that it is wsually overlain
by thick slightly sloping phonolitic boulder beds, it is possible to demarcate the extension
of this surface southwards, much of it being in the nature of a pedimen.

Along the southern boundary faulting also disturbed the lowest pencplain as it was measured
al an clevation of 3,100-3,200 ft. just west of Gochodin, but further east at Lokhoriokhot
and east of Lurutum it appears at 2,700-2,800 ft. To the south-east of Lokhoriokhot it
again appears as Mat-topped boulder-strewn ridges above Lokwamuthing at 2,500 ft.,
while further east the boulder beds occur at an elevation of between 2,100 and 2,200 fi.
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Here the surface has been lowered to such an extent that sands derived from the picdmont
alluvial plains have been washed onto it quite recently, The total throw of the faults in this
ared from Gochodin to the south-castern corner of the area would then amount to 1,000 fi.

The definition of the lowest peneplain in the eastern part of the area is further obscured
by the pebble sheets encroaching upon this surface. These desert pavements have been
described above, consisting of cobbles near the hills, but with decreasing size to pebbles
away from the hills with a concomitant decrease in slope., They olten grade into the lowest
erosion surface, but it is important (o note that the boulders of the lowest erosion surface
are mostly composed of phonolite while the pebbles of the desert pavement are mainly of
basaltic origin,

The lowest peneplain continues Lo the north and forms the greater part of the plain between
the northern boundary of the present arca and Lodwar, some forty miles farther north.
The slope of the surface must increase as Lodwar is approached as it descends to an elevation
of 1,500 ft. there, To the west of Lodwar the erosion surface inerenses in elevation to 2000 ft,
at Lorugumu, thirty miles west of Lodwar. Champion (1937, p. 119) also measured a
gradient of 19-7 ft. per mile from the fool of the Turkwel escarpment to Lake Rudolf.
From this it is evident that the actual slope is to the north-cast and not north, as is suggested
by evidence in the Loperot area, and that the slope is approximately 24 ft. per mile in that
iirection,

Fuchs {1935, p. 119) considers this surface to be the same as the bevel on the top of the
Sekerr—Chemorongl {Turkwel) escarpment, which has been lowered Lo its present position
by Rift Valley fractures. Champion (1937, p. 105) concurs on the existence of the Turkwel
Fauli-scarp, but regards the ploin os an aren peneplained after the formation of the Rift
Valley. Dixey (1948, p. 29) however, enumerates reasons for the Turkwel escarpment bei
an erosion scarp and compares the Turkana plain with the end-Tertiary surface. Mason a
Ciibson (1957, p. 11) also accept this plain as represeniing penceplanation towards the close
of the Tertiary period in the Kalossin arca, where it does not seem (o show any slope (fig, 1),
and is said 1o occur at an elevation of 3,200 ft, As this surface bevels voleanic rocks overlying
Miocene sediments, it can only be ascribed to late Tertiary peneplanation,

Collavon of the level of the Tertiary-Boasement unconformity at various localities in
Turkana, where the sub-Miocene peneplain can often be expecied to be preserved, is per-
plexing due to displacement by faulting, especially as Lake Rudolf is neared. Such an
unconformity is seen in the present area, but since this contact has been lowered by fauliing
in relation to the Bascment Sysiem hills probably both in Tertiary and Pleistocene times, it
is valueless in collating the sub-Miocene surface remnants.

Major displacement was found along Faults striking to the N.N.W, and if such displacement
i to be taken into account, it s essential to follow related surfaces in that direction. Dixey
(1948, p. 22) mentions the frequent occurrence of Miocene rocks perched on residuals of the
Busement System standing several hundred feet above the end-Tertiary peneplain, On p, 15
he states that the base of the voleanies at Lomil hill, about sixty-five miles N.N.W, of Galhurol
in the present area, occurs at about 250 ft. above the plains. The elevation of the plain at
this particular locality is given as 1,950 ft. on the map (Moroto sheet, EALF. No. 1570),
and this would place the unconformity at 2,200 ft. Now if the middle peneplain, occurring
at 3,800 1. in the Kaimeruk hills, is projected from the Loperot area to Lomil hill at a slope
of 18 ft. per mile, it would concur exactly with an elevation of 2,200 ft. at Lomil, Therefore,
if the thick red soil cover on hills mentioned belore is taken into account, it is almost certain
that the middle peneplain of the Loperot area represents the sub-Miocene crosion surface
as known in Kenya. In this connexion it is also of interest that the unconformity between
gneiss and sediments within the Murvanachok hills, ten miles north-cast of Lomil hill,
appears to lie at or near plain level (Dixey 1948, p. 200, and it therefore seems as if the slope
of the sub-Miocene surfice here is also to the north-cast at a much steeper angle than that
of the end-Tertiary peneplain as Lake Rudoll is approached, and that the two surfuces
actually cross along a line passing through the Muruanachok hills.

Ddixey (op. cit, p. 27 mentions that the moch dissected Kailongol and Kaimaruk hills,
when viewed at a distance from any direction, present a well-defined summit level at 4,200 ft.
which he regards as relics of the mid-Tertiary (sub-Miocene) surface. Mason and Gibson
(1957, p. 11) also tentatively correlate benches and isolated hill-tops at 4,200-4,400 fi,
arcund the Masol, Laiteruk and Kailongol hills with sub-Miocene peneplunation, In view
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of what has been said before, it is suggested here that the surface occurring at 4,400 L. in
ihe Kaimeruk hills represents end-Cretaceous peneplanation, which is the next older surfuce
postulated for Kenya.

Younger surfaces in the present area form the alluvial picdmont plain to the east of the
Basemwent System hills and the desert pavements in the eastern part of the area. The pedi-
ments of these surfaces he on sediments almost certainly of Middle Pleistocene age, and
must therefore be of Upper Pleistocene and in part of Recent age.

H—SUMMARY OF THE GEOLOGICAL HISTORY OF THE AREA

The physiography and the sequence of rocks mapped supggest that the main events in the
evolution of the arca that have left their traces were as summarized in the table below:

Age Formiation Farth Movements and Erosional
Plhases
Recent Wind-blown sands and dunes. Change in direction of drainage,

Alluvial sands. Red brown  niver capture, and re-cxcavation of
sandy soils on Basement rocks Pehble sheets, alluviom and soil,

U Pedmont plain alluvium
Desert Pavements

M  Calcarcous lake deposits and
voleanic ashes derived  Trom
Pleistocene the cast
Faulting. Barricrs in Lomenyen-
koporat and Kerin valleys,

L Pebble sheets and boulder beds
M

Pliocene End-Tertinry peneplanation

Intrusion of micro-foyailes M

Phonolitic trachytes

Plateau Phonolites

Trachybasalis

Miocene < Analcite-olivine basalis

Inter-volcanic sediments Faulting

livine basalts

Tuils

Turkana Grits with minor inter-
hedded volennics

Warping and initiation of faulting

Long period of uplift and erosion
ended i the formation of the
sub-Miocene peneplain

Ciranitization, folding, laulting
and intrusion of pegmatites
and dolerites

Precambrian Intrusion of basic and ultea-
1 hasic bodies
Bascment System-sediments and
L extrusives

The crystalline gneisses, schists and granulites of the Basement Sysiem, believed to be of
Archacan age, form the base on which all other sediments and lavas in the area were deposited
and extruded. After the deposition and deformation of the Basement System there was a
very long period of which there is no record preserved and it is only since lower Miocene
times that the geological sequence of events can again be deciphered.,
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The Basement System is represented by two groups of rocks, a lower gneiss series represent-
ing psammitic sediments with hornblende-rich rocks probably of voleanic ongin, and an
upper pelitic gneiss series which contains some crystalline limestone horizons. These groups
differ somewhat in lithology and it is thought that they may possibly be separated by an
unconformity, During Precambrian times a vast accumulation of sediments was laid down
in i large depression which was also invaded by large extrusions of lavas, These rocks were
intruded by basic and ultrabasic bodies amnd dykes and the whole sequence subsequently
compressed resulting in their subjection to intense heat, pressure and deformation, trans-
forming the succession into a metamorphic series of erystalline gneisses, schists and granulites.
During this period the rocks were granitized and overfolded to the west with some of the
folds extending inte thrust-faults,  Other north-westerly striking faults also developed,
dividing the area into large blocks in which differentinl movement to the north-west ook
plice.

Pegmatitic dykes and quartz veins were intruded into the Basement System towards the
close of the period of deformation, while the lack of metamorphism in the dolerites and
lamprophyric dykes indicates that they were intruded after the deformation of the erystalline
rocks had ceased.

MNow followed a long period during which the arca was repeatedly uplified and eroded,
of which only one stable period, which resulted in the formation of the end-Cretaceous
erosion surface now represented by soil-covered hill-tops and ridges in the higher regions
of the Basement hills, can be recognized. An early Tertiary period of stability culminated
in a fairly smooth sub-Miocene surface on which only scattered monadnocks remained,
and on which the lower Miocene sediments were deposited.  Before the deposition ol the
sediments however, the surface was warped and posthumous Guilting along the existing
north-westerly striking faults took place. The material deposited in the depression resulling
from the warping was derived from the fauli-scarps, and from the present position of the
lower Miocene sediments it seems that this depression was sitwled 10 the west of the present
position of Lake Rudolf.,

The initial deposits of the Turkana Grits indicate fluviatile conditions, with boulder beds
deposited in hollows, followed by gritty limestones deposited when the water decpened.
Crocodiles and tortoises lived in the water, but Muviatile conditions again slowly obtaned
the upper hand, and the first manifestations of vuleanicity are of limited extrusive Tows and
Fairly widespread ashes overwhelming the plants growing in the region at that time.  Fluvia-
tile conditions recurred with increasing vigour and continued up to the time of the extrusion
of the basalis with only minor breaks during which silty and calcareous sediments were
deposited.

Faulting must bave continued during this time and along these faulis numerous dykes
were intruded 1o serve as channels of the basaltic lows. The arca was al first patchily covered
by volcanic ashes, which were succeeded by basalts which invaded the arca from the south
and north. At first porphyritic olivine basalts were extruded and formed thick successive
NMows in the south, but are of paichy occurrence in the north where fine-grained basalts
invaded the aren from the north, The first low in the north did nol reach as far as Loperot,
but the suceceding Aows were more extensive.

The difference in the succession w0 the north of Loperot from that in the south-eastern
part of the area can possibly be explaincd by an easterly slope of the country at that time,
50 that the porphyritic basalts are thick in the east but they thin out rapidly to the north-west
and dovetail with the fine-grained basalts in the Auwerwer hills. 1t must have been since
the extrusion of the basahs that mild Tolding of the beds imtiated a shight anticline which
wis mainly responsible for the present disposition of the volcanic rocks and underlying
sediments, and resulted in an elongated lake on its western side.

The vulcanicity temporarily ceased when the intervolcanic limestones were deposited,
bul again resumed in the north where basalts invaded the lake, and tufls were deposited along
its western margin,

Following on the inter-volcanic sediments there was another basaltic flow from the north,
this time slightly more alkaline and interspersed by the deposition of volcanic ashes and
tuffs. Judging from the higher alkalinity of the rocks, several small bodies of analcite-olivine
basalts were intruded all over the arca at this time, occurring in the Basement System south
of the present aren, in the vicinity of Gochodin and in the inlicr in the north-gastern corner
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of the arca. Extensive trachybasalts were then extruded over the basaltic sequence emanating
from numerous dykes and several small intrusive bodies. This formation also thickens to
the south-cast so that it is represented by thick layers at Nakuagale, but if it reached north
of Loperot it has since been removed by erosion. The intrusion of trachybasalt dykes scems
1o have been accompanied by greater intensity of faulting, mainly along the north-westerly
direction along which the dykes and small bodies are aligned.

How much of the area was covered by the succeeding Platcau Phonolites is conjectural,
as these rocks now only cap the basaltic hills on the western side of the volcanic area, but
il is certain that, as there are no phonolitic dykes in the area, and from the distribution of
the phonolites elsewhere, the phonolites invaded the area from the south. It also seems
probable that a period of erosion, during which some of the trachybasalts were removed,
preceded the extrusion of the Plateau phonohites.

The main period of voleanic eruption ceased with the extrusion of phonolites and was
then followed by intense fracturing in a north-north-easterly direction, causing the Miocene
sediments and voleanics to assume their present disposition. Further south phonolitic
trachytes were intruded into the basalts there in the form of dykes and small bodies which
sometimes domed the basalts. The phonolitic trachytes are frequently faulted and often
show sheeting due to faulting during or immediately after intrusion, and it is thought that
they were emplaced towards the close of Miocene Taulting. Microfoyaile plugs, following
on the trachytes and intruded along fault-zones, terminated the vulcanicity in the arca.

The period of erosion which succeeded the volcanicity eventually produced a configuration
of the area very similar wo the picture presenied today in which a widespread plain, the end-
Tertiary erosion surface, was formed. Much of the surface was boulder-sirewn and it also
sloped away from the Kaimeruk hills which formed the water divide as at present, and the
hills composed of lavas formed northerly striking ridges in the cast, but drainage took place
mainly to the north,

During or just before the Middle Pleistocene, further Bulting disturbed the stable con-
ditions of the end-Tertiary, and the peneplain was transformed into steps. The valleys of
Lomenyenkoporat and Kerio rivers were obstructed to the north and north-east of the arca
and the waters ponded back 1o form two lakes separated by the Auwerwer-Loperot line of
hills. The sediments in the eastern lake indicate fairly quict sedimentation, but the vulcanicity
10 the east of the area is represented by inter-bedded volcanic ashes thickening to the east.
The lake was inhabited by small fish and molluscs while horses and bovine animals roamed
in areas adjacent 10 the lakes, as is indicated by the fossils collected from isolated lacustrine
deposits on the Basement System further west. In the lake of the Lomenyenkoporal valley
sedimentation was fairly rapid and much of the material deposited was contributed by the
newly formed scarps along the east of the Kaimeruk hills. Eventually, as this lake dried up,
the Lomenyenkoporat river flowed north and joined the Turkwel river somewhere to the
east of Lodwar. It also formed a pronounced river terrace along its western bank, but slowly
migrated 1o the east until it encountered the resistant basalts and starled incising ils course.
Large pediments formed on the eastern sides of the hill ranges, resulting in the piedmont
plain east of the Kaimeruk hills and the desert pavements cast of the lava hills. The Lomen-
venkoporat river was captured north of the present area by a siream flowing directly into
Lake Rudolf, while upstream it was captured at Loperot by the Kalabata river, resulting in
the lowering of the base level of erosion and the re-excavation and removal of much of the
material already deposited. Several other rivers flowing north were captured by epsl-draining
streams. so that the direction of drainage was changed and is even now changing course
so that the face of the Loperot area is continuously altered. At present much of the younger
deposits are being removed by Muviatile agency after violent localized storms, while acolian
sands are invading the area from the east.

IV—DETAILS OF THE GEOLOGY

1. The Basement System

Several geologists of the Kenya Geological Survey have commented on the fact that the
Basement System is a stratiform sequence of successive layers of differing lithology, persistent
over long distances along the strike regardless of present disposition and structure. There
can be no doubt that it represenis a sedimentary succession which has been subjected to
granitization and metamorphism of a high degree.
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In the course of mapping the Basement System in the Loperot area it became increasingly
evident that the sequence mapped previously in the Mamanga--Bissel arca (Joubert, 1957)
is also represented here. The existence of an upper fine-grained pelitic series with crystalline
limestones and quartzites overlying u series of coarse gneisses containing prominent amphi-
bolitic bands, and the fact that these two groups are separated by leucocratic banded biotile
gneisses or migmatites with semi-pelitic host-rocks in both areas cannot be fortuitous. It
is also stated (Joubert, op. eit., p. 31) that there is marked increase in granularity of the
gneisses where they are lighter in colour below the Turoka Series, which is also distinctive
in the Loperot area, so much so that the difference is immediately evident in the field. Other
features common to the rocks in both areas are the occurrence of two prominent hornblendic
gneiss horizons in the lower group, the biotite schisis at the top of the banded gneisses
scparating the upper and lower groups, as well as kyanite, which in Loperot is represented
by either sillimanite or corundum and graphite in the lower parts of the Turoka Series.

Parkinson (1913) designated a group of altered sediments oceurring in the Turoka and
Bissel areas as Turoka Series, a name which has now been extended to cover that pari of the
sequence in the Basement System which contains numerous crystalline limestone horizons,
The sequence in the Namangn-Bissel arca has since been defined and it is now proposed o
extend the stratigraphical succession lower down in the sequence, as this part of the Basement
System forms the main part of the succession in the present arca, Tor several reasons il is
now apparcnt that the banded biotite gneisses (migmatites with semi-pelitic host-rocks on
the map) of the Namanga-Bissel area forms the base of the Turoka Series and not the top
of the “Lower Banded Gneiss Group™. In several places in the Loperol area there are
mmdications of transgression of the semi-pelitic rocks onto the amphibolitic gneisses of the
lower group and the nature of the rocks indicates a break in sedimentation, The succession
referred to as the “Lower Banded Gneiss Group™ at Namanga will here be referred 1o as
the Kaimeruk Serics.

Very little can be gained from the patchy exposures of the Turoka Series in the Loperot
arca, and it is certain that only the lowermost members of it occur here, whereas a Tairly
complete sequence for the Kaimeruk Series could be oblained although the base could not
be defined. The general sequence with roughly approximating thickness is as follows:

Thickness
Turoka Series Feer
2. Pelitic biotite gneisses, sillimanite and graphite gneisses and schisls,
crystalline limestones and minor quartzites | . . .. . 7
l. Leucocralic semi-pelitic biotite gneiss with mesocratic biotite and
hornblende gneiss lenses .. . . e . 00500
Kaimcruk Series
5. Main amphibolitic band with many serpentinite and other ulira-
basic intrusives and occasional small crysialline limestones, One
prominent granitoid gneiss band . .. .. .. 350-800
Hornblende-biotite gneiss underlying in the cast |, . . (=1 10K
4. Granulitic biotite gneiss .. .. .. .. .. s 400
3. Plagioclase amphibolites with minor hornblende-biotite Eneisses,
calc-silicate granulites and oceasional basic intrusives | - 3,500
2. Brown-weathering biotite gneiss .. . . ., . T00
l. Biotite migmatites .. . . .. .. . - MM exposed

It is uncertain where the gneisses of the inlier of Basement System in the north-castern
corner of the area fit into the succession, but they are thought not to belong to the Turoka
Series as the rocks are hard and coarsely erystalline and have a siliceous appearance which
is typical in parts of the Kaimeruk Series,
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(1) Kaimeruk Series

{a) The lowest horizon of the Basement System exposed in the Loperot area crops out
juet south of the area to the south-gast of Gochodin and also forms the highest ground of
ihe Kaimeruk hills. In comparison with the biotite gneisses generally encountered in the
area, these gneisses do not form topographically prominent features, except for the residual
peak of Kaimeruk itself, Streaks and small lenses of dark hornblendic rocks are not rare,
but the poorly developed banding and irregularity of form assumed by the leucocratic
material metasomatically introduced, obscure the strike and dip of the gneisses. In specimen
18/485% collected about five miles south-east of Gochodin, vague Toliation is noticeable in
the orientation and concentration of small biotite flakes, The groundmass of quartz and
felspar is Fuirly lne-grained, but the large ve-like pinkish knots of introduced pegmatitic
material are coarse and discordant, Under the microscope it is seen o consist of micro-
perthite, microcling, myrmekite, oligoclase, quartz and hiotite.  Grreen hornblende, a minor
constituent, occurs as small green prisms, while accessory apatite and magnetite complele
the composition of the rock. Although not noticeable macroscopically, specimen 187481
from the peak of Kaimeruk also contains a little hornblende, but here it is altered and
contains small ferruginous granules along the cleavages. In hand-specimen this rock is
much darker than the gneiss described above and banding is even less distinet, ‘The wealhered
surface, however, shows Tairly obvious thin light-coloured zones. The potash felspar in
this rock is untwinned and is cloudy in parts due to alieration, Sericite and caleie are seen
as alteration products of the potash felspar, while oligoclase is only slightly altered along
cleavages and around peripheries of crystals. The biotite forms fresh brown flakes and the
quartz is distinctly strained. Apatite again appears as an accessory mineral,

{(h) The succeeding horizon, a brown-weathering biotite gneiss, could be distinguished
easl of Gochodin as o line of small isclated hills, but is not evident in the Kaineruk hills.
It is a fairly leucoeratic gneiss, similar to other gneisses in other parts ol the sequence, and
also contains small amphibolitic lenses.

{¢) The basal member of next group in the succession is a distinctive coarsely spotied grey
hiotite-hornblende gneiss. This group consists mainly of plagioclase amphibolites with
cale-silicate granulites and rare concordant basic intrusives, and is again terminated at the
top by a thin band of the distinetive biotite-hornblende gneiss, The ditference between this
amphibolitic group and the main amphibolitic band higher in te sequence lies in the fre-
quency of garnetiferous rocks as well as a greater number of interbedded biotite gneisses
and granulites in the lower amphibolitic group,

Typical rocks of this band were all collected in the vicinity of Gochodin and they consist
mostly of banded plagioclase-umphibolite gneisses which are similar to the striped horn-
hlendic rocks deseribed by Shackleton (1946, p. 13) for the Maralal arca, The biotile gneiss
horizons all carry some hornblende in their composition and are usually separated by and
include numerous thin amphibolitic bands and lenses. The coarse spotied hornblende-
hiotite gneiss of Gochodin {(specimen 18/469) is the most distinctive horizon encountercd
here. Because of the coarsencss and even granularity of the rock, foliation and lincation
are both indistiner,  Microscopically it consists of untwinned potash felspar, plagioclasc
determined as oligoclose-andesine, undulose quartz and ragged prisms of hornblende and
flakes of biotite. The hornblende and biotite are usually associated 1o form aggregates of
dark minerals in a granoblastic matrix of quartz and felspar. Myrmekitic intergrowths of
auartz and plagioclase are oceasionally encountered, while the cleavage traces and twinning
Limellae of the plagioclase are often bent.

