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ABSTRACT

The report describes the geology of an area of about 730 square miles situated in
southern Kenya at the foot of Mt. Kilimanjaro. It is enclosed by longitudes 37°00’ and
37°30’E, latitude 2°30’S and the Kenya-Tanzania border. Hills in the north preserve
relics of the end-Cretaceous and sub-Miocene erosion bevels, and intervening plains
are part of the end-Tertiary erosion surface.

Precambrian gneisses, schists, migmatites, granulites and crystalline limestones at
least 14,000 to 20,000 feet thick are exposed in the northern parts of the area. Mineral
assemblages in these metasediments conform in general to the lowest part of the
almandine-amphibolite facies of regional metamorphism. Complex structures result
from culminations and depressions along the axes of large recumbent folds.

Pliocene to Recent volcanic rocks which attain a maximum thickness of some 3,400
feet within the area were derived from Mt. Kilimanjaro and associated parasitic vents,
The earliest lavas are basalts and subordinate nephelinitic varieties, whereas the younger
rocks are mainly rhomb porphyries, phonolites and trachytes, Chemical variations
distinguish a strongly alkaline series from one of more mildly alkaline character.

Pleistocene lake sediments several hundred feet thick are chiefly clays, marls and
impure limestones; sandy and pebbly deposits represent fluviatile facies. Quaternary
superficial deposits comprise windblown silts and sands, and a variety of soils.

For some years meerschaum has been extracted from the lake beds and used in the
manufacture of smoking pipes of high quality. The occurrences are described and a short
account is also given of sepiolitic clays, water supplies and of the few indications of
economic rocks and minerals in the Precambrian formations. The results of a special
investigation of gaylussite deposits are incorporated in the report.

(i)




GEOLOGY OF THE AMBOSELI AREA

I—INTRODUCTION

General information—For the purpose of this report, the Amboseli area is defined as
the Kenya part of the south-western quarter of Degree sheet 59. It covers some 730
square miles, and is bounded by the meridians 37°00' and 37°30'E, the parallel
2°30’'S and the Kenya-Tanzania boundary. The area includes a large portion of the
Masai Amboseli Game Reserve, which has become popular on account of the abund-
ance and variety of wild game, and takes its name from Lake Amboseli, a 13-mile-long
featureless dusty plain that bears a few inches of water only during rainy seasons.

The Amboseli area is dominated by snow-capped Kilimanjaro, the highest mountain
in Africa, with Uhuru Peak standing 19.340 ft. above sea level. The summits and crater
of Kilimanjaro are situated in Tanzania, but the Amboseli area embraces the lower
foothills of this impressive central type volcano which rises over 15,000 ft. above the
surrounding plains.

Most of the field work was carried out between October 1959 and April 1960, and
brief return visits to the area were made in 1963 and 1966. F. J. Matheson took up an
investigation of the clays in the Amboseli area in 1963, and his results are incorporated
in this report. '

Preliminary petrological studies were completed in 1960, but more detailed work was
carried out in subsequent years (Williams, 1967). Chemical analyses of four lavas were
undertaken by the Geological Survey in 1963; other new analyses were provided in
1966, utilizing a research grant from University College, Nairobi.

Maps—Two preliminary plots prepared by the Survey of Kenya on a scale of 1:50,000
covering that part of the area north of 2°45’S were available for use in the field. These
maps were uncontoured and showed only the limited details visible on air photographs
taken in 1950, i.e. before the construction of most of the roads and tracks in the area.
Additional topographic information and all geological detail were plotted on air photo-
graphs in the field and subsequently transferred to the maps, final reduction being
accomplished by a photographic process. At the time of the survey no maps of a
suitable scale were available to cover the country south of latitude 2°45’S and a sheet
was prepared by photographically reducing a controlled mosaic of air photographs. Some
distortion can inevitably be expected towards the higher ground near the Tanzania
border, but the final map agrees surprisingly well with the adjacent Tanzania geological
sheet which was published after the completion of the present work, and with recently
published 1:50,000 contoured maps; these were released after the Amboseli sheet had
been drawn, and in view of the fair measure of agreement no modification to the
writer’s map was considered necessary.

