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FOREWORD

The part of Kenya south of the railway between Mackinnon Road and Voi is little
known to most modern residents of the country, though in the Colony's early days it was
well-known to travellers for its dreaded Taru desert, over which it was necessary to pass on
foot to reach the fertile regions in the Taita hills and in Northern Tanganyika. This report
gives an account of the geography and geolog of much of that area. It follows a report
(No. 49, 1960) describing the area south of the Taita hills, which flanks it on its western
side, and will be followed by a report (No. 54) dealing with the Voi area, which lies north
of it. The area is sparsely inhabited, except in a few favoured spots, such as round Kasigau
mountain, where water is sufficiently abundant to maintain a small population.

Much of the area is underlain by ancient gneisses, schists and crystalline limestones,
the marbles being particularly abundant in the southern part. Dr. Saggerson shows that
these old rocks have probably been subjected to two periods of folding, in the first of which
they were considerably overturned. In the eastern part of the area, and notably at Kilibasi
hill, which has been described b; somelpmvious authors as composed of the ancient gneisses,
there are grits, sandstones and shales of the sediments of Karroo age that form a belt parallel
to the coast of Kenya. The author shows that there is evidence that at one time these sedi-
ments extended much further inland, almost to the Taita hills. Unfortunately, as in the
rest of the Coast, there is here no evidence that the occurrence of workable coal seams in
the Karroo beds is likely.

Various traces of valuable minerals, including copper ores, frlphil;e. sillimanite and
kyanite were discovered during the mapping, but it a rs unlikely that any will #:w to
be present in sufficient quantities or in a suitable state for commercial extraction. chief
mineral resource of the area is its limestones which, however, are unlikely to be wanted as
abundant limestones are present in more favourable areas elsewhere, nearer to centres of
use.

An account of the water-supplies is given in the rt, and leads to the conclusion
that though some water might be obtained from bore-holes, the most promising method of
improving supplies is by the construction of numerous small dams.

Nairobi, WILLIAM PULFREY,
8th January, 1958, Chief
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I—=INTRODUCTION

The area described in this report is situated between 30 and 85 miles from the Kenya
coast and comprises the south-east quarter of degree sheet 65 and those portions of the north-
east and south-east quarters of degree sheet 68 that lie within the Colony. It is bounded by
longitudes 38° 30’ E. and 39° E., by latitude 3° 30’ S. on the north, and by the -
Tanganyika border on the south, and has an area of approximately 2,050 square m
In addition a small part of Tanganyika along the Umba river near south-east corner of the
sl_'ea was examined. The area is covered by sheets Nos. 196 and 199 of the Colonial Survey

irectorate.

The object of the geological reconnaissance, which was made between the months of
June and December 1955, was threefold; firstly, to search for mineral deposits of economic
value in the crystalline gneisses and limestones of the Basement System which form the
greater proportion of the area; secondly, the evaluation of the Duruma Sandstones sediments
as a source of oil; thirdly, to examine the same sediments for coal-bearing strata. The
presence of coal pockets in the Taru Grits has been known since 1911 and in 1921 the
Coastal Mining and Exploration company began an exploration of an arca near Taru (a
few miles north-east of Kilibasi) for workable coal but met with no success. Bore-hole
records and regional geological surveys of the ground east and north-east of the present
atll-ca made it appear most unlikely that coal beds of economic value would be found during
the survey.

The results of the survey are illustrated by two maps, one of the northern part called
the Kasigau sheet, and the second of the southern part named the Kurase sheet. In the
report the two areas are considered together,

Maps. In the preparation of the geological maps aerial photographs, on a scale of
approximately 1:30,000, and taken in 1950 by the R.AF., and in 1954 and 1955 by an air
charter company, were used. Observations were plotted on to kodatrace overlays of runs
of aerial photographs, controlled by a plane-table survey which in turn was based on the
Survey of Kenya's trigonometrical stations at Sagala, Msn:ngu. :%:sipu and Il'.ilg::aii1 1?

. g 4 R uth A3 ut
Directorate of Colonial Surveys' preliminary plots UIV/NW (196/1) and U/IV/NE
(196/11) were also used for the part of the area approximately north-cast of the Kenya-
Uganda railway. Final reduction of the kodatrace strips was made photographically.

The form-lines shown on the maps were based on barometer readings taken alm
intervals during the survey and are approximate only, Heights were constantly
against known altitudes on the railway and corrected for diurnal variation.

1t should be noted that the trigonometrical station Sagala has been incorrectly named
Ndara on earlier to| phical maps. In addition Kasigau is a native land unit, the main
peak of the mountain being named Nyangala.

Communications. The Kenya-Uganda Railway, which passes through the north-east
corner of the area, the ndf‘mcenl Mombasa-Nairobi road and the Mombasa Pipe-line road
form the principal lines of communication. Communications in the remainder of the area
are poor. Three motorable tracks in regular use radiate from Kasigau; an old locust t
runs for fifteen miles in a south-westerly direction. Tracks also radiate from Kilibasi, in_
cluding a hunter’s track from Kilibasi to Kurase, which runs south-westerly from Kilibasi
Another hunter's track connects the hill Kivuko with the Pikapika-Mackinnon Road track’

During the survey a motorable track was constructed southwards from the Kilibasi-
Kurase track to a point within four miles of the Kenya-Tanganyika border, along which
there is a very poor survey track. Two other tracks, which branch east and west fi
north-south track were constructed during the survey and are indicated on the map.
mofgmtradswmﬂwmhmhohhmmmmqmmdy
enough to be motorable.

The township of Voi is situated on the railway seven miles north of Sagala, and Mackin-
non Road. also on the railway, lies one mile to the east of the eastern border of the area.

£.3
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Population. The area lies in the Coast Province of Kenya and is adr istered from
district headquarters at Kwale and Wundanyi. The Boundary between th. iwo districts
extends from Mackinnon Road station to Kilibasi and thence south-westerly (o the summit
of Kavuma hill just outside the south-west corner of the area, and is indicatec on the maps.
The area is sparsely inhabited and only at Sagala, Maungu, Kasigau and Kilibasi, where
permanent water exists, is there any concentration of population. The populad part of the
area forms less than ten per cent of the whole. At Kilibasi a few scores of W liangulu, who
are a branch of the coastal Duruma tribe, eke out a miserable existence contred on the
Wwater-holes at the foot of the hill. At the other three localities the Africans, who are members
of the Taita tribe, are able to cultivate small holdings and graze their cattle and goats close
to the mountain sides, The administration has, however, found it necessary {rom time to
time to render assistance by supplementing food supplies. A recent medic | survey has
revealed that in the Taita native reserve only those people living at Kasigau, ot which there
are about 1,500, do not suffer from malnutrition. Both at Sagala and Kasiau, the hills
rise to more than 5,000 feet above sea-level, and it is possible to grow banana 1nd paw-paw
trees and, on the upper slopes, oranges and pineapples,

The area abounds in game of all kinds including elephant, rhinoceros. | uffalo, eland
and most species of gazelle. The Presence of such game has attracted hunters for many
years and many of the motorable tracks owe their existence to their activitics. Signs of

DACAINg are particularly common in the Kurase area. Here the Waduruma and Tanganyika
tribes can enter the area without fear of molestation and construct their traps to catch the
smaller animals on which they live, while they hunt the larger animals such as c¢lephant and

1aoeeros. The trophies obtained from the | -re they are
R for i . rom the latter are smuggled to the coast, where they

ionally enter the south-western part of the
and signs of their habitat ions are not lacking

y in the periods April-June and October-
November, at the change of the monsoons, It js at these periods that water-holes are full

! ‘ . During the drier peri e larger animals
migrate either northwards to the Sabal| r1oe. rarde b oyever, the larger

5 or southwards to the Umba river in Tanganyika
¢ t water is obtainable. At on] ne ief’s Camp at Rukanga
(Kasigau), have rainfal] figures been recorded gng th e oty Giet's Camp at Ru

. ere only during the last few years, but

:;‘::é“::ﬂ?;ﬁg&‘}gﬂ and figures }11;\'? been kept over : periog of sevcranLI years, Tg;
gures in ing or these ¢ ¢ aars), 21

o years) and 28-12 (43 years up to 195, ively. 5 Dlaces are 36-15 (4 years)

oW rainfall over most of the area d

Py A except at the very driest periods of the

V;';:T;: h’%‘ t;‘)‘“;lh“ only remnants of forest on its yupper pﬁts, the local
toppr:-afro‘:estor:s “Plaﬂy bare of trees. An effort is now being made by

that any kind of e ll"l 110 protect the soil against excessive erosion. It is
: . O settlement can be made, the remainder of the area being

3. : 2

'd aroung KThﬂlebar:f kl%:‘.l?:\ewﬁ?u Xposed in the region of Maungu and Kasigau,
' Mats i, Mwachinjo ' €Xposures are poor and mainly confined to isolated
Mestones wigl interbeddnédm and Kurase, and to low ridges formed mainly of
h of the sand-coves s 53¢ Poor and infrequent outcrops and scatte

. ~covered plains allow little interpretation of the nature of

L : ithin the Tsavo Royal Nati f
2 onal Park, the boundary 0
At her sect s et Mdary runs along the ponicr. side of the railway and
on of the areq mapped, south-west of Kasigau.
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During the 1914-18 war the area was the scene of military activity and Kasigau was
fortified successively by the British and the Germans, the latter having invaded the Colony
from Tanganyika. Gun emplacements can still be seen on Kasigau and the aerial photo-
graphs reveal the location of the old road (not shown on map) that runs south-west from
the mountain and was used by the German forces.

Acknowledgements. The author thanks the Director of the Geological Survey of Tan-
ganyika for permission to map in reconnaissance style the Umba river section near Mwaki-
jembe. Thanks are also due to the staff of the Kenya Police at Mackinnon Road for assistance,
readily given, in the repair of Survey transport.

II—PREVIOUS GEOLOGICAL WORK

Some of the earliest travels through the area were those made by the missionaries
Rebmann (in 1847) and Krapf (in 1849 and 1851) who journeyed to the Taita and Usambara
mountains and Ukambani. During his first journey to Taita in 1847 Rebmann visited
Kadiaro. (Kasigau) describing this solitary mountain mass as “‘stretching about one league
and a half from south to north and near its centre reaching its highest summit which consists
of an enormous mass of rock and is, for the most part, completely perpendicular”™ (Krapf,
1860, p. 225).* R. Thornton (1862) in a letter to Sir R. 1. Murchison described the area
between Mombasa and Kilimanjaro. He referred to the Taru grits and the “deep circular
cavities in which we often found water” and to Kasigau, “a high, narrow precipitous moun-
tain composed of old, crystalline metamorphic rock in thick beds dipping to the east at
about 5°. He also commented on the gently undulating plain to the south and west of the
mountain.

Charles New, a missionary explorer, travelled through the area in 1871 while maki
a journey from Mombasa to Lake Jipe via Kasigau. Like other explorers he commen
on the dry and uninhabited country and the permanent water-holes (presumably) at Kilibasi.
His return journey took him via Sagala and Buchuma (Forbes-Watson 1951, pp. 30 and
63-64).

J. Thomson in a description of his journey to Taveta in 1883 mentions in particular the
200 miles of flat, desert-like country with its sterile soil and glaring red sand, between the
coast and Mount Kilimanjaro (Loftus, 1951, p. 9).

On his return to the coast in 1888, after an expedition to central and northern Kenya,
Von Hoéhnel passed through the area and described the physiographical features of la,
Maungu, Kizima and Kilibasi, mentioning in particular the vertical cliffs of Kasigau (Von
Hohnel, 1890, p. 3). The map that accompanies his report indicates the position of these
hills with reasonable accuracy.

Other travellers to visit the area included Von der Decken and A. Kersten in 1869
(Von der Decken, 1879), Hildebrandt (1879), and H. Meyer (1890), all of whom collected
various rocks which included Duruma sandstones, and crystalline limestones, biotite and
hornblende gneisses and pegmatites from Maungu and Ndara. Pet phical descriptions
of a number of these rocks were given by Roth (1864), Beyrich (1878), Hyland Shearson
(1889), and Tenne (1890). Later Stromer von Reichenbach (1896) summarised the researches
of all the early travellers to this part of Kenya, but did not himself visit East Africa.

C. W. Hobley (1894, p. 123; 1895, pp. 545-561) stopped at Maungu and Sagala on
his way to the Taita hills in 1892, On his return journey he noted the crystalline limestones
of the Mugeno ridge, the mountains of Kasigau and Rukinga, and recognised the boundary
between the Basement System rocks and the Duruma Sandstones near Kilibasi.

Walcot Gibson (1893, pp. 561-562) made a journey from the coast to Lake Victoria
towards the end of the nineteenth century. He passed through the area and considered that
there was an unconformity between the coastal sedimentary rocks and the metamorphic
series, though he did not realise that much of the junction is faulted. At about the same
time, in 1893, J. W. Gregory (1896, p. 68) began his first journey through Kenya from
Mombasa and, towards the end of March, camped at Maungu “on a terrace at the height
of 2,200 feet, about 500 feet above the plain”. The following day he reached Sagala (Ndara)

'Refuta?es ;;e_qmad on pp 58-60
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bechhf'I Kasigau-Karyse 24 18 generally one of low relief, the configuration of which
. Influenced by the Strike of the System gneisses that underlie the grea
POI;‘I;;"I of it. fS" *on Reichenbach (1395 2) in his description of the northern p
;:;m - rz:l‘ea rck:l‘ll;zd 10 it as the Tajta Steppe, while the low-lying barren country bet
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S name, Nyika, which Mea barren desolate region". Crossing the area f
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crystalline hmes!onel‘ldm i

” : the

Y have proved more Tesistant to erosion than thes

more than 300 fect aboye g qu ieH 8T granitosg” mestone ridges, which rarely fiSe8
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of the Taita hills), the Maungu hills, Kasigau, Rukinga and Kizima (Figs. 1 and 2), whose
present topographies have been influenced by the irregularity of their individual geologi
structures. Kilibasi (2,752 ft.), situated in the east-central part of the area is an isolated hill
composed of resistant Duruma Sandstones and is visible for great distances although it is
dwarfed by Kasigau (5,393 ft.), which is formed of Basement System gneisses and dominates
the whole region (see plates 1, 11 and XIII).
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Fig. 1—Physiographical map of the Kasigau area.
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Fig. 2—Physiographical map of the Kurase area,

rthern part of the area are pcdnmentt’_
that slope qently to the m.rro. ~covered plains, These pediments are a prod uct o
lateral erosion under semi-arid conditions and on them fine examples of tors, exfoliation
domes and whale-backs are (0 be found. Beyond the pediment zone it is rare to find prominent
residual features, the outcrops havh\g been reduced to rock-pavements at soil level, as for
example at Zagana, mmh'm of Plkapika. imen(s average less than a ITIIIB_ mn
width and in places are dissected by gullies, often 20 to 50 feet in depth, of which
W:’dlc"m]:“ can be seen on the eastern slopes of Kasigay and Rukinga and to a lesser
extent ¢ ere.

At Kizima, where the rocks aTe resistant granitoid pne: : is composed
of large rounded masses, with their longer allel o e, the inselberg i

: : . axes parallel to the regional strike (plate 111, @)
A particularly fine inselberg ls.de_volo. at the present day ongthe north-we?t slopes of
Kasigau. Here, the hill area has towering vertica] c); $ and is almost isolated except on its
east side where it is joined to the main moy a low col. Such residuals are relatively
foint-free, but the tors, exfoliations domes gnq owe their origin to weathering
and erosion of the gneisses along Major joints ang foliation planes, and in particular along
Iongitudinal joints where lateral crosion is at 5 maximum, ‘At Kizima a single, but inter-

Round the bases of the main 8roups of hills in the no
50il
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rupted ridge, contains examples of all three; on the south there is a near-hemispherical
exfoliation dome, which gives place northwards to whale-backs, which mmmm
eroded to form isolated blocks (Plate 1V). Weathering of these features is assisted z

linear joints sub-parallel to the weathered surfaces, and disintegration is by the ing of
successive plates of rock of variable thickness. In the more homogeneous types scaling by
separation of thin shells of rock is equally important. Residual boulders commonly lie on
su}::hb_e;:%lkiaﬁon surfaces and form part of the rock debris seen on and surrounding the
wha s.

Chemical weathering is perhaps the greatest single factor influencing the denudation of
this area, flowing streams being non-existent except on the larger hills, Kasigau and Sagala,
Hydration and carbonation play an important role in this type of weathering and to a lesser
extent oxidation. It is signi t that the magnesium-rich imestones are some of the most
resistant rocks in the area. Under the semi-arid conditions that prevail, rain falling on the
limestones quickly flows off the hill slopes and disperses into the sand covering the gneisses.
Occasionally where jointing is common it flows through limestones and in such cases the
limestones are more easily weathered and saw-edged ridges so typical of the Mangari, Dari,
Kivindara and Kamkala hills are produced.

Because of deficient rainfall in the area, the prevalence of clear skies for a great pro-
portion of the vear, high evaporation, great diurnal ranges of temperature and, in parts, the
lack of suitable vegetation cover such as grass, wind plays an important part in erosion,
mainly by deflation. The wind is able to sweep across the area without interruption and
carries with it large quantities of sand already produced by weathering. It is ly due to
this that the limestones remain as conspicuous ridges, for it is on them that the vegetation
cover is thickest, so helping to prevent erosive action by the wind.