Another distinetive horizon oceurring within this group is a garnetiferous granulite of
which specimen 18/461 was collected one mile west of Gochodin, 1t is a medium-grained,
vaguely banded, grey rock with small red garnets scattered evenly throughout. On the
weathered surface the garoets appear black, while the rest of the rock weathers 1o a hight
colour, making this rock casily recognizable in the field. Under the microscope it is scen lo
consist of small irregularly shaped crystals of green augite and hornblende, occasional small
rounded pink garnets with peikilitic inclusions of quarte, and Tairly large ageregales of
magnetite in a granoblastic matrix consisting of pools of strained quartz with oligoclase-
andesine and untwinned potash lelspar, Apatite and zircon oceur as accessory minerals,

*Mumbers 180485, ete., refer (o specimens in the regional collection of the Geological Survey, Mairobi
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() Where exposed, the overlying granulitic biotite gneiss becomes  lopographically
prominent. 11 wsoally quite thin but often forms a series of parallel ridees where it has
been repeated by isoclinal folding, In the Gochodin area it forms the hills on both sides of
the river as well as the prominent ridges of Lokhosiniogurr and west of Lokhosiniogurr,
and is mainly responsible for the steep slopes surrounding the Kaimeruk hills. 'The main
ridges from Buradyakim to Kwetchuk and the southern extension of the Kaimeruk group
of hills is composed of this horizon. The gneiss of this horizon is normally leucocratic and
hard, and where it has been folded severely it becomes granulitic,

Specimens collected along this horizon are remarkably alike in having o white to pink
colonr, are even-graimed and usually hard, but become friable on wenthering. Under the
microscope specimens 18490 from the hills of the southern extension of Kaimeruk, and
18492 from Kwetchuk appear identical, except that the latier rock contains occasional
Makes of biotite which are absent from the other. Otherwise both specimens consist of an
cougranular mosaic of microcline, microperthive, quariz and oligoclnse with some mognetite
or hematite, occasional apatite, and small rounded zircons., Secondary minerals noticed
mclude opal. chalcedony, caleite, sericite and rarely muscovite, The upper part of this
horizon becomes richer in biotite and sometimes has large scatiercd garnet crystals,

{¢) The succeeding main amphibolitic horizon proved to be the most uselul marker in
the arca, as il has several distinetive Teatures distinguishing it from all other horizons, 1t is
nearly devoid of leucocratic beds and includes all the serpentiniies and nearly all other
basic intrusives Tound. Tt Turther distinguishes itsell by including small lenses of impure
crystalline limestones and very often the uppermost horizon is a di<tinctive fine-grained
melanocralic garnetiferous biotite gneiss. Like the lower amphibolites, the main amphibolite
horizon can be delineated by its dark red soil cover in areas of poor exposure.

In the folds to the cast of Lokhosiniogurr the main amphibolitic horizon is underlain
by an appreciable thickness of hornblende-biotite gneisses which do not appear west of this
Iall, el alse, together with the amphibolites, thin out to the east, The hornblende-hiotite
gneisses are spotted with clusters of amphiboles and shiny black mica Aakes evenly distributed
in the quartz-felspar mosaic. The microscopical description is ientical with that of specimen
18469 (p. 12}, and this rock-type is thought to have originated by the granitization of the
amplaboliles.

The sequence in the main amphibolitic horizon is normally commenced by a biotite gneiss
which is very similar to the gneiss forming Kaimeruk peak, In specimen 183/477, collected
four miles south of Kaimeruk peak, the pimkish felspathic material is rodded and imparts
lineation to the rock, while the foliation is sl vague, Microscopically it is seen (o consist
ol a granoblastic matrix of untwinned potash felspar, oligoclase and guartz with poorly
formed Makes of biotite. Small granular patches of epidote are seen, one group enclosing i
crystal of pink thulite, while green hornblende forms an acecessory mineral, Other accessories,
associated with or poikilitically enclosed by biotite, are apatite, sphene and magnetite,

Typically the rocks of the main amphibolitic group are red-weathering hlack or greenish
black, finely banded. fine-grained plagioclise amphibolites. Banding is proncunced in
most cases, usnally depending on the ratio of dark- to light-coloured constituents, but lineation
is usually either vague or non-existent, and is only rarely distinet as in specimen 18404
callected three miles south-west of Lokichar. The basic intrusive bodies emplaced along the
main amphibolitic horizon are always sheathed by plagioclase amphibolites and it is thought
that most of the rocks Tound here huve been derived Teom Lhese basic intrusives and their
volcanic counterparts.  The amphibolitic rocks are composed of hornblende, augite aned
plagioclase. The hornblende is of the green variety, rarely showing a brownish tinge and
occurs as subhedral prisms or sometimes as aggregates of cuhedra. Occasionally the parallel
oricntation of the hornblende prisms impart linearity w the rock and, as hormblende is the
major constituent, il sometimes comprises as much as 75 per cent of the total composition.
In the majority of cases the pyroxene is pale green, slightly pleochroic augite which occurs
as stout subhedral prisms edged or irregularly replaced by hornblende. In specimen 18/ 404,
mentioned above, the pyroxene was determined as being diopside, but the pyroxene is a
minor constituent, and may be s little as 2 per cent of the total composition of the rocks,
In all caises the plagioclase proved to be labradorite, forming the nrmmhhth groundmass
for the dark mincrals. The felspar plates, usually varving greatly in size and shape, are
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fresh, well-twinned and often distinctly zoned. Accessory constituents are few, but apatite,
magnetite and in one case sphene, were found. In specimen 18/407, found in the lower
Kalokhole valley, epidote is also present as equidimensional grains, sometimes replacing
augile, or as large anhedra in association with a little quartz,

A variety of guarizo-felspathic and cale-silicate granulites are also frequently encountered
along the main amphibolitic horizon. They vary widely in appearance and mineralogical
composition, and form lenses within the amphibolites and occasional interbedded biotite
gneisses. A grey compact, rather nondescript granulite (18/465) was collected two miles
south of Lokichar. Although banding is not seen in the hand specimen, it is distinct in the
thin section by the elongation of quartz, untwinned potash felspar and plagioclase, as well
as by the orientation of altered flakes of biotite. The plagioclase is determined as oligocluse
and nearly all the biotite 15 seen altered to a dense chlorilic mass conlaiming nuINercus
ferruginous globules, Apatite and magnetite are present as accessory minerals, while thin
sericite veins replace the felspar. One mile further west, a cale-silicate granulite (18/411)
was collected which is a dark grey rock with a fine sugary texture and a rough black weathered
surface. The texture under the microscope is seen as finely granoblastic, formed by epidote
ageregales, stringers of pink garnet, pale green augite in a matrix of labradorite and scapolite.
Sphene is the only accessory mineral and small amounts of caleite patchily replace the felspar.
Other granulites of this horizon were found where the beds have been intensely Tfolded, and
they have distinctively spotted weathered surfaces. Specimen 18/414 Trom four miles west
of Kaimeruk peak, is a grey finely granular rock with large green spots which are seen under
the microscope to consist of large diablastic crystals or aggregates ol actinolite and epidote
ina granular mosaic of bytownite. This felspar 8 found also in a similar granulite (18;4135),
collected five miles north-north-east of Murilling hill, but this rock consists only of grano-
blastic aggregates of equidimensional crystals of clinozoisite and plagioclase. The only
other mineral is green spinel occurring as a few small grains associated with the clinozoisite,

Small lenses of impure crystalline limestones are infrequently Found along this horizon,
It is possible that more occur than shown on the map, where they have been exaggerated in
size, as they are so small and therefore easily missed. Such an impure marble was collected
about one mile west of Kweichuk hill where the amphiboles and mica are seen as black
stringers, parallel to the lineation of the marble, Under the microscope the rock is seen o
consist of a sulured mosaic of dense calcite containing small idiomorphs of diopside, fakes
of phlogopite and some green spinel. The phlogopite 8 pleochroic from pale brown 1o
colourless and the diopside sometimes has poikilitic inclusions of epidote, while small
apatites are rare. Specimen 18440, from four miles south of Gochobolok hill, 15 a greyish
green coarse crvstalling limestone containing in thin section large idioblasts of diopside
which in parts is being replaced by tremolite with the release of calcite and small pools of
QuEAriE.

The crystalline limestones which occur as small lenses in the amphibolites of the Kaimeruk
Serics are indistinguishable Trom those of the Turoka Series. The erystalline limestones on
the western boundary of the area on the track west of Lokichar, are taken as belonging to
the mein amphibolitic group, only because they are thin, impure and interbedded with
amphibolitic rocks. Specimen 18/436 collected here, is coarse and white, with small yellowish
grams and aggregates of green crystals. Vague banding is caused by the conceniration of
dark minerals and difference in coarseness of crystallinity, In thin section perfectly rounded
grains of forsterite altering along the cleavage to antigorite, small anhedra of diopside and
scarce tremolite are scen in a coarse granoblastic matrix of calcite. Specimen 18/437 from
the same locality is much finer grained, and brown phlogopite flakes, tiny yellowish brown
grains of Torsterite and large equidimensional crystals of diopside are seen as impurities
in the hand specimen. The rock displays a typical rough limestone weathering with aggregates
of impurities forming knobs on the surface, In thin section the forsterite is seen partly
replaced by antigorite and showing o reaction corona of diopside between the antigorite
and the calcite of the matrix. Diopside is always found in association with forsterite, either
occurring as described or forming stout idioblasts in aggregates with forsterite. Phlogopite
is present as small books while apatite torms small rounded grains, A tremolite-calcite
granulite (specimen 18/456) also collected here consists of large crystals of tremolite which
are broken up by alteration to calcite, so that it now appears as islands in a calcite matrix.
A Few fMakes of muscovite associated with some tale are present, and the calcite has re-
crystallized in parts to form clear lenticular crystalline veins in the dense calcarcous matrix.
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Biotite gneisses of the main amphibolitic band are usually coarse, fairly leucocratic and
nearly always contain some hornblende. The conieal hill of Gochobolok has two prominent
granitoid gneiss bands, one of which forms the peak in the form of a hogsback, From the
structure n this region it has been deduced that the two bands are the same horigon which
has been isoclinally folded. This hard band is found as lenses along the main amphibolitic
band and Forms distinetive hogsbacks and exfolintion domes such as the small sicep hills
west of Kwetchuk-Buradyakim ridge and those of the Lobopakeya hills, In hand specimen
(18/486) the grunitoid gneiss from Gochobolok is leucocratic with Lu;._-., white and vellowish
patches of felspar and quartz in a fine-grained biotite-rich matrix in which vague handing
can be seen. Microscopically it is scen Lo consist of a fairly even-grained mosaic ol quarte,
oligoclase, microperthite and a little microcline, and biotite. The potash felspars are some-
whal altered, sometimes with a litdle muscovite forming,  Biotite-rich gneisses and schists
are often found at the top of the amphibolitic band, indicating the base of the Turoka
Series,

(2} Turokas SErIEs

Sub-division of the Turoka Series in the Loperot area is not as readily accomplished as
that of the Kaimeruk Serics, for the outcrop arcas are lens-like in characier due o their
oceurrence in the cores of tight synclines enclosed by rocks of the Kaimeruk Serics. The
structure and sequence of the Turoka Serics rocks is complicated 1o such an extent that only
a generalized division is possible. It is possible to distinguish between lower leucocradic
and upper darker micaceous parts however, the latter having all the distinetive features
considered to be typical of the Turoka Serics of the type-avea (Joubert 1957, p. 320, such as
crystalling hmestones, quartzites, and minerals like sillimanite, kyvanite and graphite.

{a) Typically the rocks overlying the main amphibolitic band are friahle leucoeratic
migmutitic biotite gneisses, and often contain small ireegulin lenses and “schlicren™ of
amphibolitic gneisses. The main part of this band s normally topographically prominent,
forming low ridges along the strike, while higher the rocks become richer in biotite and
sometimes contain some hornblende. In the vicinity of Kwetchuk hill it also includes a
distinctive amphibolitic band, which is not noticeable (o the south, [n the north-western
part of the area this basal member of the Turoka Serics could not be separated from the
rocks overlying it, as the increase of biotite there renders the two types mdistinguishable,
This band is still present there, however, because certain rock types typical of this horizon
were found near Mamurutom hill,

Al the contact with the main amphibolitic horizon, the sequence of the Turoka Series
very often commences with thin biotite-rich gneisses or course biotite schists, which arc
sometimes garnetiferons, Specimens 18474 and 18462, from two miles and five miles west
of Kwelchuk hill respectively, were collected at the base of the Turoka Scrics. The first
15 a lne-gramed dark mica schist with red garnet porphyroblasts Oattened parallel to the
Toliation. Under the microscope it is seen Lo consist of irregularly shaped Nakes of ulw;, -green
biotite, rounded porphyroblasts of garnet and some yellowish green hornblende prisms in a
fine-grained granoblastic matrix ol andesine and quartz. The garnets sometimes contain
poikilitic inclusions of felspar and quartz and the accessory minerals present are apatite,
rutile and magnetite, the latter mineral being occasionally edged by hematite.  Specimen
18/462 is also fine-grained, but is lighter in colour having less biotite, and the garnets are
smiall and weather out, producing a finely pitted surface. Here the felspathic content is
mmrupuﬂml., microcline and oligoclase with some myrmekite, Apatite is the only iocessory
mineral present and the alteration of the potash felspars produces a little sericite and muscovite.

The main rock type of this band is distinctly banded, with alternating white, thin biotite-
rich layers. The development of Felspar porphyroblasts and small irregular quarte veins
impart 2 granitoid appearance to the rock. Lineation is ill-defined and produced by streaks
of aggregates of biotite or by clongated leucocratic minerals, Elongated stringers of gareis
are sometimes present, and in the small hills two miles west of the southern Lobopukeyu
hills the stringers are of allanite. When biotite is absent as in specimen 18/493 collected two
miles west of Lopatamuthingo, the gneiss takes on a granulitic appearance, with only the
gquartz=rich lavers imparting a faint banding. Microscopically it consists of microcline,
oligoclase and quartz, with minor ameounts of microperthite and some muscovite and
magnetite, In specimen 18482 collected just west of the south-western corner of the area,
biotite is present and cceurs along fine-grained bands in a2 mosaic of Felspar and quarte.
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The quartz pools are clongated parallel to the banding and show undulose extinetion, and
in addition to the minerals described above it also contains a few small grains of zircon.
Granitization of this horizon also produces muscovite migmatite, which contains large pink
felspar porphyroblasts and flakes of muscovite. Specimen 18/494, collected four miles
south-south-west of Lopatamuthingo, is an example of this migmatite variety, and in thin
section is composed of microcline, microperthite, oligoclase, quartz, muscovite and rare
altered iflakes of biotite.

It is notable that actinolite-tremolite-tale rocks are distinetive of the lower part of this
band. These rocks are usually bright green in colour, but weather red and are therelore
unmistakable in the Held, Unfortunately they are not continuous along the strike, being
lens-like in character, and appear in isolated localities always in the same stratigraphical
position. Typically the rocks consist of radiating fibrous masses of tremolite interspersed
with aggregates of acicular actinolite prisms, with the ratio of tremolite to actinolite variable.
Thizs is seen in the thin section of specimen 18420 from Tour miles west of Murilling hill,
which also contains small interstitinl patches of tale. Specimen 18/417, collected three miles
south-west of Kwetchuk hill, is banded and the parallel orientation of the prismatic crystals
imparts a strong lincation to the rock. The section was cut perpendicular to the lineation
so that the texture appears granoblastic showing equidimensional crystals of tremolite and
actinolite with only rare prisms, and some magnetite in clusters of anhedral grains, The
same mineral composition is seen in specimen |8/418 from the same locality, but specimen
18/419 from four miles west-south-west of Kaimeruk peak has very little tremolite as occa-
sional needles in a granular mosaic of faintly pleochroic pale green actinolite. Specimen
18/416, collected three miles south-west of Murutom peak, is greenish brown o yellow in
colour and is vaguely foliated, containing radiating masses of fibrous tremolite in soft
green tale. Under the microscope sheaves of tremolite needles are seen with a vague linear
orientation, embedded in a groundmass of tale. Limonitic patches and occasional fakes
of hematite occur aleng the cleavages of the tale while occasional grains of magnetite can
be seen in the talcose groundmiss.

Specimen 18/438 collected four miles west-north-west of the Lobopakeyu hills, is a light
greyish green coarsely crystalline granulite. 1t also occurs at about the same stratigraphical
position in the lower group of the Turoka Series as the tremolite-actinolite schists, and is
seen in thin section to consist of diopside, some of which forms Fairly large cuhedra, calcite
in irregularly shaped pools, prismatic tremolite crystals and small patches of guartz.
Tremolite is seen replacing diopside, sometimes as complete pseadomorphs so that the
cleavage traces now form an oblique angle with the crystal faces. Calcite is also being formed
at the expense of diopside which it is irregularly replacing along cracks. The actinolite-
tremolite rocks described above are thought to have been derived from ultrabasic intrusives,
but specimen 18/438 seems to have originated from a dolomitic limestone,

(5) The upper part of the Turoka Series is very similar to the type-section in the Namanga--
Bissel area {Joubert 1957, p. 31). The following generalized sequence could be deciphered
in the Murilling hills and in the syncline to the west of Lopatamuthingo :—

7. Dark pelitic biotite gneiss,
6. Porphyroblast gneisses between plagioclase amphibolites.

5. Sillimanite schists and gneisses with one thin quartzite, amphibolites which are some-
times garnetiferous, and a quartzo-felspathic gneiss.

4. Graphitic gneisses with or without sillimanite,

1. Three crystalline limestone horizons separated by pelitic schists and gneisses. The
lowest horizon is lens-like and discontinuous; the middle horizon is the thickest
and most constant while the upper crystalline limestone increases in thickness south-
wards and becomes the most important marble in southern Murilling hill, south of
the present arean,

2. Sillimanite schists and gneisses.

1. Leucocratic biotite and muscovite gneisses.

The biotite gneisses of the Turoka Series can easily be distinguished from those underlying
them in being much finer grained and containing a greater proportion of biotite. Micro-
scopically they distinguish themselves, apart from often containing minerals like sillimanite
and graphite, by having relatively large amounts of the accessory minerals sphene, apatite
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and zircon, and usually by the preponderance of plagioclase over potash felspar. Under
the microscope these gneisses are fine-grained, granoblastic, and consist of plagioclase,
quartz and potash felspar containing ragged flakes of brown biotite. The plagioclase is
nearly always oligoclase, but was found to be andesine-olignclase in specimen 18/470,
collected three miles south of the Lobopakeyu hills, and andesine in specimen 15/471
collected five miles west of Lokichar, The potash felspar is usually untwinned, but microcline
was noticed in some of the thin sections. Hornblende is sometimes sparingly present lower
in the sequence and in specimen 18/471 mentioned above it contains small poikilitic inclusions
of quartz and felspar, a leature also noticed in the biotite here, Apatite is nearly always
fairly abundant forming stout euhedral prisms, while sphene occurs in aggregates, usually
associated with some ilmenite, Zircon occurs as well-formed prisms or as rounded Erains.,
Muscovite is usually present in small amounts replacing the potash felspar, and ol Torms
interstitial patches in specimen 18/476 from three miles south-west of Gathuroi hill,

Higher in the sequence of the Turoka Series the biotite gneisses show felspar porphyro-
blasts, and in the syncline to the west of Lokhosiniogurr a relatively thin band of augen
gneiss is widely exposed because of its position in the core of the syncline. Specimen 18/478,
collected three miles north-west of Lopatamuthingo peak, is a fine-grained biotite gneiss,
typical of the Turoka Series except that it has distinclive porphyroblasts of oligoclase and
microperthite. The cleavage traces and twinning lamellae of the plagioclase porphyroblasts
are often distinctly bent, and these porphyroblasts are smaller than those formed by micro-
perthite. Specimen 18/484, collected one and a half miles further west, has been granitized
to such an extent that the banding has been destroyed and is now coarse-grained with large
felspar phenocrysts, and consists of a granoblastic mosaic of microcline, microcline micro-
perthite, myrmekite, oligoclase, greenish biotite associated with sphene and small Nakes of
secondary muscovite. A little apatite and some magnetite are present, usually ageregated
with biotite. Overlying this porphyroblastic gneiss is another amphibolitic band followed
by a remmnant of a dark pelitic gneiss which is the uppermost horizon of the Turoka Series
seen in the Loperot area,

Amphibolitic rocks are prominent in the Turoka Series. They are Jens-like in the south
but are conspicuous in the north-western part of the area, where it is often impossible 1o
distinguish them in isolated outcrops from the amphibolites of the Kaimeruk Series, A
most distinctive specimen (18/406) was collected in the hills four miles north of Murilling
hill. This amphibolite is a hard finely banded black gneiss seen under the microscope as a
fine-grained granoblastic mosaic of quartz and labradorite, with hornblende forming
imperfect prisms and fibrous patches, the orientation of which impart a lineation to the rock.
Vague banding is seen in the distribution of small rounded magnetite grains vaguely con-
centrated along zones. The other mineral recognized is apatite as an accessory mineral,
Normally quartz is absent in these rocks and epidote is sometimes sparingly present, Cale-
silicate granulites are infrequently found along the amphibolitic horizons and one such a
rock was collected four miles west of Sabaa hill. It is sugary-textured, brownish red with
green granular streaks of pyroxene and white streaks of caicite. The thin section shows
anhedra of pink garnet, pale green augite, quartz and scapolite as a granoblastic mosaic,
with sphene and apatite as accessory minerals.