Form lines were drawn largely from spot-heights recorded with an aneroid barometer,
a correction being made for diurnal variation. Across the flat-lying parts of the
Amboseli basin accurate contouring with an aneroid is impossible and the lines shown
on the map should be regarded as approximate only. Levelling along several lines was
carried out by members of the Ministry of Works during an investigation of water
supplies. One traverse proved a fall of 286 ft. from the Legumi Springs near the
Namoloc Swamp to a point at the causeway near the north-eastern corner of Lake
Amboseli. Intermediate stations along this line are not recognizable with certainty from
the leveller’s records and the information is of limited value. East-west levelling across
Lake Amboseli showed that the surface is virtually flat and that it lies at an altitude
of 3,686 ft. (taking the elevation of Meshanai Beacon to be 3,991 ft. above sea level).




The Amboseli area is now covered by a 1:250,000 sheet (SA-37-9) first published in
1965.

Communications—Those parts of the: Amboseli area not underlain by lava are readily
traversed by motor vehicles, hence its great popularity among visitors in search of game
animals. The perfectly flat surface of Lake Amboseli itself provides a fast and com-
fortable line of communication in dry weather, but it becomes completely impassable
to motor transport during rainy seasons when the clays support a shallow sheet of
surface water.

Ol Tukai, with its two lodges, tented camp, camping ground, small shop and petrol
supplies, is approached by two dry-weather roads, both of which are regularly used by
visitors to the game reserve. The western route (150 miles from Nairobi to Ol Tukai)
branches from the main Nairobi-Tanzania road at Namanga, circles beneath the
Ngorigaishi Hills and cuts across the northern end of Lake Amboseli, with a detour
around the margin of the lake available for use in wet weather. The Namanga gate
into the reserve is open from 6 a.m. to 5.30 p.m. daily during the open seasons (Ist June
—31st October and 16th December—31st March). The alternative route links Ol Tukai
with Sultan Hamud and Emali, both trading centres on the Nairobi-Mombasa trunk
road; joining the road from Loitokitok about a mile beyond the eastern boundary of the
area under discussion. The Leme Boti gate near the Loitokitok road is open from 6 a.m.
to 5.30 p.m. The distance from Nairobi to Ol Tukai via Emali is 142 miles. A slightly
shorter route via Sultan Hamud involves travelling along the East African Railways and
Harbours pipeline road.

The meerschaum mine at Sinya, situated at the southern end of Lake Amboseli, is
best approached by a rough track which branches from the Ol Tukai road some 10 miles
from Namanga. Like many other tracks in the area, the route to Sinya should be used
only in dry weather, the final few miles becoming impassable to any motor vehicle after
heavy rain.

A little-used track to Kajlado via Lengesim branches from the wet weather road
which follows the northern margin of Lake Amboseli; this route is not recommended
as a normal approach to the game reserve. Similarly, the short route to Loitokitok
from Ol Tukai should not be attempted by strangers to the area since in places the
track is only poorly defined.

Several roads and tracks, constructed to provide a link between sawmills on the
Kilimanjaro forest line and the rail-head at Emali, cross the volcanic rocks in the
south-eastern corner of the Amboseli area. All these routes branch from the Loitokitok-
Emali road between the Sinet and Kimana streams, a few miles east of Legumi Springs.
At the time of the writer’s survey of the Amboseli area in 1959-60 a road and a disused
track led to the now-abandoned Kamwanga Sawmills situated a few miles across the
border. Some time after the survey a road was constructed from the Kilimanjaro Saw-
mills (west of Kamwanga) to join the original route at a small hill near Lemongo Vent.
This road was traversed in July 1966, and a sketched alignment is indicated on the
geological map. Part of the road which once linked the West Kilimanjaro farming areas
with Loitokitok is shown in the extreme south-eastern corner of the map. Travellers are
warned that the section of this route between Kamwanga and the Kilimanjaro Sawmills
is now motorable only with difficulty.

The central portion of the Amboseli area is covered by a confusing network of
tracks. Only the more important ones are shown on the map, and even these are
subject to frequent minor changes. Most of the tracks radiate from Ol Tukai and lead
either to, the surrounding permanent swamps, where the greatest concentrations of wild
animals occur, or to local boreholes. West of Ol Tukai a narrow stretch of water at
the end of the Engong Narok swamp is crossed by a causeway and small bridge. From
this point a number of tracks spread out and lead to the Kitirua swamps, Lake
Amboseli, Sinya, Ol Barengoi borehole, Normatior (“Observation Hill”) and the Simek
Furrow.