In a report on the Mariakani-Mackinnon Road area, Miller (1952, pp. 3-4) showed
that east of the present area the principal erosion surface is the end-Tertiary peneplain, An
extension of this low-level erosion surface bevels the eastern part of the present area with
elevations between 1,400 and 1,100 feet, sloping to the east-south-east at a ximately 14
feet per mile, which is less steep than the slope of the same surface recogn by Miller.
Laterite exposed at the roadside approximately four miles north-east of Maungu and kunkar
limestone in soils near Lukakanyi and Buchuma are presumed to have formed on this
surface. The lack of an erosional scarp at the junction of the more resistant Basement
System gneisses and the Duruma Sandstones is indicative of the intense peneplanation that
the area has undergone. It is only in Pleistocene-Recent times that streams have begun to
excavate the softer sediments east of the fault,

As indicated in figs. 1, 2 and 18 four other surfaces are represented by bevels on the
hills and are roughly parallel to the end-Tertiary surface, being 200, 500, about 1,050 and
1,250 feet higher respectively. The lowest of these older surfaces, the Ichenze surface, is
preserved as remnants on the north-west-south-east ridges between Jogolo (near Kasigau)
and south-east of Bukuba, on Ichenze, on Kamkala near the Tanganyika border, and on
the summits of the limestone ridges south-west of Kurase. The small hills west of the main
Maungu range and Kivuko are relics of the same surface. The next higher surface,
is believed to be part of the sub-Miocene surface of Kenya, bevels the main limestone ri
as well as the rise south of Murinjo and the limestones south of Kurase. The monadnocks
Kizima, Jora and Kapomboro are also bevelled by the same surface, while the tops of the
east and west spurs on Kilibasi occur at this level. Approximately 1,000 feet a the
end-Tertiary surface is a third bevel, the Maungu hills surface, which is probably the equiva-
lent of the Mashoti surface, recognized in the area south of the Taita hills (Walsh, 1960,
p. 5). Most of the summits of the hills forming the Maungu range occur at the same
and correspond with bevels on the Mugeno range, Sagala, Zagasiti, Murinjo and
The hill Nyika (on the south side of Sagala), Lola and Kurase are degraded remnants of the
same surface. Representatives of an even higher surface presumed to correspond with the
end-Cretaceous surface of other parts of Kenya, are probably represented by the summist
of Mugeno south, Nyangala and Saseie, and the shoulders of Rukinga and Kasigau.

North-west of the area a datum level is ided by the surface on which rest the Yatta
plateau lavas, which are presumed to be of Miocene age (Schoeman 1948, p. 3; Dodson,
1953, p. 3). This sub-Miocene surface stands a imately 500 feet above the end-Tertiary
peneplain and the surface that bevels such hills as Varini and Bikuba can be correlated

i
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eastern sides are too small to have eroded the large arenas from which they flow. Gaps in
a number of the limestone ridges, the low col in the centre of the Rukinga hills and the
straight south face of Kilibasi are all topographical features that have been influenced by
faulting.

During the Pleistocene, down-cutting by stream action was responsible for the dissec-
tion of part of the end-Tertiary peneplain near the eastern border. In more recent times

lateral erosion, under semi-arid conditions, has been the controlling factor in the denudation
of the Kasigau area.

IV—-SUMMARY OF GEOLOGY
The geological succession in the area mapped is:—

Recent Soils, sands and alluvium.
Pleistocene Terrace gravels,

—————  unconformity——
Tertiary ? Phonolite (dykes ?)

——— (intrusive contact)
; Lower Maji ya Chumvi Beds
Upper Permian Upper Taru Grits
Lower Permian to .
Upper Carboniferous }Lowtr Taru Grits
— unconformity ———

Duruma Sandstones (part).

Precambrian (7) Ultra-basic and basic intrusive rocks.
———— intrusive contact —
Kasigau Series
Archaean { I(umgs?: Serire‘s }Basemcm System.

The greater part of the area is occupied by metamorphosed sediments of the Basement
System. Outcrops from numerous hills in the north, where Kasigau dominates the whole
area, and in the south are generally confined to isolated hills and a series of low ridges that
trend north-west-south-east. Consequent on compression the original sediments are highly
folded. They are also partly granitised.

Age-determinations carried out recently at Oxford University on felspar porph roblasts
obtained from rocks from the Kasigau Series at Maungu and Nyangala gave the following
results:—

1 2
K;0 wt, percent .. ¢ s 13:2 12+60
A0 p.p.m. (not corrected for atmos-
pheric contamination) .. e 0-435 0-350
Age m.y. i e 24 » 490 425

(1) 65/235, felspar porphyroblast from migmatite, Maungu.
(2) 65/244, felspar porphyroblast from granitoid gneiss, Nyangala.

The correction for atmospheric argon is almost invariably less than § per cent, and
therefore the ages can be given as 490 4 25 m.y. and 425 + 25 m.y. respectively. These
ages indicate the last period of granitization that affected the rocks of the Kasigau Series
and suggest that this occurred during the lower part of the Palacozoic era.

The area is characterized by the presence of numerous and extensive bands of crystalline
dolomitic limestones which are associated with kyanite and sillimanite gneisses. The occur-
rence of these two alumino-silicates in the same rocks suggests that the sillimanite isograd
postulated by Sanders (1954, p. 150) passes through this area.

Intrusions of hornblendite and gabbro into rocks of the Kasigau Series are considered
to be of Precambrian age.

During the late Palacozoic era sediments of the Duruma Sandstones were deposited in
the eastern part of the area under lacustrine and deltaic conditions. They were formed as
a result of uplift and block-faulting of the Basement System gneisses, and cyclic deposition
in the Lower Taru Grits is believed to be a result of intermittent uplift during this period.
The deltaic deposits in the upper beds indicates in-filling of lakes and a probable encroach-
ment of the sea close to the eastern border of the area during Permian times. At a later
period these beds were gently folded and considerably faulted.
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Between Cretaceo Pleistocene times the area was subjected to repcated pene-
planation andcﬁve bevirlsaﬁn be recognised. Lowering of sea-level at tim. Juring the
Pleistocene period is considered responsible for the dissection of much of the i-Tertiary
peneplain in the eastern part of the area.

Superficial sands and soils of Recent age are widespread and conceal the  cater pro-

portion of the Basement System rocks. In dry river-courses the soil is heavy an. dark, and
grey alluvial soils are extensive, In hill regions boulder-strewn slopes give plac: quickly to
pediments that slope gently to the surrounding plains.

V—DETAILS OF GEOLOGY
1. The Basement System

The rocks of the Basement System are considered to be the metamorphosec -quivalents
of originally sedimentary rocks, the Ppresence of minor sedimentary structures (1ipple-marks
and current bedding), staurolite, aluminous rocks, and carbonaceous, dolomiti. limestones
being proof of sedimentary origin. All the gneisses mapped have strong foliation, which is
practically unaffected by migmitization; only at Maungu is the fabric obliterated

pelitic rocks are characterized by numerous crystalline dolomitic limestones. A tectonic
study suggests that a series containing limestones of a lenticular nature has been repeatedly
folded, and provides evidence for the stratigraphic succession suggested below. T hese rocks

are termed the Kurase Series, after the principal locality in the southern part of the area.

A single crystalline limestone outcropping near Mackinnon Road may be part of this Series,
and it is likely that the same series has been recognised in the eastern part of the Voi area
(Sanders, report at the press), It is considered that the succession established by Joubert
(1957, p. 32) in the Namanga-Bissel areq is equivalent to the same series.

East of the prominent Musauu-Mwakijemb:Iim ridge is a distinct group of rocks
he Seri -folded pelitic, calcareous and S:e:_'m-
: : ries, are considered to overlje the Kurase Series.
,They‘gf"“ all ‘h;fm“‘. ﬂ‘mmgs between Sagala and Kizima. No evidence of discon-
MOSion of o gty the two series has ised. T roximate
Drising. tha e boundary between the two series fy cf s o, [2COBNised. The appro
B theurs Kurase end Kasigau Senes Probably outerop in the Taita hills to the north-west
of the present area. In his description of the lito Andei-Tsavo area (of which the Taita
hl'b"m eokn Bt (a7, p. 3) consi the Archaean gneisses to be the equivalent
of his Turoka Series of southern Kentyn (Parkinson, 1913). It seems likely, however, that
ﬁ':;;mstaics:"“ forms only a part of the Mtito Andei-Tsayo area, being equivalent to the
Tics.

For descriptive purposes the rocks of the : S i-
fied into the following Py Basement System in the whole area are classi

Crystalline limestones,
Calc-silicate granulites,

Hornblende-garnet-scapo i
Calcareous Calc-silicate gneisses. 0 '€ Eneisses,

Hornblende gneisses,
L Granitised calc-silicate gneisses,

T’ Kyani:z:bearing gneisses,

glii‘l‘:cn:::t-qg:?nn;-w Para-gneisses with quartz-sillimanite faserkiesel.
Pelitic < Biotite gneisses,

Graphite gneisses,

Garnetiferous para-granulites,

_ Garnet-biotite para-gneisses,

o : Biotite gneisses.
mi-pelitic Hornblende-garnet gneisses
Garnetiferous horn blende-biotite gneisses,
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s Quartz-felspar para-granulites.
Psammitic {Quanz-fchpar-muscome para-granulites.

Migmatitic Migmatites with semi-pelitic host-rock.
An!?mn‘;:ic }Gnmiwid gneisses.

Pegmatites and aplites are considered with the last division for convenience, though they
may in fact be considerably younger than the Basement System,

The rocks of both the Kasigau and Kurase Series are described together to avoid
repetition in petrographical descriptions,

The stratigraphical succession of the Basement System in the area is as follows:—

KASIGAU SERIES
Thickness
(approximate)
(feer)

Granitoid gneiss (Kizima) . b A% r 2 1,500
Kyanite-biotite-garnet gneiss (l(amwemba) e = o iy A 1,000
Hornblende-diopside-epidote gneiss
Banded biotite-hornblende gneiss
Quartz-felspar gneiss (Nyangala) “ o2 Vi - 1,000
Banded-biotite-hornblende gneiss
Quartz-felspar gneiss
Banded-biotite-hornblende gneiss
Biotite gneisses with garnetiferous calc-silicate granulites (Makiboro) s 1,000
Kyanite-biotite gnelss
Biotite-garnet gnelu
Muscovite gneiss
Kyanite-muscovite-biotite gneisses with graphitic and

pyrite-rich bands
Muscovite-quartz-felspar gneiss
Kyanite gneiss with quartz-sillimanite faserkiesel at the base »(Saseie and south
Muscovite-quartz-felspar gneiss with quartz-sillimanite Nyangala) .. 800

Sfaserkiesel.
Kyanite-garnet smm
Biotite-garnet gne
Musoome-?umz-relapar gneiss with quartz-sillimanite

faserkiesel at the top
Hornblende gnemuh ::}mic-sllwdmumu (Kisamani and Kidodongoni) 400
Biotite sses wit icate s
T }{Kulihh} E g SRS RS WY
Kyanite-gneiss (Makaramba) - Vi v 7 ¥4 o < 100
Hornblende-biotite gneisses. . ‘ Al 800"
Fnssul; bmlue-homblmdel-gar:;:i anemes v gosg’
Horn Iende-gmﬂ-mpo ite 88
Hornblende-biotite-garnet gneisses with “calesili- (Kasigau Sagala 4,150

cate granulites 800" | and Rukinga)
Striped and banded hornblende-biotite-garnet

gneisses. 1,000"

KURASE SEries
Thickness
(approximate)
(feer)

Pelitic gneisses (including kyanite, graphite and qumz-nch mmm) with thin
limestones (Lola, Kurase and Mwachinjoro) : 3,500

Crystalline limestones with thin, interbanded pelstic memes (Muuno l!-l:ubu.
Kivindara, Kisoli and Murinjo) ..

Pelitic gneisses (including kyamtc. mphmc I.I:Id qlnrtz -rich 'nduel) (Mat-
simbani and Ndara) ..
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Thicknesses quoted are only approximate and numerous gaps occur  he sequence_;
quoted due to lack of exposure. Nowhere was any evidence seen or the b: . r the top of !
the system. .

(1) METAMORPHOSED CALCAREOUS SEDIMENTS

(@) Crystalline limestones

The limestones form the most frequent outcrops in the area, giving ris- to a series of
: low, heavily-bushed ridges that trend north-west-south-east across the area. | ey are parti-
i cularly noticeable in the Kurase area where almost every ridge is formed of 'imestone and
el often overlain by a superficial layer of kunkar., Rarely are intervening gnecisses exposed,

except as small isolated hills or as small outerops in gullies. One major lin - one horizon
can be traced for over 80 miles from Mugeno in the north-west to Mwakijen:b- in the south= 3
east. The other numerous outcrops, often traceable along the strike for 1.y miles, are

considered in certain cases to be the same band repeated by folding, but there is little doubt
that more than one horizon is represented. This is clearly the case at Lola 21 a few miles -
north-east of Matsimbani where a number of thin limestones are interbeddc | in a series of
pelitic gneisses. The limestones usually have a moderate dip to the east though a number
of westerly dips were recorded. They vary in thickness from a fex. inches (as seen on the &
north side of Kulikila) to over 600 feet; thicker outcrops such as are seen at lugeno, west

?flgpuh, and at Ichenze, sixteen miles east of Kurase, represent close multiplication by
olding.

e exposures of the crystalline limestones are generally poor due to the overlying
kunkar but some ridges such as Mangari, west-south-west of Kasigau, consist of prominent
tmmmthh:; ; utcrops. These well-exposed rocks are invariably black in colour due to
:r?niﬂimake& Mmts_;chgm roc-{:he hzmt‘mes» which usually contain tlisseminaft‘:g

. » . ~gral S an 1 ark W,
rich in graphite, Fine ing i generally white, but often dark grey

! in them is emphasi iti lc-silicate lenses -
mdsometln'lesbyphlogopite. threstrongmgvenm by graphitic and calc-silicate

i ! o have occurred within the limestones,
particularly in proximity to fault-zones, the I; " e
in which thin graphitic bands and |, ammes £';lll‘e» dense, extremely fine-grained r

; d sometimes contorted. An excellent
example, specimen 68/48*, was obtained from the band ten miles east-north-cast of Kurase.

In thin sections the limestones are found to consist mainly of calcite, associated with =
:I(uwa:tzi'lom:opht?ue' Pl:“’%"mep diopside, forsterite and apatite, }é)ne specimen, 65/256 from
5 p e - m& ﬁpﬂam 15 a fairly coarse-grained rock containing scapolite, faintly
mmhnrals pised . haln?slde._ and forsterite marginally altered to iddingsite. Other =
Wollastonite frequently occurs e ke, N1ude garet and a rare lust rous, pale-green mica. =
limesoos St 1B y t:ccurs as knots of variable Size. Analyses of a number of crystalline

being shown on figs. 16 and 17, The crce, &1 uoted on page 53, the specimen localties
are dolomitic. One limestone, The analyses indicate that the majority of the limestones
but is probably of om0 rom two miles east of Tugwe, has a low magnesia content
few miles, is found to gedol °?mnce for the same band, when traced southwards for &
| the limestones. The crye Il")l:: IF' This suggests that there is some lateral variation within
. ditions, as mixed precipitates of ca]mz“m es pmbﬂbl}: formed originally under marine con-
[ the more stable fore aies Tb::um and magnesium carbonates, which later changed to
' under metamorphism, while the alumine 0 OIS have remained apparently unchanged ==
with some of the P Sy ; mil:la and silica of the more impure rocks have combined =

ormation of varjoys magnesian minerals.

) Cale-silicage
The calc-silicate granulites Smgnd

associated with the Hittostone e, S thin lenses, bands and small segregations in gneisses

that form the hills between Sagala and nﬁ‘ more rarely, interbanded with the gneisses

plagioclase amphibolites alsp represent Orixinan]s:é gg&'iﬁgﬁéﬁgm gneisses and someé

: ~ *Numbers prefixed by 6 ene o

| | Geological Dcpaﬂm&,m”" to Specimens in the regional collections of the Mines and =
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Many of the calc-silicate granulites are dense, melanocratic rocks, having a granulitic
texture, with pyroxene, plagioclase felspar and garnet as the principal constituents together
with accessory sphene, titaniferous magnetite, hornblende, epidote, calcite and rare tremolitee’
A thin section of specimen 68/59, from seven miles north-north-east of Matsimbani, revealed
the presence of hypersthene forming an intergrowth with hornblende and biotite. The pro-
portion of felspar in the granulites varies considerably. It generally occurs as sub-idioblastic

rains exhibiting albite and pericline twinning and ranges in composition in different slides
rom oligoclase to andesine, but in specimen 65/349, from the east face of Sagala, it is sodic
bytownite of composition Anyy. A colourless or pale-green diopside is characteristic of
these rocks, often showing alteration to hornblende. In specimen 65/258, from two miles
south of Kasigau, however, light green hornblende is poikiloblastic, containing sphene and
relics of colourless diopside, Idioblastic or sub-idioblastic garnets are common in these
rocks, often comprising over thirty per cent of the constituents and colouring the gneisses
deep-red or even purple. They contain numerous inclusions.