When sillimanite appears in the pelitic gneisses of the Turoka Series it often imparts a
lincation to the rock, Specimen 18/447, collected four miles west of Kamunono, contains
green sillimanite which, under the microscope, appears in colourless sheaves forming bands
alternating with quartz and potash felspar with an association of biotite and magnetite.
The biotite is brown in colour and a little muscovite is seen replacing the sillimanite. In
specimen 18/460 collected four miles north of Murilling hill, the sillimanite again is
responsible for the well-lineated appearance of the rock, which is similar to the rock described
above except for the presence of a little oligoclase. Specimen 18/458, a garnet-sillimanite-
quartz schist from Murilling hill, is a fine-grained red and white banded rock showing fine
necdles of sillimanite on the foliation surfaces and some garnet porphyroblasis. In thin
section it is seen to consist of large pink garnets, sometimes with poikilitic inclusions of
quartz and hematite flakes in cracks, in a sutured mosaic of undulose guarte. Sillimanite,
as indistinctly orientated slender prisms and needles, occur in bands, curving around garnet
porphyroblasts or enclosed by quariz. These gneisses sometimes contain corundum and
along valleys draining these horizons brown corundum crystals are often found concentrated
in the coarser alluvium of the rivers. Large corundum crystals are also encountered in the
leucocratic pegmatitic material in these gncisses. A corundum-bearing schist (18/455) was



found at Murilling, showing growths of white felspar nodules the larger of which are cored
by corundum. These nodules form a distinctive knobby weathered surface on the rock,
The thin section has no corundum, the rock being composed of microcline, microcline-
microperthite, microperthite and oligoclase containing small fMakes of biotite, while other
parts of the thin section are made up of large flakes of muscovite with poikilitic inclusions
of potash felspar.

Graphite is prominent in the southern exposures of the Turoka Series, bul only infrequently
encountered furiher north, where it also serves to distinguish the Turoka from the Kaimeruk
Serics. Sillimanite still appears in these rocks but its place is usually taken by muscovite.
Typically the graphitic rocks of Murilling hill are very dark with o large proportion of
graphile, often showing white to greenish prismatic muscovile crvstals of random oricntation.
In thin section these schists exhibit a granoblastic matrix of guartz and microcline containing
large Makes of graphite, numerous flakes of muscovite or biotite, and ra rely a little plagioclase,
Isotropic material thought to be opal, oceurring in irregularly shaped patches, is normally
present also. Sillimanile, when present, appears as tufts of needles associated with muscovite,
or as acicular remnants enclosed by muscovite. In specimen 18/453 lrom Murilling hill,
small graphite Nakes occur scattered throughout the potash felspar, and in specimen 18/454
from the same hill, the graphite and muscovite Nakes are often curved forming curious swirl
structures, which can probably be ascribed to rotation during growth. In this rock opal
is not present and its place is taken by a yellowish dense amorphous aggregate which some-
times contains tiny granular crystals of epidote. In the Murilling area graphite-rich lenses,
appearing in the hand specimen to consist of pure graphite, are found interbedded with the
other graphitic gneisses. Under the microscope, however, they are seen to contain quarlz,
felspar and fMakes of biotite and hematite, in addition to the graphite. Further north in the
Turoka Series graphitic rocks are thin and uncommon, but they still havwe the same mineral
assemblage and can be used ns markers near the base of the Turoka Series.

The marble found in the Turoka Serics is not nearly as impure as those of the Kaimeruk
Series and is usually greyish white, with vague banding produced by bands of varying grain
size or by the concentrations of small amounts of dark minerals. Under the microscope
ihey are scen to consist of granoblastic magnesian carbonate with a few flakes of phlogopite
and some small grains of diopside.

Quartzites are only infrequently encountered in the present arca, all of them oCeurring as
small lenses in the vicinity of Murilling hill. The quartzite (1%8/443) found four miles north
of Murilling hill, is coarsely crystalline and translucent. Under the microscope it s seen to
contain a little microcline microperthite, albite and some replacive muscovite in a coarse
sutured mosaic of strained quartz. Specimen (18/444) from four miles west of Murilling
is brownish grey, coarsely crystalling, and with soft ferruginous lines and aggregates elongated
parallel to the “hedding™ produce a pitted brown weathered surface. Under the m iCroscope
the quartz is seen Lo contain parallel lines of tiny inclusions passing from one crystal to the
next without regard Lo crystal boundaries. Garnel is also present as small well-developed
crystals occasionally associated with some magnetite. In specimen 18/445 from Murilling
hill, garnet is also present, but forms vein-like aggregates in the granoblastic quartz matrix.
Other impurities here are muscovite, magnetite and hematite, while the whole rock is stained
brown by limonite. Microlites in the quartz have been determined as muscovite and only
occasionally as zircon or colourless spinel.

{3) Tue BASEMENT SYSTEM INLIER AT LOKHONE

Although the rocks of this inlier are covered by pebble sheets, they are remarkably well
exposed, and by lollowing along the strike until an exposure is found every inch ol the ground
can be mapped. There can hardly be any doubt that the rocks here belong to the Kaimeruk
Serics, but as the same beds are repeated several times, the succession here is too restricted
10 allow exact correlation with the sequence deciphered in the Kaimeruk hills, 1t is thought
that the amphibolitic band here is the same as the lower amphibolitic band outcropping
at Gochodin. The scquence is as lollows:—

3. Biotite gneiss with a prominent cale-silicate granulite near the base and a distinctively

spotled augite gneiss band higher.

2. Amphibolitic band, bounded by wide plagioclase amphibolite bands both below and

above; 1,200 M. thick.

1. Biotite-hornblende gneiss with one distinct plagioclase amphibolite bed and numerous

quartz veins. A thickness of at least 3,000 ft. is exposed,
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(a) The lower gneiss group has a granitoid or sometimes granulitic appearance. Specimen
18/487 from Lokhone hill is an even-grained hard coarse siliceous-looking rock with patchy
distribution of the dark minerals, and consists of a granoblastic matrix of microperthite,
oligoclase and quartz containing greenish biotite, hornblende and magnetite. A granulile
(18/463), also collected at Lokhone, has approximately the same compasition but contains
a few garnets instead of hornblende,

A cale-silicate granulite from Lokhone (18/412) is an olive green rock with coarse white
spots associted with garnet. Under the microscope it appears as a granoblastic matrix
ol bylownite and scapolite containing large and small equidimensional subhedral to euhedral
crystals of Taintly pleochroic epidote. Small dark green clusters are Tormed by diopside
and occasionally hornblende, while sphene and calcite are also present.

{(h) The amphibolitic beds are very prominent as their black outcrops contrast with the
while ubiquitous pebble sheets. A typical rock from this band is specimen 18/403, from
three miles north-north-west of Lokhone, which is a coarse-griined, greenish black amphi-
bolite with yellowish green greasy-looking “schlieren”. Some garnet is scen in the hand
specimen and it also contains small specks of chalcopyrite and pyrite. In thin section it
appears as a granoblastic aggregate of green hornblende, diopside, labradorite, garnet,
epidote and minor magnetite, calcite and apatite, The garnet forms irregularly shaped
grains, usually enclosed by plagioclase and the epidote is present as aggregates of small
grains. Along this band leucocratic gneisses are rare, but when they do oceur, they are
hornblendic and sometimes garnetiferous.

(c) The gneisses overlying the amphibolitic band are usually pink coarse-grained biotite
gneisses consisting typically of microperthite, microcline, oligoclase, quartz and biotite
with accessory zircon. Quartz is sometimes seen forming stringers parallel to the banding,
while calcite and muscovite are secondary products. Specimen 18/488 collected from the
same horizon about four miles north-north-west of Lokhone hill has tiny red garnets
distributed evenly throughout the rock, and a few grains of apatite. These gneisses contain
two distinctive bands, both of which are constant along the strike, the lower being a cale-
silicate granulite and the upper a distinctively spotted garnetiferous augite gneiss. The
cale-silicate granulite (18/413) consists of granular aggregates of epidote, large irregular
garnets with poikilitic inclusions of epidote and quartz, and a little diopside as clusters of
small grains in a groundmass of labradorite. There is a fair amount of sphene present,
usually associated with diopside, and a few small prisms of zircon enclosed by felspar.
The spotted garnctiferous augite gnciss horizon (18/464) is very thin, but it has a characteristic
ficld appearance. The light-coloured fine-grained matrix contains lenticles of dark minerils,
and under the microscope is seen to be a granoblastic matrix of quartz, andesine and ocen-
sional large potash felspar anhedra with irregular crystals of avgite, in parts uralitized, and
large rounded garnets with poikilitic inclusions of quartz, llmenite rimmed by colourless
sphene and some apatite are the accessory constituents present, and a little sericite
occasionally occurs along the cleavages of the felspar.

(4} Imtrusivi Rocks

i) Permaites and Quartz Vel

(uarez veins are not numerous in the area, but it is of importance to note that they were
intruded prior to the period of major deformation of the area. 1t is also remarkable that in
two localities where quartz veins feature fairly prominently, they were intruded along
hornblendic horizons. In the Lokhone area where they are most numerous and oceasionall ¥
occur in the form of giant veins, they are concordant to the foliation of the host rocks and
can often be followed around the closures of the major folds. There is no doubt that they
are ol intrusive origin as they often contain a few large felspar phenocrysts which weather
oul, leaving crysial-shaped holes in the quartz. It is also clear that they were intruded prior
o the emplacement of the serpentinite body three 1o four miles south-west of Lokichar,
as xenoliths of vein quartz occur in the serpentinite there. The quartz loses its translucency,
becoming milky white, and the xenoliths are surrounded by a felted corona of dark green
acicular actinolite. The milky white colour may be ascribed to the numerous small inelusions
n the quartz seen under the microscope. Several samples of quartz veins were crushed and
panned and were found to be barren, but they often showed green copper staining and in
one instance, about three miles south-west of Lokichar, a quartz vein containg small
aggregates of bornite and chalcopyrite,



20

Pegmatites of the present area are of the types normally found in the Basement System
described severally by geologists of the Kenya Geological Survey, and are only mentioned
here because they assist in deciphering the geological history of the area. The strike of the
intrusive pegmatites are most commonly concordant with the strike of the country rock
and in these cases they frequently show the development of lineation, the direction of which
concurs with the hneabion direction of the country rock. It is clear therefore that these
pegmalites are the oldest, and were emplaced prior to the major deformation ol the Basement
System. Pegmatites also strike parallel to the faults and minor fractures found in the area,
and it is sigaificant that pegmatites striking N.40°W. to N.50 W. sometimes show the effects
of shearing and brecciation, proving posthumous movement along the faults along which
they were emplaced. About three miles south-west of Kwetchuk hill a pegmatite cuts the
serpentinite body there and it therefore seems that intrusion of pegmatites occurred both
before and alter the emplacementi of the serpentines.  Magnetite 1s constantly found in the
intrusive pegmatites, somelimes associated with green copper staining, and epidote nearly
always appears in the pegmatites when they cut amphibolitic rocks. Pegmatitic stringers
in the lowest migmatitic horizon of the Turoka Serics also contains elongated nodules of
allanite two miles west of the southern Lobopakeyu hills,

(b)Y Basic intrusives

(i} Mera-intrusives, All meta-intrusives encountered in the area were emplaced along the
amphibolitic bands of the Basement System. The numerous intrusives in the Kaimeruk
Series are all ulirabasic in character, while one of the few intrusives found in the Turoka
Series, a small gabbroic body one mile south-¢ast of Gathuroi hill, still retains an intrusive
character. The fiyperite Tound here (18/396) cores a small anticline formed by the amphi-
bolites sheathing the intrusive which is exposed in several patches as rounded black boulders,
It also appears in the stream channel to the north where it is seen as a green altered rock
with tiny veinlets of magnesite with Nakes and small books of mica (vermiculite?). Green
copper staining is often seen in the immediate vicinity of the intrusive, but no sulphide
mineralization was noticed. From the disposition of the intrusive body it seems possible
that it consists of several small pod-shaped lenses, orientated parallel to the strike of the
country rock. Under the microscope the hyperite is seen to consist of large idiomorphs and
small anhedra of hypersthene, stout prismatic subhedra of schillerized diallage which is
edged by strongly pleochroic brown hornblende, and some accessory sphene in a
xenomorphic matnx of labradorite. Some of the idiomorphs of hypersthene also contain
schiller inclusions, while the plagioclase has minute Muid-pores and is distinctly zoned.
Magnetite occurs only as an alteration product associated with hornblende.

Thin lenticular bodies, sometimes as thin green bands, are frequently encountered in the
amphibolitic bands of the Kaimeruk Series. They are always granular and friable, so that
it is impossible to collect samples Tor sectioning in most cases, and are ol two lypes: [irsl,
they are sometimes amphibolites like specimen 18/402, from five miles north-north-east
of Murilling hill, which 15 a green and red crudely banded rock which weathers black, The
rough weathered surface reveals its coarse grain and lineation is poorly developed. In thin
section it is seen to consisl only of idiomorphic prisms of green homblende of random
orienfation with a few small grains of magnetite. Other intrusives of similar appearance
are pyroxenites usually consisting of diopside, hornblende and plagioclase with minor
sphene, ilmenite or magnetite. A hornblende pyroxenite (18/405), collected just south of the
present area about three miles east of Lurutum ridge, is a medium-grained greenish black
rock seen under the microscope as a xenomorphic mass of stout, nearly colourless crystals
of diopside, prisms of green hornblende and aggregates of small equidimensional crystals
of hypersthene. Magnetite is the only accessory constituent present and occurs as small
grains scattered throughout the rock. The Jornblende hypersthenite (18/397) from the
southern Lobopakeyu hills, occurs as a large black lens-shaped body fringed by plagioclase
amphibolites. It consists of subbedral crystals of hypersthene which occur with and are
being replaced by green hornblende. Occasionally prisms of hypersthene become disjointed
by encrocaching hornblende, while small and large irregular lumps of chromite, ofien
enclosing or edged by green spinel, as well as magnetite in small rod-like bodies along
cleavage traces of homblende, form the accessory mineral content,

In the outlier of Basement System at Lokhone only one basic intrusive was found as a
thin conformable band, two and a half miles south-east of Lokhone hill. Specimen |18/399
is a diopsidite composed of massive brownish green crystals containing small green and red
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inclusions, and weathers to a rough grey surface. Under the microscope it is seen that the
major constituents of the rock are large diopside crystals which are being replaced along the
cleavages by pale green hornblende or calcite. Calcite also forms large nodules, the outer
fringes of which are usually stained vellow by limonite. Small secondary veins and rounded
growths of sutured mosaics of quartz, often cored by calcite, occur within the rock, while
occasional small grains of magnetite occur only as an aocessory mineral.

ivire Iypersthenites (bahiaites) form two distinctive reddish black ridges within the
precincls of the syncline in the Turoka Series west of Lokhosiniogurr. The oulcrops are
unmistakable in their prominence and dark colour and the ridges are overgrown by a thick
cover of low thorny scrub. The southerly intrusive (18/394) from four miles west of Lopata-
muthingo peak, is a dark brownish grey coarsely crystalline rock which weathers to a rough
brown surface. Under the microscope it is seen to have a xenomorphic granular texture
composed of large crystals of hypersthene and diallage, large interstitial Nakes of biotite,
anhedral crystals of olivine and interstitial labradorite. Olivine is usually enclosed by hypers-
thene, the latter mineral together with magnetite forming a reaction rim between olivine and
biotite. Biotite is replacing diallage which is also being replaced by greenish brown horn-
blende along crystal edges. Labradorite is well-twinned and anhedral, but one large
phenocryst contaiming numerous tiny inclusions as well as some biotite, is seen in the thin
section, Calcite is rare and spinel {7) occurs occasionally as small dark green grains, while
one fairly large grain of pyrite was noticed. Biolite often poikilitically encloses hypersthene
and many small magnetite globules. Hypersihene is always schillerized, while olivine occurs
as large clear anhedra or as aggregates of smaller grains. In this rock diopside is a very
minor constituent but in the olivine hypersihenite (18/393), collected one and a half miles
west of Lokhosiniogurr peak, diopside occurs instead of diallage, and contains small dark
green inclusions of spinel ( 7) which are also seen enclosed by plagioclase here. The plagioclase
in this rock is not as well twinned as in the specimen described above, bul as the refractive
index of the plagioclase is greater than that of Canada balsam and is oplically positive il is
thought also to be labradorite, The schillerized hypersthene rarely forms euhedra, but often
encloses small grains of diopside. The diopside, which is being replaced by green hornblende,
is often found bordering hypersthene, while biotite occurs in fairly large mitensely pleochroic
interstitial Makes.

serpentinites are numerous in the area within the main amphibolitic band of the Kaimeruk
Series, and serve to distinguish this horizon from other amphibolitic bands. The serpeniinile
bodies vary greatly in size, but are usually elongated parallel to the strike of the country
rocks. The largest of these occur at Muruputh hill, about three miles west-south-west of
Lokichar, where it forms an outcrop of nearly one mile long and about 600 fi. wide, while
the serpentinite just west of Kwetchuk hill is nearly one mile long and over 1,000 fi, wide.
Numerous small serpentinites too small to show on the map occur just west of the Lobopakeyu
hills and in the anticline west of Kweichuk hill. The serpentinites can be recognized from a
distance because they are usually topographically prominent, forming conical hills or ridges
which are of a distinctive pale greenish grey 1o greyish white colour. They very rarely contain
xenoliths, but at Muruputh the serpentinite contains small floating blocks of unaltered
biotite gneiss and the vein quartz mentioned before (p. 19). The contact with the host rocks
was seen only at Muruputh where it is sharp but irregular, without alteration to the country
rock, but the serpentinite forms successive layers of fibres arranged perpendicular o the
line of comtact. At Muruputh the serpentinite is traversed by dolerite dykes, and two miles
south-west of Kweltchuk hill the serpentinite is cut by a pegmatite. No linear features were
observed in the serpentinites, but faulting of the intrusive at Muruputh produced slickensiding,
with the direction of grooving coinciding with the lineation of the country rock measured
there, a concurrence which may be accidental. Alteration of the serpentine produces veinlets
of magnesite, vermiculite, amosite and 1alc. Sampling and assaying of the serpentinite body
just west of Kwetchuk hill shows 0.41 per cent Cry0y, while in the castern extension of
Muruputh the scrpentinite contains nearly 3 per cent, while both serpentinites have little
more than a trace of nickel.

Macroscopically the serpentinites are usually resinous-looking greenish or bluish grey
with darker irregular veins and patches which are sometimes somewhat fibrous. Banding
i1s rare and is usually formed by fibrous serpentine with fibres arranged perpendicular to the
banding. Darker brown and brownish black colours are not infrequently seen and tiny
chromite veins are common. The rocks are nearly always so soft that they can be cut by a
penknife. Specimens 18/432 and 18/432a collected one mile and three miles west of Kwetchuk
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hill respectively, give an indication of the composition of the rocks from which the serpen-
tinites have been derived. Microscopically 18/432 consists of large phenocrysts of enstatite
and olivine, usually broken up into small fragments as islands in serpentine, which is mosily
antigorite with a liltle chrysotile, Interstitially there is some muscovite associated with
tale and scarce thin veins of magnetite. In specimen 18/432a the pyroxene is augite and
instead of muscovite and tale, phlogopite is present, Chromite is also abundant as small
rounded grains and occasional large blobs, Complete replacement of olivine leaves a core
of serpophite, but alleration sometimes produces a finc-grained, somewhal amorphous
ferruginous mass, which seems to be an intermediate stage in the alteration. The chromite
is often associated with or has an ophitic relationship with platy chlorite.,

In other serpentine rocks sliced no vestige of the original minerals remains, all beimng
serpentinites consisting of a mesh of antigorite, usually with some chrysolile and sometimes
serpophite.  Antigorite is usually colourless but is sometimes stnined vellow and generally
forms the divisions in the “knitted” or cellular structure normally observed in serpentinites,
while serpophite is restricted o the cores of individual “cclls™. Magnetite occurs a5 small
veinlets oceasionally forming divisions, with or without antigorite or associated with
mapgnesite. Magnesite also appears with serpophite in the cores of the “cells”, while brucite
occurs as small fragments in antigorite in specimen 18/428 from Muruput h., The serpentinile
(1%/424) collected one mile south of Lokichar, was found 1o contain small highly pleochroic
flakes of deep bluish green chlorite, usually occurring in clusters agpregated with chromiie
grains. This rock also contains garnierite which was not seen in the thin section, bul was
found in the examination of the crushed rock.