Climate—The greater part of the Amboseli area falls within a rather arid zone of
south-central Kenya having a mean annual rainfall of only 10-20 in. (25.4-50.8 cm.).
The 20 inch-per-year isohyet passes across the rising ground in the south-eastern corner
of the area, reflecting the proximity to the high-rainfall area of Mt. Kilimanjaro.

Two rainy seasons are well defined: one extends from March to April, the other
occurs in November-December. The wettest month is November, 4-8 in. (10.2-20.3 cm.)
of rain falling on the plains, and 8-12 in. (20.3-30.5 ¢cm.) across the foothills of Kiliman-
jaro. The mean rainfall in April is 4-6 in. (10.2-15.2 ¢cm.), and in March and May about
half this amount. The driest months are June to October, falls seldom totalling more
than 0.5 in. (1.3 cm.) in those months.

H—PREVIOUS GEOLOGICAL WORK

Although situated at the foot of Mt. Kilimanjaro, an obvious attraction to many of
the early travellers in the country, the Amboseli area was generally avoided by East
African explorers. This was partly due to the rather arid nature of the surrounding
country but perhaps mainly because of the hostile attitude of the local Masai.

In 1883 however, Joseph Thomson (1887)* travelled across the Amboseli area from
west to east during the “Lytokitok” to ‘“Donyo Erok” stage of his journey farther into
the interior. On his map showing the route followed, Thomson applied the name Ngiri
to this part of the country and indicated the swamps; the area was described on the
map as “Sandy waste covered with water in wet season”. E.A. Loftus (1951), in an
account of Thomson’s travels in East Africa, merely mentioned (p. 46) that the route

lay across the “Njiri” plain to Donyo Erok, and there is no further descnptlon of the
country traversed.

In 1951, N. J. Guest (1951, 1955) mapped the Tanzania part of the Sinya area and
recorded the occurrence of meerschaum at the southern end of Lake Amboseli. Though
confined to a description of the geology in Tanzania, his observations are relevant since
the geological setting is identical to that encountered on the Kenya side of the border.
Guest (1955, p. 2) provided the following stratlgraphlcal succession for the Sinya Wells

area:—

7. Recent argillaceous lake deposits.

6. Post-Pluvial Kilimanjaro rhomb-porphyry lava.

5. Post-Pluvial basalts.
Probable unconformity-

4. Pluvial period lake deposits.

3. Secondary limestone deposit with meerschaum.
Unconformjty———————

2. Crystalline limestone and dolomite.

1. Basement Complex, granitic- gneisses.

During the present survey no evidence was found of lavas overlying lake deposits and
the sediments were proved locally to overlie volcanic rocks or to be banked against
them. Guest’s “limestone deposit with meerschaum” (3) is clearly to be correlated with
the Sinya Beds defined in the Amboseli area, and the overlying “lake deposits” (4) are
equivalent to the Amboseli Clays. The “argillaceous lake deposits” (7) are perhaps to
be correlated with alluvial deposits. found flanking the Namanga river in Kenya,

Guest (1955, pp. 2-3) described the following well section, west of Magadini Hill and
almost on the Kenya-Tanzania border:—

* References are quoted on pp. 83-86.




Thickness

(feet)

3. Grey calcareous soil with nine inch thick band of nodular,

secondary limestone; soil grades down into more calcareous

mud .. .. .. .. .. .. .. .. 7
2. Greenish grey mud flecked with small calcareous nodules;

three to four inch thick band of meerschaum towards the

base .. .. .. .. .. .. .. .. 8
1. Secondary limestone with nodules of meerschaum .. .. ?

In the same report (pp. 2 to 4 and 8 to 10) Guest quoted chemical analyses of the
rocks encountered and gave details of the determination of the true specific gravity of
a meerschaum sample; calculated to the air-dry material, this was found to be 2.11. The
apparent specific gravity of meerschaum is less than unity since dry samples float
temporarily on water on account of their porosity. Guest concluded (p. 7) that the
meerschaum is sporadically distributed in the lake beds and suggested a source of
magnesium in dolomitic crystalline limestones of “Seven Sisters” Hill, situated in
Tanzania.