A cale-silicate band, thres feet thick, exposed on the north side of Kulikila contains
thin inclusions of crystalline limestone and pyroxene-rich gneiss.

It is common to find loose blocks of granulite lying on the limestone ridges, where
they are often the only indication that calc-silicate rocks are present. A large numbar of
such blocks are seen on Mai, south-west of Kasigau, the most common bzing composed of
forsterite, diopside, labradorite, garnet and quartz. Specimen 65/323A from the same local-
ity contains the following unusual assemblage, plagioclase-hornblende-garnet-hypersthene
and spinel. Yet a third assemblage represented by specimen 68/25, from two miles south-
west of Kurase, contains abundant xenoblastic diopside with garnet, scapolite and calcite.

(¢) Garnet-hornblende-scapolite para-gneisses

A band of gneisses over 500 feet thick is exposed on Rukinga and what is considered
to be the same horizon was recognised on Kasigau (ﬁf' 19), Amak and -?ain on Sagala.
The rock has a very marked influence on topography, forming prominent features that on
upper slopes are nearly devoid of vegetation. Jointing sub-parallel to strike and foliation
divides the rocks into massive blocks which have been reduced by weathering to bald surfaces
as can be seen on all these hills. One of the most characteristic is Goi at the southern end
of the Sagala range, where this type of gneiss forms a steep-sided spur over 1,800 feet in
height. Other examples include Are and the summit of Kasigau, both of which are isolated,
rounded blocks of striking appearance,

The garnet-hornblende-scapolite gneisses are characteristic rocks of medium colour,
rich in resinous garnets that locally form garnetiferous porphyroblasts up to 2 cms. across.
Specimens 65/283 and 65/285 from the north-east spur of Rukinga are typical. Some parts
of the band on various hills are more leucocratic than the remainder of the rock, being poor
in hornblende but often profusely spotted with pin-head garnets, as seen in specimen 65/282
from the north-west spur of Rukinga. In other exposures, melanocratic streaks and stripes
rich in hornblende are not uncommon. These rocks are sometimes coarse-grained, in which
individual garnets vary in size up to 7 mm,, and contain chadacrysts of quartz, hornblende
and magnetite. An analysis of the garnet from specimen 65/283 indicated a CaO content
of 9-38 per cent. Felspar is more common in these rocks than in the calc-silicate granulites
and is oligoclase showing replacive margins against quartz, but in turn is itself partly replaced
by scapolite. The scapolite occurs either interstitially, where it replaces felspar, or as sub-
idioblastic crystals measuring up to 2 mm. Quartz and prismatic horblende, which in
specimen 65/260 from Kasigau is blue-green, are the other principal constituents. Accessories
include apatite, clinozoisite, sphene, magnetite, very rare rutile and chlorite. Pyroxene, which
is present in some specimens of the gneiss, is absent from the rock at Rukinga.

Similar rocks, interbanded with biotite gneisses and thin limestones, outcrop in the
Lola hills, where they are characterised by strongly pleochroic biotite with X = pale pinkish
brown, Y = red-brown, Z = blackish-brown.

(d) Cale-silicate gneisses

Cale-silicate gneisses occur as thin melanocratic bands associated with hornblende and
biotite-hornblende '{nclm (of semi-calcareous and semi-pelitic origin) particularly at Amak,
Kidodongoni and Rukinga and on Kasigau. Others are inter-banded with pelitic gneisses
and thin crystalline limestones north-east of Matsimbani and at Lola. A much thicker band
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underlies the ?amet -hornblende-scapolite gneisses at Sagala, Kasigau and Ru'inga while a
similar rock forms the summit of Nyangala. Most are dense, melanocratic, well-jointed E
rocks with their gneissose structure emphasised by thin felspathic bands. Ot} 5 a re more
coarse-grained rocks, in particular that at Nyangala, where it is a massive r . which on
weathering forms large sub-rounded blocks.

The cale-silicate gneisses have crystalloblastic textures, the principal constituents being
pyroxene, hornblende, and felspar, though in specimen 65/251 from Amal yyroxene is
absent, abundant hornblende, felspar and a little garnet being the main min: als present,
A pale-green diopsidic pyroxene is characteristic of most of them and is ofter | oikiloblastie
towards hornblende and quartz and shows alteration to hornblende. The p oportion of
hornblende varies in different examples, usually comprising about fifty per cent of the
coloured minerals. The hornblende is poikiloblastic, and strongly pleochroic frm yellow to

green and is often secondary after pyroxene. Fresh plagioclase felspar 1= 1 common
constituent in the banded varieties, but is only interstitial in the melanocratic rocks such
as are exposed on Nyangala. In the banded rocks it forms xenoblastic crystals ranging in

composition in different rocks from Angy to Ang, those occurring in gneisscs hich have
hornblende in preponderance (such as specimen 65/251) being more calcic. 'n specimen
65/288 from Kidod the felspar shows evidence of straining in bent twin l:mellae and

uapyar extinction. Dark resinous garnets often intergrown with hornblende, diopside and
quartz, are frequently associated with these gnei » occurring in small concentrations in
mchul‘tam Sands as becimen 65/255 from Kasigau, or sparsely distributed throughout the
: Sub-idioblastic epidote is a common accessory and at Nyangala forms cpidote-rich
fi Nm kg e ehror S significant proportion of the rock. In specimen 65/247
m‘ mm'ﬂg;ﬂ:lpo"g& ff\m mlourle_ss to pale yellow-green and sometimes encloses
A ¢ + ACCesso in . lastic quact 1
scapolite, calcite, sphene, apatite and blgk ey these rocks include xenoblastic g :

(€) Hornblende Greisses

A number of hornblende gneisses considered to be rocks deri i-c
mainly found : erived from semi-calcareous
::chm;neulo?aﬁim m{,ffmuegl‘“g&g‘g::ﬂﬂso?i and on the lower slopes of Kasi;glau.
H . ) melanocratic | -silicate granulite
and are interbanded with cale-silicate gneisses, which they cfosi?;e:eggmagli.s’ icate gra

loped o Bneisses are biotite-free and are usually melanocratic rocks with well

deve Bneissose textures emphasi Rl
partly migmatised but retain their oriléiagalbgnﬁggda ;tmh NS Gy r Dands. They have boed

i ist 3 ructure and for this reason are described
iﬂdiﬂ({:lmuiﬁeyn?gumnm TOCks are described in a later section). Thin sections
ordinate garnet and quagrrt; ic tes of hornblende and plagioclase with sub-
by fresh medium andes mt-’fmclrlcn 65/252 from Amak is typical and is cha racterized
from pale yellow-green to ckepm Y replaces quartz, The hornblende is strongly pleochroic
with poor terminations ml:]&&m and occurs in irregular to sub-idioblastic crystals

ies in different slides inchde . *Mall pale pink irregular to idioblastic garnets.
e Scapolite, sphene, apatite, epidote and black iron ore.

(2) MeTamorpHOSED PeLimic Sg
DIMENTS
Rocks considered & :
Srea, one in the M“'-m;?! Emakma;rpn Pelitic sediments occur in separate parts of the
southern, part (Kurase Series) Their seties) and the other among the limestones in the
courses during metamorphism, i ir evoluuor_t as probably followed slightly different
](,,n- G Sm, in part due to mImiliZﬂtiO[‘l of the Maungu rocks.
1 i s n :
Prose . I":'an?‘bg""?: ;ngﬁ:t::gle \:!r:mtypm mi'.‘emls in these rocks and sillimanite is
A number of the kyanj : 1t oceurs in Quartz-sillimanite knots or faserkiesel.
; yanite rocks in the K : : % :
represent im b urase Series are highly si] d may, in fact,
mpure quartzitic rocks, bul:‘ are considered here org co’:liL'rﬁ‘;?lga% h??gstfrkfesef
iti YHe gneisses and granulites and with kyanite-
The pelitic group is invaded Mﬁmnon.that developed during migmatization.
e i pectirrence o ql-lﬂrtz-smnjmn gmatites and aplites; lit-par-lit injections are
(1954, p. IJJMOMMMMCOW ribed by Shacklaton (1946, p. 9) and Sanders
and by Read (193] P. 154) in central Sutherland.
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Garnetiferous sillimanite bands are interbedded with crystalline limestones at Kivindara,
but sillimanite is less frequent among the kyanite-bearing gneisses further south. The
presence of staurolite in some of the gneisses is indicative of their sedimentary origin. Rutile
is a common mineral in those rocks containing the alumino-silicates and probably indicates
a relatively high titanium content in the original sediments, rather than its introduction by
metasomatizing fluids, although its preponderance over sphene might su high-grade
metamorphism in these rocks. Garnet-bearing pelitic rocks are widespread throughout the
area and usually exposures consist of leucocratic well-jointed granulites forming numerous
thin bands in melanocratic rocks. At Nyangala rare garnet porphyroblasts were noticed in
biotite and kyanite-biotite gneisses that are otherwise garnet-free.

For the purposes of description the metamorphosed pelitic rocks are divided into the
following groups:—

(a) Kyanite-bearing gneisses.

(b) Muscovite-quartz-felspar gneisses with quartz-sillimanite faserkiesel.
(c) Sillimanite-garnet para-gneisses.

(d) Muscovite para-gneisses.

(¢) Biotite gneisses.

(f) Graphite gneisses.

(g) Garnet para-granulites.

(h) Garnet-biotite para-gneisses.

(a) Kyanite-bearing Gneisses

Kyanite gneisses are exposed in a number of places in the area but particularly in the
Maungu hills, where the principal occurrences were seen on Saseie and th. Other
important outcrops occur in the southern part of the area and include M injoro and
Matsimbani, while bands associated with itic gneisses were observed one mile east of
Ndemkungo, where they were traced for only short distances. Examples of the more siliceous
kyanite gneisses occur in the Mwachinjoro area.

(i) Kyanite-graphite gneisses

Between Kamkala and Ndemkungo near the Kenya-Tanganyika border a number of
kyanite-graphite gneisses form good but scattered exposures of which Mwachinjoro, a small
conical peak nearly 100 feet high, is the most prominent. Rare gully sections reveal the
presence of thin interbanded crystalline limestones which are probably lenticular, while
persistent limestone bands form exposures south-west of Mwachinjoro and ecast of Ndem-
kungo.

The Mwachinjoro band is a grey, siliceous, granulitic rock containing abundant flakes
of graphite, and kyanite either as small plates or as small ovoid bodies measuring up 1o
5 mm. in length. On weathered surfaces these ovoid bodies impart a curiously knotted
appearance to the gneisses and it was observed that their larger axes roughly parallel the
lineation.

In thin sections (68/70) the Mwachinjoro rock consists mainly of an even granular
mosaic of quartz with kyanite, and flake graphite. Small scattered needles of sillimanite are
also present, usuall{vu inclusions within the quartz and felspar, but occasionally associated
with the kyanite. Wisps of sericite are bly secondary after sillimanite. Rutile and

ite are accessory minerals. The kyanite forms colourless blades. In the kyanite
knots the kyanite forms large aggregates exhibiting undulose extinction and containing a
few small quartz crystals and innumerable, carbonaceous inclusions which in some cases
render the kyanite nearly opaque. The carbonaceous inclusions occur mainly as ules
and small flakes that are in nwtedomlnﬂtuthhumplﬁu&kumtemm
in the rock (fig. 4a). The kyanite knots probably were originally alumina-rich pellets in a
sediment.
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(ii) Kyanite-muscovite gneisses
Fissile kyanite-muscovite gneisses associated with crystalline limestone ba:(.is outcrop
two miles south-west of Mwachinjoro. Muscovite is 2 prominent constituc;t forming

g stout flakes that are associated with flakes of lustrous graphite. In 2 (.in section
(68/71) a specimen is seen to be composed of irregular tabular kyanite crystals sieved by
Quartz grains, and occasional prisms of staurolite in an uneven mosaic of quari

(iii) Kyanite gneisses
Kyanite gneisses were seen in one locality, Matsimbani, in the south-eastern art of the
area, where they form a low isolated hill that is conspicuous in an area of fe outcrops-

The field relationships Suggest that these leucocratic gneisses are part of a peliiic sequence

mainly consisting of graphitic gneisses. Specimen 68/67 is coarse-grained, consi- 1113 largely

of a crystalloblastic aggregate of duanz, and kyanite idioblasts. Fine hairs anc colourless
limanite )

(b) 68/67, erystals enclosed in Quartz-sillimanite faserkiesel.
(e) “!JO‘;. &8 s 1owing small needles of sillimanite enclosed within quartz.

is secondary after kyanite,
(iv) xmm-mr-mme gneisses

Kyanite-biotite isses
have been invaded bg'nflllm ﬂamrfgm:e? o Kapom!mro. Saseie and Nyangala, where they
At the first locality they are asmc'm enticles of Pink to white potash felspar and quartz.
red garnets. The kyanite which is lated “I'lth leucocratic rocks and are sprinkled with deep
schistose bands, ie and Ny smalipalc blue crystals Is generally confined to darker

. Saseie and Nyan kyani
sociated with black biotite isses. inted: Kyanite occurs in numerous bands mainly as-
end of theNyangala ridge oyerlt: ',i'ﬂjmmawn'}:f‘ they grade rapidly, and which af the southern
dark

black an coarse-grained. Bneisses. These kyanite-rich rocks are bluish-
observabic in h'ndmms:“\l{rm,{” oot MOL always seen in thin sections are
bands of kvanj rock the bladme;l Aegy surfaces are Common and expose thick
inches in length and ethmmm oﬁmm:’if;:memsh blue kyanite measuring up to two




17

Microscope examination of a typical slpeum from Saseie (65/301) reveals that these
rocks consist of stout irregular crystals of kyanite, plagioclase, quartz and biotite. The
hiotite crystals range in size up to 3 mm. in length and are markedly pleochroic from pale
yellow-brown to brownish black. The kyanite is generally in tabular plates and has a typical
sieve structure due to numerous quartz inclusions. Ragged biotite flakes have partly

the kyanite (fig. 3¢). The rock from Kapomboro (65/240) is finer-grained and contains
much less kyanite and a correspondingly greater proportion of quartz and felspar. Garnet
is prominent in it and muscovite forms small ragged flakes.

(v) Kyanite gneisses with quartz-sillimanite faserkiesel

Among the pelitic gneisses at N are schistose, pale green kyanite gneisses
containing quartz-sillimanite faserkiesel. are particularly noticeable where they out-
crop together with muscovite gneisses. Weathering of the titano-magnetite grains, which
are common in these rocks, has stained them pink. When associated with the kyanite-
biotite-garnet gneisses, however, the kyanite faserkiesel gneisses are darker coloured with
blue-green kyanite folia containing the white faserkiesel which, unlike those described in the
following section are flat, plate-like bodies with diffuse boundaries. They vary in size from
one to twelve inches in length and their longer axes parallel the lineation of the gneisses,
The rocks also contain garnet-bearing layers. In thin slices (65/314, 65/316) it is found that
the faserkiesel consists of a quartz mosaic containing scattered magnetite, rutile and biotite
crystals together with felted mats of fine, sillimanite needles. In some cases relic kyanite
crystals associated with the mats are partly altered to sillimanite, while in other cases kyanite
blades are enclosed within the sheaves and show no alteration, though the kyanite is
undoubtedly of earlier origin than the sillimanite. Muscovite is t in some specimens
and there is a suggestion that it pseudomorphoses, in part, the sillimanite (65/316).

(b) Muscovite-quartz-felspar Gneisses with Quartz-sillimanite Saserkiesel

Thick bedded leucocratic gneisses outcrop beneath the kyanite gneisses at Nyangala.
They are muscovite-quartz-felspar gneisses characterized by white quartz-sillimanite faser-
kiesel, that vary in size but are usually two to three inches in length. Rare one-inch pods
of dirty-green apatite were also observed in these gneisses. The faserkiesel are small, flattened,
ovoid bodies, the major axes of which parallel the lineation of the host-rock while the minor
axes coincide with the regional ‘a’ tectonic axis (Plate VI). Many of the ovoids are rich in
quartz and are led with titano-magnetite grains, when the sillimanite is not easily
recognised in the hand-specimens, Other specimens (e.g. 65/305) consist of sillimanite knots
associated with muscovite, with quartz less abundant. Muscovite is widely scattered through-
out the gneisses, but is also locally concentrated into small folia or pods approximately the
size of the faserkiesel. In these cases the rocks are comparable with the pseudo-sillimanite
gneisses described by Sanders (1954A, p. 13).

The host-rock is composed of a xenoblastic aggregate of quartz, oligoclase and microc-
line, the felspars having replacive margins against the quartz. Rutile, magnetite, muscovite
and brown mica are common accessory minerals while close to the margins of the faserkiesel
sillimanite needles and kyanite crystals are not uncommon (fig. 4c). Thin sections of the
Sfaserkiesel indicate that tzey consist of fibrous sheaves and radiating bunches of colourless
slender sillimanite needles within a mosaic of quartz crystals and titano-magnetite. In one
slide, of imen 65/305, sillimanite muscovite, sheal-like aggregates of sillimanite
being enclosed within stout crystals of the latter mineral (fig. 45). Other slides (65/312)
contain small, scattered irregular kyanite crystals some of which are enclosed within the
sheaves of sillimanite (fig. 3a). Muscovite was also seen to replace sillimanite in some slides.