(&) Post-Meramorplic Dykes
The post-metamorphic dykes are of two types—dolerites and lamprophyres. Aparl from
the mineralogical difference, these dykes also occur in different paris of the aren, with the
dolerites nearly always occurring in the proximily of the main Gaull scarp 1o the cast of the
Basemnent System hills, as they were intruded along faults responsible for the formation of
the scarp, while the lamprophyres were only found in the south-western part of the area,
intruded along fractures subsidiary 1o the main Fault zone,

It is to be expected that the strike of the dolerites will conform 1o the sirike of the faulls
of the main fault zones, and they are found to strike generally N.A40" W along the escarpment
and further north become N.25° W, Other directions are found in the vicinity of Lokichar,
such as N.15° E., where the dykes lollow faults striking in those directions. The widihs of
the dvkes are much exageerated on the map; usually they are seen as lines ol klack angular
dolerite pebbles on the surface only a few feet wide. Exposures of dolerites are few, occurring
only occasionally in gullies, and they rarely occur singly, but in parallel pairs and sometimes
as many as six together, There must be more dolerite dykes than those shown on the map
since their discovery is fortuitous when they happen Lo be crossed on o traverse. Outcrops
consist of piles of greenish brown or dark brown cobbles with typical spheroidal weathering.
Specimen 187388, collected in the south-western corner of the area, has a few felspar pheno-
crysts of random orientation, but the dolerites are normally black fine-grained rocks with a
red-brown or dark brown weathered skin.

In thin section ophitic texture is always developed, with laths and plates of labradorite
with interstitial anhedral, rarely subbedral, crystals ol augite. The augile is usually purplish
revealing a titaniferous composition, and in specimen 18/388 mentioned above the felspar
phenocrysts have also been determined as labradorite. Olivine is present in small amounts
partially altered to chrysotile and antigorite, but is absent in specimen 18/38% from three
miles south-west of Lokichar, where iddingsite (7} has taken ihe place of olivine, Other
alteration products of olivine seen, in specimen 18/387 from four miles west-north-west of
Lopatamuthingo peak, are calcite, chlorite, quartz and apal,  Magnetite occurs Fairly
abundantly as anhedra or angular subhedra, but in two instances it forms a mesh-structure
of spindle-shaped needles or worm-like rods enclosing a dense interstitial mass of small
erystals of augite and plagioclase.

The famprophyres are usually emplaced along fractures striking north-north-wesi, but in
two cases they strike cast-west. In most cases (heir discovery wis also Tortwitous, but in
one case 1 minette forms an unmistakable black conical hill four miles north of Murilling
hill. It is most likely that more lamprophyric dykes occur in the area than those mapped,
as they are usually only a few hundred yards long and a few yords across.
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Plate 11 (b —Displacement of o small basaliic dyke by o morth-westerly striking
reverse fnuli, Towe miles sowth of Lokhane hill,



Phate 100 (ak—Flexural slip folding in the Turoka Scries four miles woest of Murilling hill,

Plate 111 {b), —~Arching of a small fold four miles north-west of Murilling hill.

Plate N1 tel, — Folding and (racturing of incompeient laminated beds of the Turkana Grits in the
Kalachir river channel,
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The largest of the lamprophyric intrusives is the minetse (18/400) mentioned above, It
is a coarse-grained biotite-rich rock, somewhat schistose, and crops out as a small hill of
huge rounded red-weathering boulders. Under the microscope it is seen 1o have a xeno-
maorphic-granular texture and consists of large flakes of biotile, microperthite and pale
green diopside.  Prisms ol apatite and ecuhedral crystals of sphene, somelimes also as
aggregates of small anhedra associated with bietite and apatite, are abundant as ACCESSOrY
minerals. The diopside forms clusiers of rounded crystals sometimes, or occurs as small
euhedral prisms enclosed by felspar. The biotite is sometimes allered and greenish, and
contains small inclusions of sphene, felspar and diopside. The felspar is stramed showing
Faint undulating extinction and has bent perthitic lamellae,

A small vegesire dyke (18/386) crosses the road between Kaputir and Lokichar near the
Nabokok river. This dyke is seen on the surface as large rounded boulders which have been
tound 1o be slightly radioactive. The rock is medium-grained, faitly leucocratic and contains
small black, green and grey minerals. The texture is granitoid and the weathered surface is
light brown and finely pitted. Under the microscope it is seen to consist of large anhedra
of green hornblende, often in ophitic relationship with the abundant diopside, as well as a
quantily of lozenge-shaped crystals of sphene in a senomorphic groundmass of orthoclase
and some microperthite.  Smaller subhedral prisms of diopside, often associated with
sphene and apatite, form clusters in the groundmass, while calcite is an infrequent alieration
product. Minor amounis of oligoclase, fairly abundant small euhedral prisms of apalite,
amd tiny zircons complete the composition of the rock,

In a valley two miles south-south-west of Gochobolok hill a small dyke of a very line-
grained brownish grey augite vogesite (18/391) with tiny felspar crystals displaved on the
weathered surface, was encountered. It consists of a matrix of large anhedra of orthoclase
containing subhedral crystals and aggregates of augite and magnetite, with the latter mineral
occasionally forming needles. Quartz occurs as fairly large irregularly shaped pools, while
zoned oligoclase is present as well-formed stout laths, Nearly all the felspars have been
subjected o incipient alteration with the formation of calcite, Augite is sometimes rimmed
by fibrous bastite, while apatite, a mineral typical of vogesites, is absent in this thin section.
The augile-vogesite (18/392) collecied in the Kalokhole valley is similar to that deseribed
above, but contains no quartz and the felspar content is mainly microperthite. Serpentine
is an alteration product, while both augite and orthoclase oceur as idiomorphic phenocrysts.

In the gap between the hills three miles west of Murilling hill a number of large brown
coarse-grained biotite-rich boulders occur. This rock (18/400) is a dypersthene kersandite,
consisting of large phenocrysts of biotile, large anhedra of hypersthene rimmed by replacive
hornblende, and interstitial pools of andesine, A fair amount of clear secondary quartz is
present, as well as large prisms of apatite and scarce tiny zircons. The plagioclase conlains
numeraous acicular microlites, the larger of which are pleochroic and have been determined
us  biolite,

(5) Cavacrastic Rocks

Mason and Gibson (1957, pp. 23-24) describe “Tertiary silicificd superficial deposis”
occurring in a series of elongated hills trending in a north-north-westerly direction at the
foot of the Elgeyo escarpment.  Although they noticed the effects of shearing and brecciation
in them, they decided that the rocks were originally unconsolidaled superficial deposits
cemented by hydrothermally derived silica along fauli lines, They also mapped them as
“eoarse and fine-grained grits and sandstone, usually guartzo-felspathic™ and grouped them
with the Tiati Grils which they assumed to be of Miocene age.

In the Loperot area small red hills also lie along a north-north-westerly trend at the base
ol an escarpment and in the vicinity of Lokichar, and there is no doubt that they represent
breccins and microbreccias derived from the crushing of Basement System rocks. The
north-north-westerly trend of the hills, the fragmentation, chalcedonic veining and limonitic
staining of the rocks leave no doubt that these rocks are of the same arigin as those described
by Mason and Gibson (ap. #it) from the area to the soulh.

The effects of major faulting can be seen in the Basement System in the soulh just to the
south-west of the Lokhoriokhot hills, and continued to the north-north-west on small
isolated hills and outcrops along the base of the escarpment up to Lokhosinyakhori. Further
north several of these hills and numerous small brecciated outerops appear again in the vicinity
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of Lokichar, the biggest of which is Ngahukon-Harengak hill, three miles south-west of
Lokichar. The original composition of the rocks is often completely obscured, butl in
several cases distinet loliation produced by hard lighter coloured bands along which mowe-
ment ook place, dips at angles ranging from 127 1o 237, and suggests thrusting,

In the Loperot area it is clear that fanlting occurred simultaneously with folding, for
opposing dips occur on cither side of faults, and the movement along thrust-planes occurred
in the same direction as translation by folding. The strike of thrust-planes is therefore
parallel to the strike of the folded rocks, and lineation, in the form of elongated minerals
measured in the breccias three mules south-west of Lokichar, trends in the same direction
as lineation of the country rock, suggesting that the breccia was subjected 1o the same
compression as the surrounding gneisses after i1s formation. Later movement along the
faults took place towards the end of the Tertiary, but the indications are that the movemeant
was local and of minor imporiance.

Several Taults occur along the escarpment, cutling the promonifories of the scarp, and
they merease in number and magnitude of displacement to the east, The lenticular oulcrops
extending east of Lopatomuthingo show well-developed sheet-structure: although the rock
collected there (18/491) shows no clear cataclastic deformation, the felspars have prominent
spindle-shaped  perthitic lamellae both as micro-perthite and microcline-microperthile,
This “exsolution™ in felspar is ascribed to “the contracted limits of solid solution consequent
upon lowering of temperature”™ by Harker (1939, p.o 353), but here it 45 such a dominant
feature in all potash felspar that it is felt that the forces responsible for the sheeting contributed
tor the formation of perthitic intergrowths,

Strike Faulting in the Gochodin area produced a fine-gramed well-lineated biotte gneiss
{(18/467) in which the mica forms trains of fine flakes on the foliation planes. Under the
microscope the biotite is seen to be altered to a greenish colour and the gquartz and microcline
show distinct strain shadows. Crystal edges have been shattered 1o produce mortar structure
and even magnetite has been broken up and now form irregular lenticles in the crushed
matrix. Lines along which movement took place now appear as zones of Tragmentation.
Faulting in a north-casterly direction is often suggested by lines of Mags along the strike of
the faults. These flags are fine-grained, and the streaked appearance and fissility parallel
to the fault-line, suggest movement and cataclasis. A thin seclion of a rock of this type,
specimen 18379 from two miles east of Lurotum ridge, shows “eyes” of stramed quarts
surrounded by fine-grained recrystallized guartz and shreds of biotite, with the MNakes of the
latter mineral arranged paralle]l to the fracture zones.

A north-casterly fracture direction 15 frequently followed by pegmatites, and occasionally
when repeated movement has taken place along the fracture granulation of the pegmatite
results. Granulation is often accompanied by the introduction and replacement ol existing
minerals by calcareous and ferruginous material. The hand specimens of @ sheared pegmatite
(18,370} from three miles north-north-west of Lokhone developed yellowish dense streaks
which appear in the thin section as shattered minerals in a calcareous matrix. The pegmatite
(18/385) from three miles south-west of Kwetchuk hill shows cataclastic deformation to a
greater extent. Here mortar structure again developed, but the quartz 1s frequently recrystal-
lized and the plagioclase developed secondary twin lamellae, Ferruginous matier has been
introduced along fine-grained fracture zones and along cleavages of the felspars, Surfaces
of discontinuity in the felspar often contain sericite.

When the gneisses of the Basement System are affected by faulting it is often seen firsi
by the introduction of yellowish brown ferruginous lavers which normally reacl violently
with diluted hydrochloric acid, The normal-looking gneiss material dinmnishes until it only
has light-coloured streaks which, with incréased cataclastic deformation, disappear com-
pletely. The alteration is seen under the microscope as dense ferruginous maftter, usually
limonite in calcite, separaling fragments of guartz and felspar. Biotite becomes dense green
and eventually passes into chlorite. When granulation is not accompanied by shearing, the
resulting rock s a breccia consisting of a dense ferruginous calcite matrix containing large
angular Mragments of guarle and felspar, with the latter mineral being replaced by calcite.
The fragmenis of guartz and felspar form angular protruberances on dark weathered
surfaces, and tiny Tractures trending in all possible directions are often filled by finely
crystalline carbonate.
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Shearing produces thin dark fine-grained micaceous zones however, which under the
microscope are scen to consist of Makes of biotite and hematite arranged parallel to the
direction of movement, with some granulated quartz. In a thin section of a micaceous shear
{specimen 18/180) from three miles south of Gochobolok hill, hematile s absent, but
magnetite occurs in large irregular insets in the biotite. The hand specimen consists of o
mica schist containing thin lenticles of quartz, felspar and occasional garnets, which are
seen 10 be fine-grained aggregates under the microscope, while zircon 15 wnaltered as tiny
prisms enclosed by biotite.

The micro-breccias normally encountered along the fault-zone are dense red-brown rocks
with fine, often banded, chulcedonic veining. Under the microscope they are usually seen
as a finely crushed quartzitic matrix containing large and small angular lragments of quarte,
microperthite, microcline-microperthite, plagioclase and a few small flakes of muscovite.
Iron ore, which is responsible for the colour of the rocks, occurs as irregular stringers of
limonite and rare hematite, or is densely scattered as tiny grains throughout the matrix.
Aggregates of iron ore are also seen, in which case they usually have a halo of limonitic
staining. 1t is remarkable that apatite and zircon retain their original shape and are only
very rarcly fractured.

The most interesting cataclastically deformed rock was collected from the breccia hills
four miles north-cast of Lopatamuthingo peak. The specimen (18/376) has a granitoid
appearance, apparently consisting of pink and grey felspars and guartz. The rock has lost
all vestiges of foliation and lineation, but has some irregular ferruginous veins and fine
micaceous flakes. Under the microscope it is seen that the rock is completely crushed, and
consists of very line-grained quartzitic material in which chert lenticles have formed. Tiny
shreds of green biotite, usually bent, occur scattered in the matrix, and quartz has recrysial-
lized 10 form “eyes” of interocking strained grains. Stringers of limonite occur usually
associated with some biotite, and zircon and apatite form sometimes as small aggregales,
presumably where a single crystal was crushed. Well-formed laths of zoisite with ragged
edges and small inclusions arranged parallel to the lengths of the crystals occur sparsely
in the matrix, and have obviously formed afier deformation.

A sheared basic rock (specimen 18/421) of which the original composition is unknown,
was collected on Lurutum ridge. 1t occurs along a fault and now appears as a thin brownish
green line-grained band which is somewhat schistose. Microscopically it is seen 10 consise
of nodules of brown dense calcite, large rounded plates of albite being replaced by calcite,
rare highly pleochroic brown homblende (kataphorite 7) grains sometimes fringed by some
epidote, occasional ragged crysials of epidote, many prisms of apatite, and a little sphene
in a fine-grained matrix of felspar, quartz, chlorite and wins of green hornblende needles,
The chlorite plates are bent around the calcite nodules and tiny veinlets of dense white
material (leucoxene 7) traverse the thin section.

Faulting of the serpentinite bodies has fundamentally altered the rocks. At Muruputh
hill tiny magnesite bands parallel to fractures with irregular veinlets of magnesite appear
in the serpentine of specimen 18/429. Under the microscope it is seen that the mesh structure
is almost completely destroyed by parallel veins of magnesite, the serpentine lamellae all lie
perpendicular 1o the banding, and the veins of magnesite are bordered by altered ferruginous
serpentine. Magnesite veinlets are also seen cross-cutting the banding and secondary magnetite
is aggregated in patches. Profound changes were found in the same vicinity along the strike
of the main faults. Here circular rough black outcrops consisting of a light red-brown dense
rock (18/381) with small micaceous flakes occur along the fault line. The rock also has tiny
irregular veinlets and is traversed by thin resistant fracture lines in two directions, producing
a kind of boxwork and a rough weathered surface. In thin section it consists of calcite
lenticles separated by fine veinlets of chert associated with himonite.  Dark  patches
imanganese *) which are dull in reflected light ocour between the lenticles, and some flakes
of chlorite and muscovite are present. One thin section also has an appreciable amount of
muscovite associated with tale. A similar rock was found about four miles west of Kaimeruk
peak (specimen 18/433), and is a light brown aphanitic rock with tiny dark veinlets containing
occasional shiny micaceous flakes. It weathers in an unusual way, having irregularly shaped
holes in the surface. Microscopically it consists mainly of dense limonitic opal in irregularly
shaped bodies and veins, with some hematite separated by fine-grained chert. Small flakes
of muscovite, sometimes with tale, and brucite occur in patches or veinlets associated with
magnetile.
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1. The Tertiary Rocks

(1) Tue Turkkana Grins

The Turkana Grits were first referred 10 by Murray-Hughes (1933), who showed them as
appearing in the eastern part of the Loperot area in his geological skeich map of western
Kenya. He tentatively dated them as Jurassic, while Arambourg (1935) in describing the
northern extension of these grits along the western side of Lake Rudoll called them the
“Lubur Series”. and correlated them with the Adigrat Sandstone of Ethiopia, said (o be of
Triassic age, The presence of dicotyledonous fossil trees in the grits proved that the grits
are nol carlier than Cretaceous in age (Fuchs 1939, p, 228}, and Fuchs advanced further
evidence (o show why he considered the Turkana Grits to be of Oligocene-Miocene age.
Dixey (1945, p. 13) also noted the existence of sediments yielding a Miocene fauna, which
includes Deinotherium hobleyi in the Loperot area, while Mason and Gibson (1957, pp. 17-213)
in the area farther south distinguish between the “Turkana Gril Series” which they think
may be as old as late Mesozoic, and the “Tiati Grit Series™ which is mainly composed of
material derived from and interbedded with rocks of volcanic origin, and according 1o them
may be ol Miocene age.

The Turkana Grits oceur in the eastern parts of the Loperot area where they are overlain
by Tertiary lavas, and appear on the map as fringing (he Basement System inlier, witly the
central part of their outcrop covered by younger sediments, while 1o the west and south
they are surrounded by rocks of volcanic onigin.  Exposures of the Turkana Grits are O,
the best being near the Basement System inlier, where they consist of more resistant calcareous
rocks, while others oceur along the escarpments, where gullies are carved into the talus of
the retreating scarps. Further complication is caused by faulting and genile folding, and
repetition of beds is not only due 1o successive sediments of similar nature, but is also caused
by strike faulting. As can be expected in a deposit of this nature beds are frequently lens-like,
and variations along the strike distinet, complicating unravelling of the succession which
has to be picced together from widely separated outcrops. 1t is impossible 1o calculate the
thickness of the Turkana Grits in the southern part of their exposure as the base is not seen
and frequent small folds repeat the succession there. An inferred thickness of approximalecly
T00 fr. was calculated for the section east of Lakhapelinyang, luking fauliing into account.

A generalized sequence of the Turkana Grits, with thicknesses which musi be considered
as approximaie, is as follows:—

Thickness
Feer
6. Cross-bedded grinty sandstones and grits, usually yellow or vellowish
red, conglomeratic in pans, with occasional thin laminated and
puckered sandsiones.  Yellowsh and greyish conglomeratic grit
15 the major rock type in the lower 100 1. .. - 260

5. Deep red-brown laminated silts in the north, mainly sandstones in the

south, with whitish and green silis and sandstones with mammalian

remaing - . . . .. . . 40
4. Grreyish buff to yellow silly grits with inierbedded brown sandstones

which are wsually calcareous and sometimes contain ihin yellow

limestone bands. Lowermost part consists mainly of green sills and

mudsiones - . . .. . .. - . 250
A Black, grey, red and green silts and 1lfs with gypsum and trona,

associated with green tufls and fossil tree trunks in the lowermost

parts - - - . . o . .. - = 3
2. Sandstones and some grits, nearly always somewhal calcarcous and
oceasionally interbedded with green wifs associated with gypsum . . 8O

L. Mainly  yellow  impure limestones  and  grilly  limestones  with
mammalian remains, becoming sandy towards the top. A boulder
bed is occasionally encountered at the base - . 50

Total .. .. THo
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The Turkana Grits lie with marked unconformity on the Basement Syslem, wilth Lthe
contact only exposed along the western and southern boundaries of the Basement inlier.
In the north the rocks of the Basement System are much altered and discoloured al the contact,
while in the south they are fresh and very often have a black veneer ai the contact. Small
pockets of the Turkana Grits are found on the Basement System, and in the south the basal
limestones are found deposited in fractures in the Basement System. From the evidence it
is clear that minor fracturing of the Basement System happened just prior to the deposition
of the Turkana Grits, since two pockets of Turkana Grits are found on opposite sides of o
small karst structure which has now been eroded away. Small blocks of Basement Eneisses
are sometimes found in the Turkana Grits, enclosed and incorporated by the basal calcareous
grit jusi as they lay on the surface. Farther north along the Basement inlier the contact is
marked by a boulder bed of rounded Basement rocks and much grit cemented by red or
purplish clay. This gritiv clay is also sometimes found in open fractures in the Basement
rocks. The boulder bed only occurs patchily along the contact, for its place is oflen taken
by a conglomerate consisting of well-rounded grains and pebbles of quartz and occasionally
felspur and garnet, or even by fliner deposits such as calcareous or silicified orits, Mear the
southern extremity of the Basement inlier the contact between the Basement and Turkana
Girits is a fauli-line with numerous small slickensided flags lving on the surface, indicaring
the mature of the contact,

Except in places where conglomerates or boulder beds oceur at the base, the lowest rocks
found in the Turkana Grits are distinctive yellow calcarcous grits or sandstones, or vl
eritly limestones. The amount of gril varies considerably along the sirike and individual
lmestone beds grade into calcareous grits both downwards and upwards. Near the Kalabata
river these beds consist of calcareous sandstones and grits alternating with sandy limestones,
and contain numerous lorloise scutes, crocodile bones and teeth and mammalian remains,
Farther north however the lower 20 fi. consist of yellow calcareous grits with scarce rounded
pebbles, occasional boulders and pockets of grit, grading upwards into thick vellow gritty
limestones, which again grade into calcarcous sandstones at the top. The gritty limestiones
and calcareous grits all have a distinctive yellow colour, but one thin limestone horizon
near the base east of the Kalachir river is a pure almost translucent limestone which contains
numerous tiny and a few larger gastropods and some bones, The weathered surfaces of these
basal rocks reflect the composition in having the typical rough weathered surface of limestone
when fairly pure, but smooth when impure with the sand or grit appearing in bands on the
surface. They normally outcrop as rounded boulders but are sometimes fissile, and break
along sandy layers. The brownish yellow colour is due to ferruginous material which is
secn under the microscope 1o be densely distributed in the calcareous matrix, rarely forming
small globules, whereas in cases where the carbonate has started to crystallize, it forms
aggregates belween arcas of clear crystalline calcite,

The rocks react only slowly to diluted hydrochloric acid, but when crystallization has
taken place reaction is violent. The amount of detrital grains varies considerably, and these
have been derived from the Basement system, and consist of angular to sub-rounded graing
of quarte, microcline, orthoclase, perthite and oligoclase, with a few Nakes of biotite,
muscovile and rarely garnet. The pure organic limestones, specimens LB/356 and 18/360
from three miles south of Lokhone, have very few detrital grains, but are crammed with
shells which are partly destroyed by the crystallization of the carbonate matrix,

The sandstones following on the basal limestones are also calcareous to a certain extent,
and in some beds partial crystallization is reflected by the knobbly weathered surface. They
are usually soft and friable, range from grits to silts, and sometimes contain white caleareoys
nodules. Their provenance is again the underlving metamorphic rocks, with quartz and
felspar forming the main constituents. The fine material of the sandstones is mainly quariz;
other minerals noticed in a panned concentrate are garnet, hornblende, zircon, magnetite,
ilmenite, sphene and apatite. In the upper part of this group some tufls appear, sometimes
associated with thin bands of trona and gypsum, and in the Kalachir river the tuffs contain a
thin ignimbrile band. The ignimbrite is of a light brown colour and is finely but irregularly
banded, and is seen under the microscope to consist of slender laths of labradorite, pools of
analcite and a few grains of magnetite which are oxidized around the edges, in a partly
ferruginous dense granular maltrix containing some antigorite and palagonite,

The tuifs succeeding the sandstone are relatively thin, but are distinctive because of their
bright colours, and are the most useful markers in the Turkana Grits. They crop out between
the Kalachir and Nabar rivers as dense bright red and green horizons containing pockets of
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grey and pitch-black tuffs, They appear further south at the northern extension of the
Namadang group of hills where the volcanic ashes have overwhelmed dryvoxylon sp. trees,
and are also exposed in the channel of the Akhorve river about four and a hall miles north-
north-east of Lojamed hill, AL this latter locality these wuils are the lowest beds exposed, and
at Mamadang they underlic the basaltic lavas which were extruded there. A small basalt
Ao also overlies the tofMs between the Kalachir and Mabar rivers, and these basalis probably
represent the first extrusives of the Tertiary lavas, The tuffs are very fine-grained and appear
under the microscope as finely divided ferruginous material with tiny globules of limonite
and occasional labradorite crystals. The green tuifs, when weathered, form bentonitic clays
which have thixotropic properties. Fresh exposures of these grevish green laminated clays
pceasionally exhibit vellow laminations with yellow slaining and dendritic markings on
bedding planes. Mudcracks and rainprints were noticed in these rocks.

