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GEOLOGY OF THE NYERI AREA ,
I—INTRODUCTION

A rapid geological survey of the district around Nyeri was carried out early in
I945, partly in order to determine whether the geological structure between Mt. Kenya
and the Aberdare Range was such (hat artesian water was likely to occur there. This
report deals with the geology of the Nyeri quarter-degree sheet, which was surveyed in
more detail than the surrounding areas: The limits of the sheet are the equator, 0° 30’ S.,
36° 30’ E., and 37° 30’ E.; it has an area of a little less than l,200 square miles. Eleven
weeks were spent in field work in this area; reconnaissance traverses were also made of
surrounding areas to obtain a general idea of the structure of the areas where it had
been hoped to find artesian water

Maps.~The l: l25,000 Nyeri Sheet (Africa south A-37/A 11), published 1n 1909 by
the Geographical Section of the General Staff, was used as the topographic basis of
the map of the Nyeri District. A large part of the area, covered by the Aberdare
forests, is represented so inaccurately on the topographic map that no scruple was
felt in altering lines to give a closer approximation to reality. No systematic topographic
surveying was carried out, but a plane—table sketch map was made of the parts of the
northern Aberdares above the forests. In the settled areas. geological data were usually
plotted on the l:62,500 cadastral sheets published by the Lands and Survey Depart-
ment. A few heights have been re-determined by officers of the Survey Unit. East
Africa Command: the new values have been incorporated in the map. 'lhe most
important is Sattima, the elevation of which, at a point a few feet from the summit, was
determined as l3,l04 feet.

Acknowledgment is gratefully made for hospitality and assistance received from
many people in the area Particular thanks are due to Mr. Raymond Hook of Nanyuki,
who organized mule transport on the Aberdare Range and Mt. Kenya, and gave
me much useful information.

Il—PREVIOUS GEOLOGICAL WORK
Gregory crossed southern Laikipia on his 1893 expedition. He was forced to

hurry, but was able to see that the phonolites which he had traversed on his way from
Lake Baringo passed beneath basalt sheets beyond the Ngobit River. He continued
over these basalts to the foot of “a high down-like hill, Songari", which, he wrote
“consists of a coarse phonolite with large crystals of anorthoclase and nepheline and
rare olivine; this rock belongs to the Kapitian phonolites of the Kapiti Plains, but is a
more basic variety". (Gregory, 1921, p. 136.)

Other rapid traverses were made by Gregory in l9l9, from Naivasha to Songari
Hill. and from Nyeri along the old Meru road. From the combined observations of
these traverses the following Laikipian succession was deduced (111121., p. 143):—

Nuivushun . . I’honoliboid kctiyt-e of Nyeri, etc.
Laikipiuu . . Quartz t-racllyttv and rhyolite.

Phonolitic tracltytes.
Bra-salts 11ml busatttitws and lower phonolitoid konytvu.

Nyasan . . . . Unconformity.
Doinyan .. Kenya type of phonolito and kcnyto intrusions (Domo Arabel).

ltosaguta type of phonolibe.
Kapit-ian . ( oarso prophylitic phonolite.
Maufc also recorded details of a traverse across the area from Nyeri to Rumuruti.

Besides basalts, the only rocks mentioned were a tuff quarried at Nyeri for building,
and a coarse agglomerate in the bottom of the Amboni valley, beneath the basalts.
(Maufc, 1908, p. 39.)

The rocks collected by Gregory were classified by Miss Neilson (Gregory, l92l.
Appendix IV). The classification of these and some other rocks was revised, with the
support of more analyses, by Campbell Smith (1931). A rock from the Amboni valley
near Songari Hill was analysed and described as representing Neilson’s “phonolite of
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Kapitian type”, but as it was recognized that this rock was petrographically identical
with some of the rocks of Mount Kenya described as kenytes by Gregory, his distinction

between kenytes and the phonolites of Kapiti type seemed to have no petrographic

basis and to rest only on field evidence. A phonolite from a stream south of the Guaso

Lashau (Suguroi River) was shown to be typical of the Mount Hohnel (or Kenya) type.

The basaltic rocks were found to include fayalite-bearing phonolite (Nyeri Hill), fayalite-

bearing alkali-trachyte (Guru Bridge on the Nyeri—Naivasha track), nepheline-basanite

(south of the Ngobit River) and trachybasalts (Suta River south of Nyeri, and east of

the Amboni River on the old Nyeri—Meru road).

Ill—SUMMARY OF THE GEOLOGICAL SUCCESSION

The principal groups of rocks distinguished in the area are:—

(l) Simbara Series.
(2) Sattima Series.

. (3) Thomson‘s Falls phonolites.
(4) Kinangop trachytic tul‘fs and Nyeri tuff.

, (5) Laikipian basalts:
(6) Rocks of the Laikipia vents.
(7) Mt. Kenya Volcanic Suite.
(8) Pleistocene and Recent superficial deposits.

A summary of their general features is given below. A more detailed description

of their occurrence and character in difl'erent parts of the area is given in Section V

and their age and correlation are discussed and tabulated in Section IV of the report.

( l) The Simbara Series

ln the northern Aberdares. on Kipipiri and in valleys near the south-eastern edge
of the area, the oldest exposed volcanic rocks are basaltic lavas and agglomerates of a,
distinctive type. They are here referred to as the Simbara Series after the area where‘

they are best exposed. The principal centres of eruption of these basalts were near
Sattima, and Kipipiri. Closely similar basalts were erupted. probably during the same
volcanic phase, at Niandarawa and Kijabe Hill. Denudation has long ago removed

any trace of the craters of these volcanoes and other lavas have been erupted on and

around them. -

Most of the lavas are of the Kijabe type basalt (see p. 16) with abundant parallel
plagioclase phenocrysts. Some melanoeratic basalts associated with the Kijabe type
basalts have not been included in the Simbara Series on the map because their limits

were not defined and similar lavas occur at other horizons. In Simbara, innumerable
dykes of Kijabe type basalt, quartz trachytc and phonolite, Cut the Simbara Series.
Radial dykes converge towzgds a point a little south of Sattima and the lavas dip
outwards from this focus. it.

Away from the eruptive centre, agglomerates predominate over lava flows. The
blocks in these agglomerates are of Kijabc type basalt and melanocratic basalt with

olivine and augite crystals, and scarcer basalts of other types. These agglomeratic

rocks are exposed by the Amboni and Chania rivers, and have been seen also further
south as far as Sabasaba and Makindi. (See Fig. l.)

(2) The Sattima Series

The Simbara basalts are overlain, on and around Simbara, by fissile pale-weathering
lavas, identified as phonolites, olivine alkali-trachytes, mugearites, and fissile basalts.

A sheet of porphyritic quartz trachyte, the “Dragon’s Teeth Trachyte”, is closely
associated with the lavas of the Sattima Series but it is at least partly intrusive.

There was probably an interval between the eruptions of the Simbara basalts and
the lavas of the Sattima Series, as the contact between the two is everywhere sharp, and
not one of the many dykes traversing the Simbara Series was seen to enter the Sattima
Series. Nevertheless some of the dyke rocks closely resemble the Sattima Series lavas,

and may represent their feeders.
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The Sattima Series has not been recognized except in Simbara. Looking from abOVe
into the valleys that lead down through the Aberdare forests it appears as though the
fiSSile lavas dip more steeply than the fall of the ground and therefore disappear
beneath the Laikipian basalts of which most of the country below the forests is formed.

(3)7718 Thomson's Falls Series
In the north—western part of the area. a distinct and rather uniform series of

phonolitic lavas overlies the Simbara basalts. These phonolites have a twisted flow-
str'ucture which gives their outcrops a distinctive irregular appearance. Closer examina-
tion shows small anorthoclase crystals. and often characteristic knobbly inclusions of
rhonolite slightly difl‘erent in texture and colour from the matrix. Where freshly broken
the rocks are grey and glisten from minute parallel plates of felspar. Microscopically
they are found to be phonolites of the Kenya type,

They appear to have been erupted from the Rift Valley region.

(4) The Kinmtgnp Tllfl Series and the Nyeri Tufl
These are light-coloured trachytic pumiCe tufts. The main development of the

Kinangop tutfs is outside the area. The sections on the Kinangop scarps east of Naivasha
show hundreds of feet of trachytic tufts, and water-lain stratified tufts, as well as some
trachytes. In the area of this report. no such thicknesses are exposed. Along the rivers
flowing towards the Kinangop from the Sattima scarp and Kipipiri, rough grey-
weathered unstratitied tut are exposed. Fragments of obsidian, speckled trachyte re-
sembling the Nairobi Trachyte, and other lavas, project on the weathered surfaces
from the softer bull—coloured matrix of comminuted pumice. In the slides this pumice
is seen to have a warm brown or purplish-brown tint. It is fibrous or minutely frothy.
in the more crystalline trachytic fragments in the tttlT, small poecilitic patches of quartz
can be distinguished. The tuffs are probably pantelleritic.

The Kinangop ttttls underlie the Kinangop and ()l Bolossat plains and towards the
north they are underlain by the Thomson's Falls phonolites. Precisely similar tuffs are
again exposed at the top of the northern part of the Sattima fault scarp and on the
northern Aberdare ramp, where again they rest on the Thomson‘s Falls phonolites.
They appear to thin to a feather edge against the flank of the older volcanic pile
composed of the Simbara basalts and the Sattima Series. Fttrther north-east, by the
Pesi River, the same series of trachytic tufts, diminished to about 70 feet in thickness,
underlies one of the Laikipian basalts; still fttrther north-east. the tuft is exposed in the
Suguroi valley, where it is quarried, There again it rests on the Thomson’s Falls,
phonolites, and is overlain by Laikipian basalts, In the floor of the Ngobit valley
similar trachytic tutl appears from beneath the Laikipian basalts for a short distance.
There is then a twenty—five mile gap, without exposures of any such tufts~ until the
Nyeri country is reached. There a trachytic tuff. petrographically similar to the
Kinangop tufts. is again found. It lies between the Simbara Series below and the
Laikipian basalts above, lt is correlated, with some hesitation, with the Kinangop tuft
Series.

(5) The Luikipimt Basalts
Gregory gave the name Laikipian to the Series of basalts which he observed over-

lying the phonolites in sottthern Laikipia. The term has been retained here [although
it cannot at present be accurately delinedl, because the basalts which Gregory called
Laikipian are mostly of one type and rocks of this type have a wide distribution in the
area. It is clear that Gregory's term should not be used to inclttde the Simbara Series,
since it was intended for the basalts which overlie the phonolites, whereas the Simbara
basalts underlie them. It is not so clear whether the Laikipian shottld include also the
Sattima Series into which the typical Laikipian basalts seem to pass by alternation, bttt
as the Sattima Series includes phonolites. and is probably itself mainly older than the
Thomson's Falls Series. it seems that it shottld be excluded from the Laikipian. Thus
restricted, the Laikipian includes in the type area a series of basalts, most of which are
either non—porphyritic or contain very small specks of olivine. Many of them show
a characteristic hackly fracture and in the majority of flows there is a widely spaced
columnar jointing. Examination under the microscope shows that olivine alkalivbasalts
and analcite-basanites are the commonest types.
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Most of the waterfalls in the district occur where columnar Laikipian basalts have
been undercut. Examples are those on the Chania just above Nyeri, and others in the
Aberdare Forest; the Amboni Falls just below the Nyeri~Nanyuki road; and several
falls on the Zuka Zuka and'Moyo rivers above their confluence.

The Laikipian basalts probably erupted from numerous small volcanoes, the stumps
of which are a conspicuous feature of southern Laikipia. Similar basalts, referred to the
same Series, occur high up on Simbara, eSpecially on the western flank.

The Laikipian basalts are mainly developed east of the Sattima fault, but there is
also a thick series of columnar non-porphyritic basalts of Laikipian type, exposed in
the Wainjohi gorge north-east of Kipipiri. and similar basalts occur in the intermediate
fault strip between the two branches of the Sattima fault.

Typical Laikipian basalts are seen to overlie the Kinangop tufl Series near the
Pesi River, near the Mutara, and along the Suguroi. Their distribution suggests that they
were there erupted on to a surface which was tilted towards the east with the result
that they did not spread over the surface of the Kinangop tutfs of the 01 Bolossat plains.

The main mass of the Laikipian basalts is believed, for reasons stated below, to
overlie the kenyte agglomerates of the Mount Kenya Suite, bttt the earliest of them are
clearly seen to pass beneath the kenyte agglomerates in the Amboni valley. The kenytes
were therefore erupted early in Gregory‘s Laikipian stage. As the Mount Kenya rocks
were the chief representative of his Doinyan Series, supposed to be earlier than the
Laikipian, it is obvious that this part of his classification is confused. Furthermore,
the kenyte of the Amboni valley was identified by Gregory as Kapiti phonolite and so
referred to his Kapitian stage.

(6) Rocks (If the Luikipiuu Von/x
Many small isolated hills rise abruptly from the otherwise smoothly undulating

surface of southern Laikipia. These represent old volcanic vents, Few, if any, retain
any trace of their original craters. Erosion acting on the scoriaceous lavas and pumiceous
tufls of which they are chiefly built has destroyed their original form and only the
stumps remain.

The rocks of most of these vents are basaltic. Some are hackly basalts, either non-
porphyritic or with small brown altered olivines. Others are highly porphyritic with
abundant olivines and augites. Reddish basaltic tutfs usually occur on and around the
vents.

Nyeri Hill and Songari consist of trachytic rocks. The Nyeri Hill rock was identified
by Campbell Smith (I931) as a fayalite-bearing phonolite. On the northern slopes of
Songari there are grey, fissile fine-grained trachytes, but near the triangulation point
there is a very small outcrop of kenyte The higher southern summit was not traversed
during this survey, but Gregory who states that Songari Hill is kenyte probably refers to
the southern summit.

Rarely lragments of gneiss have been blown out of the vents, and a piece of
Kijabe type basalt, indicating the presence of the Simbara Series below, was collected
from a tuff at the side of Ol Doinyo Narasha.

The date of the last eruption of one of the Laikipian vents may be known when
some fossils discovered in a basaltic tuff near the Moyo River have been identified (see
p. l2). 1n the opinion of Dr. Leakey, they may be either Lower or Middle Pleistocene,
but probably the former.

(7) The Alount Kenya Suite
The north-eastern part of the area is a gently rolling plain, traversed by shallow

rather featureless valleys, along the sides of a few of which there are discontinuous
exposures of agglomerates with blocks of kenyte and green lissile phonolite. Near the
Amboni and one of its tributaries, kenyte lava is exposed. Fissile phonolites were seen
by a stream about five miles north by west of Nyeri Station, and in a single outcrop
on the slope north of the Naromoru river. From such scattered outcrops, the extent
of the area underlain by these various rocks can be approximately determined. The
only place where their contact with the Laikipian basalts was actually seen was on
the north side of the Ambonl valley, where kenyte agglomerates and lava overlie a basalt
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of Laikipian type. The whole of the western boundary shown on the map is conjectural.
lt is draWn on the assumption that the Laikipian basalts which outcrop along a low
scarp, overlie the kenyte agglomerates of the low ground east of it.

The kenyte agglomerates and lavas, and the phonolitic lavas mentioned, are part of
a continuous field of such rocks which can be followed up the lower slopes of Mount
Kenya. so that there is no doubt that they were erupted from the former Mount Kenya
volcano. Pieces of nepheline syenite like that of the central plug of Mount Kenya
are sometimes found in the agglomerate. '

The kenyte aggionierates by the Amboni River near the Nyeri—Rumuruti road.
rest directly on agglomerates ol‘ the Simbara Series. Further down the Amboni, on the
other hand, there are a series of basalt flows of Laikipian type between the Nyeri tuff
below and the kenyte agglomerates above.

(8) Pleistocene and Recent Superficial Deposits
These are thin unconsolidated or semi-consolidated deposits which have accumulated

since the volcanic eruptions ceased. There is little evidence by which they can be dated.
The deposits are classified into the following typeszi

(a) Naromoru ash.
(Ii) Moraines.
(c) Solifluxion deposits.
(d) Red soils.
(e) Red and pale lateritic earths.

, (f) Black soils.
(g) Alluvium.

(a) The Nm-mnoru Ash—This is a thin deposit of greenish—grey tuffaceous material
occurring in many parts of southern Laikipia, notably near Naromoru. Its most
characteristic feature is the constant presence of small flakes of biotite. It is uncertain
whether the deposit is pyroclastic.

in this area it is usually unstratified, out in the valleys, similar material (or the
same, re-deposited), is distinctly stratified and contains small gritty fragments of kenyte
and other rocks derived from Mount Kenya. These stratified deposits are termed the
Uaso Nyiro Beds in’the Nanyuki area (Shackleton: Maralal Report).

The Naromoru ash is younger than a Lower or Middle Pleistocene basaltic tuff
(see p. 12) and older than the Late Middle Pleistocene Kenya Fauresmith horizon (see
paragraph (6) below). It is exposed beneath black soil in many roadside pits. “Kunkar”
concretions commonly occur both in the ash and in the lower part of the black soil.

(b) M0raineS. These are confined to the highest valleys on Simbara. They are
believed. to 'be of the same age as those on Mount Kenya referred to the Upper
Pleistocene Gamblian Pluvial Period (see p. ll).

(c) Solifluxion Deposits—Material believed to have accumulated as a result of
solifluxion occurs on Simbara (see p. 10).

The fact that the Honi has cut a channel 20 feet deep through one of the deposits
suggests that its age is Pleistocene and not Recent.

((1') Red Soils—These are typically developed in the Nyeri area where they are
often ten or twenty feet thick. They are unstratified and homogeneous, and appear
to result from rock decomposition under forest cover during a long period of time. They
have not yielded artefacts and it seems likely that the forests under which they formed
were uninhabited by prehistoric man.

(e) Red and Pale Lareritic Earths—At many places east of the limit of the area,
erosion has exposed a series of red and pale lateritic earths. In the lowest of these, a
rich red earth, artefacts of the Kenya Fauresmith (Nanyukian) culture have been found.
At Leakey‘s type locality for this culture (Leakey, 1931) by the road to the Nanyuki
Forest Station, red earths in which the artefacts occur, rest unconformably on the
biotite-bearing Naromoru ash. Within the area of the map, artefacts of the Kenya
Fauresmith culture have only been found at a few places near the Pesi River. These
localities were discovered and shown to me by Mr. T. .P. O‘Brien. They are in eroded
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patches and the sections show a foot or two of lateritic earths at or near the base.
overlain by yellowish. brown to grey soils with “kttnkar” concretions. There are arte-
i‘acts, mostly .unrolled, of Kenya Fauresmith, Levallois and other types. Some. with
adhering laterite are obviously derived from the basal lateritic horizon, but none were
seen in situ.

0‘) Black Soils—These cover most of the flatter ground. With them are included
some brown soils into which they pass on slightly more sloping ground. Both the
black and brown types have concretions ol~ “kunkar lime" at their base,

The distribution of the red and black soils depends on lpe, which controls
drainage and consequently oxygenation, rather than on the nature of the bedrock. Both
red soils and black soils are typically developed on basalts, phonoiitcs and trachytic
tuffs in this area.

(g) A11uvium.~Ailuvium has been deposited during the sitting tip of Some of the
flatter valleys such as the Moyo. Gravels are surprisingly scarce and insignificant.

lV—CORRELATION WITH OTHER AREAS
A provisional correlation of the principal volcanic rocks and superficial deposrts

is given in the table. Some of the evidence on which the table ts based is discussed
below.

(1) Correlation 0f the Oil/(’I' Bum/lit ROCKY
The Samburu Series, the Simbara Series and the Ngong basalts are thought to be

approximately of the same age, principally on account 01' their pettogmphic similarities.
Basalts of Kijabe type are characteristic of the Sttmbttru Series and the Simbara Series.
Melanocratic basalts with olivine and allgllc phenocrysts occur in the Stunhuru Series
east of Baringo, in the Simbara Series in Sinibara. and in the Ngong basalts. Basaitic
rocks are known to occur low in the volcanic succession in western Kenya (Kent, W44,
pp. 16—18), and in the Lake Rudolf Basin (Arantbourg, i935; Fuchs, 1939, pp. 230-246);
the description of the Miocene basalts and tufl‘s of the Losidok Hills west of Lake
Rudolph tibial, p. 23!) indicates that they are very similar to the Samhuru Series of the
north-western part of the Maralal area. In the Tambach—Kabarnet area at the western
side of the Kenya Rift Valley, Mr. J. Scott ol~ the Public Works Department determined
(personal communication) the following succCSsion: ——

Kabarnet Trachytes.
Stratified tufis, etc. (? Kamasian).

. Uasin Gishu Phonolite,

. Basalt.
. Conglomerates, grits and green tufl' (? Miocene).
. Gneiss (Basement System),_

.N
w

J
-
y
i9

\

Thus here also basalt occurs at the base 01' the volcanic series.
The presence of a flow of Kijabe type basalt between the Thomson's Fails Phono-

lites and the Rumuruti Phonolites, near the Post River (Shackleton, Maralal Report)
suggests that the last of the basalts of the Simbaia Series were erupted later than
the Rumuruti Phonolites.

(2) Correlation of the Kinangop 'l'ttfls, Nyeri 'l'ttfi and Stttrima Series
The Nycri turf is correlated with the Kinangop tuif on account of its similar

lithology, and because it lies in the same relation to the Laikipian basalts as the
trachyte turfs of Ngobit, Suguroi and Mutara, which undoubtedly belong to the
Kinangop tufis.

The Nyeri tui‘f contains cognate fragments of a quartz-trachyte which resembles
the porphyritic quartz-trachyte of the Sattima Series, but their correlation is questionable.