(c) Sillimanite-garnet para-gneisses

Between Kivindara and Dari sillimanite-garnet gneisses are interbanded among crm
talline limestones. They are extremely hard and quartzose, coarse-grained, and speck
with red-brown aggregates of garnet (68/34). Sillimanite occurs in large sheaves over three
inches in length and is concentrated in thin folia, thus emphasising the gneissosity. Magne-
tite and ragged brown biotite flakes are common accessories. The sillimanite occurs as long
and short needle-like crystals which are crudely orientated and enclosed bv the quartz.



sillimanite which forms a sheaf-like aggregate. felspar ]
(€) 65,312, south end of Nyangala ridge. Margin of sillimanite faserkiese! and muscoyi te-quartz-fe
gaclss, showing sillimanite crystals,

(d) Muscovite Para-gneijsses

Leucocratic, flaggy, fruscovite para-gneisses form thin bands in metamorphic pelitic
rocks at the south end of N!’“'Fﬂ»]ﬂ Spur and on Saseie, where they grade into quartzo=
felspathic Bneisses.  Lustrous, white muscovite is the characteristic mineral of these gneisses
and occurs as thin folia o Z-telspar bands. Locally some of these gneisses are

graphitic, while pyrite was also seen associated With them on Nyangala. A yellow-brown
skin of hydrated iron ore

§ covers the weathe ritiferous gneisses and penetrates the =
intergranular spaces of the rocks for short dist;;dcesp.y g

In thin sections these Para-gneisses show 5 ranoblastic aggregate of felspar, quartz
and muscovite, The Mica Occurs in stout fiakes c% variable size gugp t%a3 mm. in length and
partly replaces the felspar which is poikilitically enclosed by it. The plagioclase is sodic
oligoclase. In icinen. 65/308 from Nyangala the plagioclase forms a xenoblastic mosaic
With abundant microcline Which, unlike the Plagioclase, is fairly fresh and replaces both E
Jduartz and plagioclase,  Graphite, pyrite, Magnetite and abundant rutile are comencR
hoa sories. The pyrite £ Specimen 65/308 hgs marginally and sometimes en'ure)%
hydrated, a yellow altg.-raqon product resulting. The rock 18 also traversed by thin veins 0
the same material, which In addition forms gma) Prismatic crystals (fig. 75).

Typical bt (e) Biotite Gneisses ;

ypical hornblende-free biotite gneisses Outcrop on Saseie and on the N angala ridge.
Ia hand-specimens i SOft_ fissile rocks Charagterizcd by lustrous black ybiotite. which
locally forms coarser-grained biotite schist lenticles of considerable extent. Locally both
gneiss and schist lenticles are studded with resinoys dark-red garnets. Thin sections of these
jocka som that {hey are com of i crystalloblastic aggregates of oligoclase,
replacive microcline and $4t2 with abundant biggie The biotite is strongly pleochroic
e £ yelll_odw-b_rmlvn, Vi brown, Z = greenish black, Accessory minerals recognized
i different slides include m‘"“""‘ml‘e- apatite, clinozoisite, chlorite (secondary after
biotite) muscovite and rare zircop With increase OF MNBcavil t‘hﬁe Biotite gneisses grade
Into muscovite-biotite &8neisses as geen at Igoilachg.
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(f) Graphite Gneisses

Exposures of grey, graphitic gneisses outcrop in numerous places in the southern part
of the area between Kurase and Kamkala and in gullies three miles north of Matsimbani.
One band, which forms a low ridge a mile east of Ndemkungo, was traced for a few miles,
while south-south-east of that hill a thin band was mapped interbedded with crystalline
limestones and kyanite-graphite gneisses. Other outcrops form isolated ex res, the most
notable being that east of Kamkala. Numerous graphite gneiss lenses form thin screens
within the crystalline limestones.

The graphite gneisses are light-coloured rocks, often with a thin oxidized skin, though
they generally have a fresh appearance when broken open. Like the quartzo-felspathic
granulites many form upstanding ribs of rock, although gneisses rich in graphitic folia, such
as are represented by specimen 68/21 from one mile east of Ndemkungo, are more casily
eroded. The bands that are resistant to erosion are quartz-rich varieties and hand i
reveal the presence of long irregular lenticles free from graphite, separating altered felspathic
bands containing abundant flakes of graphite that measure up to 3 mm. Some of the fmphiu:
gr;::isses ulr‘hen they are sheared are flinty, weakly gneissose rocks with an irregular fracture
when broken.

In thin sections these rocks are found to be mainly composed of a heteroblastic mosaic
of plagioclase and quartz. The plagioclase is often untwinned but specimen 68/30 from one
mile east of Ndemkungo, contains twinned medium oligoclase. Other specimens contain
perthitic microcline in addition (e.g. 68/66, from three miles north of Matsimbani), These
minerals are associated with graphite flakes which parallel the foliation though, in sheared
specimens, the graphite is extremely fine-grained and disseminated throughout the rock,
occasionally being enclosed by the other minerals or forming an irregular graphite sheath
round them. Accessory minerals include biotite and epidote and, in specimen 68/66, pyrite.

(g) Garnet Para-granulites

The garnetiferous para-granulites are leucocratic rocks composed largely of quartz and
felspar, but sprinkled with dull-red garnets, which in some rocks like those that form Kurase
are concentrated in thin streaks and tes that emphasize the foliation. With decrease
in the garnet content the rocks into the psammitic quartz-felspar granulites which have
a similar appearance, regular block-jointing being characteristic of both types. The garneti-
ferous gneisses form thin resistant bands and are associated with pelitic rocks and crystalline
limestones, At Kurase, where the hard garnetiferous rocks form a number of bare, rounded
hills peculiar to that area the garnet content has reached notable proportions. Spheroidal
weathering of this type of rock is not uncommon (Plate V ().

Thin sections show that the garnet para-granulites consist of microcline, ioclase,
quartz and garnet in a crystalloblastic mosaic. agioclase, which is a medium oligoclase
and shows myrmekitic growths and replacement of quartz round the margins, is tin

approximately equal proportions with Emhitic microcline. Both felspars are dusty with
alteration products. The garnets are pa pink, enclosing large rounded quartz grains, and
are severely cracked, as in specimen 68/26 from three miles south-cast of Kurase. Quartz
is a prominent constituent of these rocks, occurring as small and large, xenoblastic grains
that emphasize the gneissose texture and are often concentrated in folia. Black iron ore and
biotite are common accessories while, in specimen 68/21 from Kurase, hypersthene is an
important constituent.

(h) Garnet-biotite Para-gneisses
These are light to dark, well-foliated, flaggy, biotite-rich gneisses which are variably
sprinkled with Ocuﬁmanythemkshawnmmﬂnyminb

occur within pe tic gneisses associated with crystalline limestones at Mugeno, and in the
southern oftlnaru,mdinmepnliﬁcmdmi-pﬂimmmlfmmof
the principal hills near Kasigau. They are to be distinguished from the biotite gneisses
which are much darker rocks, and much richer in biotite.
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essential minerals in the garnet-biotite para-gneisses include biotit plagioclase, ]
nm:th:nd quartz. Red-brown or dark greenish brown, strongly pleochroic otite oc_:cue:;-
in flakes concentrated in foliation planes. In specimen 68/12 from Murinjo it is associat 3
withmucovi&and-sliﬁle-mmdd:hrite. Thecompo&iﬁonofﬂ_:e plagioclase [:Ispar ranges
from andesine to oligoclase in different rocks, It exhibits pericline and albitc vinning and =
is partly sericitized. The garnets are small, pink idioblastic crystals with rarc ikiloblastic =
inclusions of quartz. Apatite and iron ore are the usual accessories and calcit: was noticed -

(3) METAMORPHOSED SEMI-PELITIC SEDIMENTS

A number of partly migmatitized gneisses of semi-pelitic origin occur throughout the .
area, but mainly ll]:atrl:c hills of the Kasigau area and as isolated exposures in the sandy
plains. They are striped and banded gneisses, consisting of rapidly alternati; leucocratic
and melanocratic bands of different thicknesses. Individual exposures are seo 1 to contain
variable proportions of hornblende and biotite, and usually garnet, though garnet is not
always present. The semi-pelitic gneisses occur both below and above the prominent band
of calcareous gneisses exposed in the hills between and Rukinga, the upper gneisses
being more easily accessible and best seen at Kidodongoni, Amak, Kulikila an Makiboro.
Similar gneisses form the isolated hills of Tulema and Lwalaluandere south of Rukinga,
and Zagana, west of Kizima, The group includes:—

(a) Biotite gneisses,
(6) Hornblende-garnet gneisses,
(¢) Garnetiferous hornblende-biotite gneisses,

(a) Biotite Gneisses

. The biotite gneisses are grey-brown flaggy, fine-grained rocks and occasionally granuli-
tic. Their sedimentary origin is confirmed by tipple-marking which has been preserved in
biotite gneisses abo ve Makwasinye at Kasigay, They contain considerably less biotite than
o mcmlm ] ey orlmnlmbud&t prore than the metamorphosed Psammitic sediments. They
isolated c:pﬁu‘gh horr:binterba%gdw l"Frt'l‘:mftl:': farene Borthern part of the arca and S

i et -bioti isses i {urase Series.
A typical example occurs at Kwan garnet-biotite gneisses in the Kurase

demukungo, six miles south-west of Kurase. In thin
section these rocks show a granoblastic i : g g ith
dark-brown biotite. mosaic of plagioclase, microcline and quartz w

() Hornblende-garnet Gneigses

Flaggy hornblende-garnet gneisses of j ; L ith
the other rocks of semi-pelitic origin, all w ate colour are commonly associated wi

I are well-expo er slopes of
the south-eastern spur of Kasigau. Other Outcrops are seen on &ﬁﬁﬁgﬂ;ﬂg& of Kasigau
and at Rukinga and Sagala. These rocks weather very similarly to the hornblende-biotite
gneisses algd are therefore difficult to distinguish on some of e thickly bushed or scree-
cover?i slopes. The bands are similar in appearance to the prominent garnet-hornblende
e ey kA oo S
: ; 1stinguished. Thij i indicate t
they are crystallqblasuc aggregates of p i s hom?gle:de, gan;rel: :’n?:ﬁlggfd'ﬁaw quartz.
The hornblende is generally concentrated in folig ang as xenoblastic or sub-idioblastic
crystals, usually with poor terminations. Roundeg Pale pink garnets are present in most of
these rocks, many being highly poikiloblastic and g; laying typical sieve structure, as in
specimen 65/279 from the summit of Kasigau. In gpeci 65/339 from Sagala the garnet
is ldzogl::nc_a:; I;s d;‘%ly assoc;d::llud With hornblende Which hag crystalglised round it.
minerals, which are crudely or; impart ;
rock. The plagioclase is mostly twhgedroﬁ?gtgcwd' et Cissose texture to the

a stry
- [ - lets.
In specimen 65/339 quartz and felspar are concent e enclosing small quartz drop it
folia, the quartz sometimes formi large between the hornblende-garnet ric
common accessory minerals, | > clongated crystals, Apatite

and black iron ore are







Plate 11

(a) Kasigan from the south, The cliff js considered to be 5
Funganyeni at the left of (he

fault feature,
photograph,

the down-faulted beds forming
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() Spheroidal weathering in garnet gnelsses, Kurase.

(b) Vertical cliffs on the Jora face, Kasigan,
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Plate VI—(a) and (5) Quartz-sillimanite Saserkiese]
Preferred

erred orientation of the fmfw “?r;d::s pI;‘ Nyangala.




.!.liiii—a!iiu (p) pue (7)

~
S LppSuriy 18 YO04-A1UN0D ) JO UONEHO} AP Supmofio) WAL T (9)

‘ponezyEwdin u s23E)s aassasdoi—IIA MEid




3wsoddo sy uriog yey sa

‘SIID) MIB] I3MOT] Ul JU[PUAS MOJ[BYS © JO squur|

nds 35ea pue jsam Judurmosd g3 Supmoys IRNOS ay) Wwolj ISEQITY JO MAIA

A 2iEd

T T} R,

we! i 1 S

e

S




29

(¢) Garnetiferous hornblende-biotite Gneisses

Hornblende-biotite gneisses are the more common rocks of this group, often forming
l2'ge whale-back outcrops particularly on Kasigau and at Manjuga, the southern hill of
ih Rukinga group. They have a marked and striped appearance due to planar
cc \centration of the ferromagnesian minerals, which are commonly associated with garnet.

These gneisses are typically melanocratic and often fissile due to the presence of folia

Lstrous black or brown biotite, but more granulitic when poor in biotite. Resistant

¢ .mples among them, rich in hornblende, grade into hornblende-garnet gneisses and more

. .1y into hornblende-diopside gneisses. Some of the melanocratic streaks in the hornblende-

| tite gneisses have central zones of calc-silicate granulites rich in diopside, while at Zagana

1111 local segregations of epidote were observed. In the outcrop north of Buchuma the
. has small pink microcline porphyroblasts developed in the leucrocratic bands, im-
ting an augen texture.

The garnetiferous hornblende-biotite gneisses are heretoblastic rocks in which horn-
nde and biotite are intimately associated. The hornblende occurs as pale to olive green,
. ~ochroic, xenoblastic crystals which, in specimen 65/286 from Zagana, are intergrown with
2nd partly enclose smaller crystals of biotite. The latter mineral, which occurs as poorly
\-rminated crystals, is stronly pleochroic from brownish yellow to blackish brown. In thin
_ctions it is seen that oligoclase is the most common mineral, associated with quartz. It
{rms myrmekitic intergrowths with, or marginally replaces, quartz or encloses large rounded
crystals of it, Zircon, prismatic apatite, black iron ore, hematite, sphene and epidote are
minor constituents.
(4) METAMORPHOSED PSAMMITIC SEDIMENTS

The few metamorphosed psammitic rocks recognised in the arca were seen mainly in
the Maungu hills in the northern part, where they are associated with pelitic gneisses, though
a number of thin quartz-felspn;fpeim are interbedded in the Kurase Series, one band
outcropping along the summit the Lola ri These rocks are invariably leucocratic,
weathering white but often iron-stained red or pink. They are extremely resistant to erosion
and are responsible for the prominent topographical features seen in the Maungu hills. At
Lola the resistant band, twenty feet thick, has preserved the underlying calc-silicate gneisses
and thin limestones from erosion. Others occur as upstanding ribs along the banks of stream-
courses. Strong longitudinal and transverse jointing within them is common, causing them
to break into large, rectangular, that are readily distinguishable from the
associated gneisses. These rocks are highly gra tized and are only distinguished from
migmatitic granitoid gneisses by their field re tionships and lack o ferromagnesian-rich
streaks and lenses.

The metamorphosed psammitic sediments include:—
(@) Quartz-felspar para-granulites.
(b) Quanz-relspsr-muwu\'iw para-granulites.
(¢) Granitised calcareous grits.

(a) Quartz-felspar Para-granulites

At Nyangala two bands are exi , one of which can be recognized readily from the
main roady(ﬂs?e VIII (b)). Other granulites are interbanded with the guartr-fehpar-mmvite
gneisses that form resistant outcrops on the easterly face of Saseic. These granulites are
leucocratic rocks, with a colour Jess than $, and contain biotite and titano-magnetite
as the main accessories. Microcline, which has been introduced into the granulites as a
result of migmatization, forms ble 1s in different rocks and has replacive
margins against original quartz and felspar. Specimen 65/303 from Sascie consists of a
crystalloblastic mosaic of quartz and felspar of which microcline forms the greater proportion,
while the same mineral is much less prominent in the granulite from Nyangala (specimen
65/245). In the latter rock quartz and polysynthetically twinned plagioclase are partly
replaced by the microcline, extends penetrative lobes into them. The plagioclase is
oligoclase and itself replaces xenoblastic quartz and encloses small rounded pools of it.
sr:g-idiobhnﬁc grains is the MOst cOMMON accessory, and is often partly

Titano-magnetite in S A .
anmﬁ' 1ogl?$onite. Small ragged, unoricntated biotite flakes, sphene and (in specimen

65/245) hornblende, are the other accessories.

_
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(b) Quartz-felspar-muscovite Para-granulites

These rocks are similar in appearance to the quartz-felspar granulites but arc distin-
guished by their muscovite, which is scattered along foliation planes, though it is often
concentrated in thin streaks along which the gneisses break easily, Outcrops occur ¢ Saseie,
Nyangala, Lola and south of the last-named hill, where they are associated wit!: ;uartz-
felspar granulites.

In thin sections these granulites are found to consist of a xenoblastic mosaic juartz,
perthitic microcline, oligoclase and muscovite, In specimen 65/306 from Nyancala, the
felspars are dusty with sericitic alteration products. The plagioclase shows replacivc margins
against grains 0[}' clear quartz, while the microcline replaces both minerals. Thin sections that
do not include the muscovite-rich folia contain only sparsely distributed flakes of n...covite.
Black iron ore is the main accessory, though specimen 68/16 from Lola contains 2 < . ficant
proportion of flake graphite.