A. P. Fawley examined Sinya Meerschaum Mine in 1955, when operations were
confined to Tanzania. He found (1955, p. 2) that the mineral occurs in a folded secon-
dary dolomitic limestone deposit and structures in the limestone were attributed to
pressure from Kilimanjaro. Meerschaum appeared to follow a north-east striking zone,
though a wider occurrence was expected. Meerschaum was said (p. 3) to occur as irregular
and small veins that are generally lens-shaped and which vary in thickness from a
fraction of an inch to 15 inches. The mineral appeared to show preferential development
in areas. where the host dolomitic limestones are more intensely folded, presumably
because deformation -provided spaces and fractures favourable to meerschaum forma-
tion. Fawley discussed the quality and classification of meerschaum and recorded the
chemical composition of a number of rocks collected at Sinya. He also described the
pits and the quantity of meerschaum recovered from each one and concluded (p. 10)
that 1.87 1b. of meerschaum had been recovered per cubic yard of ground excavated.
The figure was subdivided as follows: —

First grade meerschaum .. .. .. 0.47 1b. per cubic yard

Second grade meerschaum .. .. .. 0.75 1b. per cubic yard
Third grade meerschaum .. .. .. 0.65 1b. per cubic yard

P. Joubert (19574, pp. 34 and 43) recorded the occurrence of bentonitic clays in the
Amboseli Basin, assigning to them a volcanic origin. Partial analyses were provided for
clay and surface limestone samples collected largely from the present area. In an
unpublished report of the Mines and Geological Department, Nairobi the same author
(1957b) described a further collection of clays, mostly from the Sinya District. These
were subsequently examined overseas and it was reported that montmorillonite appears
to be the only clay mineral present in substantial quantities. Joubert attributed folding
and fracturing in the dolomitic limestones at Sinya to expansion and contraction of
swelling clays during wet and dry seasons.

J. Walsh (1956) carried out a survey of Sinya Mine with the object of estimating the
reserves of meerschaum in Kenya. He established the following succession:—

4. Reddish brown clay (oxidized surfaces of the dark green clay).

3. Dark green clay. ~ ‘

2. White hard clay with seams of meerschaum.

1. Base not seen, probably volcanics.




Walsh suggested that the meerschaum was deposited during periods when the lake
was temporarily dry, and that later the deposits were intensely folded and faulted,
possibly due to up-warping. The folding was believed to have caused a thickening of
meerschaum seams along the axes of the folds, producing economic occurrences. He
estimated that 12.4 1b. of meerschaum of all grades had been recovered per cubic yard
of ground worked in Kenya up to the time of his visit, and that meerschaum of com-
parable. quality and quantity occurs over an area of .many .square miles and may in
fact underlie the whole of Lake Amboseli.

During 1957-58, a detailed investigation of water supplies in the Amboseli area was
carried out by G. D. M. Campbell, 2 Ministry of Works hydrologist, and the results are
set out in a number of unpublished reports. The investigation covered both ground
water and surface water supplies and included a programme of shallow drilling and
augering; a geophysical survey of the area was conducted by T. Bestow, a geologist of
the same department. In a preliminary report Campbell (19574) briefly described the
general geology and water supplies of the Amboseli area. The second report by Campbell
(1957bh) included details of exploratory boreholes drilled in the north-western part of
the area, betveen Lake Amboseli and the Ngorigaishi Hills, and a summary of the
geophysical work carried out. It was concluded that a broad east-west belt of saline
ground water traverses the area, underlying the central and northern parts of Lake
Amboseli and the eastern and western parts of the basin. Fresh ground water is believed
to flank this belt between Sinya and Ol Tukai and, to a lesser extent, around the
Ngorigaishi Hills eastwards to Mesanani. Of surface water supplies, only that provided
by the Olobolodi (Legumi) River was considered to be of economic value. From
geophysical probes, Bestow (in an appendix to Campbell’s report) concluded that Pre-
cambrian rocks appear to be covered by about 480 ft. of sediments at Lake Amboseli.
Electrical depth probes in the eastern end of the basin, between Loginya and Namoloc
swamps, suggested that, locally, sediments may be 600 ft. thick, resting on an irregular
surface of Precambrian metamorphic rocks and possibly overlain by lava. The inter-
pretation of the geophysical evidence from the eastern end of the basin shows little
agreement with conclusions reached during the present survey.