(3) Relative Age 01‘ the Tracltytic Tufls and the Mount Kenya Volcanic Suite
In View of the occurrence of trachytic tufis at many horizons in the Nairobi

sequence, the suggested correlation of the Kerichwa valley tutf with the Nyeri and
Kinangop tuffs is open to doubt. It is possible that the Kinangop tuf’fs and the Kerichwa
valley tufis are in part younger than the Mount Kenya Volcanic Suite.
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V——PHYSICAL AND GENERAL GEOLOGY
The area is one where the form of the ground clearly reflects the main geological

features. Most people familiar with the district are aware of differences in terrain, soil.
rocks and drainage, between for example, the Kinangop plateau, the Aberdare farms.
and the coffee growing areas around Nyeri. These depend on differences in the rocks
and their structure. '

The chief physiographic units (see Fig. l) are:—— -
(ll The Kinangop Plateau.
(2)The OI Bolossat Plain.
t3) Kipipiri.
(4)The Sattima Fault Scarp.
(SlThe Northern Aberdare Ramp (northern part of the Aberdare Range).
toiSimbara (the mountains) (northern part of the Aberdare Range).
(\7) Crusiru (the moorland) (northern part of the Aberdare Range).
(8) The Aberdare Dip-slope.
(9) Southern Laikipia .

(l) The Ki/urngop Plateau
This IS a platform about ten miles wide, with an elevation of 8.000 to 9.000 feet.

It extends westwards from the foot of the Aberdares to the upper Kinangop fault
scarp. Only a small part of it. south and south-east of Kipipiri. is included in the area
dealt with in this report.

The margin of the lx'inangop plateau is a distinct topographic feature which
corresponds, within perhaps half a mile. with the geological boundary between the
trachytic tulls of the plateau and the basalts of Kipipiri and the Aberdares. It follows
an irregular course round Kipipiri and southwards along the foot of the Aberdares.
marking the unconformable contact between the Kinangop tuffs and the underlying
basalts.

The surface of the Kinangop is conspicuously smooth. It is the marginal strip
of a plain of accumulation which formerly extended from the foot of the Aberdares
and Kipipéri across the Rift Valley region. and probably also eastwards across the
northern end of the Aberdares.

The trachytic tuffs of which the Kinangop is built are well exposed along the
Sasin river.

(2) 0] Bn/mmr Plain (Angata Pusl
(Jeologically. this is a continuation of the Kinangop. It is formed of the same '

trachytic tufl's. built up to a similar even surface. The marsh of Cl Bolossat is the
dwindling relic of a former lake, lts existence at the foot of the Sattima fault scarp
indicates that when the faulting occurred, the rocks of the Cl Bolossat plain were tilted
eastwards. and a lake thus formed by the water impounded against the scarp. lts
disappearance is doubtless due to silting up, as well as to the progressive desiccation
of the country since the Upper Pleistocene (Gamblian) Pluvial phase.

(3) Kipipr'ri
This enormous mound rises some 3.000 feet above the surrounding plains to

10,987 feet. lts sides are furrowed by radial valleys and covered with dense bush and
forest. lt stands apart from the main Aberdare Range, from which it is separated by a
saddle deeply trenched by the streams draining either side.

The rrofilc of Kipipiri is similar from each side and except for a spur extending
northwards, it is nearly round in plan, with a diameter of about seven miles. lts
symmetrical form suggests that it is an old volcano and outward dips in the lavas of
which it is formed confirm this. From the l:l25,000 map one might indeed suppose
that traces of the original crater perhaps still exist, but from the summit it is obvious
that. this is not the case. Several of the higher points are connected by a curved
ridge, with a flat area between them. but there are others nowhere near this ridge, which
has been formed by erosion. Moreover the profile of the mountain is no longer that of
a simple cone. It is clear that it has been IOWered by erosion hundreds of feet below its
original height. -‘ . >
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Three groups of rocks were seen on Klpipiri. There is rt core of basalts of the
Kijabe type; many thin flows are exposed in dark elill‘s at the sides and head of the
radial valleys, and similar rocks were seen in valleys along the western side of the
mountain. This series of basalts is overlain by trachytes which form the pale slabby
outcrops of most of the highest points, and extend down the north ridge and no
doubt also down some of the other unexplored ridges. On the northern spur, and in
the saddle between Kipipiri and the Aberdares, there are llows of columnar non-
porphyritic basalt. A small hill near the end of the northern sptrr may mark one of
the vents from which these basalts erupted.

The volcanic succession on Kipipiri is so similar to that of the Aberdares that
their correlation is not in doubt. The Simbara Series is represented by the older basalts
of Kipipiri, the Sattima Series by the tr'achytes, and the Laikipian Series by the
columnar basalts of the saddle.

Kipipiri is thus as old as the Aber'dares. It is not, as has generally been supposed,
a younger volcano located on the Sattima fault.

(4) 71w Sallima Fault Sc'urp
The Sattima scarp is a long straight and steep rock face (we Pl. 1 (all. It bounds

the northern Abetdare ramp, and the high part of the range itself, from Thomson‘s
Falls to north Kinangop. a distance of about 4t) miles. The height of the scarp increases
gradually from Thomson's lalls southwards. and then again declines still further south.
Although the fault lace is incised by sortie deep and pl‘ctflpilUUs-sitlctl valleys, notably
those of the several branches of the Melawa and the Wainjohi, the scarp between
these incisions is little affected by erosion. It has the appearance of a geologically
young feature.

Along one 7-mile stretch the fault is split, and as explained in more detail later,
the geometry of the outcrops of the outer (eastern) branch suggests that it is inclined
westwards. If so, the fault would be normal, that is tensional. As it is one of the
principal boundary faults of the Rift Valley, proof that it is ten.,ional would be hard
to reconcile with any theory of the compressional origin of this Kilt Valley.

Another point of interest is that the Sattima faulting appears to have taken place
after the deposition of the Kinangop tut‘fs; the continuation of the tutfs of the 01
Bolossat plain is found at the top of the scarp.

(5) The NON/tent Abcrdm'c Ramp
In most parts of the Aber'dare range the present slope of the ground has been

determined both by the original siope ol‘ the volcanic rocks, away front their centre
of eruption, and by subsequent tectonic tilt. There is, howet'er, an area at the northern
end of the range where the original volcanic surface was nearly flat, and the present
slope is almost entirely the result of tilting. This area is described here as the northern
Aberdare ramp. To the north and north-east it merges into the tlatter plains and flatter
structures of Laikipia.

The rocks of the ramp are the Thomson‘s falls l’honolitcs and the Kinungop
trachytic tufl’s. They are exposed in section on the Sattima fault face. There it is seen
that the phonolites thin southwards to a feather edge on the Simbara basalts. Resting
on the phonolites and extending to the very edge of the fault scarp are the Kiuangop
trachytic tutfs.

The river system of the ramp is interesting. The streams flow onto it from the old
Simbara cone where they have a radial pattern, but as they run out over the ramp,
instead of continuing in their previous courses, they swerve to the right, away from the
edge of the Sattima scarp towards Laikipia, and the Sattima scarp drains only a small
area of the edge of the ramp. The courses of these rivers across the ramp is proof that
the Aberdare Block, as it was uplifted, was gently tilted towards the east. There is no
sign of any pre—tilt drainage pattern, from which it appears that the faulting and
movements followed very soon after the eruptions had ceased.



PLATE I

((UViCW northwards along the Suttima Fault Scurp. from a point two miles NE.
of Kipipiri. This part of the scarp consists of basalts of the Simbara Series. The gentle
slope in the middle is formed of talus. At the lel‘t is the OI Bolossat Plain. formed of
truchytic tulls.

(1)) Part of the §zittimzi scarp. showing the feature due to the eastern fault. The bush—
covered slopes to the left of the fault feature are formed of nearly horizontal basalts of
the Simbara Series. The smooth slopes below are formed by basalts of the Laikipian
Series, covered with talus The eastern edge of Kipipiri is seen across the end of the
01 Bolossat Plain. at the right. The view is taken looking south-eastwards.

P/mlu. R.M.$. [To face I). 8
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(6) Simbara
Simbara is the name applied by the Kikuyu to the high mountainous part of the

northern Aberdares. The name Sattima, given to the highest point on the maps, is
seldom familiar to them. Sattima is not an isolated peak, but the inconspicuous
culmination of a considerable area of high ground. Simbara is uninhabited; most of the
hills are unnamed and the streams have only the names of the rivers into which they
flow. Existing maps are misleading and inaccurate. Simbara in the sense used by the
natives corresponds roughly to the area occupied by the two older divisions of the local
volcanic rocks. These are the Simbara Series below, and the Sattima Series above;
together they form the old volcanic core of the northern Aberdares.

The rocks of the Simbara Series, as shown on the map, are exposed in the valleys
of Simbara and on some of the ridges. Some deeply incised valleys show over a
thousand feet of basaltic lavas and the base of the series is nowhere seen. The lava
flows are thin, vesicular and mostly of porphyritic basalt of the Kijabe type They are
readily weathered and often underlie grassy slopes with few outcrops. Sleeper and
rockier slopes show dark parallel outcrops of a great number of thin flows.

The Simbara basalts dip outwards from the central part of Simbara. They are
traversed by dozens of dykes, mostly of porphyritic basalt similar to the lavas. Some
are of pale fissile trachyte and a few of phonolite and non-porphyritic basalt. As
shown on the map, many of the dykes belong to a radial system evidently centred on
the main eruptive focus. which is less closely defined by the dip of the lavas outwards
from it, Besides the radial dykes, there is a linear swarm (inadequately shown on the
map) along the axis of the range, parallel to the Sattima fault. Most of the dykes of this
swarm, are nearly vertical.

Other dykes have no obvious regularity. Their direction often changes abruptly,
and- some are branched. Few of the dykes are more than ten feet thick and many are
a foot or less. In the other areas where the Simbara Series is exposed, along the
Sattima scarp, in the Amboni valley, by the Chauia below Nyeri, and elsewhere, no
dykes were seen and there certainly cannot be many, although an occasional one may
have been overlooked. The dykes are apparently confined to the Simbara Series; none
were seen in the overlying rocks.

Although it is evident that the Simbara basalts were erupted from a centre a mile
or two south of Sattima, no plug or vent was discovered, nor any topographic feature
to suggest one. Several small rock knobs were found to stand out where the basaltic
lavas were reinforced by dykes. Nor were any blocks or boulders of plutonie rocks
found anywhere in the northern Aberdares.* .

It is presumed therefore that the dykes, of which there are many more than could
be shOWn on the map, mark the fissures from which the lavas were erupted.

The dominant lavas of the Simbara Series are Kijabe type basalts crowded with
porphyritic felspar crystals. On the northern and southern flanks of Simbara, however,
the prevailing type is a basalt with many visible crystals of olivine and augite. In
various places they can be seen to overlie the other type of basalts; they are themselves
traversed by dykes, and overlain in at least one place by a trachyte of the Sattima
Series. They form the subordinate upper division of the Simbara Series.

The Sam'ma Series includes pale—weathering slahby and fissile rocks which, On the
summits of Simbara and on Kipipiri. overlie the Simbara basalts. They include
porphyritic quartz-trachytes, t'ayalite alkali—trachytes, alkali-trachytes, and phonolites.
Of these, the porphyritic quartz trachytes are at least partly intrusive, as dykes and a
sheet, but the others appear to be lavas. They occur chiefly as isolated outliers.

The porphyritic quartz trachyte is the most striking and conspicuous rock in the
whole district. (Plate 11 ((1).) Down the western slope of Simbara it forms bizarre
outcrops, comb-like outliers on the ridges, vertically fluted and serrated crags, and
fields of pronged and knobby rocks. In the field the rock was named the Dragon’s Teeth
Trachyte.

G in the foothills and on Laikipia, stones of nepheliue sycnite the size of a tennis ball or less
are sometimes found, but these are from Mount Kenya and were carried, and often shaped by
prehistoric men for throwing-stones or bolas balls. The only plutonic rock yet known in the
Aberdares is a gabbro (? essexitic), of which many blocks were found in the Turasha River near
Tulaga, west of Niandarawa. (Spec. 43/65.)

:f
A
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At first this formation was taken for a lava sheet. In most of its exposures it
directly overlies the Sintbara basalts, but near the Melawa tributary tour miles south-
west of Sattlma the sheet is overlain by other Simbara Series basalts, similar to those
below it. In some of the valleys which cut into the Sattima scarp the same quartz
trachyte sheet could be seen from below to cttt transgressively through the great series
of Simbara basalts. The sheet dips across the nearly fiat lavas at angles up to 15°, and
is here clearly intrusive. Near Sattima a similar rock whtch overlies a non-porphyritic
alkali-trachyte of the Sattima Series may be a lava. Its connexion with the other fissile
lavas is in any case certainly close. There are many dykcs 01' similar rock.

The other rocks of the Sattima Series are apparently lavas.
In Simbara, which is probably the centre from which they were erupted, the

Sattima Series is distinct, but on Gusiru, similar lavas are interdigated with basalts of
the Laikipian Series, and it has not been found possible to show the limit of the Sattima
Series on the map. Low down on the western slope of Simbara, ltowe\ er, non-porphyritic
basalts of Laikipian type were mapped, clearly overlying the porphyt'itic trachyte and the
Simbara basalts.

Glacialion of St'ntbara.——lt has been known for some time that there were at one
time glaciers on the Aberdares (Nilsson, 1940, p. 4). The ttiOst convincing evidence of
this glaciation is to be seen at the heads of the two main branches ol‘ the Melawa Ndogo
River. In each of these, typical lateral moraines slant down the side ot the valley to
the lower end of an alluvial fiat which evidently covers a small rock basin, now silted up.
The heads of the valleys, above these old lake basins, have the scooped—out appearance
and U~shaped cross-section typical of glaciated valleys, while immediately below the
lips of the basins the valleys drop steeply and have the V-shaped ct‘oss»sccti()tis typical
of river erosion. in the northern Melawa valley there is another small moraine above
the old lake bed. The glaciers in these valleys reached down to about l2,000 feet.

At the head of the Wainjohi there is also an area whose lorm suggests glaciation.
No moraines or old lake beds were seen there, bttt there is a distinct lip where the
supposed glaciated part gives place to the V-shaped valley below, and this lip lies at
about the same elevation as those in the Melawa valleys. In the Ngobit, moraine ridges
converge towards the lower end of a fiat-tloored area that was evidently glaciated;
below this the valley is deeply cut.

The small glaciers in these valleys lay round the western and northern side of the
highest ridge of Simbara. The eastern side of this ridge drains into the Honi, around
the head of which the highest summits are grouped, Yet no evidence of glaciation was
seen at the head of the Honi streams, which rttti, on the contrary, iti deep V-shaped
valleys. Further down the narrow headstream valleys join and the valley becomes more
open. There, for about a mile along the right batik ot‘ the Honi (Plate ll, fig. 2, opp.
p. 9) there is a deposit of large and small blocks 01‘ the rocks from the ridges above, in
an earth matrix. The deposit ends in a steep slope along the right batik of the Honi.
There is no corresponding slope on the other side of the stream. The slope must be an
original feature and not the result of a stream erosion.

Away front the stream, the surface of the deposit slopes smoothly tip and merges
above into the stony earth which covers the hillside as far as the rock outcrops near the
ridge. This cover, which is seen 011 most of the less steep hillsides ot' Simbara, is
intricately and closely furrowed by a reticular pattetn of alleys. some of them several
feet deep, running transversely to the slope of the ground. The whole ol' this furrowed
cover is believed to move by solifiuxion, the embankment—like lower edge marking the
limit of its flow. The downstream limit of this deposit is indefinite. Three successive
smooth terraces which were at iii‘Sl interpreted as dril't, were found to be lava scarps
partly buried by detritus and soil.

Still further down, below these terraces, the stream. flowing east, plunges suddenly
into a mass of loose rocks and earth, through which it has cut a narrow channel, about
twenty feet deep. The deposit here is similar to the one upstream. it lies across the
middle of the valley, merges imperceptibly into the slopes on either side, and no
noticeable feature marks its lower limit, which is at an elevation of approximately
10,700 feet. A similar deposit was seen in the Chania valley at about the same elevation.
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These deposits, and the glaciatiOn of Simbara, deserve more study than was possible
during hurried traverses. It is plausible to correlate the glaciation down to about
12,000 feet with the glaciation down to about the same leVel on Mount Kenya. This
has been regarded (Nilsson, 1940, p. 70) as marking the maximum of the Gamblian
Pluvial Period. It might be suggested that the deposits here attributed to solifluxion are -
denuded moraines of an earlier and greater glaciation, but the form of the deposits and
of the valleys above them would then be difficult to understand.

(7) Gusiru
Quite distinct from Simbara is the plateau to the south, known to the Kikuyu as

Gusiru, the moorland. A long but inconspicuous spur from Simbara extends along its
western side; it drains eastwards. Its eastern edge, coincident with the upper limit of
the bamboo forest, is sharply defined, the ground falling away there in a steep and
sudden slope.

Some of the rocks of Gusiru are basalts, non—porphyritic dark blue-black rocks
with columnar jointing. Others are fissile rocks, paler weathered, bluish-grey within
and glistening on broken surfaces with minute felspar plates. These fissile rocks are
provisionally identified as mugearites and fayalite alkali-trachytes. Some of them seem
to be identical with some of the lavas of the Sattima Series both to the eye and micro—
scopically, nor could any distinction be drawn in the field. It is quite clear in the stream
sections on Gusiru. such as those along the Gura and Chania rivers, that the columnar
basalts and the fissile lavas alternate and were being erupted at the same time. The-
northern part of Gusiru seemed. so far as could be seen from the few exposures
noticed on two traverses, to consist entirely of the fissile lavas.

The flatness of the plateau is in striking contrast to the steep slope down through
the forest. The gentle slope is little greater than the gentle eastward dip of the sheets
of lava which build the plateau. Several low sinuously embayed lava scarps, facing
east, mark the edges of successive sheets. Near the eastern margin, there are several
isolated hills which are obviously old vents. The NyerireNaivasha track traverses the
flank of one of these a mile east of the Gura bridge. Purplish basaltic tufts, agglomerates,
and rubbly lavas confirm the proximity to a vent. The arrangement of these vents near
its edge may have protected the plateau from erosion while increasing the steepness of
the slope to the east. The eastward dip of the lavas in the forest is probably steeper
than it is on the plateau and this would favour faster and deeper erosion. Possibly too,
the plateau was protected by the relatively hard sheets of the fissile lavas. There is
nothing to suggest faulting at its edge.

The several ponds, meres and marshes on Gusiru are said to be shallow. They may
be due to the unequal accumulation of silt trapped by rushes and other vegetation.
Those seen were in flat peaty areas, on the broad shelves formed by the gently dipping
lava sheets.

(8) The Aberdare Dip-slope
Between Gusiru, Simbara and the ramp to the west, and Laikipia to the north-east,

is the Aberdare dip—slope. This, although deeply furrowed by valleys. slopes evenly
with an average gradient of about I in 15. Most of it is covered by the Aberdare
forests, through which few traverses were made. Phbtographs of some waterfalls on the
Chania show columnar lavas, presumably basalts, and the pebbles in the streams are
mostly of basalt and fissile lava. Below the forest boundary the deep valleys of the
Gura and Chania expose both columnar and fissile lavas, dipping at about the same angle
as the general slope of the surrounding country. It appears that the dip-slope is largely
formed of lavas of the Laikipian Series, but whether some of the fissile lavas should
be included in the Sattima Series is uncertain.

At the eastern foot of the dip-slope, around Nyeri, other rocks emerge in the
valleys, from beneath the Laikipian basalts, as shown on the map. The oldest lavas
and agglomerates of the Simbara Series, are well exposed in the cuttings along the
Nyeri—Nairobi road on both sides of the Amboni valley. Agglomerates alternate with
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lavas. Otherigood exposttres of the Sitnbara Series can be seen on the steep slopes
.above the confluence of the Chania and Amboni. Flows of melanocratic basalt with
augite and olivine phenocrysts occur here among agglomerates in which most of the
blocks are of Kijabe type basalt,

The Simbara Series is overlain in this part of the area by the Nyeri tulf. a bed
.of columnar trachytic tuff usually about 30 feet thick. This tul’f is used as a building
stone and is well-exposed in numerous quarries and natural exposures. By the Chania
least of Nyeri, feebly stratified tutfs were seen below the massive bttilding stone. The
contact of the Nyeri tuff with the underlying Simbara Series was nowhere seen.

The surface of the Aberdare dip—slope is in general deeply weathered to a rich
.red soil, and rock exposures are seldom seen except in the valleys with running streams.

(9) Southern Laikipiu
The southern part of the extensive grass-covered plateau of Laikipia is included

in the area dealt with in this report. lts limit is taken to be where the black soil of the
plains gives way to the red soil of the Aberdarc dip-slope. This corresponds to the
former boundary between grassland and forest. The areas covered by black soil are dis—
tinguished by stippling on the map. The change in soil depends chiefly on drainage and
slow, and is very little influenced by the nature of the underlying rock.

Much of southern Laikipia is formed of basaltic lavas of Gregory's Laikipian
Series. These are well exposed in the Ngobit valley near the Nyeri—Rttmuruti road,
and in many other places.

Small hills rising above the plains are the stumps of the many small volcanoes from
which the surrounding Laikipian basalts were erupted. Reddtsh basaltic tufi's are com-
monly l'ound on and near the vents. Some of these tufi‘s have been used for building
stone and in one of the trial holes on a farm north of the Moyo River some fossil bones
were discovered by the owner, Colonel Elliot. The tutf in which they were found lies on
a gently sloping ridge. Other exposures on the side of the same ridge show similar
but less weathered tufi's, reddish in colour and typical of the lapilli tutt's discharged from
many of the Laikipian vents. These tutl's overlie Laikiptan basalts. The bones are un-
rolled and apparently articulated in their original position. It is supposed that they
are the remains of animals buried in a sudden shower of “ash” and lapilli; if so, further
finds are not very probable. The fossils have not been finally identified, but Dr. L. S. B.
Leakey, to whom they were sent, informs me that the fauna includes a baboon not so
far identified with any known species, but having affinities with a Lower Pleistocene
form from South Africa. He is of the opinion that the fauna is not younger than Middle
Pleistocene and is more probably Lower Pleistocene in age.

In the pit where the fossils were found, the basaltic tutl’ containing them is overlain
by a layer, less than a foot thick, of pale brownish ash with biotitc llakes. This is thought
to represent the Naromoru Ash. The eastern part of southern Laikipia is underlain by the
rocks of the Mount Kenya Volcanic Suite, but over most of this part of the area, black
soil conceals the underlying rocks, which are seldom exposed except along the sides of
the principal valleys.