(¢) Granitised calcareous Gneisses

A granitised calcareous gneiss occurs two miles south of Maungu station, wi. e it is
exposed on the northern slopes of the second of the Maungu hills. A similar rock forms
the lower slopes of Kavideo, west of Maungu hill. These gneisses are extremely leucocratic
even-grained rocks with crystalloblastic texture and speckled with magnetite grai- some
measuring up to 3 mm. Specimens 65/236, 237 and 238 mainly consist of xenoblastic,
twinned oligoclase which is partly altered to sericitic muscovite and is dusty with small
granular inclusions. The plagioclase crystals are often replaced by interstitial quartz and
microcline. Titano-magnetite is common and of i lar to sub-idioblastic habit, while
calcite is another important constituent in specimen 65/236. The calcite occurs interst itially
as a late replacive mineral and exhibits sutured margins in contact with the felspars and
occasionally encloses relics of that mineral. Brown biotite and hornblende are present in
small amounts, while garnet is recognisable in i . Sphene, which in specimen

65/237 measures up to 1 mm. in length, and apatite are accessory. Secondary alteration

along cracks has resulted in the formation of a golden-yellow hydrated iron-ore which occurs

as small crystals and seed-like aggregates, Although the rock contains calcite and quartz no
wollastonite was formed during i

: ! ] Ng§ metamorphism, probably because the temperature did not
rise sufficiently high. The sericitic muscovite is mainly an alteration product of the felspar
and may be partly due to potash enrichment, as is suggested by the presence of microcline,
The rock is considered to have been fairly pure, calcareous grit consisting of felspar and
Quartz with carbonate as the main impurity,

. Unlike many other parts of Kenya the present area contains little evidence of severe
migmatization. Most of the rocks between Maungu and Kasigau have been partly mig-
matized, but they retain their original banded structure and such rocks are not here included

as migmatites. Pavements of migmatitic gneiss are ex; at Fagonan
of Buchuma station where the rocks are Posed at Zagana and seven mi

i as a result of quartz-felspar injections along
foliation planes. Felspar porphrroblagtg are frequently deveqloped. lnp oth‘::Jr rocks wavy
foliation, ptygmatic veining, lit-par-lit injections, granitoid folia, potash felspar porphyro-
blasts, amphibolite schlieren, pegmatitic segregati ini i

are all migmatitic phenomena that are present to . inipg, and poudiange sur:]cmr?
a greater t which rarely
obliterate the original banded structures in the gneisses, or lesser degree, but whic

Only Maungu hill exhibits evidence of intense mi izati es can
be seen in a quarry face on the north side of the i, Hmmr:,&n’,ﬂ?cﬁgdb::f g?::;ncaliy
obliterated and renders foliation dips unreliable. The rocks, which are of semi-pelitic origin,
have been injected and permeated by potash-rich fluids that are represented by irregular
quartz-felspar veins containing prominent ine porphyroblasts. Plate VII illustrates
examples of this type of migmatization. In Plate i

VII, iginal
foliation, emphasized by hornblende and biotite-rich bf:‘d;' B that the orlg

Ay 4 I in part, but
| an amph::::.c’lnthrc'e band has I;een partly dxg_gsdted by mr itic mxerim_b%eigteprﬁf\fr‘.? :ir,‘iﬁustram
| a case where the process has been carri a stage further, i torted
’ witnessing the plastic state through which it has the rock being highly con

g 138 passed. Thin secti f specimens from

Maungu quarry (65/ 233) display crystalloblastic textures, The felspa?sn:rg h?ghly sericitized

_ ] and contain granular inclusions with linear arrangement. The plagioclase is oligoclase in
.! I




k)|

various stages of replacement by microcline that has been introduced into the rock. Pleo-
chroic biotite occurs in flakes with ragged ends, associated with small green prismatic
hornblendes. Quartz is a prominent constituent occurring as xenoblastic crystals and as
inclusions within the felspar.

(6) ANATECTIC OR PALINGENETIC ROCKS

(a) Granitoid Gneisses

. ranitoid gneisses form few outerops in the area, but are noticeable for their effect on
topoeiaphy. Eight outcrops were mapped and include Tugwe, Kale, Buguta, Kivuko,
Pikapika-Kizima, and Gorujo in the Kasigau area, and Gorigori in the north-castern part
of the I urase area. On weathering these rocks form typical tors, whale-backs and exfoliation

dormnes whose configurations are controlled by strong jointing, of which excellent examples
are to be seen at Kizima (Plates 1L (a), and IV).

| hese granitoid gneisses are considered to be granitized pelitic and semi-pelitic sediments

which have acquired their present composition by alteration in the solid state. No evidence
such as is common in migmatite zones was seen to suggest that they r\-._achcd a high degree
of plusticity. They conform to the structural pattern in the area, ¢.g Il was observed that

the granitoid gneisses at Kizima form the nose of a fold, so accounting for the more extensive
outcrop than is seen elsewhere.

The granitoid gneisses are medium to coarse-grained rocks with a very weakly gneissose
structure, usually picked out by o i flakes of bioutc.and occasionally hornblende.
In thin sections the granitoid gneisses exhibit uenomorphgc-mnular textures in which
microcline is a principal constituent. The microcline, which is often perthitic, replaces and
partly surrounds or contains relics of plagioclase felspar (65/287, Pikapika). ‘The plagioclase
is a medium oligoclase and is rarely by quartz which forms lobe-like embayments
into the felspars, as seen in specimen 65/287, but more often the plagioclase replaces the
quartz. The oligoclase is sometimes marginally altered in some slides to albite; association
with muscovite was noted in specimen 65/295 from Buguta. Small, ;.tmr]sly pleochroic flakes
of biotite are present in many specimens particularly those from Pikapika and Kale (65/287
and 65/294). Accessory minerals include sphene, apatite, ragged hornblende, titano-magnetite
and leucoxene (secondary after ilmenite).

(b) Pegmatites and Aplites

The pegmatites and aplites are considered here for convenience. It is considered that
a large number of these veins invaded the Basement System rocks at the time of metamor-
phism and granitization, but others may have been emplaced at a much later date and on

more than one occasion.

Peematites.—Pegmatites are common the area but are best seen in the hills
of the nRorthcrn part, where exposures are good. occur in all rock types of the Basement
System, but are particularly developed in the Maungu hills where they are associated with
migmatites. Many are i and lenticular segregations, while others are dyke-like
intrusions. At Nyangala pegmatites form concordant injections which, traced along the
strike, are also seen to have & cross-cutting nature. These pegmatites are frequently as-
sociated with quartz-felspar- gme egmatites have distorted the foliation
planes as illustrated in ig. Sa. It will noﬁ_ou_i that in this case large hornblende crystals
within the pegmatite maintain the general foliation direction of the host-rock.

The pegmatites are uartz-felspar-rich bodies often containing large pale pink felspars
which, in ?ﬁg Maungu are?l, are perthitic microcline, though on Kasigau orthoclase pegmatites
were noted. Little mineralization accompanies the pegmatites but minor occurrences were
seen, In the hornblende-biotite gneisses ""w smaller lenticular segregations contain
large hornblende crystals and less commonly of biotite. Tttam-mamwutc veins occur
in a number of the thinner pegmatites, & notable occurrence being seen on the north face of
Mokolomba, a small hill on the north-west slopes of Kasigau, where a vein parallels the walls
of the pegmatite. At the southern end of the Nyangala ridge a number of copper-bearing
pegmatites have invaded pelitic gneisses that have become imp ted with malachite and
azurite for a few inches on either side. Other minerals associated with a pegmatite at the
same locality include kym ﬁu\nﬂlﬁﬁ“» biotite and muscovite, Itis considered
that the pegmatite has kyanite- country-rock during the period of its em-
placement.
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interesting pegmatite occurrence is exposed on the west side of the Ny:ngala ridge
In paAz:.ls, the pegmatite has invaded the country-rock parallel to the foliation planes but in
one exposure is seen to be discordant, as illustrated in Fig. 5b. Here it is threo feet thick
and is surrounded by a biotite-rich selvedge, approximately six inches in widt' containing
numerous potash f:ﬁpar ~which increasingly abundar us the peg-
matite margin is approached. At the southern end of the exposure the pecmatite thins
considerably becoming a concordant injection one inch thick and is associated with a number
of similar veins sub-parallel to one another. These are lit-par-lit injections. . number of
these veins have been ptygmatically folded but occur with others that show 1. tortuosity.
The contortions have been formed without corresponding crumpling of the foliition planes
of the country-rock and it a that the fold amplitude, which is remark: "y constant
in one example (Plate VII (b illzxmtwlle;i9 mmg St;uc{:frf in :(1;; h .r-r?gl;.hzg
similar occurrence is figured uenen (1938, + P 14). Wilson (1952. p. 19) ha
by be hssiﬂm%iato three structural groups and it is
considered that the example from Nyangala illustrated is one in which (i . ontortions
buckling during injection into static country-rock, so that they have
no tectonic value. The axial planes of the ptygmatic folds in the example illustrated in
Plate VII all plunge northwards and it is rare to find axial planes plunging in othc: directions
in other veins. It is presumed during injection the vein was confined b ween walls
more rigid than itself but eventually encountered resistance which impeded furtiicr progress
(as suggested by Wilson, ? cit., pp. 7-11). The restraining influence would ...~ the vein
to buckle, the ptygma so formed bcmfomtlmmd with continued pressure. The northerly
inclination of the axial planes of the folds in this example would suggest that the pressure
and therefore injection was from the north,

Apﬂm'_Ampinﬁc ¢ins are of more widespread occurrence than the pegmatites from
wh'i'culammm o are off-shoots. Mnny have been emplaced along foliation, and other
“S" p and joints in the gneisses, particulart where there have been minor movements,
while others form thin cross-cutting ptymti:alyly folded bodies (Plate VII (a) and fig. 5¢).
metan:omrphim and foiﬁml esent the final phases of injection that accompanicd regional

o phism, probably in the Archacan era. A period of sedimentation was
}:ﬂ“’ed by crustal downwarping accompani - A per atiofl M
area mapped remained relatively anied by severe folding, though most rocks i

ich it is assumed
they were forced during despite the great depth to which it is assu
The sediments involved in this rep transf x : it
shales, sandstones and s w ormation included limestones, dolomi

) marly beds, evidence was found to suggest the presence of
volcanic rocks, though it is possible that - sugges ® s
may represent lavas intercalated within Dﬂﬁcwnlpomaw gneisses of the Maungu

All the metamorphic rocks of the Kasigau-Kurase area fall i to the hibolite facies
(and mainly into the sillimanite-almandine subfacies)* which é?:;acte:;;gg medium and
high-grade regional metamorphism,

Typical mineral assemblages include:—
sillimnjte-p"l{:‘h&bioﬁ(e-qum
kyanite-garnet- iotite-plagioc

k nitei‘muzgg]i lase-quartz.
biotite-horn dbp%b—mlcroqu
nmt-hombbnw
gamet-diopsidﬂﬂlcﬂb-pw 4
diopside-calcite-forsterite.
garnet-hornblende-epidote-plasinal. ;
hornblende-garnet-diopside-scar

4
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Fig. 5—(a) Pegmatite in piotite-hornblende gneiss, Kasigar. The pegmatite was emplaced after the folding
of the host rock.
(b) Pegmatite in biotite gneiss, N
longer plastic,
(¢) Ptygmatically folded aplitic vein, Nyangala.

yangala. The pegmatite wamrll«d-hmm.m:kmm

The last-named assemblage. which is typical of a prominent marker horizon that out-
crops on Sagala, Kasigau and Rukinga. og:caslonally contains epidote and more rarely
zoisite. Hornblende-rich rocks are common 1n the Maungu hills and that forming Nyangala
peak (Plate 111 (b)) is characteristic. Here large epidote lenses, interbanded in melanocratic
rock rich in diopside an hornblende, are probably the product of high shearing stress.
Turner (1950, p. 87) considers such conditions to be responsible for the presence of a sodic
andesine, which is 2 common constituent of these rocks in this area.

|
|
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bsence of diopside-tremolite assemblages in the crystalline limestones sugicst that
hishnl:n;enmdm reached that permitted the crystallization of the wollasio e seen
in these rocks.

ighest grade orphism is indicated by the presence of sillimanit in some
rock::l:'ncllnﬂw m&%mm inlglitic bands intercalated in Jolomitic
limestones at Kivindara is typical. Sillimanite, however, is nearly always associated with
kyanite, at Nyangala, Saseie and in the vicinity of Mwachinjoro.and Matsimbani ncar the
Tanganyika border. The occurrence of the two alumino-silicates in the same rock. < also
been described by Walsh (1960, p. 9) in the adjacent area to the west. It seems, therefore,
that in this partofxmya:heuiﬁhmnim postulated by Sanders (1954 B, p. 150) is
in fact a zone in which both kyanite and sillimanite have crystallized simultancou:ly.

At Nyangala, kyanite and sillimanite are mainly confined to separate beds but within

a few feet of one another. In one rock, however, schistose kyanite gneisses contain quartz-
sillimanite faserkiesel, the latter containing some sillimanite, pseudomorphous afic: ::lmwd

illi i i i i 11 15€

dary after

kyanite, In some slides it is also apparent that kyanite persists in rocks in which silli nanite
is replacing muscovite. Similar occurrences of kyanite and sillimanite gneisses werc +.pped
in the vicinity of Mwachinjoro where, however, in addition, staurolite is present in some
kyanite-muscovite-quartz gneisses. It must be noted, however, that the staurolitc occurs

scanl;ily and was found in only two thin sections examined. In these instances it is probably
a relic.

In those rocks in which sillimanite is associated with muscovite (and rare biotiic) the
alumino-silicate has often formed at the expense of the mica (fig. 4b). Potash felspar makes
its appearance in these rocks, but must be distinguished from that produced as a result of
later granitization. It seems likely that rising m ic grade was responsible for the

composition of these rocks, but did not reach a stage when the assemblage sillimanite-potash
felspar was stable.

Itis concluded that the rocks of the Kasigau-Kurase area that contain kyanite-muscovite,
kyan;te-silliman_ne and sillimanite-muscovite assemblages can be grouped together in the
kyanite-muscovite sub-facies as described by Francis (1956, p. 357). This sub-facics is, in
part, the equivalent of the sillimanite almandine sub-facies of earlier authors. The presence
of both alumino-silicates in the same rock suggests that tem

: perature-pressure conditior s were
such that both could crystallize together. In rare cases the temperature of formation was a
little higher, allowing the formation of sillimanite from kyanite,

Barth (1952, p. 338) suggests that the temperature at which epidote and plagioclase
C?’“““'@ together is about 400°C., which corresponds with the tergpera(ure of formation
:ngimie Im %ffog‘bm‘ an:l’ was the ‘t:mperah.lm of formation of the hornblend ig

ya Saseie. A rise i  tempe o5
500°C. would be suitable for the formation of sillimanite ar - orc, (O between 450°C. an

and wollastonite.

Miml@mtiop was recorded only at Maungu, though undoubtedly alkali metasomatism
associated with migmatization has played an important part in the aji'teration of the rocks
of the Nyangala ridge and to a lesser extent at Kasigau. The introduction of microcline
has been widespread and mobile potash-rich injections have veined and permeated the
gneisses forming these hills. Ptygmatically folded aplites at Nyangala suggest that the centre
?f .m's'?.a“n“'?“hm tt)o lh; “‘;’t';l:.' prob:_b!y “‘htr: t area. Similar felspathization
microcline enrichment) under static conditions i ; anitoi
Encisecs in the PkARIES Los resulted in the formation of granitoid

The period of migmatization and granitization in the north i the
selective introduction of potash into gneisses at yangala, mﬁ;ﬁﬁ?ﬁ;"?jﬂ;’gﬂ?{ums
retrogressive metamorphism was responsible for reactions which can be traced in some of
the rocks. Billings, as quoted by Wyckoff (1952, pp. 50-51), maintains that the assemblage
muscovite-sillimanite is a stable relationship. In the present area, however sillimanite is
occasionally replaced, sometimes completely, by muscovite and ‘

being strong, the rocks in which such replacemen the evidence for granitization

! $ t occurs are considered to represent a

reversion from the kyanite-muscovite sub-facies. The formation sillimani e :

aAngl;‘;)d to metasomatic redistribution during the period of di:;h S Derkien) 8
. p. 370).

thoresis (Sanders, 1954




: "he Duruma Sandstones were named by Stromer von Reichenbach (1896, p. 22). In
tho «rea mapped they comprise arkosic grits, conglomerates, sandstones and carbonaceous
sl 115 deposited under lacustrine and deltaic conditions. They dip gently to the east, and
cover the most eastern part of the Kurase area and the south-eastern corner of the Kasigau
area. Two divisions were recognized, forming only the lower part of the complete Duruma
T_:_-. ndst on;)s succession as described in adjacent areas (see Miller, 1952, pp. 7-13 and Caswell,
953, p. 9):— :
Estimated
Thickness
(feer)

Middle 3. Maiiyaalmvineds(hs par) .. 1,500

Duruma Sandstoness y }2. Upper Taru Grits .. s .. 4,000

wer 1 Lower Taru Grits (in part) .. 1,350
~ During the survey & number of loose blocks of Duruma Sandstones sediments were
discovered at yarious places on the surface where there are Basement System exposures.
The localities are shown on fig. 6 and on the geological maps, and are two miles south of
Buchuma, one mile east of Buguta, twelve and sixteen miles south-west of Kilibasi, and at
Mangari on the western border of the area. The blocks include grits, pink sandstones and
hard fissile shales and as it is considered that they have not been transported by human
agency, it is likely that patches of Palagozoic sediments overlying the metamorphic rocks are
concealed by the sand that covers large stretches of the area. The occurrence of the blocks
at Mangari, close to the Mwatai¢ river-course, suggests a source to the north-west closer to
the Taita hills. This is the furthest west that rocks of the Duruma Sandstones have been
recorded in Kenya and, although sporadic in their occurrence, they indicate that the deposits

had a much wider extent in the past.