A further report by Campbell (1957¢) was concerned with the investigation of surface
waters in the Kitenden Stream, near the Kenya-Tanzania border south of Ol Tukai.
In a fourth paper the same author (1958) provided details of two exploratory boreholes,
C.2804 and C.2794, drilled in the north-western and south-eastern parts of the area,
and information obtamed from an extensive augering programme in the basin; a number

of water analyses were presented.

W. Pulfrey (1960) prepared a map to show the shape of the sub-Miocene erosion
bevel in Kenya. In the Amboseli area the surface was shown at about 4,250 ft. in the
north-western corner and at about 3,500 ft. along the eastern boundary of the area.
A change in the direction of slope of the bevel across the Amboseli area from south-
easterly to due east was indicated by the contour lines. Observations during the present
survey resulted in a general eastward displacement of Pulfrey’s contours for the sub-
Mijocene surface. The writer’s views were accepted by E. P. Saggerson and B. H. Baker
(1965) in a paper on the post-Jurassic erosion surfaces in eastern Kenya.

Much of the geological work carried out in the country immediately surrounding the
Amboseli area, both before and after the present survey, deserves mention here since
some of the information is used later in the report in discussions of stratigraphy, structure
and petrogenesis.

D. L. Searle (1954) surveyed the Sultan Hamud area to the north of Amboseli, and
P. Joubert (1957a) mapped and described the geology of the Namanga-Blssel area to the
west and north-west. The Simba-Kibwezi area (Saggerson, 1963) joins the north-eastern
corner of the Amboseli sheet, but the country immediately to the cast of the present
area has yet to be geologically surveyed.




Most of the geological work carried out in Tanzania, adjacent to the Amboseli area,
has been connected with studies of Kilimanjaro. It is not the intention here to list a
full bibliography, but merely to draw attention to some aspects of the previous work.
Among the early explorers, H. Meyer (1900), F. Jaeger (1909) and F. Klute (1920)
provided comments on the geology of Kilimanjaro. Petrological and chemical studies on
the preliminary collections from the mountain were carried out by workers like J. S.
Hyland (1889), L. Finckh (1902, 1906, 1914), Lacroix (1923) and F. Oates (1934), and
data on felspars from Kilimanjaro were given by L. Fletcher and H. A. Miers (1887).
Papers by P. C. Spink (1944) and J. J. Richard (1945) dealt with some aspects of vol-
canology, and N. J. Guest and D. N. Sampson (1952) gave an account of sulphur
deposits in the inner crater of Kibo.

The first systematic geological work to be carried out on Kilimanjaro began in 1953
with mapping by members of the Sheffield University Kilimanjaro Expedition and
representatives of the Geological Survey of Tanganyika. Preliminary accounts of the
geology appeared in publications by W. H. Wilcockson (1956) and C. Downie et al.
(1956). G. P. Leedal (1955) provided information on anorthoclase crystals from Kibo.
A number of chemical analyses of Kilimanjaro lavas and related rocks were published
in the Records of the Geological Survey of Tanganyika (1958, pp. 99-100). A second
expedition from Sheffield and the Geological Survey continued work in 1957, and the
survey subsequently undertook mapping of the areas surrounding the mountain in order
to complete the Tanzania quarter-degree sheets 42, 56 and 57. Some aspects of the
volcanology were dealt with by Wilcockson (1964). A geological map on a scale. of
1:125.000 was published by the Geological Survey in 1964, and it was followed by an
explanatory pamphlet (Wilcockson et al., 1965) compiled by members of the expedition.
Sampson (1963) wrote a summary of the geology, volcanology and glaciology of Kiliman-
jaro, and also (Sampson, 1966) a detailed account of Sinya meerschaum mine and the
sediments occurring there. The latter work dealt with the portion of the mine in
Tanzania, and the stratigraphic divisions proposed in this account of the Amboseli area
were accepted and found to be represented in Tanzania. P. Wilkinson (1966) gave a
summary of the geology of the Kilimanjaro-Meru region of northern Tanzania.

Various aspects of glaciology have been dealt with by E. Nilsson (1932), W. Geilinger
(1936), D. W. Humphries (1959) and C. Downie (1964). Their work has been of great
value in dating some of the later volcanic events on the mountain.