In many parts of Laikipia the black soil of the plains is underlain by the Naromoru
ash.

Vl—PETROGRAPH Y
A preliminary examination of about two hundred thin sections made from the

rocks collected shows that similar types occur in various parts of the sequence, although
some are locally restricted to a particular horizon or series. It appears from this first
study of the slides that a continuous series can be traced from olivine basalts to
phonolites and trachytes, and that any member of this series is liable to occur almost
anywhere in the sequence. To avoid repetition, a sketch of the petrography of the
chief types is given below without regard to their order or place of eruption. It should
be realized that the classification is tentative since no analyses are available for most
of the types, and hurried microscopic identification, espeCIally of the potash-bearing
plagioclase felspars and the occult felspathoids, is uncertain.
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The principal rock types distinguished are:—

Olivine basalt. .. .. .. ..
()livino alkali-basalt, .
Annlcite basnnite .. .. . . J’ B3 2 84 (06)
Olivine trachybasalt . . . . . .
Mugeaiitic basalt . . . . . . . . } f 2-80 (9)
Mugcnrite . . . . . . B 2.75 (9)
Olivine alkali- t1achyte . . . . } YT' 2‘70 (12)
Alkali tracliyto .. .. .. 1 2-74 (4.)
Quartz bracliyte . . ' . . . . — Tr 2-65
Phonolite, non propliyritic fissile . , fPl) nmi kPh 2'87 (1 i)
Pliouolite . . . . . , , . . .Ph2 2-60 (4)
Kenyte . . . , . . . K 264 (2)
Basalt, Kijabe type » I31 283 (8)
Basalt; \\ ith olivine and uugite pint um I )sts Bp 3'08 (3)

The symbols are thOse used on the map, Figures on the right are mean specific gravities.
the figures in brackets showing the number of specimens measured.

Other types of extrusive rocks noticed are picritic basalt and nepheline basanite (7);
trachytic and basaltic tufls occur; a few other rocks are found as ejected blocks in some
of the tuffs.

Olivine Basalt
These rocks are generally non-porphyritic, and have basaltic texture. They are seldom

vesicular. They consist essentially of olivine, augite, labradorite, and opaque ores.
There is no obvious alkali tendency. Residual potash-felspar, analcite, and reaction-
biotite are absent or insignificant. The pyroxene is augite, usually only faintly purplish,
and non-pleochroic. Olivine is colourless in section, and optically positive. Apatite was
very rarely noticed. Secondary minerals such as gtithite, iddingsite (7) and serpentine,
derived from olivine, are not uncommon.

Rocks of this type mostly with columnar jointing, were found south of Nyeri, p
on the Aberdares, near the Ngobit River, on ll Pejeta, north of Nyeri Station, west
of Ndaragwa, by the Zuka Zuka River, and at many other places.

Qlivine Alkali—barn]!
The basaltic rocks classified under this head are those which contain sufiicient'

biotite to indicate a definite alkali tendency, but which are without appreciable amounts
of potash-felspar or analcite. The biotite is the variety usual in such rocks, pleochroic
from pale golden brown to foxy brown. It forms ragged poecilitic plates, or small flecks.
[t ‘has seldom grown on ore grains and seems to have crystallized directly from a
potassic residuum rather than as a result of reaction between such a fluid and pre-
viously crystallized ores. Apart from the presence of biotite, these rocks are similar
to the olivine basalts. Some contain small phenocrysts of olivine. No feature was noticed
by which they could be recognized in the field.

Rocks of this type were collected from the Gura Falls, a little way north of the
Nyeri~Naivasha track; from the west side of Simbara where they overlie the quartz-
trachyte sheet; from the Sattima scarp, above Kijabe type basalts and from the upper
Pesi, Suguroi. and Segara river valleys in each of which they overlie trachytic tuffs. One
specimen (43/157) from a 6 ft. dyke in Simbara is of this type.

Analcite Basanite
In 19 of the slides of basaltic rocks, a colourless isotropic mineral with a low

refractive index, was determined as analcite. It is interstitial and residual but apparently
primary. The rocks are otherwise normal basalts with faintly purplish augite, colourless
olivine in many cases partly or wholly altered to an iddingsite-like mineral, specks and
minute crystals of ore (often identified by its form as magnetite), and plagioclase laths.
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The plagioclase is generally labradorite, though occasionally it appears to be less basic-
The texture is usually basaltic. In one thin section the pyroxene is sub-ophitic, and in
another, the plates of labradorite are firrxionally arranged. Many of the rocks have
phenocrysts or microphenocrysts of olivine,

About half of the specimens were of columnar basalts, all but one of which belong
to the Laikipian Series. The exception (43/224). collected near the Uaso Nyiro clase to
the Aberdare forest boundary, is a basalt with phenocrysts of olivine and augite. It
probably belongs to the upper division of the Simbara Series. Another rock with olivine-
and augite phenocrysts, also from the Simbara Series, has interstitial zeolitic material
which may represent decomposed analcite.

Olivine Traclzybasall
Five rocks to which this name was doubtfully given have basic plagioclase as the

chief felspar, but with it, a little alkali felspar which seems to be orthoclase. In other
respects the five rocks ditfer; they are not a natural group. One (43/249) has trachytic-
ally arranged felspar plates, the larger of which (about 0.5 mm. in length) are labradorite,
Ab45 An“, and the smaller, oligoclase-andesine and orthoclase. There are granules of
faintly yellowish ferriferous olivine, and pale greenish augite. Another rock (43/170)
consists of fiuxionally arranged labradorite laths, clear olivine grains, pale greenish
pyroxene, serpentine, and alkali feispar. Specimen 43/269 is a fissile lava with labra-
dorite, faintly purplish augite in poecilitic patches, and magnetite; some orthoclase forms
fringes on the plagioclase and some is interstitial. These three rocks are fissile. A
nonAfissile basalt (43/289) which may belong here consists of labradorite (Ab,5 An“),
olivine altering to iddingsite, greyish interstitial pyroxene, ore and scanty untwinned
alkali felspar presumed to be orthoclase.

Mugeurilic Basal!
These are fissile lavas which, like the mugcarites and alkali trachytes, consist of

trachytically arranged felspar plates, with ferriferous olivrne grains, and subordinate
greenish pyroxene, but with andesine instead of oligoclase or anorthoclase. The olivine,
when fresh, is yellowish in section. In some of the rock; it is replaced by iddingsite ('2).

In several of the sections, scraps of biotite were noticed and in a few small apatite
prisms with minute inclusions. There are the usual ore specks.

Mugem‘ile
About a dozen of the specimens are classified as mugearites. They are bluish-grey

fissile non-porphyritic rocks, in which minute glistening felspars are visible. In slides the
trachytically arranged felspars are seen to be mostly oligoclase but probably there is
usually also some anorthoclase. The l‘elspars have refractive indices below that of
canada balsam, even those whose extinction angles would be taken to indicate andesine.
Probably they all contain a notable proportion of potash, Zoning and lamellar twinning.
are generally faint but distinct.

Olivine is plentiful, occurring in minute granules, which are identified by their
yellowish colour and optically negative character as fayalite. l’yroxene, subordinate to
olivine, is greenish diopside or aegirine-augite. Small prisms of apatite, dusted with
inclusions, were seen in several slides. Ore specks are scattered much less thickly than
in the basalts. Late primary biotite is rare. Secondary iddingsite and serpentine are
common.

Olivine Alkali-Traclryle
In texture and general appearance both to the eye and microscopically, these rocks

are very much like the mugearites, but their felspar is mostly anorthoclase. Olivine,
as in the mugearites, is a yellowish, optically negatiVe fayalrtc. Pyroxene, of which
there is normally less than olivine, is often an aegirine-augite with distinct pleochroism.
It sometimes forms small pleochroic patches. Apatite with minute inclusions was noticed
not infrequently and kataphorite is an occasional minor constituent. Magnetite, as
minute specks and crystals, is thinly scattered in all the rocks.
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The principal rock types distinguished are:——

Olivine basalt . . . . . . . .
()livirlo alkali-basalt, . . . . . . Ba
Analcite basanit-v 2 84 (56)
Olivine trachybasalt, . . . . . . (I
Mugearitic basalt . . _. . . . . . } ft 2-80 (9)
Vtugcmite . . . . . . . ’ 2-75 (9)
Olivine allcali- tiaeliyte . . . . . . E YT' 270 (12)
Alkali- trachy tea . . , 1 2-74 (4)
Quartz trachyte . . . . . . V Tr 2'65
Phonolite, non- propliyritic, fissile 1 . lPli 11nd 1‘Pl1 2-87 (ll)
Plionolite . . . . . . . . . Ph2 260 (4)
Kenyte . , . . . . . . K 2-54 (2)
Basalt, Kijaho type » B] 283 (8)
Basalt with olivine and uugite plu‘iiouxsts Bp 3-08 (3)

The symbols are those used on the map. Figures on the right are mean specific gravities,
the figures in brackets showing the number of specimens measured.

Other types of extrusive rocks noticed are picritic basalt and nepheline basanite (7);
trachytic and basaltic tuffs occur; a few other rocks are found as ejected blocks in some
of the tufis.

Olivine Basal!
These rocks are generally non-porphyritic, and have basaltic texture. They are seldom

vesicular. They consist essentially of olivine. augite, labradorite, and opaque ores.
There is no obvious alkali tendency. Residual potash-felspar, analcite, and reaction-
biotite are absent or insignificant. The pyroxene is augite, usually only faintly purplish,
and non-pleochroic. Olivine is colourless in section, and optically positive. Apatite was
very rarely noticed. Secondary minerals such as gothite, iddingsite t?) and serpentine,
derived from olivine, are not uncommon.

Rocks of this type mostly with columnar jointing, were found south of Nyeri,
on the Aberdares, near the Ngobit River, on ll Pejeta, north of Nyeri Station, west
-of Ndaragwa. by the Zuka Zuka River, and at many other places.

Qlivine A Ikali-basa]!
The basaltic rocks classified under this head are those which contain sufficient

biotite to indicate a definite alkali tendency, but which are without appreciable amounts
of potash-felspar or analcite. The biotite is the variety usual in such rocks, pleoehroic
from pale golden brown to foxy brown. It forms ragged poecilitic plates, or small flecks.
It 'has seldom grown on ore grains and seems to have crystallized directly from a
potassic residuum rather than as a result of reaction between such a fluid and pre-
viously crystallized ores. Apart from the presence of biotite, these. rocks are similar
to the olivine basalts. Some contain small phenocrysts of olivine. No feature was noticed
by which they could be recognized in the field.

Rocks of this type were collected from the Gura Falls, a little way north of the
Nyeri—Naivasha track; from the west side of Simbara where they overlie the quartz-
trachyte sheet; from the Sattima scarp, above Kijabe type basalts and from the upper
Pesi, Suguroi, and Segara river valleys in each of which they overlie trachytic tutfs. One
specimen (43/157) from a 6 ft. dyke in Simbara is of this type.

Ana/cite Basanite
In 19 of the slides of basaltic rocks, a colourless isotropic mineral with a low

refractive index, was determined as analcite. It is interstitial and residual but apparently
primary. The rocks are otherwise normal basalts with faintly purplish augite, colourless
olivine in many cases partly or wholly altered to an iddingsite-like mineral, specks and
minute crystals of ore (often identified by its form as magnetite), and plagioclase laths.
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- Alkali-Tmchyte
A few slides are of trachytic rocks, consisting chiefly of anorthoclase plates and

sodic pyroxene, with, so far as could be seen. neither Olivine, felspathoid nor quartz.
Re-examination has shown that some rocks had been misplaced here, as they contain
olivine or felspathoid or both of these minerals. Closer scrutiny or microchemical tests
might show their presence in other rocks still retained in the group.

A rock from Sattima summit (43/179) has phenocrysts of a felspar that is thought
to be potash-oligoclase and a few smaller phenocrysts of greenish pyroxene. The matrix,
which varies in coarseness. consists of laths of anorthoclase and interstitial yellowish-
green material.

Another rock (43/208) from the north summit of Songari Hill, is a fine-grained
grey fissile lava. The slide shows thin flow-aligned plates of anorthoclase, small grains
and microphenocrysts of ore (magnetite?) apatite crystals full of black dust, and
yellowish ferruginous alteration products which have perhaps formed from interstitial
sodic pyroxene.

ttolite (fissile, nan-porpltyriric type)
Phonolites closely related to the olivine-alkali trachytes occur in the Sattima Series.

They are fissile greenish—grey rocks, pale and slabby in outcrops. In slides, the minerals
usually seen are anorthoclase, aegirine-augite, fayalite, magnetite and nepheline or
analcite or both. Anorthoclase occurs in trachytically arranged plates. which in some
rocks range in seriate gradation from l mm. in diameter down to very small ones. In
othersy they are thin and minute, and form a feathery mesh. Aegirine—augite forms
prismatic tufts or irregular interstitial specks. In some specimens there is perhaps a little
aegirine. The fayalite has a distinct yellowish—brown colour. It forms either subhedral
minute grains, or poecilitic patches enclosing anorthoclase. Magnetite specks are
evenly scattered in all the slides.

The felspathoids are generally inconspicuous. Euhedral crystals of nepheline, about
0.2 mm. in diameter, and outlined by aegirine—attgite growths, are evident in 43/192
and interstitial clear analcite is plentiful in 43/151. in several of the other rocks close
search is needed to see either of these minerals.

Ore-saturated green “ghosts" in two slides are relics of resorbed phenocrysts.
Anorthoclase phenocrysts were seen in one rock (43/182) which was regarded as a
phonolite only on account of its similarity to another (43/183) in which analcite was
doubtfully identified, Cossyrite and kataphorite (7) were noticed in 43/192. One of the
fissile phonolites (43/166) is a dyke rock from Simbara. It contains small euhedral—
nephclines surrounded by mossy aegirine. with cossyrite, pale kataphorite, and slender
felted alkali-felspar plates. ‘

Other fissile non-porphyritic phonOIites. petrographically like those of the Sattima
Series, occur in the Mount Kenya Volcanic Suite. They are greener in colour than the
Sattima rocks. A flow of this kind is exposed along the side of a ravine about a mile
west of the railway, and five miles north of Nyeri station. Large blocks of similar lava
are common in the agglomerates, where they seem to be indiscriminately mixed with
blocks of kcnyte. Microscope study shows that the fissile phonolites of the Mount
Kenya Suite vary in texture and mineral composition. The lava mentioned above has
microp-henocrysts of anorthoclase in a dark base 01‘ mossy aegirine and cossyrite, clearer
areas of alkali felspar. minute nephelines. and analcite, A block (43/207) from an
agglomerate has ragged patches and sttbhedral granules of fayalite as well as the usual
aegirine, cossyrite, anorthoclase, and nephcline. Another block (43/210) contains
trachytic anorthoclase, flecks of arfvedsonite, some kataphorite and probably fayalite,
aegirine, aegirine-augite and cossyrite. Some vaguely defined shapes seem to represent
altered nephelines.

One fissile lava belonging to the Mount Kenya Suite is similar in appearance to
the p‘honolites but seems to be a fayalite alkali-trachyte or possibly a mugearite. It
outcrops 0n the north slope of the Naromoru valley about two and a half miles east of
the Uaso Nyiro. It contains phenocrysts probably potash-Oligoclase and microphenocrysts
of fayalite in a trachytic base with interstitial aegirine.
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Plionolite (Kenya type)
The phonolites of the Thomson‘s Falls Series are petrographically uniform and

agree with Campbell Smith’s description of the Kenya type of phonolite (Smith, l93l,
pp. 229w236). They are fissile dark grey lavas. almost always with small phenocrysts ot‘
anorthoclase.

Thin sections show anorthoclase phenocrysts with marginal inclusions in a base
of anorthoclase, aegirine and aegirine-augite, cossyrite, usually a little kataphorite, a
little bluish arfvedsonite-like amphibole, and specks of magnetite.

Nepheline, usually cloudily altered, is conspicuous, as small euhedra about 0.1 mm.
in diameter. Olivine is seen in some slides. but is never plentiful.

“Kelly/re"
Gregory (1900, page 209), gave the name kenyte to the rocks which surround the

nepheline syenite in the plug of Mount Kenya. Unfortunately, as Campbell Smith
(I935, pp. 242—250) found when he re-examined the type rocks, Gregory did not notice
the nepheline crystals in his kenytes, and so his definition of them does not apply to
the rocks for which it was intended. Further confusion has arisen because Gregory
also mistook some rocks near Songari Hill for the Kapitian phonolite and Campbell
Smith described one of them as an example of the Kapiti type of phonolitc. As he
found it to be essentially identical with Gregory’s kcnytc. he doubted whether there
was any significant dillerence between the kenyles and the Kapiti type of phonolite.
Actually, this supposed Kapiti phonolite is a kenyte of the Mount Kenya Suite and has
no connexion with the Kattiti phonolites which are stratigraphically and petrographic—
ally distinct from the kenytes.

The term kenyte is here used for rocks corresponding to Smith’s redescription of
Gregory's types. The similarity between these and the kcnytes of the present area is
so close that further re-description is superfluous.

The kenytes are distinguished in the field by their very abundant large anorthoclasc
crystals, usually of the rhombic habit, and fewer greenish nephelines, in a dark grey
non-fissile base. Weathering to very large tough maSses. round rather than angular, is
highly characteristic (and entirely difierent from the slabby outcrops of the fissile
Kapiti phonolite, or any other of the plateau phonolitesl. There are often small
irregularly shaped vesicles lined with zeolites.

Olivine Bum/I, A'ijube type
The characteristic basalts ot' the Simbara Series are similar to the Kijabe basalts

described by Shand (1937. pp. 2654.67). His lucid description of the Kijabe rock
applies equally well to most of the rocks of Simbara, except that in the very much
greater mass of lavas exposed there, there is naturally a greater range ot variation. which
is, however, only in non-essential particulars. As the type is now known to have a
wide distribution in Kenya, it is convenient to have a local name for it. and the name
Kijabe type is proposed. The type rock is the one from Kijabe Hill described and
analysed by Shand. The type should include similar ()livrnc basalts characterized by
abundant plagioclase phenoct’ysls'mlhc limiting proportion cannot be decided without
quantitative analysis of the rocks to be incltrded——and an alkali residuum of either
zeolite. analcite or orthoclase.

The plagioclase phenocrysts in most or the slides examined, are labradorite, though
in tWo they are bytownite. There are usually some smaller phenocrysts ol' olivine, and
sometimes augite also.

The groundmass consists of granular purplish augite, small laths of labradorite,
olivine granules, and ore. together with prisms of apatite, and various interstitial
minerals. The ore is in rough plates and skeletal crystals, or parallel rods with knobby
growths and pagoda-like forms. These forms suggest ilmenite. Interstitial zeolite,
analcite, orthoclase and dirty serpentinous material were seen. No nepheline was
identified in any slide; a little biotite was seen in a few.
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A number of the specimens sliced were from dykes. Both microscopically and
megascopically they are essentially the same as the lavas. The thickest dyke seen, about
30 feet, is more coarsely crystallized than the other rocks.

The Kijabe type basalts are generally more vesicular than other basic lavas of the
area, although some thick flows are non-vesicular. No correlation was found between
the proportion of plagioclase phenocrysts and the vesicularity (cf. Shand, ibid., pp. 269
and 270), In two dykes the phenocrysts were seen to be much smaller at the chilled
margins than in the middle. These phenocrysts must have crystallized in the rocks
where they now are: they were not concentrated there by gas-flotation. Moreover, they
lie parallel to the walls of the dykes, without any bubbles underneath them. If the
concentration of plagioclase crystals is attributed to gas flotation, then it must be
supposed that in this case the crystals first collected were dissolved in the magma, and
that others later crystallized from it.

It is, moreover. clear that in this area the crystals were not concentrated in the
lavas after eruption, As the pressure would inhibit the separation of a gas phase in
depth. the gas fiotatiOn mechanism suggested by Shand could only happen in a body
of magma relatively near the surface. Such conditions are hardly likely to have been
fulfilled persistently enough to produce the enormous volume of these lavas seen in
the northern and southern Aberdares. and further north. As a general explanation of
the abundance of plagioclase phenoerysts in the Kijabc type basalts, the gas flotation
theory is perhaps inadequate That it must have happened in some places is, however,
shown by a specimen from Kijabe. In this. crowds of small bubbles are collected under
each of the thin plagioclase plates, which must obviously have been buoyed up.

Bum/I with Olivine am] augite plierzocrysrs
Heavy melanocratic basalts, studded with many olivine and augite crystals are a

distinct type, easily recognized in the field. Of the eight such collected and sliced, five
were classified as melanocratic basalts, two as picritic basalts, and one as picrite.

The molanou'alic- basalts have phenocrysts of augite and olivine in a base of
pyroxene, basic plagioclase, olivine and ore, with either flecks of biotite, or interstitial
analcite, or zeolite. The large augite crystals are very pale or colourless in section; the
augite granules and prisms in the base are usually purplish. Olivine is mostly fresh,
but sometimes altered peripherally or wholly to an iddingsite—like mineral. The ore has
the octahedral form of magnetite. Felspar, often subordinate, is a basic plagioclase
determined in several of the rocks as labradorite.

The pyroxene phenocrysts in one slide (43/217) enclose small irregular patches of
plagioclase, ore and biotite, resembling the same minerals in the groundmass. It.is
unlikely that the magma from which these inclusions crystallized, was enclosed in the
crystals at depth, and it is, therefore, supposed that phenocrysts crystallized from the
magma during its eruption.

The two picritic basalts (43/238 and 43/293) are closely allied to the rocks described
above, but plagioclase is scarcer. The large augite crystals in slide 43/293 are weakly
pleochroic from very pale dirty green to a faintly purplish green. They are zoned, and
contain inclusions of felspar, serpentine and ore similar to the groundmass minerals. In
the other rock (43/238). instead of augite phenocrysts, there are large ragged poecilitic
crystals of an amphibole of the kataphorite series, with pleochroism.