(1) Taru GRITS

The Taru Grits are composed of grits, sandstones and shales with subordinate coarse
conglomerates and lower and upper divisions, comparable with those described by Miller

(1952, pp. 7-11), were mapped.
(a) Lower Taru Grits

The lowest members of the Duruma Sandstones exposed in the arca are typically arkosic
grits and sandstones with thin black carbonaceous shales. Good exposures are to be seen
at Kilibasi where over 1. eet ts are exposed (Plate 111 (h)). Here massive
dark-grey, coarse-grained bands consisting of anguhr unsorted fragments of \flariablelgrade‘
repeatedly pass upwards into sandstones overlain by black shaly beds. It is possible to
recognise a number of such cycles of deposition, in the beds involved in each cycle measuring
approximately 100 feet in thickness. The nction between each cycle is very marked, a
coarse grit resting directly on thin shales or black, coaly layers up to one inch thick. Scour
and fill structures are common at the top of the a_andstones. the scoured-out holiows being
infilled by shales and the whole overlain by undisturbed shale beds

C conglomerates are locally developed in the grits and are considered to
mpmsﬁﬁt"élﬁ?ﬂ?mmum Grits and conglomerates <imilar to those seen at Kilibasi are
exposed at the roadside at Lukakanyi and along the courses of the Kisoka and Ndokoko

rivers.

rkosic rocks are seen to consist mainly of angular fragments of

s =  an,
In thin section the arkosic 108K Z04 Lo req, ‘The felspar, which JaCicy microcline

quartz and felspar that are I ) -

and plagioclase ranging from albite to calcic andesing, comprises up 1o 40 per cent of many

of the rocks. Associated minerals include biotite, muscovite, hornblende, chlorite, pyrite,
zircon, graphite and rare sillimanite. The graphite is a

magnetite, garnet, apatite, rutile, BIRES: . ;
COT‘IE?‘I'IOln wﬁmmt’:r all these rocks and large flakes are clearly visible in hand-specimens.
The cementing material is ferruginous some cases (65/353 from K_lllbas]} but is often
calcareous. In other imens (68/35 from two !'nﬂﬂ south of Kilibasi) limonite pseudomor-
phosinspyritembul’orman propommofﬂwmd:.




36

® SAGALA

® MAUNGU

’”‘3"".|. BUCHUMA
; +

* KAsiGAU * PIKAPIKA <

+ ManGARS

KILIBAS!

S

4008.

KURASE » +

NN Durume: Sandstones * MATSIMBAN|

The massive grits and sandstones are traversed by numerous inte ing master joints
which are conspicuous on extensive pavements o weathered rock. rg;amwegathermg these
joints become widened into large fissures and, at intersections of such joints, large circular
holes appear which are frequently filled with water. The weathering of oveid concretions
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in these rocks also leaves numerous holes which on coalescence form water-holes of con-
sider: <ize. Such hollows in conjunction with joints, are undoumd.l? responsible for the
permarncnt water-holes or ngurungas over 20 feet deep at the southern foot of Kilibasi 1t is
this so:roe of water that is frequently mentioned by early travellers in the Colony, for Kilibasi
was o~ of the main staging places on the route from Mombasa to the interior of Kenya as
well o= on the Arab slave-route to Tanganyika. Early writers, as reported by Stromer von
Reichenbach (1896, p. 23), have variously described these holes as the result of weathering-
out of tree-stumps (Von der Decken), pot-holes (Kersten), and the weathering out of cavities
(Hans Meyer). Stromer von Reichenbach, although he had never visited East Africa, con-
sidere¢ Von der Decken's theory to be correct, but Meyer was the more correct in his

conclusion.

(b) Upper Taru Grits

Overlying the lower grits is a series of yellow-brown sandstones, felspathic sandstones
with subordinate grits, and dark banded shales. The soft, fissile and friable nature of these
rocks cives rise to gently undulating country in which exposures are rally poor. Harder
and more massive grit bands occasionally form prominent outcrops, but 1t 1s only in the dry
strear-courses that the shales and sandstones are .

he mineral assemblages of the rocks g

lower group, though the beds are generally more ﬁ_nc-mmd- more calcareous, and some- vy
ti;n?w mnmi? large limestone fragments, :l:sll? l:pqrgd‘mt‘
of Bidimwoli, Quartz rains are very r indica T ¥
sediments had nS. been c%trried far and was probably derived from the neighbouring Basement
area (o the west, At Bidimwoli the sediments are characte by greenish black shaly
silts and fine-grained sandstones which exhibit extremely regular and delicate undisturbed
banding. Thin sections of a banded shaly silt (63)'42} indicate that the bands represent
regular cyclic deposition, in which particles of silt grade form Ilsl'lt_-wlqurcd bands, which
are overlain by heavily iron-stained bands about one-tenth of their thickness, each cycle

messucing SHON S i beds of the T Grits probably grade rapidly into
" t aru |
In the present area the uppermost ol Oty e diatingul ehable from the e |

the overlying Maji ya Chumvi Beds. They are p
Maji ya Chumvi Beds.

! Fig. 7—Diagrammatic microscope drawings of thin

(a) 65/296, Buguta. Gabbro. The dr :
rare cummingtonite aggregates of zolsite, epidote and W:'.

yangala mﬁ:_,wm-qrm'f gneiss, The pyrite is oft .

i ss.mﬁmn ﬁ&%wﬁ hydrated iron ore. el forms  pota T:;,uth-om:r;.
row , or

() 68/42, five miles south-east of Lukakani. A rhythmically banded shaly silt

|
|
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(2) Mas YA CHUMVI BEDS

This formation, of which probably only the lowest members are represente in the area
mapped, is poorly exposed and nowhere was it seen directly overlying the T: = crits. The
beds are presumed to underlie the sandy plain in the southern part of the Ku+ - area, and
nnmuhmdpodﬁonofﬂnbaseismmmdontbegwlogicalmp.

Exposures were seen in a single dry water-course, ten miles east of Mat<i vini. Here
the rocks consist of a few feet of thin, yellow and buff fissile sandstones and silist
intercalated shales. They are soft and friable, weather with an orange to blacic crust, and
contain numerous flattened clay nodules (up to two inches in diameter) and unidentifiable
plant fragments.

(3) THE AGE AND CORRELATION OF THE DURUMA SANDSTONES

No identifiable fossils were obtained from the Duruma Sandstones in the present area,
though poorly preserved plant remains were observed at a number of horizons in both the
Taru Grits and the Maji ya Chumvi Beds. Sufficient evidence has, however, been obtained
from neighbouring areas to indicate their age and correlation.

Remains of the plants, Voltzia . and Ullmannia sp., of upper Permian to Rhaetic
age, were reported by Gregory (1926) ﬁﬂm a bore-hole in the upper Taru Grits 1t Sambury,
25 miles north-cast of Kilibasi. Shales in the Galana valley (30 miles to the north of the
present area,) had been previously considered as part of the Taru Grits (Miller, 1952, p. 1),
and as they yielded Palaeanodonta fischeri Amal. of Permian age the lower part of the grits
was also dated as Permian (Gregory, 1921, p. 57). Sanders (1959, p. 31), however, has
shown that these shales are probably part of the Maji ya Chumvi Beds and that the entire
[Taru Grit sequence underlies them. The downward range of the Taru Grits may, therefore,

be greater than was earlier thought. San i is lowe ian
and the lower Ptk netiee lllhf“m.dm considers that the upper part is lower Permia

The base of the Taru Grits is ) - y
suggest the presence of a tillite m&“ﬁmg this area and no evidence was found to

‘divisi ahe s (op. cit. p. 15) discovered forming the
lowest division of the grits in the Mid. ? 4 A
Kilibasi suggests that, their bﬂ“m area. The considerable thickness of grits a

i uence and that, therefore, on comparison with the
M- they are probably of upper Carboniferous age. 3

The sediments that are considered to represent the lower TEr .
identi lithologi part of the Maji ya Chumvi
ﬁdmm!mogf mgw by comparison with rocks in adjacent arcas that
tones in this - y L age (e.g. Caswell, 1953, p. 17). The Duruma Sand-
”I‘ansa b of%‘m may also be correlated with the two lower lithological divisions of the

to the Sakoa and &hnmm 1{{93(16,&' :)ca' rwmhic!h i-?i;:"im:lpl?elgg?wn to be equivalent

g v , - L System which lie to the west. Sedimentation, which it
Eaﬁéi‘,‘,";"sym %’pﬁ f{‘;,’ckb"‘"f“‘?“ times, was probably initiated by uplift of the
detritus which was deposited faulting, thus providing an adequate supply of coarse
nature of the lower beds in Tine conditions. The coarse arkosic and unsorted
limestone and massive curs ml lar and the presence of large graphite flakes, grains of
The siltstone and sandstone Ml}nm suggest rapid infilling of the basin of deposition.
sediments that were laid down. (. srs indicate that streams were quickly eroding
marked seasonal variat down. Cyclic deposition of the sediments was a result of
conditions o whish MM&W shales being laid down under swampy

This period of rapiddeposition : A s
the san:;sﬁgc? and Fi?:h of the was followed by more quiescent conditions, during which

ai i lower | ' Taru Grits were deposited. Similar conditions
?vl;ft:dtli{eego:m?::;;rrlnn}:ﬁmw“ﬁémgmm‘l Whi Nbsidenqe muslinhave kept pace
continuous de posilm?‘l in shn]h'm' PP ing, current bedding and plants suggests
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3. Intrusive Rocks of Post-Basement System Age

[hree intrusive rocks of post-Basement System age were seen during the survey. A

basic rock invades crystalline gneisses a i

| tBugummdmdm-bascmckalKui u, but

5; tric .‘! ﬁgc can be ascribed to them. A third rock presumed to be intrusive, ::aﬁont:ﬂirtl:

= foun asa loose l?lock.togeﬂ_:er with Karroo rocks along the Umba river. It is probable
this rock is a minor intrusive derived from the alkaline centres at Jombo or Mrima

situated 22 miles east-north-cast of Mwakijembe. The centres pierce middle Duru Sand
stone: , and Baker (in Caswell, 1953, p- 47) in describing the complexes i i ado
to the interval between the latevJurassl:c and the mid&hlﬁ’liocme. plexes attributed their age

; (1) OLIVINE-GARNET HORNBLENDITE
: 1_I-‘-cqultm-bas1c rock at Kasigau was found on Mambago ridge which forms its northern
slopes | fig. 19). The occurrence is small, mainly consisting of boulders weathered in sifu,
SELL& sting a pipe-like form for the body, though in depth it may have been emplaced as a
t in st eet parallel to the strike of the country-rock (basic sills are known in the Taita hills,
a few miles further north). Specimen 23/268 is a heavy, brownish-black rock in which the
grains are somewhat incoberent, SO that the rock crumbles easily. It is medium-grained,
exhibiting a hy_pautomorphic granular texture, and little altered. Green hornblende, the
principal constituent, is. strongly pleochroic from bright green 10 pale yellow-green. As-
S bole is pale pink garnet containing NUMErous inclusions of black
iron ore and small hornblende and olivine Crystas: Occasionally the olivine is altered to
iddingsite, while the hand-specimen shows patchy alteration to serpentine. The olivine,
which is cqlourless to pale green, occurs also in inter-granular :g:gs in the rock. A volume-
tric analysis of the rock, determined by point counter is given below.

| A

7 %
Hornblende - 58 58
Garnet .. b i BT 2
Olivine .. Ve “ i 6 -
Iron ore including magnetite .. 6 6
Other minerals .. ~ ER 4
1.—Specimen 23/268, Kasigau.
A.—Eclogitoamphibo!ite. Graubunden in the Alps (Streckeisen, 1928).
The rock is an olivine-garnet hornblendite and with an increase in the olivine content
described by Streckeisen 18

and loss of the garnet wou me a cortlandite.
coarse-grained and derived from a dyke-like mass.

Saxonite.~A small ultra-basic intrusive outcropping in the Kurase arcd was discovered
Co. (Africa) Ltd., in 1957, The precise

by a member of the Anglo-American
locality of the intrusion is unknown but it probably occurs on the south-castern side of the
limestone ridge Ruara, The rock, a saxonite (68/80) is a heavy, green, medium-gral
rock containing fairly fresh olivine, pale, slightly pleochoric bronzite, and rare labradorite.
Kelyphitic borders of enstatite and of green spinel have formed at the junctions of olivine
and felspar crystals, while alteration of the pyroxene has resulted in the formation of brown
hornblende. A little granular iron ore is present.

(2) GABBRO

_Appmximately 100 ya of the track at Bu
feet in height, consisting of a bouldery outcrop of dense, green- . spotted gabbro.
intrusion was traced by gmall outcrops and scattered boulders to the north foot of Kulikila
where it can be seen to invade Basement S gneisses jrregularly. 1 rock is much
altered but originally cO i mainly of fe _md a ferromagnesian mmcral (now rep-
resented by amphibole) forming @ hypautomorph_lwmuhr texture (specimen 65/296, fig.
7a). The felspars are now variably ¢l due to immense aumMbers of inclusions, consisting
of minute opaque grains, which in some inst: may be titaniferous, Much of the felspar
has been replaced by tes of zoisite, epidote and garnet, which exhibit irregular margins
against the clouded felspars, and sometimes € . The
usually colourless but some of the epi¢ (mund pale green. The minerals forming the
aggregates are generally better crystallized is usual in saussurite, a common alteration
product of gabbros. The amphibole 18

guta is a small conical hill some fifty
brown, spot

\ £ 4

i
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pale yellow, exhibits prominent partings and is occasionally schillerized. It is pr nably
secondary after original pyroxene and of metamorphic origin. A volumetric analysi: - { the
rock determined by point counter gave 43 per cent felspar, 48 per cent ‘‘saussurite’ . 7 per
cent amphibole, and 2 per cent magnetite.

(3) PHONOLITE

Six miles south-east of Mwakijembe village on the river Umba in Tanganyika Te: itory,
small float blocks of phonolite occur, together with blocks of Karroo sandstone and “hale.
Specimen 68/79 is micro-porphyritic, light grey in colour, fissile and partly vesicula . Mic-
rophenocrysts of soda orthoclase and pyroxene are set in a holocrystalline groun hass.
Zoned aegirine-augite prisms up to 3 mm. in length in the matrix are pleochroic, beir.. »aler
in the centre, with extinction angles ranging from 17° at the margin to 40° at the « atre.
Partly altered nepheline occurs as small prismatic crystals with typical hexagonal and - . fan-
gular cross-sections. Accessory minerals include magnetite, apatite and calcite. Th trix
consists of partly iron-stained analcite.

4. Pleistocene
Between Tugwe and the river Mavora, the Mwatate river-course is incised in a <. /low
valley which is considered to be a product of end-Tertiary times (see p. 8). The - nce
of an incised course, however, suggests that uplift took place in Pleistocene times, so ¢ - ling
vertical downcutting to be extremely vigorous. 1t was during this period of incision that a
terrace of Pleistocene gravels was left thirty feet above the river-bed. A remnant of the
terrace occurs approximately three miles east of Tugwe on the south bank of the iver-

course. The gravels composing the terrace consist of rounded pebbles of various 1ypes of
gneissose rocks and crystalline limestone that are common in the area.

During the survey a visit was paid to Mwakijembe on the river Umba, in Tangunyika
Territory. Here the meandering river is deeply incised to a depth of about 25 feet below
the surrounding alluvial flood-plain, which represents an old flat valley floor. In places at
approximately 10 feet above present water-level a terrace is exposed on which parts of an
abandoned river-course can be seen, and represents an intermediate level of the river. At
least two periods of uplift (or drop in sea-level) are, therefore, indicated near Mwakijembe,

As the observations made are isolated it is not possible to draw any general conclusions
on the Pleistocene history of the area, except to say that it has been subject to erosion con-
sequent upon uplift, or more likel.y. changes in sea-level, which are known to have occurred
a number of times during the Pleistocene period (cf. Caswell, 1953, pp.53-55).

5. Recent Deposits

Recent deposits in the area consist of red-brown sand soils, which are a product of
weathering of the Basement System gneisses that form the I¥i]ls. T"hey conceal apia rge pro-
portion of the area and rarely are outcrops to be seen on the sandy plains, except along
shallow stream-courses or as monaqnockg. The deposits have formed either in situ (where
weathering of the uqdcrm rocks is taking place mainly by ‘rotting’) or by accumulation.
In times of heavy rain, -flooding washes quantities of sandy alluvium across the plains

where it is quickly deposited and rarel i : F
Perasnit ¥ transported great distances, due to the lack of any

RL‘d SQIIS seen atm tt! Nairobi-Mombam road re re “"' d cons‘st afge y UI
: - Mt a rratliitic an 1 l i
COoarsc qlh’lni glaln!. L&lﬁﬂl!ﬂ I!‘Oﬂ!toﬁg‘ i y i i
[h: area m&lppcd. is a F l Of wh'ch Dﬂl a Slnsle occurrence was nnlcd n

y . ! ing of such soils under conditions of seasonal rainfall.
;\om:‘ o.f I}_"?“"“_i S(?lis are considered to be of great thickness and probably extend only a
few tens of feet in eDlﬂ!- They contrast with the thicker deposits of the hill pediments where
steep-sided stream gullies expose coarse gravels and soils to depths of fifty feet.