No detailed description of the Kilimanjaro rocks is yet in print, and only passing
references have been made to the petrogenesis of this interesting suite of lavas. Downie
et al. (1956, p. 830) suggested a parental magma of trachybasaltic composition. Saggerson
and Williams (1964, p. 77), on the other hand, concluded that the source magma for the
mildly alkaline lavas was more likely to have been of alkali olivine basalt composition,
and that the source of the strongly alkaline rocks might lie close to ankaratrite in
composition. A new chemical analysis of an ankaratrite from the Amboseli area was
given in the same paper (Table 3, p. 67).

Few age determinations have been carried out on rocks from Kilimanjaro or the
immediately surrounding areas. A figure of 0.4 million years for the Lent group is
quoted by Wilkinson (1966, p. 29), and specimens from the early basalts gave figures
of about 1 million years (personal communication from G. H. Curtis, of the University
of California, whom the writer accompanied to the Amboseli area in 1961).

The Amboseli area has been covered by a number of small-scale geological maps,
but only the geological map of Kenya, 1:3,000,000 Second Edition, 1962, incorporates
the information presented in this report and shows the correct general distribution of
metamorphic, volcanic and sedimentary rocks.
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HI—PHYSIOGRAPHY

The Amboseli area is readily divisible into four physiographic units: —
1. The foothills of Kilimanjaro. '
2. The Amboseli basin.
3. Hills composed of Precambrian rocks.
4. A dissected plain underlain by Precambrian rocks.

The south-eastern parts of the area are occupied by volcanic rocks forming the
foothills of Mt. Kilimanjaro. The ground rises gently from about 3,800 ft. O.D. to the
4,000 ft. contour where the slope increases to gradients of between 250 and 300 feet
per mile. The highest ground in the area lies on the Tanzania border at an altitude of
6,400 ft. above sea level. Viewed from a distance the foothills are insignificant compared
to the main mountain mass, with Kibo summit attaining an altitude of 19,340ft.

The Amboseli basin lies between lavas forming the Kilimanjaro foothills and Pre-
cambrian rocks that outcrop across the northern parts of the area (see Fig. 1). The basin
is roughly triangular in shape with the western and south-western margins lying cutside
the limits of the area covered by the present survey. It narrows from west to east, where
towards the apex of the triangle the basin is flanked oh both sides by volcanic rocks.
The surface is one of low relief, the elevation ranging from 3,686 ft. O.D. at Lake
Amboseli to about 3,800 ft. around the margins of the basin. The south-central and
eastern parts are marked by several permanent swamps, while the western half is domi-
nated by Lake Amboseli, a 13-mile-long featureless plain which bears a shallow sheet
of water only during rainy seasons. This north-north-easterly trending lake bed is some
six miles wide at the northern end, but narrows to less than two miles near the Tanzania
border; it extends across the border into Tanzania, where the margins are less well
defined.

Hills composed of Precambrian rocks are confined to the extreme north-eastern and
north-western corners of the Amboseli area. The Ngorigaishi Hills, in the north-west,
are more prominent in the neighbouring Sultan Hamud and Namanga-Bissel areas and
only the southern part of the range was examined by the writer; summit heights range
from 4,100 to 4,600 ft. In the north-eastern corner of the area, Leme Boti (4,431 ft.)
and Ol Doinyo Narigaa (about 4,200 ft.) are the most prominent features.

The northern part of the Amboseli area, between the hill masses, is marked by a
dissected plain underlain by Precambrian rocks. The -plain, which forms a watershed
between the Amboseli basin and the Bissel-Kiboko drainage system, slopes down gently
eastwards from 4,000 ft. to 3,800 ft. at longitude 37°20’ E. East of this meridian the
ground rises again to form a pediment around Leme Boti and Ol Doinyo Narigaa at
3,900 to 4,000 ft. '