X—very pale brown.
Y—purplish.
Z—raw—sienna brown,

There is possibly some interstitial analcite.
The picrite (43/240) has many large and small euhedral phenocrysts of olivine

and augite in a dense black base. The olivine is colourless in section. and the pyroxene
faintly green with a narrow feebly pleochroic titanil'erous rim. The base consists‘of
closely packed granules and prisms of purplish augite, grains of ore, altered granules of
olivine and a small proportion of basic plagioclase, Small irregular clear pools are
apparently of zeolite.
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No distinction was made in the field between the above three types. All are in—
cluded on the map under the symbol B“. The picrite was collected from the bed ol‘ the
Nairutia River west of Tanyai Hill: one of the picritic basalts (43/238) is from a
hill south of ll Pejeta and the other l'i'om the Sattiina scarp east 01‘ Kipipiri. Rocks ot‘
these three types occur at various horizons from the Sirnbzrrti Series upwards. Some of
the lavrts erupted l‘roiii the ltiilripian \ents Were 01' this type.

i Other Rae/ts-
A few rocks collected fall within none of the above groups. Those of interest are—

Tephrite'? (43/ l68) specific gravity 2.87.
Nepheline basanite (43/237) specific gravity 2.97.
Tinguaite‘.’ (43/227, 43 ,1295) specific gravity of 43/227, 2.75.
Nepheline Sycnite (-13/2l4i.

Tap/wile? (43/l68): —The slide shOWs microphenocrysts of ore tmagnetite‘?), and
greenish-purple titaniferous augite. The dark base has a slaggy appearance owing to
the segregation in streaks and icnticles ol' colourless minerals, apparently both felspar
and nepheline. The dark part of the base consists of yellowish-green pyroxene, ore, and
an undetermined brown pleochroic mineral. There are some apatite prisms l'ull of black
dust.

Neplteliiie Btl.\‘(l!lilc (43/237).--—This was collected on a spur of II Pejeta. The slides
show a few small and corroded microphenoerysts of greenish<hrown barkevikitic amphi-
bole, and many small crystals of olivrne. ore. and pyroxene in a dense blackish base.
The olivine has been replaced by a brown iddingsite-like mineral. The pyroxenes are pale
dirty greenish within, and purplish at the edges. There is a little biotite.

Felsie constituents are scanty. They are in small clear pockets, sharply defined
from the rest of the rock. Both plagioclrise and nepheline were douhtt‘ttlly identified,

The above two rocks are interesting as the only basaltic lavas in the area in
which nepheliiic was found.

_ 'I‘iiiguaile‘.’ (43/227, 43/2‘)5).—~The first ot' these rocks was collected near the south
bank of the Ngobit River, east-south-east of ll Pejeta. It was taken t‘or'a basaltic lava.
In the slide, there are microphenocrysts of a sodic titanatigite with peculiar pleochroism
in purplish and brownish greens, and a high extinction angle. There are also some small
microphenocrysts of ore. The base consists of matted prisms o1~ dirty green pyroxene,
small plates and larger poecilitic patches of anorthoclasc (‘2), grain-i ot“ ore, and de-
composed nepheline crystals. A few apatite prisms tull 0t inclusions, and a little zeolite,
were also seen. The texture is coarser than the lavas of the district and it is quite likely
the rock is intrusive. It ditt‘ers from the ordinary Larkipian basalts, though it has
affinities with the previously described rock (43/237) from the same area.

The other rock, 43/295. is part of a boulder from a stream at the foot of the
Sattima scarp east of Kipipiri. There were many riiore boulders ot' the same type there.
It is a striking rock, with black crystals of hornblende and pyroxene, and crystals of
nepheline, in a grey base. The slide shows that the amphibole is barkewkite, in
crystals prominently edged with black dust. The augrte ol~ the phenocrysts is a pleochroic
titaniferctzs and slightly sodic variety. There are also some sharply euhedral micro-
phenocrysts of grey sphene. The nepheline crystals in the slide are microphenocrysts,
but others in the rocks can be seen by eye. The groundmass is fine—grained, and consists
of simply twinned “orthoclase”, pale greenish augite. and ore specks, Apatite is
accessory.

This rock is unlike any of the lavas ot' the district and is probably intrusive, although
its base is fine-grained.

Neplielr‘ne Syeni'te (43/214).—~A piece of nepheline syenite of the Mount Kenya
type was collected from the kenyte agglonierate near the Amboni River. The slide shows
anorthoclase, nepheline, kataphorite, idiopside, aegirine, cossyrite, apatite and ore.
Nepheline and anorthoclase are the major constituents and both crystallized early.
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VII—STRUCTURE
(l) The Sattima fault and related displacements

The Sattima fault is the most important structural feature of the area. It is one of
the main eastern boundary faults of the Kenya Rift Valley. Near Thomson's Falls,
north-west of the limit of the map. it forms an inconspicuous wooded scarp with a
north-west to south—east trend. Traced southwards, the fault scarp curves slightly and
continues. in a south»south-e'asterly direction. as a long. straight and steep scarp,
increasing gradt'ally in height, until opposite Kipipiri its face is over 2,000 feet in height.
(See Pl. l tut.) Still further south it declines and seems to disappear as a topographic
feature, short of the North Kinangop Forest Station. Some features suggest that it may
continue, across the western side of the peak of Niandarawa, and along the Western side
of the southern spur of the Aberdare range, almost as far as the Chania River. (See
Fig t) This possible southern extension of the fault has not however been proved
The knOWn length of the fault from Thomson 5 Falls, to a little north of the Kinangop
Forest Station, is about 45 miles.

The increase in height of the fault face southwards from Thomson's Falls is due
to the increasing displacement towards the south. At Thomson‘s Falls. the ground on
both sides of the fault is underlain by phonolites of the Thomson‘s Falls Series.
Southwards. on the downthrown side these phonolites soon pitch below the surface and
are overlain by trachytic tuffs of the Kinangop Series. which underlie the plain below
the scarp probably as far as the Wainjohi valley. While the rocks on the downthrown
side pitch gently towards the south. those on the upthrown pitch in the opposite
direction. Consequently the Thomson‘s Falls Phonolite Series is seen gradually rising
southwards up the face of the scarp. About l5 miles south of Thomson‘s Falls, the
underlying basalts appear at the foot of the scarp and four miles further, the phonolites
wedge out near the top of the scarp, about a thousand feet above the surface of the
plains below. Beyond this, the lines of the basaltic lava flows can be followed by eye,
still rising gradually southwards. The culmination of pitch on the upthrown block seems
to be about opposite Kipipiri, but the dips and structure south of this are obscured by
forest. The greatest displacement on the Sattima fault may exceed 3,000 feet.

Only the middle section of the Sattima fault is included in the map (though more
was examined). In the section included, for about seven miles, there are two parallel
faults, about half a mile apart. The eastern is the main fault. it has produced a sharply
defined rock face. cleanly cut through the series of basalt flows. Against this rocky
fault face lies the intermediate strip, in which the outcropping rocks are another series
of basalts, correlated with thOSe at the top of the main scarp. These basalts weather
much more smoothly than those on the adjacent fault face. (See Pl. I (b).) To some '
extent the smoother surface of the fault strip is due to a cover of talus fallen from
above, and actual rock outcrops were not seen 0n the fault strip very close to the main
fault. None the less. the difference in the form of the ground on the two sides of the
line is so distinct. and so regular, that a line can be drawn which, it is believed,
accurately marks the position of the fault.

The fault scarp is furrowed by deep valleys. The line of outcrop of the fault
plunges up and down across these valleys. Just above it, for several miles, runs a
surveyed and cut line marking the forest reServe boundary. This line, straight in plan,
runs across the valleys in the same way as the outcrop of a vertical: plane of the same
strike. The outcrop of the fault, just above this line, swings alternately towards it and
away, as it plunges into the deep valleys and climbs the intervening ridges. Therefore,
the fault must be a surface dipping westwards, and since the downthrow is to the west,
a normal fault. The inclination was judged. at a point north of the Melawa Ndogo, to
be slightly over 80°. Further south it appears to be less.

Along the seven-mile stretch where there are two fault scarps the upper one is
straight and continuous. The western one is also straight, but weaker and less con-
tinuously exposed than the one above. It is impossible to regard either fault as due
to a landslide or to secondary superficial faulting developed on an earlier fault scarp.
At the base of the lower fault is a flat plain, continuous from near Thomson’s Falls
to the Kinangop. Nothing that could be attributed to local landsliding breaks its
surface. The intermediate fault strip shows basalts which are correlated with others
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at the top of the main scarp. lt is clear that the base of this intermediate slice, were
it a landslide, could not he less than a thousand feet or so below the level of the
adjacent plain. it could only have reached such a position before the rocks forming the
plain were in existence. But further north, above the main fault. the rocks capping the
scarp are the same series of trachytic tuffs which underlie the Kinangop platform.
They outcrop along the top of the fault face, and again at its foot. No lithological
change is noticed as they are traced westwards across the plateau towards the scarp
edge, nor could any difference be seen between the tuffs at the top and those at the foot
of the scarp. Those at the base are free from admixed talus. It cannot be doubted,
therefore, that. like the rest of the rocks exposed on the fault face, these tuffs were
actually displaced by the fault. Their situation cannot be explained by supposing that
they were erupted on to a pre—existing fault scarp. These trachytic tuffs were, however,

'- almost the last beds to be deposited before the Kinangop faulting. It is clear, therefore,
that the common belief that the Sattima fault belongs to an earlier phase than the
Kinangop faults is untenable. Nor does the form of the Sattima scarp suggest any greater
age: it is still very steep, clean and straight. The western margin of the Aberdare range,
further south beyond the limit of the map, is indeed an irregular line, but this is in my
opinion due not to prolonged erosion of an earlier fault scarp, but to the absence there
of any faulting whatever. Along the margin of the southern Aberdares the trachyti
tut can be moved at various exposures trom Tulaga in the north to the fhania in th
south to rest directly anti unconlormably on thee Aberdaie basalts. Whether the
regular westwa1ds slope of the basalt ridges there corresponds to the original dip of the
lava flows or whether it indicates the presence of a monoclinal fiexure, is uncertain.

a
7".
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The dislocation and movement of which the Sattima fault is the most obvious effect 00

in the area, also resulted in tilting and warping of the crustal blocks on either side of
the fault. The western block was tilted south-eastwards. lts southward pitch is shown
by the disappearance of the Thomson‘s Falls Phonolitcs beneath the Kinangop tuffs
south of Thomson’s Falls, and its easterly tilt by the presence of the Cl Bolossat and
other marshes at the foot of the scarp.

The vertical movements in the block east of the Sattima fault—that is in most of
the area——must have been differential. Superimposed on the'general eastwards slope
towards the Indian Ocean, which affects all the country east of the Rift Valley, there
are local tilts correlated with the movements at the Sattima fault. They can be regarded
as due to differential upward displacements of the Aberdare—Nyeri block. The amount
of this displacement increases westwards to a maximum against the fault, while at the
same time it increased along the fault from zero north of Thomson's Falls to a maxi-
mum, opposite Kipipiri or thereabouts, of about 3,000 feet.

The tilt of the crustal block east of the Sattima fault ts difficult to evaltiate. If the
correlation of the Nyeri tufi with the Kinangop tufts is correct, and if the surface of
these tuffs was originally nearly level from the Cl Bolossat area and the Aberdare
ramp to Nyeri, it can be used as a datum. lts present elevation north-east of Sattima is
nearly 10,000 feet and at Nyeri about 5,700 feet, giving a difference of over 4,000 feet
between points about 30 miles apart. This would imply a tilt of about 1 in 30 at right
angles to the fault. Consideration of the probable form and elevation of the surface of
the Basement System suggests, however, that such a tilt would bring the Basement
System surface to a minimum elevation of about 7,000 feet under the Sattima Searp.
This allows for an original drop of 2,000 feet from the old gneiss hill now exposed
at 5,700 feet, six and a half miles east of Nyeri, to the base-level elsewhere known as
the Sub-Miocene Peneplain (Shackleton, Maralal Report). As it seems doubtful whether
the Basement System is actually so close beneath the surface under the Sattima scarp,
it is thought that the estimated value of the tilt may be slightly too high.

(2) The Sim/mm Dykes
The majority of dykes mapped on Simbara fall into a radial pattern, but there are

also many others, under-emphasized on the map, which together form a swarm parallel
to the Sattima fault. These are evidently injected along fractures of tectonic origin.
The quartz-trachytes north of Sattima are traversed by a close system of shear-joints
in the same direction. So far as could be seen, most of the linear dykes, and the shearing,
are very nearly vertical, though two persistent dykes were seen to be inclined steeply
westwards.
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(3) Laiki/n'mr Venn
The arrangement of the vents of southern Laikipia appears from the map to be

haphazard. Certain features suggest. however. that north-north—west to south-south—east
fractures parallel to the Sattinra tault, may. to some extent have controlled the position
of the vents. Dykes on ll l’efttit and on a hill ten miles north ol~ Sultana trend between
north-west to south-east and north to south. A north-north-west to south-south—east
alignment of adjacent vents of similar character, at 0| Doinyo Narasha. is apparent
in the field where the form of the individual hills can be apprcc‘ated. and a similar
alignment can be seen in the ll Pefeta group.

(-1) Relation between [lie trend of the Ri/I Valley [nu/15 um/ sir/Am in
Illt‘ Browne/Ir Sin/rm

Along the eastern side of the Ritt Valley, both in this area (M‘L’ Hg. 1) and further
north (Shackleton, Maralal Report), the trend of the Rift Valley laults corresponds
to the strike in the Basement System.

\’III-—ECONOMIC GEOLOGY
(l) Building Stone

The most useful building stone in the area is the Nyeri tufl The main quarries
now being worked are those near Nyeri Station, but local demand at Nyeri would
probably justify working, the outcrops nearer the township, Some of tlze houses in
Nyeri that ate built of the T\‘yeri tull are cracked, but this is the result of poor
foundations, and not faulty stone, It is possible that this is a rock which would be better
laid with the original bedding fiat. Some reactioa between alkalies e\tt'aeted from the
rock by rain water, and cement used in pointing, would be expected. but it is unlikely
to he a;preciably harmful in practice.

Traehytie tull was formerly quarried in the Ngobit valley. The rock exposed there
is soft and crumbly but apparently the stone was not unsatisfactory for building.
Harder traehytic tall, with columnar running, is quarried near the Suguroi, and is a
good building stone. Trachytie tulls also outcrop on the northern Aberdare ramp.
Their quality varies from one bed to another, but good stone should be obtainable
over most of the mapped outcrop, except in the flatter areas.

On the slopes of many of the Laikipian vents. there are reddish basaltic lapilli tufts.
and in various places attempts have been tirade to quarry them. Although they are
much more intractable than the trachytic tulls, they yie'd a durable htnldtng stone and
the difficulty of quarrying and dressing is probably worth meeting, if competent stone~
masons can be found.

(2) ROUr/ rue/Hf.
Plenty of rocks suitable for road metal are available in most parts of the area.

except on the Naromoru plains. The basalts are usually easiest to work as under red
soils weathering often penetrates to a depth of ten feet and the weathered rock can
easily be quarried. The Thomson‘s Falls phonolites are seldom weathered so deeply
and when fresh are tough and ditllcult to work They should be avoided where possible.
Most of the tulfs are too soft to be of use, The kenyte :tgglorrie1a1e is worked in a
large quarry by the railway, some distance north of Nyeri Station.

(3) Diulomilc
A thin deposit of diatomite occurs near a tributary watercourse of the Ngobit,

three miles west-north-west of Tanyai Hill. Although apparently ol' good quality, the
deposit is too small to be of any commercial value. The thickness at the place where
the bed is exposed is less than ten feet. l\o other outcrops are known, and it is unlikely
that a thicker deposit could be fcund in the vicinity, and in any case transport costs
wott‘d be prohibitive. except in the tznlikely event of a local demand arising,

(4) Brick Burt/ix
Br’cks have been made on several farms in the district, with various results, but

there is no doubt that suitable subsoils or alluvial silts exist in many places. There has
perhaps been a tendency to use earths that are too plastic.
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TX~WATER SUPPLY GEOLOGY OF THE AREA BETWEEN
NIT. KENYA AND THE ABERDARE RANGE

it has been suggested that there might be a possibility of artesian conditions in
the area between Mount Kenya and the Aber'dares. The argument. briefly, is that
both Mount Kenya and thn .Abir-ziarcr-z were built up by volcant erupticns and consist
of lavas and tufis which dip cutvards from the volcanic centres. It is assumed that some
of the lavas are impermeable \:\hrle others, and probably most of the ltrll‘s, are per-
meable. Water entering the permeable beds might be confined between impermeable
ones. under a considerable head owing to the great height at which it enters the rocks.
If not completely confined. it might still be under pressure if the resistance to its
passage through the rocks were Cuffrcient. it is further argued that the underlying floor
of relatively impermeable gneisses of the Basement System, sloping southwards from
about 6,000 feet near Nanyuki to under 4,000 feet at the margin of the Tana plains,
would prevent the subsurface water from escaping northwards to the Uaso Nyiro
catchment, and thus increase the resistance to be overcome before the water escaped
at the surface.

The geological aspect of this problem is discussed below and illustrated in Fig. I
and Fig. 2.

(l) The Baserrrcn! Syn/cm Floor
The sub-volcanic floor. formed of gneisses of the Basement System, is a highly

irregular surface. This irregularity is the result of erosion acting on a diversity. of
rocks. and not to the faulting or folding of a pre\iously peneplained surface. The
elevation of the surface is difficult to predict, as no peneplains have been recognized
in this area. although the surface beneath the Kapiti phonolite of the Tana plain may
be part of the sub-Miocene Peneplain, West of the Tana there is an almost continuous
barrier of gneiss hills. which disappears under the volcanic rocks near Tumu—tumu, re-
appears as an inlier in the Chania east of Nyeri, and is doubtless represented by the
gneiss penetrated by a borehole near .‘lanyuki (Sikes, I934. Pl. X, Fig. 4). Still further
north. this zone of gneiss hills merges into an elevated region which extends from
the Loldaikas to the Karissia Hills, It is evident that on the pre-volcanic land surface,
no rivers flowed eastwards from the Rift Valley region across this barrier to the
Indian Ocean anywhere between I” S. and 1° 30’ N. The drainage west of the barrier
may have been towards a depression in the area of the present Rift Valley. It is in any
case clear that so far as the Basement System fioor influences the subsurface flow. its
effect would be to turn the water in the rocks beneath Mount Kenya towards the south
or south-east. and that beneath Laikipia, the Nycri area. and the Aberdares, towards
the west or south-west. The Basement System floor appears from beneath the volcanic
rocks south’of Mount Kenya and water diverted in that direction should emerge there
as springs. Springs are in fact reported at this surface. near the Nguka swamp, and
others were noticed during this survey south of Karatina on the side of the Sagana
valley. West of the Zone of gneiss hills the Basement System is not again exposed east
of the Rift Valley.

It should perhaps be emphasized that subsurface water flows in the direction of
the slope of its surface (the water-table), which may have no relation to the slope of
any subsurface floor.

(I) The Aberdare Range
The structure and rock succession of the northern part of the Aberdare range have

been discussed in the report above, The southern part of the range is known to be
formed of similar rocks. and the structure is doubtless also similar. A concentration of
dykes near Niandarawa shows that this mountain is near to a main focus of eruption
comparable to the one near Sattima. As regards artesian water, the significant features
of the Aberdare structure are—

(a) the oldest rocks are exposed around Sattima and Niandarawa in the highest
parts of the range: ‘

(h) the same series of rocks emerge. much thinner and in an agglomeratic facies, at
the eastern edge of the basalt field, as near Nyeri in the Sagana and Marragua
valleys, and near Saba-saba and Makindi;
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(c) the eastern slope is essentially a dissected dip sloge;
(d) all the, rocks are basaltic;
(e) the Laile’tpian basalts which cover the middle and lower slopes are trenched, in

. places to their base, by deep valleys.
As the oldest rocks emerge again at the foot of the dip slope water permeating through
them can escape freely. Furthermore the cover of Laikipian basalts, in which columnar

s. jointing is a conspicuous feature are likely to behave as aquifers. It is believed, therefore,
Pf? ,that the subsurface water of the Aberdare dip-slopes will in general be found to
w“- behave as a single system, the hydrostatic pressure at any point depending on its depth
" below the water table. The slope of the water table will tend to reflect the general

slope of the ground and will determine the flow 01' the subsurface water.

(3) Mount Kenya
Only the north-western sector of Mount Kenya between Nanyuki and the peak,

and its periphery from Nanyuki to Enibu, were hurriedly examined during this survey.
Gregory recorded details of his route up the south—western side of the mountain,
(Gregory, 1900, pp. 215 and 216).

In the deep valleys radiating from the central peak, the rocks exposed are kenyte
lavas and tufts. Two thousand feet of these rocks are seen on Sendeyo, and their full
thickness must be very great. They dip outwards at angles diminishing from 20° near
the plug to less than 10° five miles away, and still less further down the slope. In
profile, the lower slopes show the upward steepening curve characteristic of a volcano
such as Fujiyama, but the upper slopes lie below the imaginary continuation of this
line. It is evident that the upper part of the volcano has been lowered by erosion at least
3,000 feet below its original height, while the lower slopes still reflect its original form.
it follows from this interpretation that the lavas and tuffs exposed around the core
plunge beneath those of the lower slopes, and water can readily enter the permeable
strata, through which it will sink beneath the intermediate slopes of the mountain

At the periphery of the Mount Kenya volcanic area, however, the base of the
kenyte series is exposed. The Series rests, around the western and southern sides of
the mountain, on basaltic lavas. Therefore the immense thickness of kenyte lavas and
tuffs of the main cone diminishes to a feather edge, which is freely exposed at the
periphery of the mountain. The water which enters the permeable parts of the Series
high on the mountain must either escape at the surface, or sink downwards through
the underlying rocks to the water table and thereafter flow, according to the pressure
gradient, within the ground-water system of the region.