Grey alluvial soils ogeur in certain

k- that Kark 1ain stream-courses where drainage is poor and it is along
Sch i g et ].!‘_T“ cotton-soils form when the drainage is negligible. Such soils are
often calcareous and  "4§ise to small sheet of kunkar or calcareous concretions. Good

EXHI"NC-“;_“F such depe 15 cam be seen four miles north-west of Maungu, seven miles north-
east of l_lkill’”\l'- : . Miver-course and in the stream-course between Kasigau
and Rukinga. K , 3'%:" invariably covers the crystalline limestone ridges and is in
many cases the +cation of the underlying rock. The kunkar limestones, in part,

may be peneplain ) oducis, bUbitis considered that the i ed
in Recent times @s a result of poor drainage and dwmcgllm wmll:erﬂggn e
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Guli g and associated phenomena arc more active on the Karroo sediments where
there are some streams for short periods after heavy rains. Here streams have been re-
juvenatea curing Pleistocene uplift and in parts are grading their COUrses, temporarily
depositin;: dark grey alluvial soils along them.
VI—STRUCTURE

; PHV d the
For e purposes of description the structures of the Basement System rocks an
Durum: sandstones are dealt with separately. The principal structural features of 1o aron
are shov ) in Figures 8, 9 and 10.
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1. Structures in the Basement System Rocks

Geometrical analysis of the attitude of foliation in the rocks of the Kasiz: ries and
Kurase Series as illustrated in figs. 8 and 9 indicates that the foliation planes 11" ~iong two
great circles m;, and w, suggesting that there may have been two periods o! 1g. The
stereogram in fig. 8 indicates that the folds in the Kasigau Series have gentle or v <iuz limbs
and in fact such folds are observed in the field and in particular in the Mauno “ills, In
fig. 9, however, the stereogram shows that the majority of foliation planes Kurase
Series have a moderate dip of 30° to the east, the folds being overturned to the . From
the position of the £ poles to the great circles the direction and plunge of the /1 axes in
the respective series can be determined (cf. Phillips, 1954, p. 61).

It was possible in the field to record strong lineations in most of the rock rarely
in the marbles. This visible lineation includes linear grooving, the axes of mic: is, and
the parallel elongation of hornblende and biotite grains and less commonly ©i « z and
garnet. The lineation is a b lineation (cf. Weiss, 1954, pp. 10-11 and Turner, (%0 . 180).
Fig. 10 shows a projection of the lineations measured, and illustrates that thei: ¢ is not
uniform throughout the area. The scatter of the lineation although partly due [ ad in
the foliation (a feature of b tectonites) is mainly a result of two periods of foldin. The §
poles are observed to fall within the arc of lineations. From these diagrams it can be ioduced
that the fold axes in the Kasigau Series are orientated almost north-south with a »'iinge of
12° to the north and those in the Kurase Series trend north-north-east with a northerly

plunge of 18°.

A tectonic profile as used by Wegmann (Weiss, 1954, p. 19) has been constructed from
:lf;e g::?)!oglcal maps and the style of folding in different parts of the area is clearly indicated
g 11).

‘The tectonic profile and stereograms suggest at first sight a discordance between the
Kasigau Series and the Kurase Series. That individual bands can be traced from Sagala
southwards to Rukinga and that these approximately parallel the strike of the limestones
and yet exhibit little or no overfolding, is considered to indicate however that the Kasigau
Series folds consist of beds which, although affected by the same crustal compressions as
disturbed the Kurase Series, display a simpler, tectonic style. The folding is disharmonic.

It is considered that the rocks in the area were initially severely deformed into a number
of recumbent folds. Although no definite criteria, either megascopic or microscopic, were
found to enable the correlation of the limestones from zone to zone, it seems probable that
a set of beds containing a number of limestones is a guide to the intense folding that the
area has undergone. The postulated positions of the traces of the axial planes of the principal
recumbent folds are indicated in the structural diagrams (figs. 8 and 9). The overturning
of the folds is readily confirmed by the relationship of the fold axes to the general north-west
to south-cast trend of the rocks, a feature that is emphasized by the crystalline limestone
bands. In gently plunging overturned or recumbent folds the outcrops of the limbs form a
small angle with the projection of the fold axes on a horizontal surface: hence in the present
case the generally north-west-south-east strike and the north-north-easterly plunging fold
axes and lineations,

The geological map of the area further west (Walsh, 1949, p. 8) and observations in
the Taita area suggest that the Mugeno limestone passes westwards across the southern
flank of the Taita hills and then turns south-castwards parallel to the Mgama ridge. The
extension of these limestones in a south-easterly direction is speculative (due to lack of out-
crop and thick soil cover) but it is suggested that the limestones pass again into the present
area, where they are involved in a number of small recumbent folds whose limbs are repre-
sented by the Mangari-Kisoli, Kivindara, and neighbouring ridges. In the south-western
corner of the area what are considered to be the same limestones appear to form the nose
of a recumbent highly faulted syncline, whose westerly limb is represented in part by the
intricately folded limestones of Murinjo ridge.
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After the main deformation a second period of folding affected the area 210 'was re-
sponsible for the apparently simple structure seen in the rocks of the Kusivni Series,
Nowhere in this series was evidence of large recumbent or overturned folds obsoived, but
it is likely that detailed examination would reveal evidence of small-scale structures « icating
the earlier recumbent folding. The effect of the second period of folding can al- ¢ seen
in rocks of the Kurase Series in which open folds with axes parallel to those of ti.c tolds in
the Maungu hills were mapped at Dari, Kivindara, Ndunda and Ruara.

Throughout the limestones numerous small folds occur, while pinching and clling is
common and parts of the beds have become isolated from one another, and in anv Cuse it is
most likely that many of the beds are lenticular. For example, the Ichenze lime-ioic and
that forming the Bikuba ridge probably represent the opposing limbs of an veiiurned
anticline although the closure is not complete, movement having isolated limestc - biocks
during the period of folding. Evidence for such movements is illustrated in Fip i~ The
diagram represents the Mai-Kisoli ridge where the limestones dip moderately ¢ (he cast-
north-east. The rocks forming the main Kisoli hill and the eastern edge of the viui ridge,
the strike of which provide evidence of tear, are detached from the main limestonc ~.nd and
have moved in a north-westerly direction, while horizontal movement on the wo:ivin side
of the tear fault has been towards the south-east. The tear is occupied by a five 1 n foot
thick sheet of crystalline limestone which has a dip of 35° to the east. In other cases - vement
along bedding planes, particularly in the limestones, is suggested by thin zones of fricture

parallel to the bedding, such as are exposed in the rocks in the Umba river at Mw.. % jcmbe.

Fig. 12—A tear favlt in crystalline limestones forming the Mai-Kisoli ridge, south-west of Kasigau. The
direction of horizontal movement is indicated,

In the region between the Maungu hills and Sagala a structural depression can be
recognized and is well seen on Nyangala (Plate 111 (b)), where there is a shallow cross-syncline
with east-west axis. A few miles further north-west another depression is indicated by
southerly plunging lineations on Jora, south t)l'S«_.ge , rapidly changing to northerly plung-
ing lineations on Nyika two miles to the north. same depression can be recognized at
the northern end of the Maungu hill. Between Kisoli and Pikapika a number of folds are
recognized, many of which die out along lines indicated on the structural diagram. These
lines are probably structural culminations or depressions similar to those seen further north.

Joints.—Owing to the paucity of rock outerops of much of the succession in the area
the greatest number of records of joints made during the survey were on the Kasigau Series,
and particularly on those rocks that have a tendency to be massive or flaggy. The majority
of the joints recorded are near-vertical fractures (Fig, 13) associated with gentle warping of
the Kasigau series, one set of joints being nearly perpendicular to the lireation b. and there-
fore ac joints, These ac or cross-joints are often conspicuous features enlarged by erosion
and are well-developed in the granitoid gneisses at Kizima, in the quartz-felspar gneisses on
Nyangala and Saseie and in the crystalline limestones. A well-developed set of joints com-
prises the longitudinal joints parallel to the b axis of the north-south folds and is responsible
for the elongated whale-back features of Kivuko, Pikapika and Kizima. Two sets of north-
west-south-east and north-east-south-west diagonal joints are symmetrically disposed about
the a axis and form a conjugate system, They may represent shear fractures caused by the
east-west compressive forces that gave rise to the north-south folds,



Faul:ing—Few faults were actually seen during the mapping of the Basement System
rocks ar many have been inferred from the disposition of the crystalline limestones and
associatc | gneisses. It is assumed that there have been two periods of faulting—one post-
Baseme: . System—pre-Duruma Sandstones, and the second post-Duruma Sandstones. Itis

assumed (hat many faults have affected only Basement System rocks while others have

disturbed both these and the overlying sediments in the castern part of the area. Faults of
the lattc: period are described in a later section (p. 50).
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considerable faulting has affected both Basement System rocks, including the limestones
and the over sediments. At Kasigau a number of beds have been gently folded unc
subsequently faulted (fig. 19 at end) so that the rock sequence is repeated three times. 1! s
considered that erosion along high-angle fractures is responsible for the lofty cliffs on the
upper slopes of the mountain (Plates I (a) anda V (b)), which area toposmflucal expres: on
of the amount of vertical movement that has taken place along the faults. These faults
appear to have their greatest throw near the centre of the mountain which is an upfauited
block (Plates 1 and IT ()), and the maximum composite throw along associated faults o
the western side of the mountain is of the order of 4,000 feet. High-angle faults have affectc.
similar beds at Sagala where they cut across an anticlinal structure and syncline forming th
western part of the outcrop, The main faults at both localities have the same orientatios
as one set of major joints and are probably an expression of movement, directly associatec
with the folding of the Basement System rocks, along some of them. The block-faulting o
Kasigau and Sagala (and the Taita hills) may have initiated the deposition of the Durun:
Sandstones sediments.

Minor structures—Rocks that have been involved in late crushing are present throug!
out the area and are represented by several specimens. Some rocks at Saseie show the fire’
stages of crushing, containing thin streaks of granular quartz. In the marbles post-crystalli
f_lef?m:l:tion is indicated by bent twin lamellae and by finely recrystallised limestone alo: -
ault-planes.

More intense crush effects are exhibited by highly cracked felspars and by garnets tio.
have been partly torn or shattered and fissured while quartz and felspar are newly crystalii. |
and moulded onto the broken surfaces. The most severe crushing is represented in !
granitoid gneiss at Gorigori (near Kilibasi) in which large angular fragments are contair.J
in a breccia consisting of angular mineral grains set in a fine-grained matrix. A secci.d
example is exposed at Kurase where the gneisses have been finely brecciated along u ™!
SW. fault-zone. It is along such zones that the effects of erosion are greatest. the outciops
at Kurase now being separated into a number of rounded inselbergs. Narrow aplitic veuu
were recognized in most rocks and small movements have taken place along them. The best
examples were observed on Kasigau close to the presumed fault-zones (Fig. 14, a and /)

Boudinage is abundant on Kasigau and Rukinga. These “pinch and swell” structvres
occur in amphibolitic calc-silicate bodies and pegmatitic lit-par-lit injections enclosed n
various gneisses, and have a variety of forms. Less commonly fragmented garnetiferous
boudins are developed in the hornblende-garnet-scapolite gneiss of the two hills and often
measure over a foot in length. In all cases the spaces between adjacent bodies is filled by
newly crystallized quartz and felspar. The boudins probably developed in response 1o
compressive stresses perpendicular to the boudin layers (cf. Ramberg, 1955, p. 517). The
Kasigau examples have been deformed and rotated, as is suggested by their relationship to
the foliation planes of the host-rock that flow round them and by the sub-clliptical and
detached garnet bodies which formed the original boudins (fig. 14, ¢ and ¢). Ramberg
(op. cit,, p. 514) considers this type of deformation to be due to shear-movement parallel
to layering in adjacent rocks.

An interesting exposure was visited on the track on the west side of Sagala. Here a
weakly-banded, hornb rnet-scapolite gneiss dips 31° to the east-north-east, the plunge
of the lineation being 9° to the north. Cutting the gneiss is a thin, fine-grained melanocratic
sheet of hornblende gneiss containing small felspathic augen. The foliation in this sheet,
which has diffuse boundaries and varies in width from a few inches to over one foot, dips
nearly due west at 43°, Along the eastern margin of the sheet the foliation in the host-rock
has been bent as indicated in the diagram (fig. 15). The diffuse boundaries of the sheet, the
bent foliation of the host-rock and the general field relationships suggest a tectonic origin
for this structure. The melanocratic sheet is a zone along which the foliation of the country-
rock has been transposed. Prisms of hornblende have been rotated into planes parallel to
the zone during movement, which judging from field examination appears to have been up
the plane of foliation of the sheet. It is considered that transposition of the foliation has
occurred at a late stage during the folding of the area, but while the rocks were still in a
plastic state and after the regional lineation had been implanted.
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Fig. 15—Transposition of reglonal foliation in hornblende-garnet-scapolite gneiss at Sagala.

(2) STRUCTURES IN THE DURUMA SANDSTONES

Folding.—The Duruma Sandstones have been gently folded into a number of anticlines
and synclines which plunge 8° to the east. South of Lukakanyi the most prominent structure,
the Kisoka syncline, was mapped in the Taru Grits while another was seen at Kilibasi hill
where the west and east spurs form the opposing limbs of a gentle flexure (Plate VIII).
Other folds further south, the positions of which are indicated on the structural map (fig. 9).
have mainly been taken from aerial photographs, which show them with remarkable clarity.
The trends of the fold axes correspond with similar structures mapped by Miller (1952, p. 14)
and Caswell (1953, p. 49) in Lower and Middle Duruma Sandstones in the adjacent areas
to the east, though N.-8, and NE.-SW. trending structures were also mapped in the sedi-
ments in their areas.

Faulting.—The Basement System-Duruma Sandstones junction is probably a Inmmal
fault except at Kilibasi where the sediments are considered to overlie the metamorphic rocks
unconformably. Only at Gorigori, where granitoid gneiss has been brecciated, is the fault
thought to be exposed.

It is believed that this faulting was probably initiated in pre-Upper Carboniferous times
before sedimentation began. Subsequent to this period of faulting, possibly between Middle
Cretaceous and Middle Pliocene times (cf. Caswell, 1953, p. 49) the Duruma Sandstones
were folded and later faulted. South of latitude 4° 20°S. the Taru Grits may have been
carried below the surface, assuming there is no overlap of the Maji ya Chumvi beds.

The fault pattern has been influenced by the underlying gneisses and NW.-SE., N.-S.,
and ENE.-WSW. faults are common. Relatively steep dips recorded during the survey
are associated with some of them. Both Basement System rocks and Duruma Sandstones
have been affected for considerable distances by the ENE.-WSW. fractures, the majority
of which step the faulted junction between them.
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VII—_ECONOMIC GEOLOGY

Unfc -tunately a great deal of the area is obscured by sandy soils
i ibhmhrdeMunbe_w
found in the future, the Nairobi-

the hills creatly restricts the poss

spected by ordinary means. Should any deposits of value be

Mombas . railway and road will provide two excellent means of pication. A sma

ultra-bas - intrusive exposed on the northern spur of Kasigau revealed noth of importance,
i not be ruled out. No of major

but the | ssibility of mineralization in depth can ; .
intrusive: with accompanying ineralization was found. Figures 16 and 17 showjthe dis-
tributior: of minerals and water-supplies in the area mapped.
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1. General

(1) LIMESTONES

Crystalline limestones are of widespread occurrence in the Kasigau-Kurase area, forml'nlg
parallel ridges that trend north-west-south-east across the area. Nearly every line of hills
in the southern part of the area is formed of limestone, while in the northern part the most
extersive outcrops occur at Mugeno and south of Kasigau. Other smaller outcrops of
limestone occur one mile south-west of the Mackinnon Road water-tower.

The limestone outerops usually form low hills rising not more than 300 feet above the
surrounding plains, and are covered by variable thicknesses of superficial limestone (kunkar).
Those in the Kasigau area can be reached by the tracks that radiate from the mountain and
are readily accessible. The Mugeno ridge and Mackinnon Road limestones are g
reach of the railway. The limestones in the Kurase area, however, are remote and only
two roughly-constructed tracks give access to that region.




~ Gen ally, the crystalline limestones are medium-grained, p
taining .eminated graphite flakes, small cale-sili 1d other mi i
occasior Iy in the form of knots. A number of analyses made on hand-speci collected
from di*" rent localities gave the following :

1‘2.34

R;0; . i = . | 5 | 0,;.40
CaO .. - = e . 19 . ¥ 32:55 4 12:60 | 5064
R abic | L 04| 025|036 33 013 | 1 68
olubli 2 s 4 ¥ 5 7 0 3! . ¥ !