The overlying beds form about three-quarters of the thickness of the Turkana Grits, and
the monotony of the buff and yellow grits and sandstones, which are sometimes conglomeratic,
is only relieved by the appearance of red laminated silts and sandstones. In the north these
lanminated silis are underlain by a hard consolidated light grey clay which contains elongated
pellets along the ill-defined bedding planes. These pellets were tentatively identificd by
Dr. L. 5. B, Leakey as coprolites of fish two or three fieet long, and it is significant that
mammalian remains also ocour in these beds, The red-brown laminated sills are cross-
bedded and very often ripple-marked, with the ripples suggesting fast currents from the
wiesk.

To the south these beds are represented by distinctive dark red lerruginous sandstones.
They are particularly well prmu.cl in the lower reaches of the Akhuryoe river where there
is g distinct increase in grain sive Irom west to east, Both in the m.lllh and :mulll ferruginous
opul and chert were found as cementing media of the detrital grains composing these rocks.
The laminated silis often react violently with diluted hydrochloric acid, and their calcareous
nature is often displayed in the Tormation of cylindrical calcarcous concretions and the
filling in of cracks and fissures by the same material. The grits and sandstones with pockets
of conglomeratic rocks which form the major part of the Turkana Grits are all calcarcous,
and sometimes have thin lavers formed by calcareous concretions. Sorting is normally
fairly good and cross-bedding occurs throughout, butl in many areas no bedding excepl
viigue colour banding was noticed. Just west of the Hagit hills and just north of the Auwerwer
hills a colour sequence begins with red, followed by yellow, 1o bull, purple, red, pink with
red with some whitish coarse gritly layvers at the top. Just above the laminated silts some
clay galls were found in the grits and some of the sandstones also have ferruginous nodules.
A typical succession in the north of the area was measured in the valley north of
Lakhapelinyang:—

Thickness
. Basall Feer
5, Sandstone with gritty base and top becoming gritly 1o pebbly .- 40
4, Yellow grits hecoming coarse al the top - 20
1, Cross-bedded and laminated sandstones, hght—cﬂlnmed and puu..l.-:reu.l 12
2, Green and red grits with conglomeratic lenses . 10
1. Cross-bedded and laminated sandstones, light-coloured and pucl:erﬂl i

Al the contact with the basalts a thin white calcareous layer was often noticed, but in the
north-west 1ulls ocour underlying the basalts. In the escarpment 1o the west of Lomerimong
a bright green tuff is exposed underlying the lava, and in the area to the west of Loakwa
much of the material forming the upper part of the Turkana Grits is composed of brightly
coloured twils,

Microscopically the rocks are all very similar, with detrital grains cemented in a ferruginous
calcite matrix. Caleite is sometimes crystallized in clear veins which enclose detrital grains.
Minerals identified in the grits are mainly quariz and felspar, with some garmnet, homblende,
magnetite, ilmenite, zircon, epidote, hematite, sphene, actinolite and rutile. One peculiarity
noticed in the grits at Lokhopel is the occurrence of irregularly shaped nodules of chert
which have a white outer skin with liny wart-like growths. The microscope shows clear
patches of secondary chalcedony rimmed by bands of limonite and clear calcite in the matrix
of the grit.
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The Turkana Grits are riddled with dykes which normally stand out as ridges above the
surrounding couniry. The dyvkes have been intruded along faulls in the grits, as contrary
dips are frequently observed in the proximity of dykes, and in one case slickensiding in the
grits bordering on a dyke south of Namadang was observed, Recrystallization of the matrix
i the grits is frequently observed in the wall rocks of dykes thereby increasing the resistance
1o crosion, and in rare cases dykes weather more quickly than the country rock leaving a
trench bounded by walls sloping away from the trench (Plate 111, Fig. 1.).

Although the fossils collected during the present survey have not yet been identified, there
can be no doubt that they are similar to 1he deposits described by Fuchs (1939, pp. 223-2310)
and Arambourg (1943, pp. 161-171), and that they are lower Miocene in age.

(2) Tur Terniary BAsaLts (SAMBURL SERIES)

(@) General Disposition and Sequence

On the map the Tertiary Basalis are seen to surround the Turkana Cirits where they overlic
these sediments to the west and the south, and occur as isolated hills or hill groups which are
remnants of Nows, denuded volcanic cones or in some cases large dyke-like bodies extruded
along major faults. The basalts must have covered the whole of the castern part of the area
where the Turkana Grils are now exposed, but 1o the west they disappear under the alluvium
of the piedmont plain. It is thought that the basalt outcrops along the Kalabata and
Lomenyenkoporal rivers are terminated to the west by en echelon faulting, but it is also
clear that the basalts thin out 1o the west, for on the western bank of the Lomenyenkoporat
valley only the lowermost and uppermost of the basalt flows are present, with the pace of
the basalis in beiween twken by a wilaceous bed,

The dominating feature of the basaliic sequence is the increasing alkalinity of the successive
Mows higher in the sequence, so that the lower parts are normal olivine basalts which have
little analcite in their compaosition, but the higher Mows are richer in the analcite COmponenl
and are olivine-analcite basanites. The sequence is terminated al the top by trachybasalts
which have some interstitial potash felspar.

The basaltic lows thicken and increase in number 1o the south-east. for there are at the
mast only five flows in the north (Fig. 2), while at Nakuagale nine horizons were counted.
The basalts and basanites also become distinctly more porphyritlic further south, and it
15 possible that they are not continuous, but represent flows derived from different areas
which interfinger in the Auwerwer and Hadukhungele hills.

The contact between the Turkana Grits and the basalis is only rarcly seen, but just east
of Badatum the grits show a deep red coloration for about two inches below the conlact,
which is sharp. Al the northern foot of the Auwerwer hills there is a patchy development of
a white calcareous layer in the grits immediately below the contact.

The basal basalts are patchily distributed and also vary considerably in appearance from
place to place and are nearly always much aliered. In the Lomenyenkoporat valley for
instance, the basal basalts are porphyritic with augite and/or olivine phenocrysts, while
five miles north of Loperot and at Murvangpei their place is taken by agglomerates. In the
northern Auwerwer hills the lowest lava is a highly weathered grey and reddish dense amyg-
daloidal basalt, but in all other places these basal basalis are absent, and their place is taken
by the lowermost flow of the main basaltic suceession, which is normally a vaguely fissile
basall or, in the case of the Nakuagale succession, by porphyritic olivine basalts. It therefore
appears likely that there is an unconformity between the basal basalts which are localized
in their distribution, and the main group of basalts, and that the basal basalis, which are
usually interbedded with tuffs, represent the initial stages of the Tertiary volcanic period.

Following on the basal basalis in the north there are four fine-grained basalis which are
macroscopically much alike, but they have certain distinguishing features. In the first place,
the lowest of these is slightly fissile, so that the cobbles produced by weathering are smaller
than those of the overlying basalts, while the third flow in this succession usually develops
a finely pitted weathered surface, and sometimes displays a pelleted appearance on freshly
fractured surfaces due to a cumulophyric texture. Other distinguishing macroscopic features
are the presence of tiny phenocrysts of felspar in the lower two flows of this group, while the
third Mow usually contains small phenocrysts of augite or olivine or both. Microscopically
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Fig. 2.— Map showing distribmtion of secccssive basaltic lava flows and intervoleanic sediments north of |operol

however the distinclion lies mainly in increase of the amount of analcite higher in the
sucoession, and il is also seen that an increase in analcite goes hand in hand with an increase
of wdingsite as an alieration product of olivine. The fluxional arrangement of the plagioclase
laths is much more pronounced in the first and third of these Nows than in the second,
where the “trachytoid™ texture is rather vague and there is an increase in the size of the
augile crystals. 1t is on these distinctions that it is inferred that the basalts of the isolated
hills of Lomerimong and Murillim belong to the third fow, although they rest directly on
the Turkana Grits. The uppermost or fourth flow of the sequence is dense dark grey and
always slightly amygdaloidal, and occurs only as small remnanis on the tops of some of the
hills. Microscopically it is casily distinguished in being a trachybasalt or augite melabasalt
which contlains some interstilial potash felspar. This last-named rock also occurs overlying
and separaled from the basal porphyritic basalts by tuffs just west of the Lomenyenkoporat
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river, and it is thought that the other basalts in between never reached as far west, The
melabasalts appear in the extreme north, but further south the fourth Alow is composed of
trachybasalts and appears at the top of the basaltic sequence of the Auwerwer hills, and also
forms a prominent horizon high in the sequence at Nakuagale where the hills are also capped
by trachybasalis. The isolated hill groups of Hagit, the small hills three miles west of the
Hagit hills, as well as the central core of | ojamei hill, are all composed of trachybasalts.
These small isolated occurrences are rather limited in distribotion and lie along faulis siriking
in o north-westerly direction.  The trachybasalt flows must have been much more extensive
in the past and it is clear that they thicken to the south-¢ast.

The most useful marker in the basaltic sequence in the north of the arca is either a thin
magnesian limestone or o gritty willaceous bed which separates the second and third basaltic
fNows in the main sequence and occurs some 200 1. from the base of the basalis. A brownish
red tuffaceous horizon also separates the third flow from the trachybasalt just west of
kamuthia water-hole and ot Auwerwer. The succession at Lokhopel is as follows . —

Thicknesy
Feer

4, Olivine basanitoid basalt with distinet comulophyric texiure k(]

3, White magnesian limeslone—wvery prominent here. . . 30

<l

. Olivine basalts with tiny plagioclase phenocrysts S 200

I. Turkana Grits.

Where the full thickness of band 4 is seen, it can be measured 1o be nearly 100 ft, thick and
is followed by the trachybasalls of which no thickness can be measured north of Loperot.
The interbedded sedimenis and tuffs can be followed from Lokhopel to the south, and at the
north Auwerwer hills they also occur 200 fi. above the base of the basalts, but they were not
seen in the Hadukhungele hills, In the southern part of these hills however a thick tuffaceous
bed appears about 150 1, from the base of the basalts and it is thought that it represents the
southern extension of the interbedded sediments, 1L must also be mentioned that south
of the present area a 50 ft. thick agglomerate appears still lower in the basaltic sequence of
Marua-are hill, four miles south of the main Lokhoriokhot hills. No wifaceous beds were
seen in the sequence al Nakuagale, and it therefore seems as il these deposits were laid
down inoa restricted lenticular basin stretching from Auwerwer i the south nearly to the
northern boundary of the area.

The full sequence in the northern Auwerwer scarp is as follows:—

Thivkwess
J.
6. Gireyish green phonolite . o . . . ]
5. Prominent trachybasalt horigon .. . . . 100

4. Dense amygdaloidal basanitoid basalt with occasional
greenish tuffaceous lenses, underlain by vitrophyric basalt
which shows columpar jointing and thing out to the north 140

3. Whitle fossiliferous magnesian limestones, r-:lrll:. recrystal-
lized in veins and patches . o . . 40

Eﬁ-.?

Fissile and dense olivine basalts vaguely folded in the lower
parts and underlain by the basal grr:u and reddish umug-
daloidal basalts . 2o

1. Turkana Grits,
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The volcanic rocks farther south and enst dilfer from the Auwerwer lavas mentioned above
in being nearly all porphyritic, but a1 Nakuagale trachybasalis appear twice in the succession
and it is likely that the lower of these can be correlated with the trachybasalts of Auwerwer.,
At Nakuagale the sequence is:—

Thvick ness
Fr.
5. Grey trachybasalis with felspar phenocrysts. . ) : (1]
4. Olivine-analcite basanites which include a thin porphyritic

olivine basinile and become amygdaloidal al the base. . 150
1. Fine-grained trachybasalis with folded Now-lines in places,

amygdaloidal in the lower parts and forms the most

prominent horizon on the sicep slopes .. . . 104
2. Porphyritic olivine basalts which become basanitoid higher

in e sequence - .. . .. L. .
1. Turkana Grits.

530

The lower part of the Nakuagale sequence also appears in the basaltic succession al
Kabruriongor and in ihe south-casiern comer of the area.

by Peirography and Petrology

The basalts are usually very fine-grained, dark grey, browmish black to black in colour,
and weather (o dark brown, brown or vellowish brown rounded boulders and cobbles.
Rarcly an indistinct fissility is noticeable in certain localities, especially at the base of the
flows. The weathered surfaces are usually smooth and frequently display the fine crystalline
characier of the rocks. Sometimes weathered surfaces are finely pitted and small phenocrysis
are secn in most of the basalis,  Some of the basalts are spotted due 1o cumulophyric texture
anmd banding is only rarely encountered. Porphyritic basalis are more common in the southern
part of the area than in the north and phenocrysts of the dark constituwents predominate,
Amygdaloidal basalis are frequently encountered but agglomeratic and vesicular types are
rare, The petrographical characters of the basalts conform closely with those of the basalls
of the Samburu Series (Shackleton, 1946, p. 30 and the Simbara Series (Shackleton. 1945,
pp. 16-17), which have been considered 1o be of Miocene age, and the Kijabe type described
by Shand (1937, pp. 265-267). Champion collected similar rocks in the Loperot area and
surrounding country and these were described by Campbell Smith (1938, p. 527).

A total of 138 thin sections of basalts were examined. Most of them, especially in the
northern parts of the arca where they are fine-grained, have a distinct trachytoid texiure
imparted by Muxionally arranged plagioclase kaths which lie in sheaves around clusiers of dark
minerals, When augite and/or olivine occur as phenocrysts the Now structure is formed
around them, the larger felspar laths occasionally being bent. Some of the basalts
are extremcly line-grained and the ilmenite is seen 1o form Lhe largesi crystals,

The plagiockase is usually labradorite but acid bytownite is also commonly encountered.
Microphenocrysis of plagioclase are distinctly roned and have cores of acid labradorite,
Frequently there are two generations of plagioclase; one which forms the normal acicular
laths and the other interstitially as plates in which twinning i not so pronounced as in the
laths. Usually plagioclase crystals are clear, but occasionally the microphenocrysts contain
small inclusions of other minerals in lincar arrangement, and in weathered rocks the plagio-
clase s altered to a yellow granular isotropic mass or partly replaced by cakite or analcite.

Augite is most commonly of a titaniferous variety and is sometimes distinetly pleochroic
in deeply coloured crysials. Colourless or light brown augite is only infrequently seen while
greenish yvellow augite occurs rarely in the basanitic types. Augite usually forms clusters with
other dark minerals, but with an increase in the sive of crysials it has a sub-ophitic relation-
ship with the felspar laths or forms small microphenocrysts. Augite microphenocrysts are
usually clear, but are oficn zoned with the crystal edges more deeply coloured than the
cores of the crystals, and sometimes they enclose small grains of olivine and felspar. When
augite microphenocrysts oocur the rock is somewhat impoverished in that constiluent in the
fine-grained clusters of dark minerals of the second gencration. Hour-glass structure in the
augite microphenocrysts is occasionally scen, and alteration produces a green edge to crystals
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with fine ferruginous granules in the altered rim, Some zoned augite phenocrysts also have
granules of iron ore in the outer zone. Macrophenocrysts of augite are not as convmon as
those of olivine, but when they do occur they are prominent on the weathered surfuces.

The olivine of the basalis is variable in amount, and is only rarely absent. It usually occurs
with other dark minerals in line-grained clusters and ofien forms phenocrysis together wiih
augite microphenocrysts. Fxceptionally, as in the southern Hadukhungele hills, olivine and
plagioclase form microphenocrysts, and in specimen 18/181 from the MNakuagale hills olivine
forms the only phenocrysts present. Olivines are wswally equidimensional and somewhat
rounded, and in the second generation are commonly smaller than the augiles. As can be
expecied, olivine is the first mineral to show alieration around the peripheries of crystals,
Antigorite is the most common alieration product, and frequently altered olivine grains
consist of cores of iddingsite rimmed by antigorite. Iddingsite was found to be more
prominent in the basanitic types than in the normal olivine basalis, and in highly weathereed
basalts bowlingite, hematite, carbonates and opal are found as alteration products of olivine,

The iron ore, thought to be mainly ilmenite, is usually present as subhedral, rarely euhedral
or anhedral crystals, which either occur evenly scatlered throughout the rock in clusters with
other dark minerals, or as cumulophyric aggregates. Specimen 18152 collected in the low
hills three miles south of Lokhopel hill, is very fine-grained and here the iron ore forms the
largest crystals,

Biotite is very infrequently found in much aliered basalts, and is thought 1o be secondary,
while apatite occurs sometimes as small prisms in association with the clusters of dark
minerals,

The matnx 15 usually analcite, 2 mineral which is also highly variable in amount, but
which increases upwards in the succession. It is usually clear bul also shows a faint vellow
staining in some thin sections and is infrequently dense with minute inclusions, In allered
basalts pools of analcite are formed, but small sotropic crystals found in one thin section
were thought to be analcite, and in the altered basalt (specimen 18/202) from four miles
south of Loperod, analcite can be scen replacing plagioclase, Higher in the basaltic serics,
potash felspar enters the composition of 1he basalts and occurs interstitially i small amounis
associated with analeile, The rocks containing potash felspar are described below, Glass
forms the base in the lowermost basalis in the north of the arca where it is seen to alter 1o
palagomie, while zeolite occurs in the base in altered basanites.

Amygdales, although frequently formed, are usually small and inconspicuous. They are
seen in thin section as irregularly shaped pools of reolite, and when they become larger in
size they are sometimes cored by caleite. In a specimen from the low hills three miles soulh
ol Lokhopel, amygdales are formed by soft powdery greenish serpentine. The banding of
specimen 18/214 from Aluaran is seen as bands or lines where the rock is finer-grained with a
relative increase of the amount of analcite.

Minor variations in petrographical character are numerous, bul some of the variations
cun be related 10 the succession as deseribed before, One peculiar type of basalt, specimen
I18/183 from seven miles west-soulh-west of Lojamei hill, is very dark, with much augite
which lorms a line-grained mesh containing needles and zoned microphenocrysts of bytow-
nite, olivines of varying sizes, all bordered by granules of iron ore, Larger prisms of titaniferous
augite as well as enhedra of ilmemie.