Borehole Data
Few boreholes have been drilled in the area that is being considered. Some in the

Nanyuki area were discussed by Sikes (1934, pp. 30—32).
Samples from other more recent ones have been examined in connexion with the

- present work. The localities are shown on Fig. 2. Material from the samples was
merely mounted in oil and inspected under the microscope, and the logs are to be
regarded as provisional. Those of interest are given:~-

(a) Borehole C. 267 (Muringato Estate, Nye/'1').—
Depth

Front To
ft. ft.

0 . . 30 Red soil.
30 .. 55 Gritty clay.
55 .. 186 Olivine basalts (Laikipian Series),

186 .. 306(?) Gravel and trachytic tuti' (Nyeri tuff).
306 . . 345 Gravel; stones are Kijabe type basalt (Simbara Series).
345 440 Kijabe type basalt (Simbara Series)

Main water from the lowest basalts, below 386 ft. (37,032 gal /24 hrs) Rest level
347 ft. Perched water table at about 148 ft.
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(b) Bore/tale C. 286 (Farm 5175, Naromoru).-— %‘, 4'}

Depth ’ .
From To «#0 C
It. fr. . 4,0 6%

0 .. 19 Grey soil, etc. + 6‘0
19 .. 244 Kenyte lavasatuff or weathered kenvte at two horizons? 4343 4,”

Main water at 225 ft. (20,400 gal./24 hrs.). Rest level 173 n. 4%
(("l Borehole C 290 (Farm L.R. 2830/4, Nanyuki).—-

Depth
From To
ft. ft.

0 . . 28 Soil, etc.
28 . . 80 (Gravel and boulders, according to drillers log.) Fragments of phonolite.
80 . . 100 Tut‘faceous earth?

100 . . 110 Gravel (phonolite fragments).
110 . . 125 Light-brownish clay.
125 .. 150 Polygenetic gravel. A fragment of nepheline-syenite.
150 .. 275 Kenyte?
275 .. 419 Kenyte.

Water at 148 ft., 200 ft., 293 ft., 415 ft. (21,600 gal/24 hrs). Rest level 123 ft.

((1) Borehole C 291 (Farm 1232. Nrmyuki).—
Dept/I

From To
fr. it.

0 .. 44 Black soil, murram, etc.
44 l 10 Gravel (fragments of kenyte, nepheline syenite, etc).

110 .. 195 Kenyte.
195 . . 208 Clay (bentonitic7).
208 . . 320 (?)Kenyte.
320 . . 354 Gravel and clay.
354 . . 365 Kenyte.

Water at 105 ft., 180 it. and 290 ft. downwards (17,280 gal/24 hrs.). Rest level
78 ft.

The first of these boreholes (C 267) penetrated about 100 feet into the Simbara
Series, from which a good supply. was obtained, but there is no indication of artesian
conditions.

The other three (C 286, C 290, C 291) all enter the Mount Kenya Volcanic Series.
In these too, good supplies were obtained, but the water does not rise above the -.
expected level of the water table. '

Conclusions
In view of the evidence outlined above the chance of striking artesian water is

thought to be poor. Both the Simbara Basalt Series and the Kenyte Series of Mount
Kenya outcrop so extensively at the periphery of their respective volcanic fields that
the water which enters them on the higher areas can easily escape at their base. Bore-
holes into both series have failed to show any artesian pressure and there appears to
be no reason why conditions deeper below the surface should in this respect differ
from conditions in similar lavas and tuffs of the same series at less depth. Over much
of the area, deep boreholes—1,000 feet has been mentioned—would in fact pass through
these series either into the Basement System, or into other volcanic rocks unlikely to
yield artesian water. It is possible that artesian conditions may prevail over small
areas, but it is doubtful whether, if so, they could be discovered by intensive geological
or geophysical surveys.



' we” . M ‘V 26

' Although the chance of artesian water is thtl thought to be poor, the district
appears to be a favourable one for boreholes to normal depths. In particular, on the
plains west of Naromoru, underlain by rocks of the Mount Kenya Volcanic Suite, the
chances of getting water appear to be good. The water table in this area is unlikely to
be far below the level of the principal watercourses, and as the relief is low. depth to
water should not be excessive in boreholes 0n the ridges. On the slopes formed by the
Laikipian basalts the water table may be slightly deeper, since these rocks are open-
iointed, and the gradient of the water table from the plains mentioned above, towards
the Aberdares, is thus likely to be low. In the Ngobit gorge, which is cut deeply into
the Laikipian Basalt Series there are apparently no springs whatever. The water table
must therefore be at or below the level of the Ngobit river, and boreholes in that area
which stop short of this level can only obtain water from perched water tables.
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1. ., .w& an- ..,g of-the he &@be& @ &&p mmhbr urs geological 
survey of a strip of country, cop~pcd  raaidy of Masllf Fodrs, extending between 
Meru, north-t of Mount ICcnya. and EtitUi, The atmrW4- a rea  on exther srde 
of the -.ares were desuibkd in RepoiWNoar. i 4  astd 17: ~ncxpcoted~y tbc area 
south-east of.Embu has closer affinities with that wst  of Kitni, and laeks the large 
msaEes of basic and ultrabasic intruaws that are so pmmknt in the Embu-Meru 
arsa, and which it waa anticipated would continue 6uther south. TJw area is, bowever, . . d m u d e h e d  by the oocurrence of a group of ancient rocks that appsitr to be younger 
than those of the h e e n t  System, which are the oldest rocks known h Keaya. 
Apparently at mesent no economic significance attaches to the dkmveq, .but the 
Spding of outliers bf e b r i a n  rodts that may be correlated witb the Nyanzian 
or Kavirondian systems of Western Kenya, which have been valuable for the gold and 
silver they have yielded, may ultimately be of great importance. 

Ths urea has at various times in the past been prospected for mica, but with die 
appinting results. It is, however, remarkable in containing some unusuany large 
psgmatitss, and it is perhaps possible thst more intensive prospecting backed by 
dag+@pital would I d  to Phs discovefy of  workable mica deposits. D m  the 

various other m i n d  oEcnrcen& were noted. but usuallv thev a v w u  . - -  
m t ~ c  h t - i n  too m a ~  qtmntlhea for them to be of emno& value. Tl;e occurrm~es 
of a%iGtc niid mmarmgite that were discovend may, however, warrant more &Wed 
 with a &ow to exploitation. 

wuL.1~~ PuLmWY, 
Chief G e o i o ~ .  

The report describes an area of approximately 1,250 square miles in the Embu, 
and Kitui districts, enclosed by lahtudes 0' 30' S. and 1' 00' S. and by longitudes 
37" 30' E. and 38' W E. Physiographrcdly the a m  may be divided mto the following 
units:(l) the Mumoni mountains and (2) the Tana valley in the east, (3) the Central 
-ombe mountains and Kaojrro hills, (4) the gently undulating country in the south 
nd west forming the dissected remains of the sub-Miocene peneplain. 

The rocks of the area fall into three groups: (1) the Basement System which includes 
alcareous, psephitic, pelitic and psammitic typu with s u b o r d i i  gabbroic intruslves; 
2 )  the Embu Series. a erout~ of ungranrtized rocks of low-grade metamorphic state 
insisting essentially of b&d& goeissei, knotenschiefer, and hornfdses, with subordinate 

w om dome rates and limestones, which are tentatively considered to he post-Basement 
in age, and (3) the Tertiary volcanics of the Mt. Kenya suite, represeoted by 

kenyta, agglomerates, tuffs, phonolites and olivine basalt& The petronaphy of the 
& i ~ h i &  described and the metamorphism, granitization and structure of the 
Basement System are discussed. ------------ 

Occurrences of mica, graphite and magnePite were noted and their economic 
are assessed. Certain areas are suggested as being more favourable for 

fur* prospecting. 
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FPlTRODUCnON AND GE- INFORMATME4 
A geological refomaissance was made of the area s o u t h 4  of Embu b e e n  

July, 1950, and March, 1951. Six months were spent in the Eeld invm@ting the 
possib~lity of the existence of mineral deposits of economic value and dsliarating, where 
pos9ibIe. favourable geotosical formations which warrant closer inveat&tion The a m  
is the south&m qOagrant of degrce sheet 44 (Kenya) and is bounded by latLtudcs 
0" 30's. and 1" 00'9. and by longitudes 37" 3G' E. and 3 E P  W E. It includes portions of 
the Emhu and Kitui districts. Except for the south-we- cgrner, w h i i  is held under 

I 
. -ya 

leasehold title, the entire area is African reserve and induds pats of the North Yafta ; Native Reserve and the Kamba Native Land Unit. 
'9 

Tbe topogra&r has been compiled from aaial p h w p h s  aad locality namca 
taken from the military map "Mt Kenya", E.A.F. No. 1577 (1944), and Cadastral 

South A37. 
Sheet Local native names have been used for previousty unnamed &awes. 

B 

I 
COMMUNICATIONS 

As in&&ted by the map, roads are comparattvely scarce and much of the country 
is accessible only on foot. The Embu-Kiiui road with-the two bmchea leading to 
Kiarnbere and S~akago can be considued Iis the only reasonably good roads ttsvcrsing 

, the area. Many of the others shown on the map are simply cattle tracks or hunting 
tracks runrung down the watersheds to the Tana. The three moat inacassjble arcas 

. are between the Thiba and Tana kvem, between Kiangombe and the Tana, and between 
Murnoni and the Tana. The 6rst of these areas can he reached from the road nmning 
SE. of Kagio to the Tana, and the northem portion of the second may be app roadd  
from Ishlara. A track branch~ng from the Mwingi-Grand Falls road goes to the eastern 
foothills of Mumoni. 

Sagana 1s the nearest railway s~dlng to the area north and west of the Tana and 
is 60 rmlea by road from the suspension bridge where the Embu-Kitui road crosres 
the Tana. The area to the south and east of the Tana is besr served from Thiks which, 
vla the Garissa road, is 75 miles £ram the suspension bridge. 

The fonnerly proposed Wa-Gariaws railway, surveyed and partly wm?mcted 
dunng the early years of the 1939-1945 war, and slnce abandoned, cuts diagonally 
across the south-urstern comer of the a m ,  north of Lutuni 

NA- OF ma Ceuiumy 
Only a small portion of the norrB-wesWn w m e ~  of the area lies on the outwawt I southern slopes of Mt. Kenya. Southwards and -ards there rs a marked deuww 

I 
in ramfall, so11 fertility and density of popuWo& accompanied by an in 
pastoral herding at the expense of cultivation. The following figures indicate the 
decrease in rainfall that takes 

- 
- 
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South of the Tana, so11 ermlon of bdth sheet and gully typo eantmues to advance 
unabated and presents the same problems as in most parts of Africa south of the 
Sahara. Sheet erosion forms the greater menace because its effects are less qwtacular 
and consequently it escapes detection for a longer period. North of the Tana, however, 
there is a tradition.of soil conservation. In the Mbere country, long before the advent 
of Europeans, the inhab~tants built stone terraces as a soil protection measure and 
the remains of these can still be seen. According to the East African Stnndmd of Zlst 
September, 1951, about 100 miles of new stone tennciog were bu&t during the last 
year (1950)a resuscitation of a custom, as well as part of modem poky. Another 
African area in whch such use was made of stone is the Pare Mountains of the Moshi 
district. In the north-east of the present area the cultivation and grazing of h i l l s ~ d e e  
a policy mwh favoured by Africans-has been prohibited on tb Mmnoni Mountains. 

Exposuaes 
/ Expowre8 on the whole arc adequate for broad& detemiding the geological 

, - boundariea,~althou&i in rrrIain areas, e.g. between the l'hiba and Tana. and south 
, of the Tane, there are extensive areas w v m d  by thick layers of residual soil where 

no outcrops and ldtle float are found. In such areas boundaries shown on the map 
are largely mj-1. 
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* r e  dosed to prospecting by Government 'ii order to lnv~te appllcauons for e x d w e  
p~ospting hcencea, but ody a veiy small portion, north of the Ena River, £ell into . the present qwt@rdegree sheet. In July, 1942, B. A. BraMstrom. a Government 4 .  
pmpsctor, pr08@ the area shown in figure I but apparently fontld mthkq of 

1 economic interest. In September, 1942, Dr. W. Pulfrey examined the Tbura River mica 
occurreoca and ndghbouring rock types and his W g s  arc embodied in an impub- 
l i i  &artmental report. No records wist of any other previous gedogiGal work in 5 

, the area. . - --TW 
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lk area can be divided into four physiographical units: . 7 l Y  

:I) i2) The The Khngornbe Mumwi Mountam. Mountam and Kanpro His. % ,  -,-I, r e  L. , 
[3) The Tana valley. dm-. + L ,, 'q 

I 
:4) Tim Mstan and southrm lowlaode. 
lEe most prominent features in the area are the blocks of resistant graahid gad= 

rorming tbe central Kiangombe Mountains and Kanjiro Hi s ,  and fffc baMied ghdsses -; 
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The highest peaks of the Ki nge (5,920 feet) and the Mumoni Mountaim 
(5,588 feet) are considered to be r& of the 6,000-foot high-level peneplain of supposed ' . . f 
endCretacwus age (Shadeton, 1946, p. 2)'. The peneplain may at one time have . . 

extended from the M-os Hills and the Kitui Range in the 
Range and Karisria W s  in the Maralal area. nosih of Mt. Kenva. i h i s  high-levelE 
e l a i n  has, in fact, been traced over a large pak of M i c a  (Dixey, i946, p. 243% 

A lower peneplain, approximately 3,800 feet above sea-level, is clearly recognizable 
in the north-west where a portion of it has been preserved under a thin capping of t. 

Mt. Kenya volcanics. Contacts of the lavas and the Basement System are not exposed, 4 
- mad no interposed sediments that might have assisted in deteamining the age of the ,. erosion surface were found. It is, however, considered to he part of the sub-Miocene 

penepkain (Shackleton. 1946. p. 2). Remnants of this dissected peqcplain are found '. 
in the area bounded by the Thiba and Tana Rium. Here $he comparatively flat floor' 
is broken by inselbergs of basic plupnics such as Nduni, Mutheru and Twohoini E which have resisted emsion. South of the Tana t$e merit terrain lias for the greater 
part been lowered well below the level of the subMiocene peneplain and it is only 

. u o d  Lutuni and Muguthu in thi south-cast and Kauthi and Masine in the south-r , 

a . wmt that remnants are recognizabk. 

UI-SUMMARY OF GEOJBGY I!.. 
The rocks of the area fall into four groups, the Archaean rocks of the Basement ' 

ystern, the Embu Series, the Tertiary volcanics, and superficial deposih of Pleistocene . and R-nt age. 

1. The Basement System % 

Z The Basement System in this area consists of a wide variety of calcareous rocks, 
gneisses and schists. Other rocks have been formed from them by granitization and 
pneumatolysis, which have bcen responsible for the f o m u t i o ~ ~  of granites and mig- 
matites, and the sporadic development of such minerds as tourmaline, phlogopite, 
rmpolite and beryl. 

The effects of granitization have bcen variable and gemrally increase in M t y  
towards the east. Index minerals, indicative of the h i i e r  dwwa of nWamo&im, 
are also more common in the east, suggesting that the deg~ee of m c t a m o ~  and 
gra~tization are systematically linked (of. Misch. 1947, pp. 241-2451. Chlcareous bands 
and baaii rocks have earsntially escaped granitization. 

Plagioclase amphibolites and hornblende gneisses an widespread, the largest con-1 
centrations occurring south of the Thiba, and between Karie ah3 Kiangombe. In  the 
latter zone, however, thek are no gabbroic or metadolerite cores, and many of the 
rodts are tentatively considered to be onhn-gneisses with appinitic c h a ~ s t i c s  and 
of approximately dioritic composition. Smaller lenses of gabbroic rocks occur between 
the Ruanjoga River and Thambu. No hypersthene-bearing acid or intermediate rocks - - ' are associated with any of the' basic inttusives, nor were any found bordering the . #< Embu-Meru quarterdegree sheet in the north. 

the area, are confined to that portion of the Basewent Systgt~ dominantly eomposcd 
of alternating originally argillaceous and arwacwus sedirneats. The layers often retain 

- . 
* References are lisled on p. 34 
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lamhated biotite gnewc8, but is almost wmpletely obli%ated in many inutaaca by 
mc4amorp& differsnthtion and intense grauitizatioa In the eastan half of the arra 
a marked change in the ~ 1 o g y  is apparent, the rock typm being derived from pn- 
WninanXly caI-oeous sediments with only &dinate horizolu of pmmmt~~ . . 
OOmpodition. In In zone dip are generally to the ea8t at hjgb angles. The bandd 

are somewhat more regular, though not of so simple a wmpo8ition as those 
UI &a west. Diopside-baing .arc ecmnwo, pzdetalarly between Mumohi and 
the Tam, and biotite gneilsee grade mto thecn through inhmediate stages of horn- 
bkxbbiotito and hornblende-dbpki~beariag types. Coarse-&ned garmiferow 
m x b ,  not including those associstod with the metacalcareo~~ mcks, and &inmite 
@ksiea, are conlined to the area beawen Mwango and Chaozulro. 

Lhatoucs are cmw&atd in the southaastem oomer of the area where they 
fbrm num~0118 parallel leu- though gmaller dkht inwus lenses have beea i m d  
as far north as Memende and cast of Kiambem. Two smaller ooourrencss of ~~ 
*nrr noted in the mno of hombkndc gneba muth of Kanjko, One of thae &uk 
a wns~derable amount of siderite and bath am coarser grained than the limsstones 
mudd Luttmi, 

A few miles north of Masinga l d y  f m n g h o ~ ~  sedimefita have beea &&m£omed 
into staurolite-dUbanite &mnulites. This in thr only oc~urrsnce of staurdite in the a m  

C - - Z.'IbeE1ah9u*s 
Noa-gmdtized pelitic rocks muth of Siakago are tentat~vtly considered to be 

youngor thru the Basement System. Thcy have suEered varylug degrees of contact 
metamo@um and the rocks grade from knotmwh'ier into fine-grained granoblastic 
types (horn£&). TTransitid types include those in wbich granuloae, gnoisawo and 
ICW~OSS structures have developed. In some haiwna bDdding baa survived the mcta- 
morphism and is rtpreseuted by altrmating &in micaceous and quartzofeIspathic 
layera. An intraformational conglomerate and a friable srdaroidal limsstone form 
subordinate m r m h  of this suite. 

3. me T d q  volcndg - 
Thc paid between the A r c h  and T.dary wan om d uplift and erodon, and 

is devoid of any signs of sedimentation or vulc~lllcity. 
Tim Basement Sy&m in the north-western wrner of the sre~ is overlain by a 

thin capping of Mt. Kenya volcanics represented by kenybs, aeglomeratea, We,' and 
phmoliten. Between Kiambiti and Karic four small patches d olivine basalt, om of 
which is aswdated with W, are considered to be related to the same volcanic cyde. . 
Another olivine basalt, entering the area h m  the west, and closely following the 
course of the Thiba, is a narrow band of poorly exposed vesicular m k  occasionally 
showing rude columnar jointing. A few isolated small pachos of tuE, s o w  overlying 
ken* and tht others the Basemsnt Systcm, are large enough to ba shown on the map. 

& P k & o c e n e . . d R c e a t ~  
Post-Tertiary depoda are superficial awl repmenled by dsolw- gmnls 

and sands, impure surface limestones, laUuitic i m ~ ~  and by &oudve amae of 
blsfk wtton soil and sandy soils. Travertine Boat waa found in one of the tributaciw 
of the Thura River near its confluence with the Tana. 

, N-Dmm OF GEOLOGY 
1.lacaaKmatsptsm 

Then is a great variety of non-migmatized rocks in ths B m t  Sy- sf ths 
area, and their difterencea and relationships can perhapa be best denlomtsd by 
T&k 1, which is based on Tyrsll's (1941, p. 279) ' ' c r y s t a L I o ~ ~  ad#''. . 
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In the LhBsstone band south of the Kithioko-Tana contluellcc euhedral crystah 
of purple flwrite and reddish-brown rutile aii locally abundant. Partly 6crpsnWzd " ' 

da~pdae, talc and tabular bent crystats of chtorite are su~rcniimte. specimen *- 
44183% the ping marbk south-west of Mememle, carries small quantities of fedemus 
tremolite, end tb daslr gmy foliated limestone from southcast of %&ago is @hly 

. dusted wlth bpsq~e on, the only other impurity being quark. 

Loally magaebite has formed in and on the hebles through hydrothrrrnal or 
&water alteration. At Lutuni, five miles west of Lubmi, and south of Kaumothoi, 
emdl veins of magnesite traverse a surfac+ pylt of jmpure brcusncnhc . . 
laPtaiaL T&s Mins are rarely more than a few in& thick and are not p e r s h t  
as mgmh kngm os orientation. The magncoite is usually prmdawous and w o w ,  
but rardy br& with a conchoidal £racture. Quark-lined csvitka and deudritss of iron 
om are not uncommon. The fact that some of the qe&?mm matt with cold hydro- 
chforic acid indicates a high lime content. Some of the mpum vdetka are vsincd 
with blackish serpentinous mated.  

(ii) Cdc-siIicate and Cdc-magnesian Silicate Rocks 

These rocks have been formed by the regional metamorphism of impure ' 
calcareous shales, marl8 and other partly caloareous types. T h y  have a w i d e m :  
tion in the eastern half of the area and are found not only associated with the crgstalline 
lim&onsa, but also in areas far removed h them. The Iensss south and south-west 
of Kaumothoi also sutrered thermal metamorphism -8 the iniruaion of gabbroic 
dyfm near thtm, pior to the regional metamorphism, and some unusual and more 
st$znp- miseml - b b p  have been formed. 

Thc &-silicate and calc-ntagnsb &care rock8 are composed of va@hg amounts 
of the follewins minelais: pyroxene, hornblende, epidote, garnet, acapolite, plagioclare 
and opaque minsrala. 