Loss on .gnition .. % ! v ¥ ) 46°53 46-39 | 41-20

TOTAL
Specimen 68/10, Murinjo.

Specimen 65/327, Mangari.

Specimen 65/322, Langatonyi.

Specimen 65/324, 2 miles cast of Tugwe.
Specimen 68/32, Kivindara.

Specimen 65/259, 3 miles south of Kasigau.
Specimen 65/329, 2 miles south of Varini.
Specimen 65/331, 12 miles west of Kilibasi

9. Specimen 68/60, 7 miles north-east of Matsimbani.
10. Specimen 65/239, Mackinnon Road.

. The specimens with lower tmmber: were taken in the
those with higher numbers i the central part. nal: Ms.R. B s,

LT i i nd would
All but two of the crystalline lif have ;&‘;ﬂd“""‘“" OOt Speci
therefore be of no use for production of British 1d p:&llandm rm:a Isgtmm
65/324 is, however, a remarkably pur¢ limestone, mdg?}runﬂg betlll:t larw?n:l : of
such cement. It is impossible to sy t inf d funlmwsnuth h:s a high m';@.;.g
this gond-q&mhty “mﬁm“:;?;m?h&mﬁm’?:'ﬂgg‘w band. The locality 18 not
content, indicating a mar ibitive presen ! '

easy to reach andghaulase costs would be prohi u::,::ﬁnﬁu is‘ :;::l mr:cd:lgn“:n
Road limestone, however, Which af.‘" f% i could be exploited with ease
stone, is very close to the principal P“ﬁ',;wm edstt’o:nd could be put to @ number of
Unlimited resources O -rich ; whitewash, agricultural purposes in-

uses including mortars, internal plasters, "“'m ime bricks
cluding soil stabilization, pozZo -lime mIxes and sand-lime
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western part of the area, and

CoPPER
; jscovered nﬁumemrw.nuusouthemu-

A single occurrence of copper Was discoV! d : .
tremity of%he Maungu-Nyangala ridge. To facilitate pmpocg:ge?_‘: ,:;.‘:‘;33;2“;;:3
e L o o S, S Tt b
that have becn introduced into biotite gNEL: F‘“.Of the late mt:wmatic e!i‘cc“
parallel to the foliation. 1! titic inject 1 the copper i were segregated
accompanying migmatitiuﬂﬂﬂ',and it m'bit! replacement relationship towards biotite
from the gneisses. The chite m%%uhr veins.
or occurs as fibrous, compact crystals in 10 R of half & mile. On}

Malachite staining Was seen in @ number ol'.locllmu og a strike m; “;m-‘. Az
a si{;g'!e locality was Prﬁofﬂ" ﬁdmlwm m:ﬁ:{ ;ku at the time of the survey gave 82
;cn? t?:rﬁ gﬂ.a‘rﬁ:lﬁ% t:gge::“ were dugacross the EPOST ey ng nm':,f;,’o-,c‘h%
ing and showed that _:nalld“ " “on chipped umﬁuukmowl' w
occurrences are sporadic. Analyses ﬂg‘gﬁ lo-n50 per cent g:, As a result of this work

width of the vein gave Va .
it was decided that further rospecting was 1ot o

present time.
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This deposit is one of a number of similar occurrences that outcrop over a distanc:
fifty miles between Tsavo, to the north of the area mapped, and the Maungu hills. There
may be other occurrences further south hidden by the soil mantle that conceals the gre .ter

proportion of the area.
(3) CoaL anp OL

The presence of thin layers of coal in the Taru grits of the coastal region of Kenya ho
iven rise to many speculations in the past as to the possibility of finding economic co
ing strata within the coastal sediments. In the present area, where these sediments arc
poorly exposed, carbonaceous beds were noted within shale and grit bands in the Tan
grits, but no evidence of any major coal-bearing horizons was discovered.

Any evaluation of the possibility of the occurrence of oil cannot be made unless t!
coastal area is assessed as a whole. It can only be placed on record that flexures do ex:
within the sediments, which contain potential reservoirs and cap-rocks. The presence
innumerable faults, however, would tend to rule out the likelihood of finding oil in the a:
under consideration. Pulfrey (1956) has recently made an appraisal of the search for
and natural gas in Kenya.

(4) GARNET

Garnets of variable size are widespread throughout the area, particularly east of
main limestone ridges. They occur in every kind of gneiss, often forming as much a< 0
cent of the rocks, and occasionally are concentrated in boudins and segregations i1

asigau, Maungu and Rukinga hills. Small local concentrations are to be found in the sa
stream-courses that cross the pediments surrounding the hills.

(5) GRAPHITE

Graphitic gneisses are extremely common in the area south and east of Kurase, where
good examples can be seen as a* Mwachinjoro. These gneisses contain variable quaniitics
of graphite and their economic importance is considerably reduced by the presence of
abundant quartz and/or kyanite in them. Graphite is also disseminated throughout the
crystalline limestones and occasionally forms thin bands in them, but no associated graphitic
schists such as are seen in other parts of Kenya were found.

(6) KaoLiN

Kaolinised felspar-rich gneisses of the Basement System outcrop on the upper western
slopes of Sagala. The kaolin has resulted from the decomposition of rock in situ and is of
restricted occurrence. No economic value is attached to the deposit.

(7) Lateritic IRONSTONE (“MURRAM™)

Only one deposit of lateritic ironstone was seen in the area, on the south side of the
main Nairobi-Mombasa road, five miles north-west of Maungu station. “Murram™ has
already been removed from the site by the Ministry of Works for repairing roads, and it
is estimated that only a limited tonnage remains. Other lateritic ironstone deposits might
exist between Maungu and Mackinnon Road but none were seen during the survey.

(8) MAGNETITE AND ILMENITE

At Mokolomba, a small hill on the lower north-western slopes of Kasigau, a pegmatite
has veined a garnet-biotite gneiss parallel to the foliation. Within the pegmatite is an irregular
vein of titano-magnetite of variable width up to one inch. A second magnetite-rich rock
(65/273) outcrops on the Funganyeni ridge, which forms the south-western spur of Kasigau.
Here the magnetite is concentrated in thin, discrete bands and lenses a few inches in length
within a quartz-felspar gneiss, w that the rock is a metamorphosed fissile sandstone
in which iron-ore was scgregated in thin bands. At Matsimbani in the south-eastern part
of the area close to the Tanganyika border, kyanite gneisses have been invaded by quartz-
rich pegmatites containing iron ore, Iron ore has nﬁlo crystallized along foliation planes
adjacent to the pegmatites. Many of the gneisses in the area though not heavily mineralized,
are stained red as a result of the oxidation of fine-grained iron ore in them.
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i n nalysis of titan etite 2 ;
| followin, 'esult (Muff, lgé?a!fnm). from a pegmatit in the Sagala-Ndara Bills E2¢ the
. %
Si0; hY e . 1-42
FQZOJ b i e LR “%
FeO 4 & a2
MED: 1oy o s 025
CaO 2 = 033
H_zozi: " o'”
TIOZ . 8'70
P0s .- 030
MnO .. ) 026
503 G i & 0-02
BaO ¥ P .. 062
Total = .. 10044
Anal.; Imperial Institute, London.

Many stream sands in the ared contain iron oré mirerals but no economic concentra

tions were seen.

Pyritiferous graphite gneisses outcrop in gullies two miles north of Matsimbani. Pyrite
was also seen associated with kyanite gneisses neat the copper occurrence at the southern
end of the Nyangala spur and in graphitic quartz-felspar gneisses, four miles east of Kurase.
Although no commercial value is attached to the deposits, the Py ficant
part of these gneisses. Where the pyrite has been hydrated, the alteration product forms
thin yellow films (and rare prismatic crystals) between |
weathered rock surfaces with a yellow-brown skin (see fig. 7h), This yellow, hydrated
iron mineral is very COmmOR in roc of the Maungu hills, in particular on Maungu, Nyan-
gala, Sascie and the four small hills two miles west of Maungu.

(10) SILLIMANITE AND KYANITE

Sillimanite and kyanite occur in gneisses forming the Maungu-Nyangala ridge. Kyanite
comprises up to about ten per cent of the biotite gneisses €X there, but the sillimanite
is usually confined to faserkiesel and is rarely seen _ Both alumino-silicates also
occur in gneisses associated Wi the limestones in the Kurase ared, and kyanite gneisses
form Matsimbani hill. Although i le tonnages of the rocks are availa no economic

importance is attached to them-
an VERMICULITE

Vermiculitic mica occurs as small books in tites associated with hornblende-
garnet-scapolite gneiss on the west side of the Chief's office on Sagala. The Tcl':k is highly
weathered and the mica i ily removed from the face of the outcrop, the larger pieces
averaging 15 to 20 mm. in , Crude exfoliation tests conducted at a temperature of
about 900°C for a few seconds showed that pieces approximately 5 mm. thick exfoliated o
six times the original size and others 3 mm. th ck exfoliated meﬂ;yl tm'{ﬂ. The quantity ©
vermiculite available is small and the occurrence has no commercial value.
(12) ROAD-METAL, AGGREGATE AND BALLAST

ined from Buguta, twelve miles

obtained
An excellent supply of g00d rou:dm d?g[':ﬁe btained Fack part of & Tbro dyke

south-west of Maungu station- On 1 ! <
forms a sm:u con}:;ais‘ll\ﬁl of which the rock 18 particularly suitable for surfacing m mi
roads.

t by the Ministry

A ide of Ma hiﬂhqbeen}mdipunpa: : 1
of WorE:?‘L?rggdmr}Erm roads“?f:r which it is suitable 1n soﬁl;;r as u?n wly
broken down by band, The T4 il mteria o S48 ¥S5me of e S0 s a1
at purpose at Mombasa, also for ¢ . d
Kilibasi, where quarrying would be wﬂﬂw simple, could also be used for either

purpose.
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2. Water-supplies
The only permanent streams in the area are those flowing down the steep sk
Kasigau and Sagala. Kasigau summit, which is rarely free from cloud and mist, st/
a luxuriant forest and thick soil cover that prevent rapid erosion on the summit and [l
percolation to feed a water-table. The water-table spills over at a lower level to o e
main streams, the Mwedawaisi at Rukanga, the Kivokoni at Bungule and the Mswar.o i

at Mwakasinye, and another less persistent stream at Jora. It is at these localitics i ¢
population congregates. The streams quickly disappear into the sandy pediment at t! ot
of the mountain slopes and much valuable water is lost, as it does not reappea e
Mavora stream-course to the south of the mountain. To assist the local Africans in ng
water, two small-capacity concrete dams—the Ndimanbela dams—have been constio ed
above Rukanga village to which a piped supply of water is delivered. At the other localities,
however, the water is collected from enlarged holes in the stream-courses and no mpt
has been made by the residents to conserve their principal means of existence. The 1m-
courses lend themselves to crude damming by boulders and earth which would provi ore
adequate supplies during the very dry periods. At Sagala, another peak often shic. | in
cloud, water flowing in gullies on the western slopes is sufficient to support a few st s
in a valley half-way up the mountain side. A small catchment high up on the southe ide
of the hills supplies the inhabitants at Machete, Nyika, and Jora and minor streami-c: 1158
on all sides of Sagala provide suitable but limited water-supplies for those inhabitanis who
live at the base. There are flowing streams during the rains, but in the drier perioc the
year it is necessary to dig for water in the sandy stream-beds.

The remaining water-supplies in the area consist of water-holes in rock catchnicits on
or round the base of hills, and small depressions in the soil cover in the more open country
between the limestone ridges where drainage channels are to be found (nearly all arc shown
on the geological maps). In addition there are water-holes used by the game animzl- n the
area; they are reached by systems of interconnected tracks which are motorable 1 short
stretches, and are a witness to the number of animals using the tracks and to the <ize of
the water-holes. The water-holes in the hill region are not numerous and arc gencriliy to
be found along weathered joints or in depressions in the rocks. Some of these fissures and
deprcssroqs contain water for many weeks after the rainy periods and are used by man and
animal alike. Such water-holes exist at Buguta and on the Maungu hills. At the latter
locality water has accumulated by percolation along foliation and joint planes into the col
between Saseie and the north-south Maungu ridge, providing water for the inhabitants of

the Marungu location. A col on Maungu hill provides a natural storage basin referred to
by Gregory (1896, p. 66),

Permanent water-ho_lu or ngurungas exist at Kilibasi, where weathering along inter-
secting joints and of ovoid concretions has produced large circular pools, often twenty feet
deep. Wherever the grit bands of the Taru Grits outcrop water accumulates along the joints,
permitting members of the Duruma tribe who live to the south of Kilibasi to eke out a
poor existence. As part of the Coast Hinterland scheme, dams are being constructed in
various stream-courses and at Lukakanyi, near the eastern border of the area south of
Kilibasi, an earth dam has been constructed across a river-course in which massive grit
bands outcrop.

Three bore-holes have been drilled in the northern part of the area, but all bave been
abandoned. That at Bungule (Kasigau) reached a depth of 240 feet, but was unsuccessful
and was not logged. Details of the remaining two bore-holes supplied by the Ministry of
Works are as follows:—

Bore-HOLE C 757—7 MiLes NE. oF PIKAPIKA

Total depth—300 feet. Depth from surface at which water was struck—125 feet.
Depth from surface to which water rises—75 feet. Estimated yield per 24 hours—1,200
gallons (now saline).

Depth in feet - Lithology
0 — 2 Sail.
2 — 16 Coarse red sand, kunkar and gneissose detritus.
6 — 25 Partly silicified, gneissose detritus.
BT AR
AT Garnet-k lende gneiss.
146 — 170 Biotite gneiss.
10 — 235 Ouarbmr-bioﬁte gneiss.
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Bore-oLE C 767—RUKINGA

from surizce to which water rises—125 feet.

Total depth—244 feet, Depth from surface at which water 125 feet. Depth
Estimated yield per 24 hours—10,000 gallons.

Depth in feet

0. .— s Pink coarse quartz fragments.
25 — 30 Biotite gneiss.

50 =9 Biotite-hornblende gneiss.

75 — 100 Biotite gneiss.
100 — 150 nioﬁwgnemwithpinkfm.
150 — 1219 Biotite gneiss.

o analyses of the water from Rukinga bore-hole gave:—

Tw
At 220 feet At 240 feet
depth depth
Parts Parts
per 100000 Per 100,000
Alkalinity (as CaCO3)— ; Y
Carbonate .. o= " Nil Nil
Bicarbonate pt i 58-5 51:3
Chlorides as Cl ... i g 450-0 ﬂ‘g.‘g
Sulphates as S04 i3 = 4156 et
Nitrites .« A e o present Dm
Nitrates .. e o A trace
Calcium .. I s = 135 ;(3);
Magnesium -+ i 3N 30;8” i
Total hardness .. v i 160 i
Total solids ~ ++ o i 84625
pH 77 79

Anal.: Government Chemist, Kenya.
- X ‘ . ini i Its which
The analyses indicate & highly mineralized water containing magnesium sal
would cause g):istric disturbances in cattle and human beings and i therefore unsuitable for
drinking purposes.
_ The lack of suitable water-supplies and poo rainfall ucmi‘nte tt:% ifﬂhfi‘::‘m‘l:?‘h:‘;
inhabitable. Temporary water-s lies will not support & 7 r‘ﬁ;m Bore-holes drilled
18 :il present, unless adquate dams are o . -
in localities most favourable fOF t
do not exist or that they are too saline for human consumption. In “I;cﬂ sited in @ natural
north-cast of Pikapika there Was £ arge EYE0 ¢ in the area U i
drainage course. To suggest pmb":' Whok m:w owing the inadequate EXPOSUTEs.
System rocks without much mo detailed work is un ndstones is likely to collect
The fault-zone between t Basement System & iy that cross it, but
water seeping downwards from the gneisses &7 Tl hole d s
the water is likely to be saline. as was four 8 ha folded into shallow synclinal
of Mackinnon Road, The Taru Grits, Wher® T, Y or the existence of aquifers. Thick
s oitching to the east, Provice suitable condition® ; kely to be found
p g : and the best water-supplies are likely to be fou

sandstone band Jacking, hOWever: e

one bands are & “tsofmeam §
.o water from Mzima Springs to
s 1 be

when such bands occur €as
In 1956, the new Mombasa pipe-line began g
o ouri, A2 AT en i s T i
088! i inci ? 5 i
and llo&n:;ni%r;%%p 4 thus benefit from the scheme, for in past years difficulty in maintaining
water-supplies has been €xper

s
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At present the railway uses a piped supply of water from the Taita hills. An arlysis
of a sample of this water collected from Maungu station in 1953 gave:—

Parts per 100,000

except the
figures which are
parts per million
Alkalinity (as CaCO3)—
Carbonate s i L Nil
Bicarbonate 2 35 s 4-1
Chlorides as Cl ot i e 1:2
Sulphates as SO, % s s trace
Nitrites T 2 b ol Nil
Nitrates e o o i Nil
Calcium £ e s = 06
Magnesium .. s & ye 0-65
Iron % 74 o P 0-24
Silica .. & 30
Total hardness 42
Carbon dioxide 28
Total solids 90
Dissolved oxygen 0288
pH Sy 741
Anal.: Government Chemist, Kenya.
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