The vesicrlar basalt (specimen 18/190) collected at Kangerega has large and small vesicles,
some of which are filled by white finely granular material, and is seen under the PTG oS00 P
to consist mainly of plagioclase needles of random orientation, small vellowish augite prisms,
much ilmemte and ddingsite (73 in a matrix of glass and analcite, with the glass conlaining
many minute inclusions concentrated in spots. A similar rock is the vitrophyric basalt
(specimen 18/191) which forms a distinctive grey Now with well-developed columnar jointing
on the north-castern slope of the Auwerwer hills. The rock is dense brownish black with
numerous black and greenish phenocrysts, and in this section is seen (o contain numerous
laths of bytownite and small crystals of augite, a few phenocrysts of augite and partly altered
olivine as well as small angular crystals of iron ore in a dense brown plassy base conlaining
numerons microlifes.
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Agglomerates are rare, bul are occasionally found at the base of the basaliic series. These
are dense purplish or reddish brown in colour, with lava fragments containing some black
phenocrysts, some of the fragments being vesicular. Under the microscope the dense matrix
of the lava is seen to consist of analcite with a multitude of black granular inclusions and
needles of plagioclase. The irregularly shaped amygdales usunlly consist entirely of calcite.

One of the small cones in the north-eastern corner of the area is composed of an ofivine-free
basalr. In this rock (specimen 18/216) augite forms the main constituent and occurs in crysials
varying greatly in size. The faintly purplish augite crystals are distinctly zoned and commonly
twinned, and have a fairly low birefringence. Hmenite subhedra are scatiered throughout the
rock, usually associated with the augite, while plagioclase, here determined us bytownite,
occurs mostly as laths but also as occasional large zoned ‘plates.

The basalts of Lungumur differ from other basalis in the Loperot area in being of a much
lighter grey colour. They are even-grained with occasional large avgite phenocrysis evenly
scatiered throughout the rock. These basalts weather to a dark brown colour, but in highly
altered specimens they take on a greenish tinge with copious formation of zeolites. Augite
occurs as slightly titaniferous stout euhedral prisms, while olivine is present as small micro-
phenocrysts which are bordered by alteration rims or completely serpentinized in weathered
specimens. Plagioclase forms fairly large labradorite laths and is altered 1o a white amorphous
material or replaced by zeolite in weathered specimens. Concentrated with the dark minerals
are subhedral 1o anhedral ilmenite grains and occasional small prisms of apatite. Small
flakes of biotite also occur in the matrix, which consists mainly of analcite with line plagio-
clase crystals, The matrix is often dense with brownish inclusions, while zeolite occurs
interstitially as fibres or as irregular paiches replacing the felspars and increases in amount in
weathered specimens. Anakite and calcite sometimes form large clear pools in altered
specimens.

Occasionally at the top of the basaltic sequence in the north there are smill patches of
melabasalts, but these rocks, although their occurrences are widespread, did not form exten-
sive flows. They mainly occur as small-denuded cones, such as the two in the north-eastern
corner of the arca, at Namadang, the two small hills just north of Lokhoriokhot, the cones
in the Basement System west of Gochodin and several just south of the southern boundary of
the arca. These melabasalts were most probably extruded Just after the extensive basaltic
and basanitic flows for they overlie these just north of the present area, and in agreement with
the increasing alkalinity in the basaltic series they always contain some potash felspar in the
matrix. Plagioclase s usually a minor constituent and in some cases it 15 entirely absent.
The rocks are dark grey with a microcrystalline matrix containing phenocrysts of olivine and
augite and have black weathered surfaces on which the augite phenocrysts appear promin-
ently. In thin section the augite phenocrysis are alwa vs zoned with brown or greenish yellow
cores and darker coloured borders which are sometimes titaniferous and contain small
granules of ilmenite. Olivine phenocrysts are large and usually fringed by serpentine with
iron ore, Other alteration products of olivine also occur, but olivine is usually not as much
aliered as in the normal basalts. The mairix consisis of fine crystals of augite, olivine, magne-
tlite and sometimes some laths of labradorite with a little interstitial analcite and some potash
felspar. Well-developed cumulophyric texture is apparent in the melabasali (specimen 18/218)
which forms the small cone five miles cast of Lakhapelinyang, and crystals in the matrix are
finer-grained in narrow zones bordering on the phenocrysts. Zeolite is somelimes also
present, while in specimen 18/289 from one of the basalts of southern Namadang, a small
patch of glassy interstitial material was seen. A little biotite infrequently appears as small
ragged secondary flakes and calcite is sometimes present in small amounts in the base.

The thin section of specimen 26/1049 from a small melabasalt cone south of the present
arca and about four miles south of the main Lokhoriokhot hills includes a large rounded
grain of quanz. The quartz was probably derived from the Basement System, through which
the basalt was extruded. The quartz is being resorbed by the basalt and is surrounded by a
reaction rim of fine prisms of negirine-augite, and in another part of the thin section a circular
structure of acgirine-augite indicates complete absorption of another grain of quartz.

The trachybasalis following or interbedded with the uppermost basaltic flows form hard
conspicuous black horizons. The rocks are greyish black, finely crystalline, occasionally with
cither small felspar or small augite and olivine nocrysts, The rocks weather (o various
shades of brown, but the uppermost trachybasalt on MNakuagale hill resembles a phonolite
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with a greyish green colour and felspar phenocrysts. It even weathers like a phonolite in
having a light grey weathered skin, In the field it was taken to be 3 phonolite, but even after
staining no nepheline was found in the thin section.

The main dark constituent of the trachybasalts is pale greenish augite which occurs very
much in the same way as in the basalts, but the crystals are usually smaller. The titaniferous
variely of augite is rare, and although stout euhedral prisms do oceur, the augile crysials
are usually rather ragged. Augite is nearly always aggregated with ilmenite in patches, with
the ilmenite crystals varving greatly in size. Olivine oceurs in ageregates of small equi-
dimensional grains, while a little brown hornblende appears in most of the rocks as subhedral
prisms. In specimen 16/213 from Nakuagale, hornblende is surrounded by thick rims consis-
ting of globules of iron ore. Biotite appears in some of the rocks, while two fairly large
patches of a dense brownish black mineral {cossyrite ) surrounded by and enclosing augite
occur in the thin section of specimen 18/258 from Nakuagale, The plagioclase, determined
as acul labradorite and in some cases andesine, oceurs in varying amounts and small laths,
sometimes in sub-ophitic relationship with augite, or as la rger zoned plates in the matrix. The
Matrix in some cases is mainly analcite with a little potash felspar, but when the potash
felspar, thought to be orthoclase, increases in amount, the amounts of analcile and plagioclase
present decrease accordingly, The potash felspar is usually somewhat altered and is inter-
stitial, but sometimes also occurs as simply twinned fairly large laths. Zeolite sometimes
forms part of the base and can usually be distinguished by a pale brownish colour in ordinary
hight. Calcite only appears in small amounts and sometimes occurs with zeolites in amyedales,
Alteration of the trachybasalts also produces serpentine and chlorite, which are prominent
in some sections as interstitial dense patches, while iddingsite and bowlingite are only rarely
cncountered. Some specimens collected in the small hills three miles wesl of Hagit (18/255),
and on the small hill just east of Nakuagale (18/256), require special mention, They are similar
o the trachybasalts, but contain no olivine. The lelspars are seen 1o grade into isOLropic
analcite in places in specimen 18,255, while orthoclase forms large tabular plates in the other
rock. Although these rocks were stained no nepheline was observed, and if it were present
originally it has now been analeitized and zeolitized. Specimen 18/256 also contains a small
amount of aegirine as small prismatic crystals,

Only two specimens collected in the area proved to be true mugearites, one collected on
the top of Lakhapelinvang, and the other forming an isolated hill three miles north of Lojamei
hill. Microscopically they are essentially the same as the trachybasalts, but the plagioclase
present was determined as oligoclase. Specimen 18/269 from the Lojamei area has fairly
large simply twinned plates of plagioclase, some of which have cores of 4 more basic composi-
tion and rimmed anti-perthitic borders. This rock also contains a small amount of
acgirme-augite,

() Correlation and Age

The Tertiary basalts of the Loperot area are the southern extensions of those of the Lake
Rudolf basin (Arambourg, 1935; Fuchs, 1939, pp. 230-246), overlying sediments of Lower
Miocene age, and they are represented south of the present area by the “Lower Volcanic
Series” of Mason and Gibson (1957, pp. 25-26). Arambourg (1933a, p. 25) compares the
basalis of Lake Rudolf with the lower Laikipian basalis and Bosunites, and states that the
basalts, phonolitic trachytes and phonolites there correspond in their unity to the Miocene
period. The basalts of the Loperot area can also be correlated with the Sambury Series
(Shackleton, 1946, pp. 29-31) and the Simbara Series (Shackleton, 1945, pp. 9-11} on
petrological grounds. Thus there can hardly be any doubt that the onset of the eruptions
oceurred during the lower Miocene and that the basaltic lavas of the Laperot area represent
the initial stages of the volcanic history of the Rift Valley in this area.

(3) THE Tewtiary Dyvkis

Numerous dykes are intruded into the Turkana Grils and they increase in number and
size to the cast, so that the Miocene sediments along the eastern boundary of the area are
intensely dissected by dykes of all sizes striking in all directions. All the dykes could not be
shown on the map for they are far too numerous in places, and many of them are too small,
OF exposures are loo fragmentary, especially in areas covered by Pleistocene deposits.

The larger dykes are usually prominent topographically, but occasionally a dvke is softer
than the recrystallized country rock and its position is marked by a trench along the strike
(Plate 11, {(a)). Recrystallization of the Turkana Grits is fairly common in the immediate
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vicinity of dyvkes, and joinls are common along and parallel 1o the contacts of dykes. The
dykes generally occupy faults and fractures in the Turkana Grits, and occasionally slicken-
siding in the Turkana Grits occurs al or near their contacts, Posthumous movement along
such Taults resulted in the shearing of the dyke rock which takes on a pronounced cleaved
appearance, or faulting after intrusion of dykes is. indicated by displacement along the
sirike (Plate 11, (00, All dykes show strong jointing parallel to their walls, as well as fecbly
developed joints perpendicular to their strike, Although dykes sirike in all possible directions,
there are three '|'2'I'i|'lli.:i1‘-"rl| trends—woest-north-west, north-north-cost and east-west., The
dykes of west-north-westerly trend are usually of an alkaline character, and if the sequence in
the lavas is considered, it scems to indicate that fractures in this direction were formed after
fractures of north-north-castecly  trend,

The dyke rocks resemble the basalts, basanitic hasalis and trachybasalts both macrosco-
pically and microscopically, and they are undoubtedly the channels through which the hasalts
were erupted, All the variations found in the basalts appear in the dyvke rocks which have
the same mineralogical and petrographical characters.

There are some varielies, however, for which no counterparts exist amongst the basaltic
lavas. Specimen 18272 collected two miles east-nor h-east of Lojamer for mstance, 15 a
typical example of basalt, but contains in addition to the usual minerals numerous small
fiakes of biotite while the prismatic brown amphibole in the mugeanite (specimens 18280
and 18/281), collectecd from the prominent dyke cast of Lojamei hill, was delermined as
barkevikite. Quartz occurs in two of the basaltic dykes: in specimen 187249, a dyke six miles
north-cast of Lakhapelinyang, small xenoliths of quartz occur surrounded by resction rims
of fine-grained aegirine-augite, and are similar 1o the guartz found in the basalls of the small
cones in the south of the area, Quartz also appears in a dyke (specimen 18/242) two and a
half miles south of Namadang as small irregularly shaped poaols or veins separated from the
rest of the rock by calcite containing much finely divided limonite. The rock itself is reddish
brown, aphanitic, and has a cleaved appearance, and is thoughl to have resulted from
posthumous faulling along the fracture into which the dyke was intruded.

Nephelinites and olivine nephelinites occur at Kaureta Authrui and Gautere just north
and north-cast of the present arca {Campbell Smith, 1938, pp. 533-534 and 546-547), and
these rock types are represented by two olivine nephelinite dykes in the north-castern part
of the present area, One of these forms a prominent dyke abouwt four miles north-north-west
of Lokhone hill (specimen 18/220) while the other (specimen 18/222) is a small dyke two and a
half miles south-west of Lokbone hill. They are similar in nearly all respects 1o the porphyritic
basalis, but contain large and small interstitial patches of nepheline and some analeile mstead
of felspar. Hornblende is present s brown sublhedral phenocrysts, while biotile appears as
rare small Mukes. Augilte occurs both as phenocrysis and as fine prisms in the groundmass,
which also contains some small prisms of aegirine-augitc in specimen 187222, Only small
remnants of olivine remain, nearly all olivine having been altered to serpentine and some
iddingsite, while ilmenite occurs as occasional fairly large crystals or small grains scallered in
the matrix,

(4} INTERVOLCANIC LIMESTONES AND Grivry Tuorrs

Fuchs (1939, pp. 245 and 270-272) described magnesian limestones collected by Champion
to be interbedded and seemingly concordant with the volcanic rocks. Partial analyses of
iwo samples were given, and Fuchs enumerates the reasons for considering the limestiones
to be of primary origin, the magnesia having been derived Mrom thermal springs. Champion
(Smith 1938, pp. 514-515 and 530) referred to the mter-voleanic magnesian limestones al
Kaurcta Authrui, and mentioned that the relation of the limestones 1o the inter-basaltic
deposits of upper Miccene ape discovered by Arambourg is obscure.

Lokhopel hill is a prominent point that can be seen from several parts of the area miles
away, and is especially distinctive in having a A0-1. thick laver of magnesian limestone 30 i
below the summit. This magnesian limestone 15 a consistent marker between the second and
third basaltic flows in the north-castern part of the area. In the extreme north of the arca
it i seen ns a 6=f1. laver about four miles west of Loakwa, and here another poorly exposed
thin limestone appears a few feet higher with the two layers separated by a thin basalt.
The limestone here is porcellancous and has small vugs and irregular veinlets of while matenial
which efervesces with dilute hydrochloric acid. Under the microscope the rock appears as
finely divided calcareous matter, sometimes forming small dense globular bodies of which



37

the cores are somewhat recrystallized. Another specimen collected about three miles north of
Loakwa is massive and greenish bufl in colour and has fine yellow spots and dendritic
markings. The microscope reveals very dense calcarcous matter with tiny black veins and
rounded vellow ferruginous spots. At Lokhopel the magnesian limestone is white to bufl
in colour, heavy, hard and dense with occasional yellowish blobs, but on the hill about
four miles norh-west of Lokhopel the limestone 15 interbedded with gypsum which forms
bands of recrystallized fibers alternating with cellular gypsum containing some greenish clay
interbedded in the “cells™. The limestone here is also impure and has a nodul arappearance.
The thickness ol the limestone varics considerably, and al Badatum it is a0 thin that it was
only found by searching the scree on the sides of the hill, but it again thickens farther south.
Banding is normally absent but secondary banding was noticed in the scarp west of Lomer-
imong as (hin recrystallized layers, and south of Badatum as faint iron-stained bands,
Specimen 18/312 collected five miles north of Loperol 15 an exception in being completely
recrystallized and has small spols formed by aggregates of ferruginous or manganiferous
granukes. Here, in the area west of Kamuthia, the hmestone becomes very impure and the
dusty calcarcous matrix contains numerous angular grains ol quartz, felspar, amphiboles.
pyroxenes and small altered Aakes of biotite. To the south-west the place of the limestone is
tnken by fine-grained green (uilfaceous and calcareous grits. South of Loperot grits and
cakareous sediments reappear contammmg thin red siliy lenses, while atl the eastern fool of
Lorukia hill a down-Taulted 5 fi. thick limesione is exposed contaiming numerous gasiropods
similar 1o those found in-the limestones near the base of the Turkana Grits. The most
southerly of the magnesian limestones oceurs in the northern flank of the Auwerwer hills,
where it also contains some gastropods as well as plant remains. The limestone here s also
40 M. thick and mwo types of magnesian himestone are present. One is chalky white, partly
recrystallized 10 bufl porcellancous limestone, and has fine veinleis and small paiches of
recrystallized caleite. The other is bulf in colour and linely recrystallized with a vague con-
choidal fracture and contains liny organic remains, clay pellets and a few angular grains of
quartz and felspar.

The sediments described above all appear al the same stratigraphic position between the
second and third basaltic flows, and in the southern Hadukhungele hills (here s o 50 ft.
bed of yellowish tulfaceous material which occurs about 150 ft. above the base of the basalts,

From the above it is clear that the limestone is of organic origin and was deposited during
a guicscent period marked by phases of luviatile deposition and local voleanic activity, The
origin of the erystalline limestone on the castern side of Hagit hill, however, is not so clear,
for it forms a dyke-like body of coarsely erystalline white limestone which effervesces lreely
wilh dilute hydrochlonc acid. A vague banding on the weathered surface and linearily of the
calcite crystals forming the mosaic in thin section are noticeable. There are tiny holes in the
rock which are elongated parallel to the long axes of the calcite erystals and along these lines
of holes, and also to a lesser extent in the matrix, there are small ageregates of dense malerial.
Fuchs (1934, p. 106; 1939, p. 272) found similar dykes north of the present area, but one of
these is composed entirely of sconaceous cale-tufa, and is also thought 10 represent precipi-
tates from thermal waters,

i5) Pearear Poosouimes (Losiono. Paosolimes)

The phonolites capping the basaltic sequence in the area appear as thin remnants on the
Avwerwer and Hadukhungele hills. They must have been much more extensive at the close
of 1he Micocene as numerous boulders, cobbles and pebbles of phonolites of this type ligure
prominently in the boulder beds on the end-Tertiary peneplain and in the pebble sheets of
Pleistocene age. In several localitics it is impossible 1o determine the true character of the
underlying rocks as they are completely blanketed by the boulders on the surface. The
phonolites are somewhat fissile with the typical platy jointing, and usually have a greenish
wrey aphanitic matrix containing occasional small anorthoclase phenocrysts, Typically they
have a grey weathered skin with a light brown fincly pitted surface,

Under the microscope they are seen 1o consist of microphenocrysts of anorthoclase and
rare turbid stout prisms of nepheline in a dark base of mossy acgirine and cossyrite, clearer
arcas of alkali felspars, minute nephelines and analcite, Analcite often forms clear palches,
with or withow! some zeolite, usually surrounded by rims of aegirine. Nepheline is oflen
replaced by librous zeolite around the edges of crystals or becomes dense by alieration.
Calcite and antigorite sometimes occur in small amounts as secondary products. The thin
sections examined are very similar and only differ in the amount of nepheline present.
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Smith (1938, pp. 522 and 535) described similar phonolites which Champion collected
farther south and in the Rift Valley 1o the north-east of the present area. Allhough they
contain no soda-amphiboles, he referred them 1o the Kenya type of phonolite because they
contain small nephelines surrounded by aegirine. Mason and Gibson (1957, p. 26) showed
that the phonolites are much more extensive in the area 1o the south, and included intrusive
syenitic rocks with them; similar intrusives are referred 1o as micro-foyaites in the present
arca. They correlated the phonolites of the area 10 the south with the Losiolo Phonolites of
Shackleton (1946, p. 34), and it seems possible that the phonolites of the present area
represent the north-western extension of the plateau phonolites found on the eastern side of
the Rift Valley in the Maralal area.

Shackleton (1945, 1able facing p. 6) dates the Losiolo Phonolites as upper Miocene, and
in the present area this age is accepted in the absence of new evidence. Unfortunately the
relationship between the phonolites and phonolitic trachytes described below cannot be
ascertained in the present area, for they are never found in contact with one another. It is
thought however that the trachytes followed on the phonolites and were in turn succeeded by
the microfoyaites.

(6) PrHoNOLMIC TracHYTES

Phonolitic trachytes appear in the south-castern comer of the area just south of the
Lokhoriokhot hills, and form a collar around the micro-foyaite of the core of Kakhapit hill.
South of Lokwamuthing and cast of Marua-are hill in the Kalossia area to the south they
anc ﬂ].!-ﬂ MWMEToL.

South of Lokhoriokhot they appear as poorly exposed reddish outcrops which are covered
by boulder beds on the end-Tertiary peneplain, and they may be much more exiensive than
15 indicated by the map. Although several specimens of trachyte were collected in the area
to the south, not much time could be spent in deciphering the geology there, but it is certain
that they overlie the Samburu Basalts and in places appear to have been intruded into the
basaltic succession resulting in doming of the overlying basalts. Several dyke-like bodies of
phonolitic trachyte also oocur on the north-eastern fanks of Marua-are hill.

Smith (1938, pp. 521-522) described similar rocks collected by Champion in northern
Turkany, and used the term, conformed with in this report, in the sense employed by Rosen-
busch, The mineral assemblages vary from one outcrop to another, and aboul two miles
south of Lokwamuthing there are two types of trachytes, one overlying the other. They are
found grading into trachytoid phonolites, and Smith (op. cir., p. 521) mentions the discovery
by Sikes of a trachytoid phonolite dyke north of Lodwar. From the phonolitic trachyte
occurrence at Kakhapit hill, which surrounds the central core of micro-fovaile, it is certain
that the phonolitic trachytes preceded the micro-fovaites.

Platy flow-structure is prominent in nearly all the exposures of phonolitic trachytes, and
it is quite usual in small bodies 1o observe the fissility dipping at steep angles. The oulerops
are often much fractured, and jointing is well-developed producing rectangular flags with
distinctive Liescgang rings. The rocks are light grey, brown or greenish grey in colour and
fissile surfaces nearly always shimmer in reflected light. Sparse large felspar phenocrysis
and small dark necedles are usually present in a micro-crystalline matrix and sometimes
amygdales or vesicles have developed. Weathered surfaces are usually just a shade darker
than the rocks themselves, but darker specimens sometimes weather nearly black on the
outside. These surfaces are rough or finely pilted and sometimes display tiny square holes,
probably resulting from the solution of nepheline.