Thc most common pyroxene is xenoblastic diopside. It oftm shows various &ages 
of alteration to amphiboles, e~ther as margmal encroachments or multiplc~enUe 
growths. Not infrequently the pale green or colourkas diopside exhibits @light dis- 
persion and fleeting pale green to ptnkish pleocbmism. Other pyroxenes observed 
were mauvish titanaugite, pigeonitc, diallage and in specimen 441867 the diopido is 
enriched in the hedenbergite m o l d e .  A deep green variety, possibly chromabiwhg. 
occurs as corn in epidote, in slide 44/710. Unusual m i n d  assxktiorn were obsavsd 

. . 
in thin sections 441756 and 441739. Tfis formcr shows titanaugite. as corn in isotropic 
orthite, and in the l a m  vermicular W-au&, in optical continuity, lias in a base 
of granoblastic plagioelase. 

biodt of the hornblende in deriued kom the pyroxene6 and complete pasodo- 
morpha are not uncommon. It includes both pea and brown va.rictiea Extinction 
aoglea vary according to the colour, the brownish hornblonde invariably extinguishing 
at d e r  angles than the greener Parict*s. 

Epidote is widespread and abundant. It occurs variably aa xedoblaatio graia* 
skektal crysials or aubhedd stumpy prism* and is o c a s b d b  awmpanied by , 
optidly pdtive mis& Otha minerals of the epidote family indude the pale pink 
f d y  pl&ic manganifomus variety, thulite, altered kolropic orthite and possibly 
m+@wium oahite. 

Ths gamsts wry from palc pink to dstp nddish brown. They exhiit a PPriety 
of $segular fogms including ring- and atoll-shaped grains. They are frequently corroded 
and erfitWt skPe atruemes and impafcct p o r p h y m ~  rgowth, the chadaayst, 
c-Ww pf spidote, quartz, ~ l a g l w b  and sph+aaa Rarely anisompic garnets, 

' 

a u n i W  po&iw figure, were observed, e.g. in specimen 441709. Some thin dices 
show mmbdnr intugrowtht of garnet and epidote, and garnet and plagioclasc (d. 
Schoeman, 1948, p 32). 

In the LhBsstone band south of the Kithioko-Tana contluellcc euhedral crystah 
of purple flwrite and reddish-brown rutile aii locally abundant. Partly 6crpsnWzd " ' 

da~pdae, talc and tabular bent crystats of chtorite are su~rcniimte. specimen *- 
44183% the ping marbk south-west of Mememle, carries small quantities of fedemus 
tremolite, end tb daslr gmy foliated limestone from southcast of %&ago is @hly 

. dusted wlth bpsq~e on, the only other impurity being quark. 

Loally magaebite has formed in and on the hebles through hydrothrrrnal or 
&water alteration. At Lutuni, five miles west of Lubmi, and south of Kaumothoi, 
emdl veins of magnesite traverse a surfac+ pylt of jmpure brcusncnhc . . 
laPtaiaL T&s Mins are rarely more than a few in& thick and are not p e r s h t  
as mgmh kngm os orientation. The magncoite is usually prmdawous and w o w ,  
but rardy br& with a conchoidal £racture. Quark-lined csvitka and deudritss of iron 
om are not uncommon. The fact that some of the qe&?mm matt with cold hydro- 
chforic acid indicates a high lime content. Some of the mpum vdetka are vsincd 
with blackish serpentinous mated.  

(ii) Cdc-siIicate and Cdc-magnesian Silicate Rocks 

These rocks have been formed by the regional metamorphism of impure ' 
calcareous shales, marl8 and other partly caloareous types. T h y  have a w i d e m :  
tion in the eastern half of the area and are found not only associated with the crgstalline 
lim&onsa, but also in areas far removed h them. The Iensss south and south-west 
of Kaumothoi also sutrered thermal metamorphism -8 the iniruaion of gabbroic 
dyfm near thtm, pior to the regional metamorphism, and some unusual and more 
st$znp- miseml - b b p  have been formed. 

Thc &-silicate and calc-ntagnsb &care rock8 are composed of va@hg amounts 
of the follewins minelais: pyroxene, hornblende, epidote, garnet, acapolite, plagioclare 
and opaque minsrala. 

Thc most common pyroxene is xenoblastic diopside. It oftm shows various &ages 
of alteration to amphiboles, e~ther as margmal encroachments or multiplc~enUe 
growths. Not infrequently the pale green or colourkas diopside exhibits @light dis- 
persion and fleeting pale green to ptnkish pleocbmism. Other pyroxenes observed 
were mauvish titanaugite, pigeonitc, diallage and in specimen 441867 the diopido is 
enriched in the hedenbergite m o l d e .  A deep green variety, possibly chromabiwhg. 
occurs as corn in epidote, in slide 44/710. Unusual m i n d  assxktiorn were obsavsd 

. . 
in thin sections 441756 and 441739. Tfis formcr shows titanaugite. as corn in isotropic 
orthite, and in the l a m  vermicular W-au&, in optical continuity, lias in a base 
of granoblastic plagioelase. 

biodt of the hornblende in deriued kom the pyroxene6 and complete pasodo- 
morpha are not uncommon. It includes both pea and brown va.rictiea Extinction 
aoglea vary according to the colour, the brownish hornblonde invariably extinguishing 
at d e r  angles than the greener Parict*s. 

Epidote is widespread and abundant. It occurs variably aa xedoblaatio graia* 
skektal crysials or aubhedd stumpy prism* and is o c a s b d b  awmpanied by , 
optidly pdtive mis& Otha minerals of the epidote family indude the pale pink 
f d y  pl&ic manganifomus variety, thulite, altered kolropic orthite and possibly 
m+@wium oahite. 

Ths gamsts wry from palc pink to dstp nddish brown. They exhiit a PPriety 
of $segular fogms including ring- and atoll-shaped grains. They are frequently corroded 
and erfitWt skPe atruemes and impafcct p o r p h y m ~  rgowth, the chadaayst, 
c-Ww pf spidote, quartz, ~ l a g l w b  and sph+aaa Rarely anisompic garnets, 

' 

a u n i W  po&iw figure, were observed, e.g. in specimen 441709. Some thin dices 
show mmbdnr intugrowtht of garnet and epidote, and garnet and plagioclasc (d. 
Schoeman, 1948, p 32). 
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Scapolite oocurs as dthcr Lngs m#aBve pEMgim.aa amdkp .4mg&r akaotal 
grains. It replaces both felspnr and q& and &y the fcrromagnesianmiwraik ibc 
u n w d y  hi& bircfrinpmca aad did sugpcg that it is deb in fk be moioai(a. 

Hxcept in the m i ~ p y r o x s n e  rocks, the fdspars are p@i& of the morc 
calcic varieties. The crysWs are usually large and frssh, and only ocoaaiom@y. ocri- 
citized. Stra~n polarkation is musual but is sometimes present. Thin sections show 
vemicuk and g r a m  intergrowtba of twinned or untwinned pkigioclasc WN asoh 
of the folkwins m i n d :  titan-aunitc. eoidoh. namct. thulitc or msnnasium or& P?) 
and &biteorthits. In-the thin section of &&I& 44/53 the fcLpam exhib'a typical dkb& 
Eextmc. the inclusions consistinn of subDnaolar anark. i m d m  aamets. skeletal cDidote 
and &nutar sphenes. ~ t h o n &  qaartz so&& l&y a&dani, it is g&&y 
aubordinah and frequently absmt. It is commonly intQstitlat and 8c~om.k-y. 

m e  o m u c  m i n d  can onlv bs d d  as aweasorled. Thes are e m t b l b  dk- 
d a t e d  At&ughout the rocks ahd ahow no conmWatfo8. bands or i&@u 
lenses a feature common to ~ v r o ~ t b  dsuosits. Grarhite is the most abundant. 
and occurs only in thxa c n l c - - w n u l i t e d  intedhdely a k i a t e d  with the c r y d b  
limestong. The oxidea, i lmdte a d  magwtite, were not observed in any apprdabk 
quantities in dtu, but cmcmtrations were faund in the dry river courses intimcdag 
the l h e s l o n ~  and dc-sibtea Occasional mius of pyrite, mbotiEe, chslGomffitG 
and barrite pn visible in the more pyroxenerich ty&, ad are con@i&d be 
o l i g i ~  collaihlmts ot thess rocks. 

The thermal metamomhism of a dolomite with abundant sibom and miatceous 
impurities has formed an k w a l  rock which occura in tlw band of &silicate 
rocks east of Kiambere. It is wmrroacd &if2 enW~ of mi-, ,mkrodhbarthitc 
and pattly altered diopsidc. ~ l d s r  hsve bean described f r m  South ~uatralia 
(Ti!.tey, 1 W p .  493). In a thin WEZioll 
fdspar are appvent and they show a 
&pi& in the slide dors not show tile* 
~ o f t h e h e h i n b h a n d  
only other ferromagneaian mineral 
in variable, but generally, small 
patchily pfeochroic from colgurless 
dbthigenic monazite (7) and zircon, e 
of colomless Iphm ofton lunrouadine cores of ihmnb. I 

The l a w  c a ~ c a h  lens, south& of the Tana-Kitbidw 
tized by the prsaenct of wdlastonite. The rocks weather 

satiny white wollastoate. In a thin section of .s&u~eh 
to b oosrsagiaincd xenoblastic granular. The bulk of the .slide oonsiats of faPgt cacLed 
straw-ydow oiLoerysts of garnet poikilitically endosing g d i w  of v m t l a s t ~ ~  db$&k, 

". ; * '- 6% @dote and s p h c .  The colourlst wollastoni$e i% tabular, and has well- 
ea8aodemt~. ' . Many grain8 PgtkaI dsltjlZ -8 

Seco~~dary quk= around intenihl and xch &te, 
a n d n a r i n h o d w s d b a o m t b s ~ b u t s u ~ t o t b c ~ ~  

aactytilic p r o ~ o n s  of which, on penstra 
Ths deep green pyroxene is a h  p m  
epidote but is rarely intimately d t e d  with the orthite. 
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Spec- 441783 was taktn from the lieatones north of the jundion of the 
KitDiGadssa and Garissa-l%ka roads. Pblogopite i s  abundant and occurs in small / 
veinlcts and a~ dis((c&niuaM flake. The bufk of the slide consists of pale partly arnphi- 
b o W  diopide and ksgs mimed crystab of plapioclssq skdetal epidoto, penudd 
rounded m#z, fibrow wpolit6, dmtitial calcite and wodgw.bpsd plec~chdc 
spbeqp8 tkemolite, bast& ahd graphite occur in subordinate quantitk. 

lk &-lying rango Q£.W @at of Karie are maposed of calc-magwaian .&ate 
pcks  derived from the metamorphism of impure magnesian l i n e s .  'Far0 &iw 
rock types are recognizable; they are essentially composed of fhs same miner& 
dtbagh in W e n t  proportions. Specimens 441720 and 441691 iJMrate the medium- 

aqu@wdar and moderately sch~stose characteristics of the o m  typ ;  whereas 
€he other ia coane-grained and porphyroblastic. The exposed suefaces of the latter 
o£tm aydshea to  a 8o£t ~~~ or browni& mmsmtim as much as half an 
id thiik. Thc rocks are comparatively h0mogm.m~ and the appmxirnate volumetric 
modes* of some representative specimens are given bdm: - 

44169.3 M 
% 

. . . . . . - % 
Quare . . . . . . .. + 
Microclime . . . . . . . . . . .. + .. + 
Plagioclage . . . . . . . . . . .. 10 .. 10 
Hornblende . . . .  . . . . . . .. 32 .. 70 
P v r o ~  . . . . . . . . . . .. 35 .. 6 

AOxSso* .. . . . . . . . . .. 3 . 4 
, 441720-Hornblende pyroxm schist. 

441693-Hornblende porphyroblaat gneies. 
Much of the hornblende has fonnad at the expense of the pyroxene, as ia revealed in 
thinsection 441725. The plag~oclase is usually sod~c labradorite. 

In the Mumoni Mountains and south of Muguthu nartwv ~ n t i n u o n s  ICnm 
of a heavy friable pyroxene-hornbleude r o d  were obesrvd They cuu. rmdium-gdned 
and schistose and in thin section are seen to consist of 95 per eat of i n W p W a t b  
prisms of hornblende and diop&b, and $ pa cent plagiodaw and fweWrh In thin 
seetion 441781 numerous prigns of £resh dark-~ran primary h m M t a d e  am poikilo- 
blastidly enclosed in large pah-green crystals of diopside, whaeas in spsimen 441'191 
the hornblende bas partly replased dtopside, the minerals having the same optical 
orientation. 

(iiii Semrmr-calcareo~ ($ne&ses . 
According to  ~ 0 1 ( 1 9 5 0 ,  p. 260) . . . .  with a sufhcieot Miginal of 

dieeons and aluminws rnataial a h e d t m e  or dolomite will & ~~ 
decarbonation, and we find aocordiugly silicate rocks not d y  as natuler or in- 
constant bands, but ocuuring in maan". In the body of - dicates east 

Of= 
t h e  was ndfioient silica to allow nmximum silication, sg that o E v h  and 

fo are absent. Between the Tana and the Mumoni Mountains, however, the 
mcca qf dica in some of the caleareo-arenaceous asditnsats was dicicmt to allow 
Ute fixmsw of nunmew diopskbquarlz and -f&par g n h  nKBc rocks 
a m  ~~, equigmular, and w d l - M  t m  the individual bando being - -. 
this wd #padel. The lewocratic l aym conaist d ~I~ d m  of qurutz, - 

TMtsoaaWnrrewtimwM. . , - 

L a - ,  .& 

I;' L' . . 
1 .  m1 2 - -  =,>: " - 
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plagiochse and myrmekite. Only rardy do they show sigos of pmW recrystalluation. 
The mafic: minerals consist of poody formed porphyroblastic dark-green hornblade, 
oftea cbarly derived from Iighter-grem diopide, and skeletal and vermiah epidotc. 
Large replacive crystals of acapolite, not mfrequently of fibrous habit, are also present, 
The awmaoriea include calcite, granular spbene, subrounded zircons and apatite. 

Other semical~~~eous gneiages have been formed from originally marly &ts 
The beut exposurea of thek rocks are found south-west of Gakuyu, where gradations 
exist from hornMwde biotite gncibpcs to hornblsnde diopsids gneish They arc diacusssd 
in great@ & t d  in the section dealing with semi-pditic rocks. 

(1) Metomorphod Pditic a& Semi'~bUlic S r g l w n h  

I\* M f e  G- 
.. , 

Biotrte m e s a  are 
' but, being neither large 

g td to id  gneisses over 
dEftenntiated Basement 
component' of the migm%titic banded gn&m& T4ey vsw fmn leucocratic, foliated, 
relatively biodtd-poor Cgpa, of &-peliU od&, to m e w  fine- to medium- 
&ned Baggy gacisks. Tht f 0 U ~  YO- w m p o s i ~  in&ae thcir approxi- 
mate mineral corn-n:- 

. 
441474 441602 411546 

% % % 
i Qm . . . . . . . . 27 40 37 

Microclios . .  . . . . . . - 20' 20 i Plagioclaac . . . . . . . . 35 - As(An3 20 
Mymekite . . . . . . . . 2 3 
Biotite . . . . .. , .. 25 15 
we . . . . . . . . 10 - - 
Acceauori011 . .  . . . . . .  3 5 

' Witb .increase of felqakfhtion they develop h & m  w d a n d i u t o  
fdspar papbyroblast gneiss*r and augen dsses ,  evemall: ng tbdr byro~~ty - 8  

,and assuming a granitic texture. The biotite varies from da, ,owe to dirty .grgreen 
and is vadbly of flaky, tabular or ragged habittTbe wloritls OM so ifftertso .that li 

- 

. grains appear to be isotropic. Thin d o n  441474 shows the 'e, of the r-u- 

1 
tign of lime in that granular epidote has formed at the expeaam d' biotite.fThe quartz 
often ocCm in small mosaics of subangular grains with hint rlPn& cifbYouldisb-ma-. 
The otiginal felsprs are somewhat turbid, twinned, 
developed cleavages. Replacive microcline, and s 
ingrm.Idte have been fonned in those rocks affected by gramitPsntpsn. IWUboBvite often 
replam bier%, but is never abundant It sometime shows a &diag pinkish p k o e  ' 
cbroii, but is generally colourless. Tk e usual acccmnry n&inerala include rod-like 

gnsisas fma eerth of *wm. ' m 6  
qoarte,syp@iona have been promoted 

r . c d y  &na?oped coarsbgra - '* the cak-dkate granulites 
tha :&a. l%ey w n f c n  M y  
t&s country between Nanyuki an 

. . I -  
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small grains of myrimkite, perthite and r&as of highly corroded mn+&te are sub- 
ordiwte. Tbe lwwm% wxioties of thm ~ o c k s  are rich in mphive microcline and 
many small .iI!ak+$ of bhtlte are dted to greenish chlorite with the release of magnetite. 
TBq8e &he$ i0 & ~ ~ l l y  exhikt the effects of granulation. and recry&@&ioa , , . , 
(ii) &OW& Ollei9esc. 

A distinct cWs of hornbfendeba~mg olotite-free wk occurs as minor 
htercalations in both limbs of the Thatha synclinq at the fieot d K i h  and north 

, ,A rig# 9 t  of &xis. They are relatively free from the effects of granitizing fluids and 
' .- 8 are fiae-grahid and mesotype, often developing a rudely banded. aspect. No linear . fabric has b@m developed. At Kibara and east of Karie they are g e n d y  pink with 
' ' " 1 %ogtbmed graenivh epldotidayera 

Thin d o n s  show these rooks to consist mainly of eqaiLihimi$i& int8rIocking 
grains of quartz and plagioclase, varying amounts of ~ n u l a r  epidote, and perphyo- 
blastic brownish-green to bluish-green sieved hornblende. Of I5 e h i n - ~ o n s ~ ~  
only two carried small amounts of biotite. Microcline and myrmebiktt. 'cKhere, p m n t  
are subortfinate and appear to be primary. The microcline in thin seetion 441489 is 
cluttered with smaU inclusions of epidote. 

With increase in the hornblende content these rocks grade into plagiocbm amphi- 
boiites, the simplest and mast charaoteW of which w~&t of green honrblende and 
fdspar. The welldefined  pid do tic bands, so hqmntly observed in these rocks and 
tci a lesser extent in the geeisw, owe thgir origin to calcareous impurities in the 0-1 
sedimantacy rocks, to oal-tion af the rocks prior to metamorphism or to hydro- 
thermal amcia. :< 

The approKimate modes of some hornblende gneisses are given below : - I ,  : - L 

441591 441590 441605 441608 441489 
% % x % % 

Quam . . . .  .. .' )30 1 6 2  18 60 15 
FIagimlase . . . . . . 45Ab75 10 
Mymekite .. . . . . - - - - 

39 A b s  
12 

Hornblende . . . . . . 25 18 35 15 17 
Biotite . . . .  . . . . - - - s 

. . . .  Epidote . . .. 40 20 - 15 10 
Aceaaories . . . . . . 5 - 2 - 2 

Garnets were observed only in the gneisses east of Karie and calcite in those at 
Kibara. The accessories consist of rounded zircons, skeletal and granular sphene, apatites 
and ore. 

(iii) Hornblende-Biotite Gneiws 

Biotite-bearing hornblende gnaws me cfosely associated with the biotite-free 
hornblende gneiss@, and the best expmmes'are found where the Tana cuts wos6 the 
Thatha syncline. Minor murrences were noted west of Kanjiro and around Thambu. 
They correspond closely to the plagimlase hornblende gneisses described by S e h o m n  
(1951, p. 10) m the Embu-Meru area. He considered them to be partly ,d&. from 
soda- and lime-bearing sediments but suggested the possibility that some of them might 
be meta-intrusives. It is also not unljkely that some of them are dwivatives of hrisic 

'rocks that have been subjected to soda metasomatism. For the purpose8 of the prcgent 
s u m y  they h&ye provisionally been placed with the metamorphosed pelitic and semi- 

acidic felapathic magma with solid ulm,basic olivine-bearing rocks. 

. . . -  . -A 
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(6) mey differ h m  tla rppiaites of Tawsnyika (Wade and 1938, 
3-1) m that +L is abasnt and b W  b present in subordiaste amount 

to W A  eb fop. oit., p. 3% *% e- dip&* sir- - thcat a p p h h  is a bybdd rook resul(ing from a *phase reaction batwesn 
a late &tic &mutiate charged with reactive liquids and solid rock rich in 
c a f d c  material". 

(c) Rcgnb?gb (IS361 claims that ia the Hebrides they have formed through 
&a hembhdi@ mapa witb @. 

(9 Ti@ #&d d$v@lopplutt in tbe area sovthcast of Embu is. w@ one 
WW WW tv, w a s  ~f W iPeYwon. 

(e) Palimpsest structurea as observed in thin soclions, sugp.at a ~~ ia 
~t 1 m  @om sediments. 

Tlrc habkade-biotite wtsses ars m w y w  r&s vith ~nnj lcdd to t&%y 
SRCUitIYe Wd dio~itip cOwOeitioa Tby was* easily, so that W o ~  Me 

kuul4&. i D W w w r s a c .  T h e e x w ~ ~ l a c t s o h a w  na@U@barQpaadr?~c.pl 
a dculate vebha, that sometimes gives rise to local irreaulw banding. Tb. - . 

&red to c or&, q~drk ,  d suh&imte w, which oitcpl ocelas ~s dmdwnysts 
in plagimhe. Although much of thc irregular quartz i s  secondary, B dm owm ss 
isolated suture4 ~ r s t i y q  Q{ Q&&I@I s& mains. lb wqmit ion of the 
p l a e w  varw from Ansn,. to An,,. Tbe acce-es mclude apatite, urcon, calc~te, 
sphsne and iron are. 