Drainage—There are few permanent streams in' the Amboseli area. Those draining the
northern flanks of Kilimanjaro generally dry up before reaching the lower foothills of
the mountain, and even in the south-eastern corner of the area gorges that carry perma-
nent water become dry river beds within a few miles of the border. The water reappears
however, from a number of springs around the southern side of the Amboseli Basin.
Springs issuing from lava at the southern end of Engong Narok Swamp provide ample
recharge, and following the construction of a furrow along the former dry watercourse
known as the Simek a permanent flow of water has been established. Loginya and the
Ol Tukai swamps apparently receive underground recharge. Namoloc Swamp, at the
eastern end of the basin, is fed by the permanent Legumi Stream which rises in spfings
a few miles to the south. Nearby, springs also feed the Sinet Stream which flows east-
wards to the Kimana Swamps in the neighbouring Loitokitok area.
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Fig. 1—Physiography of the Amboseli area, with section showing erosion bevels
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A major watershed along the northern margin of the basin (see Fig. 1) turns'south-
wards near Namoloc and can be traced to the Kenya-Tanzania boundary.' It divides
‘drainage into the basin from northward- and eastward-flowing systems; the latter are
'separated by a second watershed through the Lerne Boti and Narigaa hills. Northward
drainage, between Mesanani and Lerne Boti, consists of seasonal streams that flow
into the Bissal-Kiboko river in the Sultan Hamud area, whilst eastwards-flowing streams
drain’jntp the area between Loitokitok and the Chyulu range.

In addition to the network of deeply incised seasonal streams on the Kilimanjaro
foothills the Amboseli Basin also receives drainage from the west and north-west. The
Namanga River, which carries water only after heavy rain, drains a large part of the
"neighbouring Namanga-Bissel area. Poorly defined seasonal streams in the north-west
part of the Amboseli area occupy broad aluvia valeys and have a limited catchment
surface in the southern portion of the Ngorigaishi Hills and the surrounding plains.

Erosion Surfaces—Only a few remnants of erosion surfaces remain in the Ambosdli
area. Extensive post-Pliocene dissection, together with a thick cover of lavas towards
Kilimanjaro, combine to destroy or conceal features illustrating various bevels. More-
over, the small vertical separation between different surfaces complicates the interpreta-
tion of the limited evidence available.

The higher summits of the Ngorigaishi Hills and the flat-topped hill at Lerne Boti,
where the surface truncates foliation planes in the Precambrian rocks, represent relics
of an erosion bevel considered to be of end-Cretaceous age. In the Ngorigaishi Hills
this erosion surface evidently corresponds to the 5,000 ft. bevel which Joubert (1957«,
p. 3) referred to the sub-Miocene peneplain. In the Amboseli area the highest part of
the range lies'at a little over 4,600 ft. and probably represents a much reduced relic of
that" surface. To the east, in the neighbouring Loitokitok area, Precambrian inselbergs
indicate that the end-Cretaceous surface lies at between 4,200 and 4,300 ft. and slopes
down to the' east-south-east. The summits of these inselbergs are roughly coplanar and
indicate a marked reduction in the dopes of the bevel east of Lerne Boti. This evidence
is used to draw the line representing the end-Cretaceous surface in Figure 1. Low hills
at Ol Doin'yo Narigaa, with summits reaching 4,200 ft., are thought to represent reduced
relics of the.bevel.

A pediment at some 4,000 ft. around the end-Cretaceous residuals at Lerne Boti and
Ol Doinyo Narigaa probably represents the sub-Miocene erosion bevel, locally lying
about 450 feet below the older peneplain. The southern summit at Ngorigaishi (at
4,300 ft.) isdoubtfully referred to the sub-Miocene surface.

The most prominent erosion surface in the Amboseli area is clearly a continuation
of the plain that extends southwards from Sultan Hamud. Saggerson and Baker (1965,
p. 59) confirmed the writer's view that this plain represents the end-Tertiary bevel. It
is preserved only along the watershed skirting the northern margin of ithe Amboseli
basin where it fals from 4,000 ft. east of the Ngorigaishi Hulls.to 3,800 ft. midway
between Meshanai and Lerne Boti (see Fig. 1). Meshana trigonometrical beacon is
erected on an outcrop of lava but the surrounding plain of Precambrian rocks lies at
about 3900 ft. On the southern side of the Annbosdi basin a borehole at Ol Barengoi
showed that Precambrian rocks are overlain by lavas at a little over 3,700 ft. O.D.

Naiperra borehole on the other hand failed to locate Precambrian rocks and proved
that locally the lavas extend to at least 3,340 ft. O.D.; clays encountered at the bottom
of this borehole may overlie the metamorphic rocks. The lavas here evidently flowed
over a portion of the surface which had already been down-cut some 200 feet.

Pulfrey (1960, Fig. 3) postulated an east-south-easterly and easterly doping sub-
Miocene bevel in the Amboseli area, drawing the 4,000 ft. contour of that bevel over
Mesanani and Sinya and the 3500 ft. contour close to the 37"30' meridian. The author's
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