Fluxional textures are usually well-developed, but in rare cases rachytic arrangement of
the mincrals is not perfect, and in specimens 18/294 and 26/1034 from one mile south of
Lokhoriokhot and two miles south of Lokwamuthing respectively, felspar is seen to form
occasional spherulites. Anorthoclase forms fresh, zoned and simply twinned phenocrysis,
and also occurs as slender laths in the matrix. Oligoclase is sometimes present as needles or as
sheaves of needles, and occasionally forms fairly large laths which alter along the cleavages
o a dense isotropic material. Aegirine is the most common dark mineral and occurs as
small prisms with ragged ends, or as mossy crystals enclosing small nepheline and felspar
idiomorphs. Kataphorite is usually present in small amounts, but in specimen 26/1037
collected one and a half miles south of Lokwamuthing, kataphorite is the major dark
constituent. Aegirine-augite and tufls of cossyrite occur fairly frequently, bul are sometimes
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absent. Iron ore forms shards or fine grains concentrated in rounded patches, while in highly
altered specimens hematite and even limonite figure prominently. Nepheline forms distinclive
six-sided or square sections usually much or completely analcitized or zeolitized, and is
nearly always enclosed by aegirine. Small amounts of calkcite, serpentine and in one rock
opal surrounded by dense rims of fine ferruginous globules, form minor secondary products.
Specimen 18/298 from one mile south of Lokhoriokhot contains a small patch of interstitial
glass, while analcite sometimes forms clear rounded patches, and zeolite and sometimes
calcite occur in the infrequent amygdales.

The trachyles of Kakhapit are different and seem to represent a stage between Lhe phonolitic
trachytes and the trachybasalis. In hand specimen these rocks resemble the micro-foyaites,
but they contain small phenocrysts of felspar which often occur in small clusters, Augite as
small pale brown, often iwinned, euhedral crystals, is the main dark mineral, and also forms a
fair proportion of the fine-grained dark minerals in the matrix where the crystals are some-
times rimmed by acgirine. Both anorihoclase and oligoclase are present as phenocrysis
which occur as somewhal alered Wdiomorphs in clusters, and in specimen 18285 ihe
phenocrysts were determined as zoned oligoclase-andesine with fine twinning lamellag and
undulatory extinction. Serpentine forms rounded blobs surrounded by iron ore and is
somelimes assoctaled with calcite and iddingsite, and s taken to represent the alteration
products of olivine which has now disappeared completely, Magnetite, as fairly large sub-
hedra, occurs associated with the angite phenocrysts, or Torms small grains in the matrix,
Biotite and acgirine are sparsely distributed amongsit the fine-grained minerals of the matrix,
andd apatite, not noticed in the other phonolitic trachyles, appears fairly frequently and is
plentiful in specimen 18/287. MNephelines are completely altered and replaced by occasional
dense isotropic squares, while a little interstitial analcite occurs in specimen 18285, Specimens
18,292 and 18/293 from Kakhapit represent trachytic tuffs which are brightly coloured in
red, yellow, green, oflen spolted and streaky. Agglomeralic lacies are Mrequent and contain
pelleis and pebbles varying in size from fine grit to half an inch across. Under the microscope
these rocks are scen (o consist of dense, drusy, sometimes globular, ferruginous matrices
containing altered lelspars, vellow pellets and in clearer patches felspar needles in rosetles,

A breccia (specimen 18/374) produced by faulting of trachyle, was collected one mile south
of Lokhonokhol, This rock contains angular chips varying greatly in size cemented by
hard yellow and brown greasy-looking material. Under the microscope the chips are seen (o
be composed of trachyte, and are angular insels in a globular iron-stained isotropic matrix
(R.L. < Canada balsam) with finely banded opal and some hematite.

The phonolitic trachyles are intruded into the Samburu Basalts of lower Miocene age
and are overlain by boulder beds on the end-Tertiary peneplain, and their intrusion must
therefore have occurred during the upper Miocene or Phiocene,

(7)) MICRO-FOYAITES

In the same arca as the phonolitic trachytes there are severnl prominent steep-sided conical
hills and sharp ridges composed of micro-foyaites. The micro-fovailes, although texturally
phonolites, probably never reached the surface and were intruded into the Samburu Basalts
and the Basement System. They form the prominent peaks of Morutena, Kakhapit, the hill-
group of Lokhoriokhot and, south of latitude 2°, Kolong hill as well as capping the highest
peaks of Marua-are and Lurutum there. These rocks do not always form topographically
prominent features and several of these intrusions although occurring at lower elevations
than the basalts, were mapped by Mason and Gibson (1957) as part n?lhe phonolitic lavas.
Mason and Gibson (op. cif., p. 28) describe a micro-fovaite in the north-eastern part of their
arca and show it on the map as cutting Basement System only, while in actual fagt several of
these dykes are intruded into the Samburu Basalts and phonolitic trachyies south and south-
west of Lokwamuthing. The elevation of 4,470 ft. above sea-level on the micro-foyaite occur-
rence on the highest peak of Lurutum ridge gives an idea of the elevation of the country
towards the close of the Miocene and shows the amount of rock removed since that time,
The micro-foyaite here is responsible for the preservation of the peak and forms a narrow
dyke which strikes north-north-cast and occasionally swells in width to form small sharp
hills along its sirike.

The largest intrusion of micro-foyaite forms the hill group of Lokhoriokhot which consists
of a main group ol three peaks and a steep isolated hill one mile to the south, The easterly
peak is the most prominent, the central peak is formed by the most extensive intrusion, while
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the westerly intrusion forms a ridge which parallels the strike of the north-north-casterly
striking fault there, In the east the micro-foyaites of Lokhoriokhot overlie analcite-olivine
basalts and in the west the Basement System, while on the north-eastern side the micro-
foyaites are underlain by pale grey grits. Grits are also exposed in the river channel on the
southern side of the main Lokhoriokhet hills. Here the pale grey grits are 50 fi. thick and have
violet-coloured bands. Cobbles and pebbles derived from Basement System rocks are not
uncommon but small nodules of ferricrete, obviously derived from some other deposit, are
very numerous. These grits can only be Turkana Grits preserved by the micro-fovailes on
the down-throw side of a fault. At Lokhoriokhot the central part is composed of a distinctive
leucocratic micro-foyaite, which is overlain and intruded by the darker rocks of the eastern
and weslern intrusives.

Morutena is the steepest hill formed by the micro-foyaites and can be seen from many
miles away, while Kakhapit again forms a ridge paralleling the north-westerly striking faults.
The micro-foyaites are all intruded along fault-zones and appear to occur most frequently
where the zones of the two main directions cross, but only in one case in the Loperol area,
that of western Lokhoriokhot, were the micro-foyaites themselves seen to be faulted.

The micro-foyaites of the central part of Lokhoriokhot (specimens 18/263, 279, 291) are
cream (o bull aphanitic rocks with dark green prismatic crystals showing no Muxional
orientation. They have a light reddish brown weathered skin which s dark brown on the
outside. Under the microscope they are seen 1o be fine-grained and display a trachytoid
texture. Aegirine is the dark mincral present and il forins ragged prisms or aggregales
enclosing tiny idiomorphic erystals of nepheline and anorthoclase. This assemblage is usually
formed in clear patches in the otherwise somewhat drusy anorthoclase which forms most of
the base. Anorthoclase as slender laths and nepheline as tiny idiomorphs also occur in the
base, with the nepheline sometimes concentrated in paiches, leaving other parts ol the thin
section free of this mineral. Analcite occurs in the base as small clear pools, while a little
cossyrile is sometimes present as tulls of small crysials,

The later micro-fayaites of Lokhoriokhot (specimens 18/261, 264, 265, 277, 278, 288, 290)
are darker in colour and are greenish or brownish grey, sometimes spotted and rarely contain
small phenocrysts. These rocks weather like the micro-foyaites of the central plug and are
microscopically very similar to them except that aegirine-augite, sometimes with aegirine
borders, occasionally proxies for acgirine and that both anorthocluse and nepheline frequently
form microphenocrysis, There is also some iron ore present in these rocks, but no cossyrile
was noticed in any of them. Calgite and zeolite appear rarely in small amounts as secondary
minerals.

The micro-foyaites collected at Morutena (specimens 18/283, 284) and that collected on ihe
low hill two miles west of Morutena are light brown in colour and contain prisms and
needles of black minerals in a micro-crystalline matrix. Aegirine-augite is the main dark
constiluent and occurs as green subbedral slender prisms, occasionally large, in aggregiics
with magnelite, Augite is also present as large distinctly zoned crysials edged by acgirine-
augite, while rare large twinned prisms of brown amphibole (kataphorile?) occur with
reaction borders of aegirine-augite containing small granules of iron ore. Anorthoclase forms
sormewhat turbid plates and tabular crystals of which the outlines are rather vague, for they
seern to grade into the base which also contains some analeite, Large idiomorphic crystals of
nepheling are rare in this rock, but small rectangular crystals are common in the matrix,
somelimes also enclosed by analcite. In one of the rocks zeolites appear replacing the felspar.

Specimen 18/286 from Kakhapit is also similar, but green augite as tabular micropheno-
crysts clustered with magnetile, and scarce prisms of apatite are the only dark minerals
present, The felspar and nepheline crysials are all marginally altered 10 zeolite, which ligures
prominently  in this rock,

The numerous specimens collected south of the present arca all show the same mineral
assemblages as those described above, varying only in the amounts of the different minerals
present. An unusual contaminated micro-foyaine (specimen 18/273) was found in the small
intrusion on the northern extension of the Lurutum ridge, where the micro-foyaite incor-
porates some malerial derived from the Basement System. The dusty matrix of this rock
consists of potash felspar and analcite containing numerous small prisms of aegirine, some
slender laths of potash felspar and occasional square sections of a clear mineral, sometimes
altered to zeolite which is thought to be nepheline, In addition to the above the rock contains
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large and small angular broken fragments of oligoclase, a few fuirly large angular grains of
quartz bordered by calcite and enclosed by reaction veins consisting of small crystals of
acgirine, patches of iron and some serpentine. A fair amount of biotite is also present as
angular flakes with very dense granular reaction rims. A few light-green diopside prisms
appear as well as one perfect lorenge-shaped crystal of sphene.

The micro-foyaite dyke described by Mason and Gibson (1957, p. 28) is of the same com-
position as the rocks nrnﬂcribed above and is no doubt of the same age. Smith (1938, p. 510-
311) describes some micro-foyaites and allied rocks collected by Champion and Arambourg
in northern Turkana, where they also form dykes and plugs similar to those of the Loperot
arca. Smith compares these rocks with post-Karroo intrusives in Nyasaland, but the
nephelinitic rocks of Western Kenya are all post-lower Miocene and pre-lower Pleistocene,
for in the present area they are known 1o intrude rocks of Lower Miocene age, and
must have succeeded the trachytes which are bevelled by end-Tertiary peneplanation.

3. Superficial Deposits

(1 Lowrr Preistocese (1)

On the end-Tertiary surface there are extensive pebble sheets, the pebbles of which are
sub-ungular and consist of quartz and felspar derived from Basement System rocks, These
pebble sheets never attain any great thicknesses, but in the cast of the area their place is
taken by lava boulder beds which are sometimes as thick as 50 ft. or more. In several bocalitics
there are thin layers of ferruginous pellets occurring on the end-Tertiary peneplain, and at
Luturere water-hole a ferricrete was formed which contains pebbles derived from both the
Basement System and the lavas. Here it is associated with a fairly extensive deposit of ferrug-
inous dolomite. Specimen 18/3d6 collected here is a hurd brown dense rock with zones of
small ferruginous pellets. Under the microscope it is scen (o contain a few small grains of
altered felspar and consisis mainly of an even-grained mosaic of dolomite containing small
globules of limonite. Parts of the thin section are fairly coarsely crystalling with the cores
of the crystals dense with limonite, Because of its position on the end-Tertiary peneplain
it is thought 10 be of Lower Pleistocene age, but it is possible that it is laier, when much of
the arca was covered by isolated bodies of waler.,

(2) KIPn-MNAMADANG AREA

In the eastern part ol the area pale grey fine-grained lake sediments intercalated with thin
soft white calcareous horizons contain numerous gastropod shells as well as fish vertebrae
and teeth, and overlic the Turkana Grits. The Pleistocene beds are usually poorly exposed,
for they are for the most part blanketed by extensive pebble sheets, but they are well exposed
at Kipii, where 30 to 40 ft. of sediments appear in a typical “bad-lands™ topography. Other
exposures appear to the south-west of Namadang hill, where the basal beds, consisting of
yellow and red grits with pockets of pebbles derived from the Turkana Grits as well as some
tava boulders, are exposed in the river channel there. To the soulh-east of Namadang the
Pleistocene lake beds include a 4 1. finely laminated fine-grained volcanic ash composed
of tiny shards of glass containing poorly preserved plant material, and is seen to thicken to the
easl of the present area. The Pleistocene beds slope gently and consistently away from ithe
hills to the east, and they do not seem 10 have been affected by folding or faulting.

The fossils collected during the survey have not vet been identified, but Dr, L. 8. B. Leakey
(personal communication) stated that the assemblage is (ypically that of the Middle Pleis-
tocene. Fuchs (1939) describes similar sediments nearer Lake Rudolf which accumulated
during the Middle Pleistocene when Lake Rudolf reached its maximum extension. During
this period the water reached up to an elevation of nearly 1,500 f1, above sea level (i.e. 300 fL.
above the present lake level), and as the Pleistocene deposits in the Loperoi area reach up to
above 2,000 ft. above sea level, it is clear that they were deposited in a lake formed 1o the
south-west of Lake Rudolf, and probably originated by the barring of the Kerio river which
lics 1o the cast and the ponding back of its waters. Fuchs (op. cit., ppr. 223-224) mentions thal
the Kerio river is at present cutling down through basalis which must have barred its course
during the peviod of Plisccene fauliing,

(3 LOMENYENKOPORAT-LOKNOSINYAK ORI AREAS

Under the alluvial cover of the piedmont plain east and south-cast of Lokichar there is an
extensive deposit of grey, reddish or vellowish caleareous grits. The rocks are usually soft



42

and contain grit and sub-rounded to rounded pebbles derived from Basement System rocks,
in a clayey calcarcous mairix. These rocks are best exposed near the Lomenyenkoporal
river in the northern part of the area where they form smooth low ridges and often appear
on the surface as sheets and piles of small pebbles, Because of their impermeability to water
they have been exposed in several other localities where the natives have dug wells along river
channels. Such places are at Lochwangamata north of Lokichar, Lokhosinyakhori and
Kangerega, but as the sandy pockets on the calcareous grits are of small extent, they are not
permanent water supplics.

Under the microscope the rocks are seen to consist of angular 1o subrounded closely packed
grains such as microcline, quartz, andesine, hornblende, garnet and bent flakes of biotite
in a dense iron-stained calcareous matrix.

The grit (specimen 18/378) collected about four miles north of Gochodin from a small
circulur outcrop in the alluvium, gives an idea of the cause of the large accumulation of
sediments in this area. This rock contains small transparent grains, larger pink and yellow
pelliets and a few rounded pebbles in a grey matrix which does not effervesce with dilute
hvdrochlone acid. The microscope reveals that the gritty part is the same as that of the
grits described above, but that the matrix consists of a fine-grained vellow chloriticl M clay.
Some of the quartz grains here are ¢rushed and have obviously been derived from the main
Kaimeruk fault zone. This rock may be older than the Pleistocene grits described above,
but it is most likely that it accumulated on the edge of a small lake in which all these rocks
were deposited and that the material was derived from the fuult-scarp to the west. It would
therelore appear that posthumous faulting along the main Kaimeruk fault zone also occurred
in uppermost Pliocene times.

Fuchs (1939, p. 224) also suggests the ponding back of the waters of the Lomenyenkoporat
river to explain the presence of intervoleanic limestones in the Kamutili hills. There is
however, hardly any doubt that the intervoleanic sediments are lower Miocene in age, and
therefore the ponding of the waters in the area west of the lavas resulted in the coarse grits
described above. These deposits suggest further that the lake was shallow and that
the deposits accumulated fairly rapidly until the lake was emptied when rivers draining east
breached the kiva barrier,

The thicknesses of these deposits are not known, but they reach from elevations below
2,100 1. to above 2,500 fi. above sea-level. The terrace blull described onpp. 3 and 5 can also be
mentioned here as it lies on the end-Tertiary peneplain and consists of vellowish sandy loam
with pumerows angular felspar and quartz pebbles. Large angular boulders within the
deposit, usually in pockets, are seen in the occasional exposures along the dry river courses,
but the deposit is without the slightest vestige of sorting and most probably Nuviatile in
Oigin.

(4) lsovaten Deposims

Several small patches of pale grey calcareous deposits occur scattered all over the area.
Usually the deposits are unconsolidated and gritty and sometimes contain molluscs similar
to those found at Kipii, such as Melanoides twberculata and Biomphalaria pfeifferi. North
of Auwerwer, at an elevation of nearly 2,300 fi. above sea-level, a patch of these deposits
vielded a horse’s tooth, and just west of Murilling hill (elevation 3,100 f1.) a second premalar
of a large bovine animal was collecied in similar deposits, A small lake also existed on top
of the hills just south of Kwetchuk hill in an area now drained by the Gachiangur river.
Grits deposited here (elevation 3,110 ft.) are composed of angular grains of quariz, felspar,
hornblende and flakes of biotite in a dense calcareous matrix. The Gachiangur river cut its
way into this lake along a fracture, and in the narrow gap formed there are numerous large
blocks of honeycombed travertine which were never found e sirt.

(5) Urrer PLESTOCERE [ 7)

The central pare of the aren, separating the hills of Basement from those of the Tertinry
lavas, is a wide sandy plain formed by the convergence of alluvial fans which accumulated
at the base of the scarp. In places below the larger valleys draining the mountains the alluvial
fans are covered by pebble sheets, and here the alluvium reaches its maximum thickness.
To the cast however the alluvium thins so that the underlving Pleistocene sediments come
close to the surtace there, and are patchily exposed at Kangerega and west of the Lomenyen-
koporal river.
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Similarly, large tracts of the area farther cast are covered by smooth lava-pebble sheeis
which slope away from the hills there, and become bouldery and thicker as the hills are neared.
These are also thought to represent alluvial fans from which the finer material has
been removed and they now appear as desert pavements.

(6) Recrsr

Red-brown sandy soils are residual and occur in the western part of the area where all
rivers drain to the west, and also on the surfaces bevelling the Kaimeruk hills. As clsewherne
in Kenya they are underlain by Basement System rocks from which they are derived.

At the southern extremity of the Hadukhungele hills fine dusty yellow soil appears on the
surfice. [t is overlain by alluvium further south, but ils lower contact was not seen. The
origin of this soil is obscure, and although it looks similar to soils derived from volcanic
ashes elsewhere in Kenya it could possibly be of lacustrine origin, in which case it would
most probably be of Pleistocene age, or perhaps even of acolian origin.

Several fairly large patches of very fine-grained sand occur as dunes in parts of the eastern
side of the aren. They are increasing in extent at present and similar sandy deposits are
accumulating in most parts of the area around small bushes and occasional tufts of grass, The
numerous waler channels on the piedmont plain remove large amounts of sands from there
{l{urlnﬂ times of flooding and these are deposited along the banks or as islands in the larger
channels.

V—STRUCTURE

1. Basemeni Sysiem

From the present disposition of the layered sequence in the Basement System it is clear
that the rocks have been isoclinally folded about north-north-casterly striking axes, bul the
distinction between anticlines and synclines is complicated, since lineations plunge at low
angles both southerly and northerly, sometimes in one and the same outcrop. The structure
as deciphered in the Loperot area is shown in Fig. 3 and for the Basement System involves
only one direction of translation,

Lineations measured indicate fold axes mainly trending N. 25° E., but mild arching of the
fold axes produced southerly and northerly plunge varying in direction from N. 15" W. 1o
N. 65" E. In isolated localities lineations were found to follow horizons -around closures
mapped on the ground, notably in the folds to the north-west of Kaimeruk peak, but are
thought to represent steepening of the plunge of the folds there. At the crests of closures
lineations are sometimes fairly steep and occasionally a small area is found there where
lincations plunge at all angles in all possible directions, The statistical representation of the
measured lineations is shown in Fig. 4 (a) where the occasional easterly plunging lineations
arc dominated by the numerous readings in the north-casterly direction. Occasional
a-lincations were also recognized in the field, and as can be expected, plunge at varying angles
1o jusi south of east,

Foliation strike is regular and is borne out by the stercographic projection of the poles
to the foliation, shown in Fig. 4 (b), where a distinctive casi-west girdle with prominent dip
from 207 10 50 (o the easl is secn.

Folds observed in the field are usually seen as closures on the ground which are commonly
fairly regular, but are sharp in the Basement inlier in the north-eastern corner of the area
where folding is extremely tight and produced a zig-zag patiern on the ground. From the
dips of the foliation measured it is clear that the folds are usually asymmetric isoclinal being
overfolded to the west, but sometimes they become open along the strike, while a major
open syncline of which the opposing dips are clearly exposed in the escarpment occurs Jusi
west of the Lokhosiniogurr hills. Small folds seen in single exposures are of a flexural slip
type (Turner, 1948, pp. 217-220), an example of which appears in Plate 111 {a). All folds are
mildly arched due to differential movement during overfolding producing canoe-shaped
structures, the axes of which lie along the axial planes of the main folds and perpendicular
to the axes of the main folds. Curvature due to arching is therefore visible in plan and ako
in vertical section with the arches varying in size from a few yards to several miles in length.
Such an arch with the lineations pitching in opposite directions is shown in Plate 111 (b).
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Fig. 3—DMagram of ihe structunes in the Loperod anca.