The mineral wmposltion of some representatrve specunens is given below.- 
4415W 441486 441573 441629 

. . . . 30 35 35 42 
HornbLsede .. . . 6 0  25 35 35 
@* .. . . . .  2 10 7 12 
Bsiaotc . . . . .. 2 4 + 3 
Chlorite . . . . .. 3 - - - 
Aecessoriss .. . . . . - 1 3 - 

Specimen 441666, from a thin faulted band immedrately east of Thambu, is eon- - B f a  ram thia W, alt$ougb it is not at all repw%ta#ve of r t  I$ is m d w t e l y  
~$lekwm aM of stpwo-p~~@~ywblastic texture. The gmpiC clu8brs of hwqbkwle 

M, v&h 8utNFqO d i n e s  k u b h  !diuiW rec~'&W@(ion. and exhibit &~?lysynWic 
@ p$,Fj&m tlNj@lg. S& bIOt4ta l l aba abs sUboId&a& $Od OQaqUe IlZ&SU lJp 
MmEusdB%cpealid+. 

m e  hornblende-bioute gnel into plaghlase 
yqpbiboBtca apd amplGbolitcq h a  b p s k d  a 
miki scbkto8ity or gneimsity on those rich Q hor&kxk 

Bast of the Tana, between Memend6 and Mummi, the hornblende-biotite g n e k  
acmr PB dimwmkd lensp a d  m&p fwm those described. 
'Phpy are mehxm&, nddy W e  types of medim graEtl and modem& -ty 
but devoid of any linear iabnc. They &bit @pic& orystdkatim folsation. North- 
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wards, they grade into hornblende-diopside gneisses carresponding with an increase 
d &areous impwitb in the original &mts. Graen hornblende is invmiably tbe 
most abundant Hdneral and is variably accompanied by either or Wte, but 
never both. Bunt&, mynnekh, and calcite are subordinate. The fel- in m e  slides 
was detamiaad ar &,. an#, although usually fresh and twinned, hiehly svicftized 
a n d u ~ ~ ~ e a l a o o  . Granular ofkea faintiy #ochroic, 
i s t f b o ~ ~ f & k d f n $ ~ d e s ~ y c s c c o u n t f w a s m m u c h a s 4 b 8 P $ f  
csatofthstatal " . ~ , ~ n a n d a @ i l e . s r c ~ p r c a c n t T h e v a c i a b l e  

Wf& 44lW 441819 441803 -- -. % 96 % 
f * s; ,;.'I. A - % 

QaartE . . 4 
Plagio&m . .  . . . . 62 40 59 54 

. . . .  Hornblende . . 36 43 30 30 
Biotite . . . .  . . . . - - - 

- 
10 

Diopside . . . . . . 14 I - 
Epidote . . . . . . - 2 - 
Accessories . . . . .  2 1 . 

(iv) Sillimanite Gndsscs 
Except for one small occurrence nprth-west of Masinga, it is only befwm the 

Mummi Mountains and Mwango that the sediments wete suf&Mtl' d-u~ W 
yield the distinctive index minwal sillimanitc. ( h e  gnei- are ned& i%ly 
developed nor conspicuous in the field. They are coamegrained tfp?.s but, unlike 
comparable rocks in the Nanyuki-Madal area (Shackleton, 1946, p. 9) are inhbsddsd 
with racks of semi-calcareous origin, and are themselves cordidend to be derived 
from semi-pelitic 66diments. The plagioclase felspar shows no evidmw of haring bssa 
metasomaticdy introduced and is a sodic variety (about An,,). Only the vtry limited 
replacement of some of the sillimanite by muscovite could be interpreted as b e i i  due 
to the &ects of granitization. The chief sillimanite-b&ug W m  are:- 

(a) Silllmahitequartt gneipses. 
( b )  Sillimanibbiotite-garnet gneiss. 
(c) SiU'iitestaurolite granulite. 
Outctoos of sillimdite-uuartz m-nclaa we- fuwd on Mtui.and bt tnad Mtul and 

~umoni.lihcy are well-foll&d le&omtic roclrs, which in places show Local patch 
of reddish-brown wlout ~roducsd bv weatH8tkia of the irdn-bsaring miacmh t b ~  
contaia. The wlourltas s@.W&FC & bbtlr k &#id& prbmatic &'dtals an8 &a 
mu8 sheaf8 which show a dcMU &dl&&, TW fMspBr is untwinnid rlnd 
but often cracked, andAb4i6 cpMs-gYidO &cque&y shows o@l ma&. T k  
accessories are rounded zirwns and masllptac. 
CThe sill.manite-biotite-gad rocks are melanocrat~c coarse-gra~ned types with a 

foltation w h h ,  although well deobbped in mme, is barely discernible in 0th- Thin 
sedidus often show an intimaw asoektion of sillimanite, biotite and subordinate 
muscovite. The sillimanite oocurs as a gensrally unorientated felted mass of tn,M 
with quasi-8uxional arrangement in pkea. Swarms of needles we embedded M qW 
or wind stnamlike around the larger grains, particularly the garnets. The pink I%& 
are cracked and poikilitically enclose chadacrysts of quartz, fdspat, biotite, &&. 
and 6 3 1 n  thin section 441875 some of the garnets contain numtrous minute @iW 
of sillimanite arranged with parallel orientation and parallel to the schistosity of tho 
rock. The urdvhned soda plagioclase and quaxtz grains which have, in some instaWQ), 
par@ rrcrystallizcd to form a sutured mosaic, inwriably show signs of shaio, lard 
uncks can be soon to run across numerous $ r a ~ d o m o r p h s  of chIorite aftu 
biotite are common and the two minerals are frequently interleaved. ParUal replace- 
ment of M t c  by biotite is not uncommon, and snggests the possibiiQ that, at 
one time sillimanite was far more widespread and abundant, but with sub 
granitizanon and r~trogres~ve metamorphism ( l j  if ib fib* r&prestnled by fhe M b r  .... % . L 
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(v) Muacovitc ScMus 

Tho W vspeuuc% of m ~ v i t ~  schists are found swth of Sfahgo, at Katbigiri I-' 
asd swth of Kanjiro. They am of medium to wane iawrbbly biothfm, and 
the mora highly qu-fdsgd~k tgps are sutfidsnthr resiatss( to laaathehg to 
dve rise to low-lying hillocks. 

Specimen 441594 is a phkisb W schist with b e  GO& plam of feebly 
plsachroic muscovite, in a base of granoblastic quartz. Spcinwna 441831 and ell850 
have silvery lustre and are highly sheared rocks composed of muscovite of wicitic 
#&it, granulated quartz and angular pink garnets. At the fdor of KatM&i the rocks 
are moderately foliated felspathic types with erratically d i m h a t e d  small Barneta. 
Miocline replaces quartz, and myrmekite is subordinate. The hill it& is composed 
of tourmsbbcaring muscovite SCW, in whicb the euhedraI black towralirs crystals. 
a mult of pneumatolysis, m m h e a  attain a length of two and a half inches. A thin 
section of the schist (441595B) consiats of -My amm& interpeneusting laths 
of muscovite, small scattered clustus of anhedial quartz, amd large browdrah tom- 
malioes, enclosing nume~ous unreplaad relics of quartz, muscovite and iron ore. 

(vi) Micaceour Hornfcldc Types 
T h w  poorly exposed and highly weathered rocks were obsuved M y  in the 

south-western corner of the area They are rudely foliated and haw a spekM appear- 
ance due to small unorientated and partly altered laths of brownish biotite lMd ailvery 
muscovite. In thin-mtion the rocks have a typical sedimentary texture mid consist 
of subangular p i n s  of quartz separated by brownish interstitial matarid, tlaLss of 
m w v i t e  and biotite, a msmiuatsd yellow-gntn m i n d  that is possibly a member 
of the epidote family, and abmdmt sabangdlor fmpmta of rutik.. The yellow-green 
m i n e d i s ~ ~  . . , s h m  aggrcgste planizdon, aad appears to have formed 
by aUMatiae of biotite.. 

The only thin sation examined, 441637, bas the following mined composition:- 

Or0 

(c) MefanrmplPLlSdd Paamm'fic Sediments 
The panmitic gneisw are g e w d y  line to tnrdium-gmmd I O C ~  in which the 

fqxomegmxian minerals are always subordinate. Their rtsiataaa to d o n  is far 
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These are medium grained, cquigranular, and usually either brown or grey in colour, 

'Ihe gmlsrosity is wmmonly accentuated by flakes of biotite segregated into bands or 
aligned W o n  or bedding planes. Although in most carres all miamropic 

of sedimentary texturea ha8 been oblitsrqted by the && of both regional 
metanmyhism and gcanithtion, oocaSi u t~c twa  sug&iw of 
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subordinate blotlte, not infrequtntly intknataly ~ ~ ~ ~ i a t e d  with chlorite and cpidote. 
Some of the rocks have a smalI 06 6 i a y  corroded dinygrwn hombluule. 
The felspars are of two genmttions: origiaal gnuas of digodasbandssuu 
by later mioroclins, ' 

' =- 
pertbite and mymekite. The Thslatt frequently enu011che.s 

on the e a i k  felsm-11 bays. M m t e  and mimoclrns tend to be more 
abundant m those rocks which are sheared and foliated. Aceworks obssned in one 
or another of the slipss indude subrounded drcons, granular sphene, apatite, cpidote 
and small ple-pink gadnets. 

The &ted volumetric modes of some repressntative sgefimens am giwn. 
below: - 

441626 441551 441655 441518 441759 
% % % 

. . 45 QD 43 
% ' %  

Quartz . 50 25 
Microcline - 18 f 5 . 22 

. . 37 35 ti0 3, , 39 
Myrmekite - 2 + - 
Biotite . 8 4 6 10 
Muscovite . + - + 2 

7 Hornblende . . 2 - - 5 - 
Epidote . 4 - + + - 

. . Chlorite ,, ,,,a- 4 - - - 
" Accessorlea r*,,, - I 1 3 2 

Ci) Quarlzv-fefspafhic Para-granulites 
The vanation la colour of these types a essentially the same as ~n the gneim. 

They are be-grained, sometimes show poorly developed fohatron, and characteristically 
weather to smooth rounded surfaccp. Whae adequately exposed m my stream anussq 
e.g. north of Kibara and in the Thura northcast of Kark, they shoy sedimentary dis- 
position. South of Thambu they occur as nuwuws concordant sheets not unlike 
aplltlc dykes. They are considered to be derived from fme-pined impure sandstones 
much of which may have bem of silt grade. 

Specimen 441614 is fissile along well-defined parallel prlings which, w n W  
by ~ r o n  staming, are suggwve of bedding planes. It  is the.only spnmen m which 
m~croclme is completely subonhate, the bulk of the fdapafs being compoerd of 
twinned and untwinned albite and orthoclase. The only ma6c miwrals preaent an 
isotropic greenish chlorite and minute ffakes of muscovite. Skdetal and angular grains 
or opaque uon me make up 3 per cent of the rock, and aggregates of a brown& mineral 
considered to be either nWe or orthltc are m r y .  

Thio sections of specnnens lyprcal of these granuhtea show intense rcplaament 
of original quartz and felspar by microcllne and subordihate mymekite. Biotite, 
muscovite and cblodte are present in m y n g  but genedfy small amounts. Palepink 
garnets arc the cammoncst accessory, but may be accompanied by epidote, b n s  
and apahte. Jn biotite-& types, banding caused by wflabl6 colouring of the pte- 
dominantly quartzo-Mspathic m a k M  is sometimes conspicuous. The otdy qxdmen 
M, 441757, consists of strained and cmM quafk, pert& micro&&pcfU&, 
inkmeline, cracked plnk garnets and Sabordhte muscovite and my#d&fs. Zircon 
and ore a n  the only acaswries. A olass d the gtuhdk B Wmed by the 
medium-grained garnetiferow types exposed in &e nuw d4 of W e .  
The garnets are small and, although usuallyd emtic& dipmbted throughout the 
rocks, are occasionally segregated into ura@lirt%&%. ,,,, , I I 
(ui) Quaf7zifea I ' w nn81. , ' , , U ~ S I L  

 lo tme quartzites were observed in dtu. &at &aiG near the B&% 
north& of Kiarawa, nor@ of the Thiba-Tana c?a&&w, and near the Taop mith 
of Karie. Agreeing with Shackkton's (1946, p. 12) ~~ ih the Nanyulri-Mamid 
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wmpmwh'c mi@'! In tbls part 
be@ o f q d  in EmBa-Meru 

seen to be iin$-grahrea and grey 
en 441527 is a homogeneous quartzose d coiapo6edbf rnutuaUy 
grains in which no distinction between @e original deaital grains 

g material exists. Most of the quartz shows optical Strdm. Abollt 10 per 
.Gut of the rock consists of opaque mineral& predominantly magnefite with subordinate 
bakes QE .grapbh. Qszwiiz++ flakes of muswvite occur and &me were presntnably 
d&ed.fronj &&ceoqaedii&irities. The accessory minerals are &@nand rutile. 

I 

Thin.mtwn 44ISSOA &ow§ w d, re+rystallization or polarization strain 
+f the subaugnl~r q- gmins, w M  are +&ww@ccI by interstitial brow@& material. 
Approximately 30 per cent of the rock wnsiPts of magnetite conputrated into thin 
c l d y  @ed layers, giving the rock a banded z+ppeao. Mpt@ i$ subordinate 
and the a d e s  include &wn, rutile and apatite. 

' . - a > ,  T 

(4 Metamorphosed Psephitic Sedimentm., . .mtq 
.(i) PebbLy Grifs Inn L. . . i 

Only one isolated exposure of a rock that is tentatidy coIx&%ted a8 derived 
from a pebbly grit was obmed ,  beside the @na River northaat rrP S a w .  The 
specimen (441523 is leu~cratic and unfoliated. Pebble-Iike grains of ~ - q w & z  
are embedded in a predomhatly quatfm-felspsthic matrix imparting. a blastopsephitie 
texture to the rocks. The felsgars are mainly CaIcic oIigoolase and highly scricitkid. 
S d  plates of mtawvite ar+ fubordinate. 

(2) ~M~TAMORPECISED V ~ c h h n c  ROCKS OF TEE BASEMWT SY- 
No nwhmo&osed mcks of volcanic o&& w e  olprerVed in sib. Float of 

wE~ceo118 2Keccias tentatively @bed to the J&&qmnt Sysram was f e d  on the 
mzstern slopes of Kiangombe and in ttte m m s  af thp. Thw giver. Tlie rock 
has blastopscphitic textwe, 4 consists oE :-- of quttrq a* w- 
felspathic material, subhedral plates of awte,  and ,melanocrat& ,l&@L 
embedded in a predomieantly taf+aay(!) dcdsp'pi"i,wbloh contains granula? km ore 
and small orystala of augite. An &&Ye lxeM@k sf Weiains eomposed of calcite, quartz 
and a greenish chloritic product t r a v ~ ~ t h e e w k a :  

For t8e purpoae of ed as rocks in which a gnrditic 
admixed on a sfale n u l i o i i y  

opicdly visible (Turner and 
'YFboegm, 19% p. 294)- 'IPlsv@~,.Wlpnbm sf @mitic material variably show 

igmatites owe their origin to 
prigrating fluids, or to the 
tial fusion of the host-roclis 

"p. dit. '297). Thb' f@ftt& pfaslie flow and the pty-tie folding is 
mud to haw'&kh w a IPSUlt.bf defomtfon prior &I saWmtiioa 

. ~ 

Spec* 47765 .@ a fine example of a lit-pr-l@ replmement gneiss (cf. hl$ch, 
.I%,, d 231). in which well-preseffed parallel bauding has bcc-n only d y  
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79 
Thc early mpcrol~opically vied& 8igw of gm@atb arc reprewit& by the 

scattered and u n o r i e ~  d s v d o ~ t  of Mqpr por&yroblssts. These consist of 
either oSi&sc or microclins and, although in moSr cas~s they arc wmprkd of  
md&vidual grams, it was notad that in scme inatancea they are formed of numerous 
small crystals, eacb with independeat orbWion, Mug adjacent to one another. 
Specimen 44/506, a typical Wspr pwphymbht Bndaq is a lcucocratic Ene-gmhed 
rock, from the waathcred surface of wbidb tbs pb hsh-coloured fslspr ~ y r o ~  
project prominently. In thin section the tsxture is s e t n  to be heteroMastic and fhe 
microcline porphyroMasts usually consist of a mosaic of nUmBOw grains. Myrmdrite 
encroaches marginaliy on quartz @us. 0 t h  mineral6 include twinned oligoclase. 
orientated plates of biotite and muscovite, and granular epidote. As the number and 
size of the porphyroblasts increase and with aubsequcnt deformation, the f&py 
porphyroblast gneiss= grade into augen gmbwd of granitic apparPnsa. The lepcocnrtrc 
component of some of the banded gncissea Jm resulted whsn certain planes aftwded 
easy passage to the Mltraaon of granitizing fluids, thus promoting the increased p w t h  
and coalescence of the porphyroblast fdspars (MiscB, 1947, p. 225). 

Augen gneisses with mortar texture have been formed lorally where porphyr0bIast.s 
of oliodaca or microcline wth granulated edges have resisted rmshing and brccciation. 
Strained quartz grains are often segregated into h t icubr  f o h  Some cry&& of 
oligoclase contain rephwmx~t blebs of microcline and the micas oiten tend to wrap 
themselves around the Larger porphyroblasts. 

T ~ I U  sections of other migmatites reveal h e g u m *  xenomorvbc textures. ~n 
which the phenomena &riatic of metamo&h and grani&tim, snch as 
crystalloblastic and replacement struchues, show various stages of devclo~meot M m e -  
kite is usually the laa-to form. It replaws the earlier i n t m d d  fels- b h  encionch- 
ins on them as fungoid growths Sheared mcka Itaye oftea an unusually high microcline 
co&ent and in manv irwmm the aamntr of mia&h Pad m d i t e - v a ~  wonor- . -- . r -c- 
tionally. ~ i o t i k  is th;; cmmontst femmmm&n miagaL a88 is e&&fm accompanied 
bv. or interleaved witb hornblende. M-vi& is bmuinbb s&%dbie and m ernnirbl 
r&ti~nshi~ could be established betwan potash & 
and musmvitization. 

(4) MUOR I N I R U S I ~ ~  
(a) Gmnites 

Field criteria and rnicroscop~c evidence con6rm that the gmnhj have been formed 
by yanitization in srtu of pre-existing sedimentary rocks and by rhcomo* and 
subsequent intrusion. Specimens 441674, 441682 and 441687 warr taken at diEermt 
intenafs along the strike of the numerous closely spaced cmco&nt granite sheets 
extendxng from Kamukanya in the north to Matta, where they merge into the massive 
homogeneons granitic rocks of Kiambere. They are medium-ed, nm-foliated, 
pinkish rocks that have been selected for description because of their close similarity 
to rocks which are considered to be true magmatic granites. 

In thin-sect~on thege rocks have an allotriomorphic granular texture showing no 
marked d i  ammgcment of @&her the febsic or mafic components. Thcy cons is^ 
of large replacive cry& of microclke and microdine-mte, -what turbid soda 
piagi& quartz o as lobed grajtrs or blebs in the ffelqper, i~irregnlar g r a i ~  of 
mymxliite and subor% to biotite, in sow in#ancb8 altered to chlorite and in others 
interleaved with muscovite. Optical main is oftea &vew~t in the guartz and may be 
faiily intense. The wcemry minerals con& of @ s~bbedd cracked zircons, 
wedge9baped and granular s&ene, apatites and iTon om. The granites dser 
&om thc pnitoid gpeiOws farmed in dm, in tha the latter is OI%B 
aasn&~~tcd by aubpdlel ,  streaks and wi8p of d compdtion of 
the &@tea is M y  the theme as that of the except that in the lstaor tha 
muscovite and biotite content is higher, and in a they cantah Qnan w b H = l  
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gamets and .mulsr epidote, and the zircons am subm~mb.3. Mdanacmtic lenlioular 
Scalitrcn rue wnnnrmly enclosod in the grad@ pticnlarly - the contacts. m y  
arT, dpuaajr d@dd p d d  to the shike of ths country-rock and their apptarance 

r&f&s..%.&cy wae semi-plastic while enclosed in the mobilized host-mck. Spazimen 
44 675 1s a fh-gmhed, mildly foliated inolusion in a granitic host.rmk It has aystaUo- 
b w c  and is composed essentially of a mrystallivd and iabnsdy majned 
qSgE&fdqmthic matrix, enclosing numerous microliten of a m ,  fibrous pyroxme, 
aaiI.t&nh biotite. Perthite, myrmekite and granular spbne are subordinate. 

'Cheest i~~ted modes of somegraniteaaregiven W- 

- ~ .  441682 MI687 441674 

.,. Quatk . . . .  . . % . . 38 
% 
31 

% 
20 ....... 

Mic& . .  . . . . 24 UI 4 0 '  
Mym~ekitc .. . . . . - 3 3 1 , .  

' Soda plngioclass . . . . 26 22 23 ,. . . .  
... Biotite . . . . .. 3 6 lo ,&., ,.a 

Muscovite . . . . .. 8 + - 1 
- Chlorite . . . .  . . . . + + 

Sphene . . . .  . . . . - + * 
Accasori*~ . . . . . 1 + 2 - 

. . 
. . I 11 . . (41 PqgmsHU cgul Aplitw 

6 cif pspmacrau wexe recognized, viz'auto- 
Ttie f0mier"geDIBBHP OECUT in rocks of fairly 
b e g u h  ~Wes Wth gradational contacts, that 

a& often serroundk! by a narrow finegrained biotitic aureole. They are generally 
mi4poor rocks consisting of coarse-grained perthitic felapars, atmined qnattz and 
subordinate myrmekite. They attain their best development in the Rutca-Kabe area. 

The intrusive pegmatite6 are characterized by their shiup contacts and ths prtlsetlce 
of numerous garnets and much magnetite. It is in t h e  pegmatitea that mined 
deposits are more likely to bc found. The fekpar crystals, which axe frsquently visibly 
intergrown with quartz, are either colourleag or green (ammonite) and only rarely 
flesh-colowed. The micas often have an erratic distribution as unorimtated books 
and nests of various dimwsions, but on the whole are more frequently developed in 
the mom quartzom portions of the dykes. Oarnets are usually prssent and are 1ocaIly 
akundant. They are not unifprmly W.bu ted  throughout the pegmatitea and are 
frequently concentrated into elongsted zone& Although some crystals of gfmet attain 
a..&* of two inches. the wjority are small with cross-eections vary@ between 
an eigbthand a tenth of an inch. Xmoliths of country rock axe not uncommon in 
thb pegmatk and the gar pmwwbly have been derived by the absorption and 
inmaction of sucb material%, ths volatile-rich pegmatitic magma. Individual bodies 
frsqnmtly again thickneeses i%f 30 to 40 feet, and can be foliowed for considerable 
distances atong tht strike. l%xwpt for the development of tourmaline cryaala in the 
muscovite schiatsat 'K8thi&i, and the identifieation of grains of beryl, assumed to be 
of pegmatitic origia, in the sllnds of the ?%urn R i m ,  the pegmatite6 and adjacmt 
country rock are apparently devoid of any tram of mioerali i  volptilas. 