Where exposures allow examination, arches are terminated by fractures on both sides, with
the fracture taking the place of the corresponding depression between arches, so that opposing
plunges of lincations meet at fracture planes. The same seems to be valid for arches of large
magnilude which are bounded by the main fault zone in the north-cast, bul to the south
evidence of faulting is lacking, although the arca is strongly jointed along a zone with the
same north-westerly strike as the main fault zone,
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Fig. 4. {or] Contoured diagram of stereographic projection of all b-linentions mewsared in the Loperol arca.

(63 Comtonresd dimgram of stereageaphie projection of poles (o all Teliailons measured b the Loperod
Arci,

Faulting occurred in directions which are in keeping with folding about axes striking in a
north-north-easterly direction and with translation in a west-north-westerly  direct.on.
The main fault 2one striking approximately N, 40° W, is formed by vertical or near vertical
tear faulis which very ofien have opposing foliation dips in the hanging and foot wall,
Faulting in a north-north-casterly direction is also seen, and as can be expected these faults
sometimes tend 1o extend inlo low-angle reverse faults along the sirike,

The main fault zone is marked by a series of red breccia hills or by dolerite dyke swarms.
This rone 15 responsible for the scarp on the eastern side of the Basement hills. The retreat of
the scarp was [acilitated by tension Tractures and Tractures parallel to and west of the main
Fault zone, and fractures are even now visible in the promoniories of the scarp, but decrease in
number and effect further west, The existence of another fault or fault zone is postulated
on the south-western side of the hills, the evidence for it being based on structural as well as
physiographical evidence described before. A third major tear fault is seen at the lermination
of the outcrop of Basement System north of Lokichar near the northern boundary, and its
south-casterly continuation is perhaps reflected in the fractures in Tertiary lavas along the
northern flanks ol the Auwerwer and Nakuagale hills. A fourth fault is perhaps responsible
for the mild curvature to the south of the horizons in the Basement inlier at Lokhone,
and belongs to the same foult direction as the main fault xone, These tear faulis or Tault
zones cffect the division of the area into five blocks of diferential movement,

Reverse faults on o small scale are commonly secn along loliation planes, resulting in the
formation of a-lincations and overriding, sometimes producing mild folds with axes paraliel
to the main dircction of folding. The most prominent thrusting however took place along a
plane sloping cast which now appears as o curved line trending northwards Trom ihe
Ngahuko-harengak hills west of Lokichar, Ngahukon-harengak ridge consists of a crush
breccia which has resistant layers dipping to the south-cast at angles varying from 127 1o 237,
Further north the lault-line is not marked by breccias but is scen as a line separating a
northerly strike on the cast and a north-casterly strike on the west in the Basement System,
A small knoll of crush breccia occurs about 300 yards to the west-ol the present fauli-line
some three miles north of Lokichar and is probably a remnant of the breccia formed on the
previous extension of the fault-plane. Similar crush breccia hills displaying low-angle dips
occur about hall a mile west of the Mgahukon-harengak hills with a 13° dip to the north-cast
and at Lokhosinyakhori water-hole which has a 23° dip 10 the south-cast,
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Faults striking N. 107 E. in the vicinity of Lokichar are associated with the main direction
of faulting there, These faults ure generally of small throw, normally only kinking the beds,
hut are responsible for curving the fault-lines of the main fault zones and where these faults
cross, small crush breceia hillocks are formed.

Other faults of minor importance striking to the north-east are especially well-developed
in the Basement inlier at Lokhone and sometimes have pegmatites introduced along them or
appear on the surface as lines of vertical flags. The fault-lines are usually curved and show
hardly any displacement. The north-north-easterly striking fault which is the castern margin
of the Lokhene inlier, and of which the fault-plane dips 45° E, strikes parallel to the fauits of
Tertinry age, but about two miles north-east of Lokhone a major pegmatite was intruded
along this Fault suggesting that it dates back to the period of deformation of the Basement
System,

There is no doubt that the major faults in the Basement System date back to the period of
major deformation of the area. Opposing dips on either sides of the Faults, o greater number
of folds on one side of a fault than on the other, as well as pegmatites following the strike of
the faults prove that the Basement System fractured along the lines described above, The
fact that some breceias developed lineation in the form of rodding of minerals parallel to the
lineation in adjacent gneisses proves that compression continued after the formation of
hreccins, Posthumouns movernent along the main fault direction resulted in the lowering ol the
end-Tertiary surface of the south-western corner of the aren as well as probably forming a
scarp along the main fault zone from which the grits thought to be of Pleistocene age al
Lokhosinyakhori, Kalabata valley and Lomenvenkoporal area were derived,

Conclusions

During the mapping of the Basement inlier in the north-castern corner of the arca where
it is possible to map every inch of the ground, it became increasingly evident that horizons
occurred in similar pairs suggesting that the frequency of folding is greater than is suggested
by the number of closures, The folding is so tight there that the structure could not e
deciphered satisfactorily, and it was only after the arca to the north-west of Kaimeruk peak
was mapped that a suitable explanation for the folds became apparent. The structure
postulated for the area 1o the north-west of Kaimeruk is shown in the block diagram of
Plate V. The folds are usually normal asymmetric isoclinal folds but occasionally complex
lineation directions and contrary dips of foliation occur within a limited area at the crest of
closures. In these parts it was at first thought to have resulted from the refolding of folds in
two successive periods of folding in different directions, but can be explained by differential
translation in different parts of the deforming rock pile, producing folds as shown in Fig. 5.
The folds therefore consist of central folds bounded by folds of shorter wavelength which
meet along the strike to terminate the central fold which is then continued as a fold ol opposite
character. In the case of the syncline west of Lokhosiniogurr, the synclinal axis is terminated
to the south by the junction of the bordering anticlines and the same central axis is continued
in an anticline. The main anticlinal axis of Kaimeruk is continued southwards untl it 1s
terminated by the syncline wrapped around the central fold where it becomes the axis of a
syncline which, upon reaching the crest of the outer anticline, is continued southwards
again a3 an anticlinal axis, It is clear that in following along this main axis, lineations will
plunge either northerly or southerly along the main fold direction, but that the lincations of
the minor folds will curve in towards the central fold as the closure is neared, and at the
crest where the two fold axes cross an area of complexity will evolve,

If the fault block with the main hills of Basement is considered it can be seen that it moved
in a north-westerly direetion in relation to the adjoining fault blocks, and that the folds
have a smaller amplitude as the faults are neared. Translation to the west-north-west by
folding was greater in the centre of this block than near the faults, and is thought to have
effected the arching of the folds. The fault block to the east of the main fault zone, although
subjected to the same compressive forces, moved to the south-east relative to the blocks on
either side and it is therefore not astonishing that thrusting is confined to this block. The
horizontal displacement to the north-west of the fault on the north-eastern side of this fault
block was even greater than that of the main fault zone and resulted in an increase in the
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Fig. 5.—Idealized dingrams showing the nature of the folds:
A Synclinal structure west of Lokhosinfogure.
B. Structures as visunlized for the Kaimeruk hills and area fariber north-west,

number of folds on the eastern side of the fault block in the Gathuroi area, and 15 also
responsible for the reverse fault stretching from Ngahukon-harengak to the north. This thrust
is the result of pivoting around a point on the southern extremity of Ngahukon-harengak
ridge as is also shown by the contrary dipping reverse fault hall a mile west of Meahukon-
harengak.

In conclusion it can be stated that the Basement System was subjected to compressive
forces operating east-south-gast to west-north-west and that translation and overfolding took
place in a west-north-westerly direction, but that differential movement in that direction
resulted in fracturing in a north-westerly direction and other structural features described
above,
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2, Terliary Structures

(1) TurkaMa GRITS
Taken on broad lines the structure in the Turkana Grits of the Loperot area is one of
mild Mexuring forming an anticline of which the trace of the axial plane stretches from
the southern tip of the Basement inlier to the south as marked on the structural map (Fig. 3).
This anticline is seen in the channel of the Akhuryo river and in the dip directions north-wesl
of Lojamei hill, but further north its existence is rather more conjectural.

In the north the Turkana Grits dip generally at 127 1o 14" to the west away from the
Basement inlier, This angle of dip gradually diminishes to the west with sharp local variations,
wintil the grits disappear under the basalts with the swme angle of dip as the lavas, 1e. 2 o 4”
to the west, Steep dips in all possihle directions can be measured in areas where the grits have
been Faulted, causing fracturing of incompetent beds {Plate 11 (c), and sharp deviations in
strike combined with slickensiding and intense jointing are encountered in some of the small
exposures. These features s well as repetition of north-south striking beds nearly all oocur in
the proximity of faults such as in the area just east of Lomerimong and in the area just 1o the
south-west of the Basement inlier.

The Basement inlier is bounded by a fault on the cast, and where exposures allow exami-
nation on the west the contact between the Basement System and Turkana Grits is a fault,
or the Turkana Grits are fuulted parallel to the contact a short distance to the west, Also
wherever Turkana Grits lie on Basement they dip away from the Basement inlier at Lokhone,
to the west on the western side and to the south-west and south on the southern extremity
of the inlicr. This structure seems to suggest that the area surrounding the Basement inlicr
subsided resulting in the structures observed in the grits. 1t may also be suggested that the
continuation of the anticline to the south is a reflection of a similar buried horse structune
in the Basement Systen.

(2} TeERTIARY YVOLCANICS

The voleanics along the line of the Hadukhungele, Auwerwer, Loperot, Badatum and
Loakwa hills slope to the west at low angles varying from 2 1o 4, butl those forming the
Nakuagale, Maruangpei and Kabruriongor hills and farther south slope at about 2 fo the
cast. The rocks in between these hills have been severely faulted by prominent north-north-
casterly striking Faults which produced successive grebens and tilted Aorsis between the
Hadukhungele and Nakuagale hills, resulling in an area of parallel ridges where the basalis
dip either west or east al shightly higher angles than those mentioned above. These Tavlis
are also responsible for the east-facing searps, but they are rarely seen on the ground as the
fault-lines are usually covered by lava boulders derived Trom the scarps themselves. Occa-
sionally however displacement ol horizens can be seen and the lavas are heavily jointed in the
vicimity of the faults, Joints are nearly always vertical, and faults, usually clearly seen on
aerial photographs, are straight over undulating terrain, Dykes following the north-north-
casterly direction are also vertical and it is therefore probable that most if not all of these
faults are also vertical, On the other hand the major dyke Torming the highest peak of Hagit
slopes 25 to the west-south-west and at Lomerimong the basalt alse slopes to the west,
with a dip of 18 at the top of the hill but with increasing steepness lower down the hill.
It is possible that these are down-Taulted blocks, but in both cases the basalis rest directly
on Turkana Grits, and as deseribed hefore they do not belong to the basal basaltic Nows and
are therelore thought to be major dyke-like bodies, which were most probably intruded
along faults und may therefore indicate that at least some of the major faults dip to the west.
Fhe Tault on the castern side of the Basement inlier was measured near the Kaulubata river
1o dip at 45 to the cast, and it seems possible that these sets of faults also reflect the horsr
struciure in the Basement System underncath, which is also tentatively inferred from the
anticline in the Turkuna Grits as described before.

Other faults striking north-west are not as well-developed and are sometimes curved to
coincide with the strike of the main fault direction, such as those just west of Kamuthia water-
hole, These latter fauls are usually younger as they tend to oflfset the main faults. The
north=-westerly striking faults often contain geodes or vups lined with erystalline ealeiie
encrustations along fault planes and must have allowed the passage of primary water and
gages at some time, The position of these faults can usually be traced by numerous calcite
erystals on the surface and it seems that these are open fractures reflecting structures in the
Hasement Sysiem
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It is also possible to trace an anticlinal axis between the Hadukhungele and Nakuagale hills,
but it does not pass into the fold in the Turkana Grits south of Lokhone. Between these two
fold-uxes however there is a fault-line which runs north of the Nakuagale and Auwerwer hills
and when extended to the north-west would coincide with the north-westerly striking fault
in the Basement Sysiem north of Lokichar.

Mild low-amplitude folding was noticed in the fissile basalis in the valleys both north and
south of the Auwerwer hills. These folds are so mild that it is impossible to determine the
strike in the north, but near Akhuryo water-hole the fold axes seem to strike to the north-
north-west.

It seems therefore that the structures in the volcanic rocks are to a large extent mere
reflections of structures in the Basement System in which a horsi-like structure exists in the
crystalline rocks below. This horss seems to be offset along its strike by north-westerly striking
faults and the movement responsible for this structure must have been initiated before the
close of the extrusion of the basalis as the distribution of the inter-volcanic sediments and

iuils seems Lo indicate.

The faulting scems to have been fairly continuous since the inception of the warp producing
the valley in which the Miovene sediments were deposited, but it seems to have increased in
magnitude until before the intrusion of the micro-foyaites. In several cases basaltic dykes
intruded along faults have been faulled again and the micro-foyaite bodies which were
intruded at places where the main faull zones cross are only very rarcly faulted. 1t is therefore
almost certain that by the time of the intrusion of the micro-foyaites faulting had almost
completely ceased. Prior to the emplacement of the micro-foyaites however faulting was
most intense, and this period seems 1o coincide with, or was just prior to, the appearance of
the phonolitic trachytes.

VI ECONOMY GEOLOGY

1. General
Although several minerals of economic value were discovered in the area, very few are of
any significance at present, since the distance from railhead and developed centres as well as
the inaccessibility of the area reduce the value of deposits considerably.

The graphite-sillimanite gneisses of Munlling hill are considered to be the most promising
deposits discovered. The graphitic rocks cover an area of several square miles and contains
many small pockets of nearly pure graphite but most of the deposit occurs in the area south
of the southern boundary of the present area. An average percentage of graphite in the
gneiss is not known, but it is certainly higher than other deposits in Kenya considered to be
of workable guality, and with the distinction that this deposit is much larger. An added
attraction of this graphite is the associated sillimanite which does nol constitule an economic
proposition on its own. The Murilling deposit is from 20 to 25 miles from the Turkwel niver
where permanent water is available for flotation purposes.

On the south-castern slope of the same hill corundum appears as nodules in the gneiss, but
the extent of this deposit 15 not known as most of it occurs 1o the south of the southern
boundary of the area. The corundum is of patchy distribution and would be difficult to
extract, and as the crystals are of a dirty brown colour and much fractured, the corundum
could only be used as an abrasive. The same applies to the corundum of the dyke-like (pulas-
kite?) bodies in the valley two miles east of Lopatamuthingo peak. Another abrasive found
in the area is garmed, which is more abundant in the rocks o the west and south-west of
Lokichar than elsewhere, and in this area several pockets of loose crystals of garnet lie on the
surface. The volcanic ash found two to three miles south-cast of the Namadang hilks is an
casily oblainable abrasive and would be most suitable as a cleansing and scouring compound
if it were not so remotely siluated.

Associated with the serpentinite bodies there are thin veins of asbestos, magnesite, falc and
vermiculite. The vermiculite is of good quality but the asbestos fibres found are short, not
flexible and have no tensile strength. Wherever these veins were seen they never attain a
thickness which could constitute a deposit of cconomic importance, Chromite was also found
as tiny veinlets in the serpentine and sometimes these rocks contain as much as 3 per cent
Cry0y as well as small amounts of mickel. Some of the serpentine rocks however would
furnish material for very attractive ornaments, and pulverized serpentine is often used in
small amounts as a filler for insulating compositions and plastics.
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The tulfaceous deposit about four miles west-south-west of Lokhone includes a greenish
horizon composed of swellfng cfay. This deposit, although only partly exposed, is thought to
be Fuirly extensive, but much of it contains a fair amount of grit. Here also there are coloured
clays in bands ol grey, pale green, bright red and pitch black which could be uscd as pizments,
Associated with the clays are thin bands of frona and lower in the succession there are also
thin veins of gypman. Gypsum also appears in small amounts in other localities where it is
interbedded with the Turkana Grits and intervolcanic sediments.

Materials Tor building purposes are numerous, the best dimension stome being (he tull
which oceurs at the base of the volcanic succession at Marvangpei, while the serpentinites
could also be used, but as a durable and very attractive dimension stone some of the micro-
Fovaites would be excellent. The shaping and cutting of this hard rock would no doubt be
very expensive, Sources of crished stone are 1o be had in all the hills, while s 15 the most
common commodity in the area. Some of the alluvial sands examined are extremely pure,
with no or hurdly any clayey admixture, and these could be most suitable used s abrasives,
in refractories or in the manufacture of glass and ceramics,

Bornite und ehaleopyrite were found as small specks in a quartz vein about two miles south
of Lokichar and one small Mlake of gold was found in the panned concentrate of the samd
From the river draining the south-western Kaimeruk hills,

Radioactive minerals discovered in the area include alfandie, Tound as small clongated
nodules in the biotite gneisses of the low hills two miles west of the southern Lobopakeyu
hills, and a few grains of monazite were observed in a heavy concentrate from the river sands
of the lower Kalabala river,

Some of the Teeland spar erystals collected along the faulis on the northern side of the
Makuagale hills, as well as those on Lthe nocthern slope of the Auwerwer hills, are so clear
and unfractured that they are no doubt of the required optical grade. This market however is
now very limited as the place of caleite has been taken by polaroid glass.

2, Waler

Even during the most severe droughts the Turkana people of the Loperot arca always
seem Lo manage Lo water their stock, so that they hardly ever lose any animals through lack
of water, This often involves long daily treks to the permanent water-holes where the
conditions of the grazing is worsened. These permanent water supplies are wells dug in the
sund of river beds or shallow wells along Fault lines, and in one case, that of Lokwamuthing,
where the water lows out onto the surface and forms small pools. The yield from the wells is
very small and in nearly all cases the water is polluted by organic matter and ammal urine.
The waters derived from the wells in the Tertiary volcanics also have a fairly high fluorine
content as seen in the following analyses i —

Kemuthia ok wearenmnaeleing
Turbidiny . - .. Heavy brownish  opales- None
Cence,
Colour ., . . . Brownish Clear
Odour .. . .. .. Mone Mone
Suspended Matter . . Considerable amount Small amownt
orginic matter organic matier
pll 74 B-2
Pairs rir MiLLion
Alfcalinity:
Cas CaCilk)
Carbonate . . . Mil 12
Bicarbonate . . 1,022 515
Avrryeinin
Saline . . - 344 R
Alburminoid - . 342 0-25
{3 xvgen alsorbed:
4 hrs. ol 800 . . 3125 0-4

Clfoviddes:
{as Ch) .. . .. 49 27
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ParTs rer MiLLwos—{Condd.)

Sulplares:

s SO .. . . Ml 15
Nitrites:

(as N3 . .. . Mil Preseni
Nitrares:

(as MOy . .. .. Mil Preseni
Caleinrm:

{as Ca) . .. . M
Magnesinm:

(as Mg} . .. . - 4
Frome:

{as Fe). . . .. . 04 0-3
Siitea:

{5 S10) . .. . 72 )]
Toral Hardness .. .. . 0 66
Permanent Hardness .. .. — il
Temporary Harvdness . . L 6
Foral Xofidy . . . 1,340 750
Fluorides:

(as F) .. - .. . 3 2-5
Hewvy Meials

(Lead, Copper, Zinc) .. Jess than less than

(il 0-1
Avtgel —CGovernmens Chemist, Nairoli,

During the hydrographical survey of the Norterhn Province, Dixey {1944) saw the greater
part of Turkana, and alithough he recognized the need of the inhabitanis for permanent water
supplies he also warned that “unless grazing control is put in hand simultancously with, or
before the provision of new water supplies, the development of these new waler supplies will
merely hasten the process of destruction™ {op. cir., p. 3). He also regards the conditions in
Turkana unsuitable for the construction of dams, excavated tanks or wells, but points out
that bore-holes in the Basement System, the Turkana Grits and the volcanic rocks proved
to be very satisfactory in the past. This is also true for the present area with a few exceptions,
but it is also clear that increase in the amount of water supplies would result in an increase
in the number of stock in areas which are already very much overgrazed.

Cultivation is out of the question in the greater part of the Loperot area, not only because
of the low rainfall but also because of the lack of suitable soil. The only part of the area which
could possibly be cultivated is the grassy plains at Lokholelio, but it is also here that the best
graring is obtained. The hills composed of Basement Sysiem rocks are the only parts where
over-grazing is not noticeable, and as Mason and Gibson (1957, p. 33) point out, the water
storage capacily ol the sand-rivers could be increased considerably by the construction of
sub-surface weirs. Such weirs could be constructed at innumerable places in the valleys at
the bottom of the escarpments both on the western and the eastern side of the hills, and if
these weirs are strategically placed water would still not be ample so that the hills will not be
threstened by over-grazing, but it would certaily do much 1o amehorate the hard conditions
of life of the Turkana people. Small dams could also be constructed in the hanging valleys
along the escarpments. It would be a relatively simple matter to close the gap at the top of the
Gachiangur river and thereby create a fairly sizeable lake on the hills there, In numerous
other cases, such as the Locharakhyang Saja river, the valleys are easily breached narrow
rock-bound gorges, and small dams could be constructed which would most probably hold
water for long periods after the rains.

Although it would be inadvisable judging by the available grazing, there should be no
difliculty in increasing the water supplies in areas near the lava hills. The wells along the
faults such as those at Akhuryo, Loperot and Kamuthia could be deepened to vield much
more waler, and others which at present are only seasonal could be made permanent by the
same melhod.
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