The intrusive pegmatite6 are most numerous and best exposed along and m the 
neighbourhood of the Thura River, between Matta and a point n o d  of Karie. Other. 
wmntrations of pegmatites are found in the area behvcen Tharnbu and Kamukanya 
a @ - s o u t h . ,  * 

Tfw aplitw are most common as -g narrow vdnleta Thq- . 
cem& esentUpof a qnt&z&felepathk in-Bwth with snbor- amo- d. 
@ palc.pkd&&.prunets a ~ d  flaky micas. They q q o n d  dosely to the gameWW& 
orrhogranulites dareribed by Shackleton (1946, p. 18) h the NanyuLi-Maralal a r m  .:I. 
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(c) B& Ig~rsoar  T 9 w  
(i) Olivine-pfmwte Norires 

Olivine and spinel-boaring gabbroic rocks arc confined to the low range of hills 
extending between Rongon and Ndun~. The rocks are medium-grained with only locally 
develops3 warser-grained patches, in which the incrcaae in grain size is usnaUy 
accompanied by a decrease in the plagioclase w!&CW. &tomposition of the olivine, 
under atmospheric weathuing, imparts to those with a high &+$Be wntent a character- 
istic pitted surface. The best exposure of the moze olkvfn&& varieties are found at 
the northcastem foot of Twoinoini. 

The norites are composed essenthUy of amounts of oMw, ~ p y r ~ ,  
augite, basic plagioclase, plmnaste and hom-. ("rradstksas &mu one type to 
another are caused by changea in the ceLatiVs propxti688 OT tht ctddf mimarolr Mag- 
matic differentiation of the fluid that gave rf8e to them hes aba yi&M anoahoeitcs 
an one end-stage rock and pyroxenitea and olivhwrich tgps as th6 W. lEe majority 
of the pyroxenites have, as a mult of subsequent metafn~rpbiam, sutfucd altemtion 
to amphibolites. Other pyroxenites and the olivin~rich fractions have. besn altucd 
by meteoric waters, charged with carbon dioxide and circnlat@ QiMn the zone of 
weathering, to magnesite and serpentine rocks. The metadolerites are cons~dezed to be 
genetically related to the gabbroic rocks. 

The olivine is wlourlurs and usually occurs in large, fresh, cracked plates, 
frequently showing undulatory extinction and illdened twinning. Serpentinization on 
a large scale is absent, and is only incipiently developed along some of the cracks, 
with wnwmitant release of magnetite. Thin veinlets of yellowish bowlingite are 
wmmon. Optic angle estimations mdicate that the olivine has a composition lying 
btween Fa,, and Fa,,. Coronal rims of h m e m  invariably separate the olivine 
grains from the plngioche, and in some cam double reaction rims have f o d ,  the 
inner hywsthene being mounded by an outer, uwrdly diwmtinuomr, rim of hom- 
blade. In thin section 441650 im.&ar grains of magndc have reaction rims of 
hyprsfhene and corn of olivine. 

Tbe olthoprroxraes include both hypersthene and enstatite, but tha, fofmw pra- 
dominates. The hyperslhene is feebly to moderately pleochtoie. Zcllad cry#& we?e 
observed, and the core of one of them was determined na b a h  ed pigem& cam- 
position, grading imperceptibly to a bypersthenic mantle. In Mn4etion 44/654A 
alteration of the hypersthene to tmnolite has proceeded Bo(h sWg@alty and do@ 
clakvage planes. Alteration to ba& is also wmmon. RaMy d&aded plated of 
hypersthene have an ophitic relationship to the plagioclase. 0th t h i l l 4 0 w  show 
sclrflerization produced by closely s p e d ,  minute, rod-lilc in&&n$ aligned paallel 
to cleavages or normal to cracks. Occasional crystals of enstatits are also present. 

The audte is u8uaUy wlourless or pale green. The cry&& are frequently ldmcd 
and aowded with minute particles of iron ore and caWe. Some grPtins c b r I y  
spproximate plg& in optical propertied. Replacement of thc an& by h o m h d e  
ia p d n g  by a method known in poli~hcd soction miorolcopy as multipk-sentre 

w ,growth, and some d the larger enclosed hornblende lath8 ere a r d t  of c e d ~ ~ 6 4  

L 
growth and conles#noe of imummabk cmtre8 of repheemem 

The green spine2 plconaatc is usually inbatdy inwrgfm nith ho11!hle1&, but 
occasionalfy intergrowth6 of spinel and hypsmtkm were o k m r d ,  which ib mb. 
ca&a form cotes surmnnded by mantles of hy- IhQ btugrowfhs, often,of 
petaloid structure, are sometimes s e ~ a r W r -  -dh+%&k ---- 

-- 73- iiSKahof two Bnidenuiablo mi~&. Larger *rsguLrr g+ne of spinel 
dmnd of intqowkb .tr&ares, uanaily ad* to lwrnbleads or iron ore 
It E ~ntmcsting to nde that when in contad with the former, the hotnbknde ilp- ?" 
to aaaume a dcapm grcso soloru. 
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'@e &~pe&sb komBIeadc n d y  in ill-formed gRiar, often a c c u r h  a$ 
h&ar blioan in t8a pyroxenes as d l  as forming rsaa&bm rims around them. 
.$om w k w h  -ins, with welldeveloped cleavage, ratha larger extkwion angle 
and modeqtely high buefringence may be enriched in the curmoiastonit. molecnle 
(Stewart, 1946, p. 478). 

T h  ~bgioclase is usuall~ fresh and accurs as large twinned crystals with smooth, 
rounded and embayed outlines. Rarely are they in wnhct  with the ferromagncsian 
minerals without the development of reaction nms or secondary tremolite. The com- 
position of the piagioclase lies.approximat& in the ran* labradoritchytownite. 

The rubordinate minerals include Ebmus tremolite, calcite and acattsred small 
amounts of epidote. 

The estimated modes of some repnsentative specimens of the &tic rocks are 
as foUows:- 

441653 4416544 4416.540 a t 6 5 0  

Pk@octase . . % . . 25 
% 
65 

% 
5 

% 
42 

Olivine . . . . . . 18 + 20 8 
Qrtho-pyroxene . . . . I5 22 18 6 
Augite . . . . . . 18 + n 8 
Hornblende . . . . . . 16 6 24 19 
Piemtaste . . . . .. 8 - 3 7 
Tremolite . . . . . . - 6 - 11 
Asessomiap . . . . .. + 1 3 3 

(in) Hornbkn& yleubbros 
?aq@4wk P B $ h  ljdic all the basic infrusim axe poorly exposed and 

cQaurcts, whch wodd elucidate their rdation to, and etfects upon the country rock, 
w c # r a p t ~ . s b  

T k  te- 06 (be BornMende gabhros have been m- to a &watw or lsrser 
extant bg, the. effwts of metamorphks%. Depsodiog on w h h s  the hornblapds ia p- 
or secondary the rocks may be classed as d i e  gabbm or b+w. Tbs *, 
however, are M i a t e  in that &ey contain both umMe ~ p d  ~omrw*o. gca& horn- 
blende. 

The uralitic nabbros are meticaUv related to the anorthosites and all U t i o n s  
exist ttqtwsen them, the ~ t e - ~ i n g  derived by paramorphic I of the original 
aunite. The hornblende of thin section 441651B is secondary and sau*ounde a r e s  of 
augite into which occwonai. veinlets penetrate in irreguiar Wtim. In sspedmen 
44/651A complete uralioization of the pyroxene has taken plaw. Tbe plagioclasc is 
strained and partly recrystallized with the production of irregular Wwed aggregates, 
and encloses numerous microlites of epidote and needles of hornblende. 

The rnaioritv of the boiites are nvmxene-free. A tvmcal swimen. 441669. from 
tb ~u;tnj& Gver, south-& of l%&bu, has subor&te &es of biotite in'largcr 
olatus of &meen hornbknds. 'Pbis s W u r e  may be intermeted as due to the influeace 
bt m ~ t z s m  tendmg to convert horhblende &to biotite, with the &ease 
of lime, which has been tixed as scattered grains end columns of epidote. Fresh, w&- 
twiqned plagioclase makes up the rest of the mck. In thin d o n  441683 the ben- 
He& bss a mdely docussate structure. The accessory minerals include  tile, me, 
'Wmolite, pyrite and in one instance calcite. 

mataming botb primary and secondary hornblende w m  bund as scattered 
Whrs bet- the Ruanioaa Rives and Tbambu. They me d u m - m a k e d  sad the 
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Spaclmcn 4 4 / a  &om is 4 rome ummddy that 
itishdudadin thisclnssaritmrq arieia 1Bxospt for fha pmonas 
of pyroxeae and abundant #&em rhc lainsral umporition is the same aa the pabbpg. 
TIE tsxture, hownrsr, is aimpla granuhtr. 

 he a i p r o ~  moviw of the gabbros a n  : - 
44167i 441669 441651 141680 

PbqiOdase . .  . . 
% % % % 

.. 30 51 60 6 
. . . .  HMnbbnae . . SO 45 ' 

- - 37 45 
m e  . . . . . . + 15 
BIdtirs . . . . . . - f - - 
E@te . . . . .. 18 3 3 30 
AcCesmie.3 .. 

( i  Anorthosites 
Only a few nkow 

wab the basic intnmiws 
, majority are grcykh with a s 

ing to a reddish-brown oolaot. 

no preferred orientation and are only rarely co 

The oomplex. tuRon of these rocks, as revealed in thin nebion, is due to the 
W b & y  of the calcic molrcute =& the pLagioclase undsr dynamio metamorpbh when 
i t  bcea$s up to give epidotc-wisjte, calcite and a more aodb variety of felspar. This 
led8 to irregular mplaciye intergrowth of t w h d  and untwinned pl&oclsse. Oranular 
q+idotbmieIte is far more abundant in thc & o ~ ~  than field inspiion indicates. 
The original pyroxene has been completely aitaed to elmost dewless, cormdeB ham- 
Menile aggrcgam. S p s i m w  441648 has, in sBditiw ta hcmbhde and pWmlasct 
em& amounts of interstitial calcite, fibrous (r(~palits, anrl blcm of hmolits. Ormulsr 

The two specimens sliced have the following estimated mMd ~(~npdtkma:-- v 

Hornblende . . . .  
Epidote . . . . . . . . . . 16. 22 
ScapoIlce .. . . . . . . .. t . d 
A-riss . . . .  . . . . . . 1 + 

(iv) Mefa-dolerites and Pla&klape Amphibolila 
The metamorphism of the base intru6ives wmmenccd 08 the outside wd gmdually 

pemhatcd inwards, in many imtmwa leaving relathLy unmodltkd cons of meta- 
delexire, the medium-mahed granular textnre of which is still mngnbble as that of 
R comlidatsd magmn. The wres have rrstWsd sresion and now stand on8 prominsntly 
as idbags. They grade outwards into plaeiodas. afnphiboh and ampbibolites, 
wgiob am sometimcdi well foliated bot only rardy dwelw l i  orientation of the 
primatic mine&. 

The metadolsrites are generally mEdium-grah4 .-tic, granular rocks 
M o n a U y  axhibiting mild 
minute ineluaions of iron 
oricnmed ro impart sohilla 
C e h I  mom plsochroic 
altoFation to amphibole bas r 
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ment or small patchy internal repkmmmta. In thin section 441652, however, the original 
pyroxene now konsir(a of an interlacing network of fibrous tr&, Bastite in alsa 
common as a decomposition poduct of the pyroxenes. The fd- fabout An,.) ars 
u s 4 y  h h  and lwinne4 but in some slicee are partly maydbd Oceadonalfy 
they enclose, numerous rod-Ue grains of epidote and scattered Wt$ of calcite. 
Chlorite and granular epidote are present in subordinate amounts in some of the rocks. 

From the above description it will be seen that the phenomena of urslitization, 
saussuritization, and to a 1-r extent chlor~tization, have ali d a t e d  the dolerites at 
some stage. 

The asswmted plagiodase amphibolites are fine-grained, generally foliated, and 
consist essentially of flaky hornblende, andssine f&par, aad a*?ccssory sphene. In one 
specimen dull brown flakes of biotite were abed on tfic fmctmod surface, but 
not in the sbde. Garnets, which have been reported as a conshtusat of many of the 
plagioclase amphibolitea from other parts of Kenya, are not pnser* 

(iv) Orthodmphibolites 
AmphiboliWon of pyroxenlte has led to the production of ortho-emphibo~,  

which are mvariably closely associated with the hornblende gneiascs and basic inhwiwa. 
They are generally massive hard rocks only rarely exhibiting weak whkto&y. In@- 
lockmg stout prisms of hornblende form the bulk of such rocks. Thin d o n s  reveal 
that the cores of the blubgrffin hombkade aystalu am often m e d  w&& &ate 
indusions producing a crude ~chillcx atrmtuk. Sieved &mtum an net wnoormnon. 
The her-grained matrix is of varying but anall amount# of plagb%we,, 
epidote, seapolite, ddte asd +. T%e ge&c ralatlwsbip batwrm the ~ b o ~  
aad the spatted agorthoditea ia by thin d o n  441656 in which the plagio- 
c l a ~  and hombiende haw habits sbailar to the same miDerals in the armthc&w, 
though their amounts are in inyeme ratios. There is, however, a noticeable decrease 
in thc epi&t@ content and occasional intergroW&hs of homMendo and plagioek were 
0 , h e d .  

The estimated modes of two typical ortho-amphibolites are given below:- 
441886 441656 

Sh 
Plapioclase . . . . . . . .. 7 

% 
7 

Hornblende . . . .  . . . . .. 86 93 
Epidote . . . . . , . . . .  5 - 
Scapolite .. . . . . .. 6 - 
'4ccasmries . . . .  . . . . .. 2 + 

Some small irregnlar lenses of coarse-gtained hornbkndite am so dosL8y mmiated 
with the basic intrusiyes, particularly at Muttmu and south of Ron&, that they are 
considered to be geneticany related. They probably repmmt the complete amphibolitiza- 
tion of o e a l l y  coarse-grained pyroxmitea. A lack of any directional textures is 
attributed to the protaction from metamorphism afforded them by the llarrounding 
basic intrusives. The fresh unaltered type8 are blaek, the more weathe& varieties a 
dull green. S p e c m  441658, from Mutheru, has a hypiodiomorphic granular texture 
and consists of brownish subhedral hornblende a d  fi.esh twinned plagioclase 
(about An,,). Iron ore and apatite are the only accssories. The hand-specimen contains 
over 90 pcr cent of hombtende. 

(vif Chlorite and Tremoliteactinolite Schisfs 
Tkw ars the metamorphic representatives of thc ultrabasic igneous rocks. As 

tbe p d e  of metamorphism deerearn, the plaa of amphibolitm of tha epidob , 
amphibofitc facie8 is taken by actinolite schists, and chlorite becomes increasingly 
abundam (Tumw and Verhoogen, 1951, p. 465). Chloritization also arises undsr 
mntensh wetthering conditions or as a m l t  of sbwlng. ThO m u r  as sinall 
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discontinuous lenses associated with the cores of the basic intrusive6 in the Muthew- 
Rongori area and between the Thiba and Tana. Smaller isolated occurrence, e.g. north- 
west of Kiambere and east of Thambu, may have beei~ derived from sediments, although 
determination of the alumina content by chemieal analyses would be neoessary to 
w n h  this. They are medium- to fine-grained, generally fairly soft and friabie, and 
their colom vary from shades of grey to green with occasional brownish iron&ed 
varieties. They consist esentially of members of tke chlorite family, trenwlite&lite, 
talc and magnetite. Thechlorite is pale-greeniph, and is sometimes moderatdy plmehmic. 
It occurs as minute interlaced flakes, as aggregates of fibro-lamellar structure, or as 
larger grains that tend to form rosette- and fan-shaped clusters. In those rocks with 
a h i  tremolite-actinolite content the chlorite is segregated into clusters. Spcchm 
441873 wnsista of large interpenetrating plates of talc and chlori*. Numerous veinlets 
of a brownish unidentified decomposition product, not unlike iddingsite, occur both 
interstitially and along cleavage traces. Thin section 44/8&1 shows bastite that has 
formed patchily in the larger, somewhat fibrous, tremolite-actholite plates. Specimen 
441865 consists of approximately 70 to 80 per cent (by volume) of magnetite separated 
by veinlets of colourless fibro-lamellar chlorite. 

' .  r(s) Mmon Itmmsnwk%?lrh l o  

' . 'AS la) W t e  mulr I 
. . .  

Small discontinuous l e m  of rook thought to bc derived from doIsdtes ooow 
among the calc-silicate ~ u l i t e s  in the eastern haK d the mm. They are mdanocratk 
granular rocks, the expo& surfaces of which weather to a thin brownish encruetation 
out of which the femmagnesian minerals project haphazardly. 

In thin sections (441813 and 441742) it is seen that the rocks are composed of 
crystals of plagioclase (about An,,) associated with hornblende and kss w-y 
pyroxenes. Some plagioclase grains show isolated p t c h ~  of sericitization. Epidote 
OCCUTS as chadacrysts in the plagiootase and in the larger hornblende grains. The 
pyroxenes include a green variety and occasioml much-larger poililoblastk crystals 
of a wlourless type. Where brownish orthite (7) is present (441762) it is usually 
intimately associated with the pyroxenes, and there is a noticeable decrease in the 
amount of epidote. The accessory minerals include calcite, ilmenite, sphsne, apatite 
and pyrite. 

X T h e ~ h S e r i e s  
Distinctive predominantly pelitic rooks comprising the Embu seriec ere confined 

to the area south of Siakago and are not extensively developed. They dltfer from all 
the Basement System rocks described in East Africa and are tentative@ oonsidered 
to  be of later age. The various rocks exhibit no  signs of graniht ibn and are character- 
ired by low-metamorphic-grade mineral assemblages and by thc prossace of tourmaline 
as an accessory mineral. The small stumpy prism8 of t o m d i n e  appear to have 
developed from the boron content of the original sediment8 rather than by pneu- 
matolysig 

For the purpose of deecription the rooks of the Embu srries are dadied into 
the following group : - 

(I) C&rwus 
Friable saccharoidal limeatone, 

(2) Pelilic and Semi-pelitic 
(a) Knotenschiefer. 
(b) Granulosc tym 
(c) Schistose types. 
(d) me- types. 
(e) Semi-hornf*sic types. 

(3) Psephitfc 
Motaan$omcrate. 
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(1) METAMORPHOSED CALCAR~OUS SW~MENIS 
The l i n e s  are poorly exposed and occur on the west of the Thura River. 

They are friable linegrained types with saocharoidal texture and are traversed by 
imgu1ar veins of caloite. A tbii section of @m 441839 shows that it is compsed 
of a mosaic of subrounded Carbonate grains with rims of brownish cementing material. 
The scdlmentary fabric of these limegtones has to a great extent survived the meta- 
morphism, but there has been some recryskdbtion as well as orientation of the axes 
of the grains. Flakes of talc and fibrous chlorite are subordinate. 

(2) METAMORF~OSED Pmnc AND . Q ~ ~ B I . ~ c  TWES 
Rocks of this type form the bulk of the Embu mbs, In some horizons bedding 

has been preserved by regular prdlel banding of lewmaabe guartzo-felspathic and 
mclanocratic micaceous layers. Other types have mafulw stnrhns such as is typically 
developed in argdlaceous rocks under thermal or contact mtamorphism in which 
spotting appears as a result of the incipient crystallization of biOtLts or other minerals. 
According to TyreU (1941, p. 272), 'The porphyroblasts form by metamorphio re- 
constitution from the original muture of decomposition products and rack flour, which - is retained under a low-grade metamorphism as the &roundmass in which the porphyro- 
blasts are embedded". With increased metamorphism such knotenschiefer in the present 
area grade into fine-g~ained granoblasbc types often showing an inaipient banding. 
TransiQons exist from this stage, in which the spotting sometimes per&&, to gneissose, 
schiatose and granulose types. Under more intense metamorphism semi-homf& types 
have been formed. The grade of metamorphism incream from west to east, the semi- 
hornfelsic rocks out-croppreg adjacent to the d band of crystalline limestone and 
associated calc-silicate mcka 

Knotcmhiefer 
The mast characteristic of the knotenschiefex are leucocratic rocks with numerous 

black unorientated spots of blotite. The spots, which are roughly equidhemional 
and average about tbrce millimetrs diameter, p j e a  prominently from weathered 
surfaces. 

The biotite porphyrohlasts exhibit poikiloblastic ptructure and are usually pteoohroic 
from yellowish-brown to almost black and rarely to reddish-brown. The matrix con- 
sists e n t i a l l y  of subangular qusrtz grains and numerous unorientated small &alrw 
of muscovite. Not infrequently larger corroded muscovite plates appear to have baa 
derived from biotite. A ri6e in the colour index of the racks is accompanied by an  
mmase in the fckpar content at the expense of quartz, by coarser-gramed muscovite, 
and the presence of replacive scapolite, and by megular grains of calcite and granular 
to ruddy columnar epidote. The accessory minerals include subrounded z h g ,  minute 
stumpy prisms of bu@ feebly plwchroic tourmadjie, granular sp&m and rare a p p  

Typical knotenschefer were estimated to have the following composition: - 
441835 441826 441838 

~ o o l a p e  
Biotite . . 
M~84)vite 
Scawlitc . . . .  *-' .. - 
~ ~ i & o t e  . . . .  . . . . - 6 + 
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Wit is evident that 

The pcbMss @ah a h t b  af between one and a half and tm bU4m althonsh 
the a-dzsbhtnnsnabalf and a quarta of aninch. Sorssofwm OLW 

are =diptdal md well wora, othas ace of ,8ubangular obiate habit, iaieimajority 
are subrounded. TBe pebble wount for only 15 to 20 per cent of the Eotal rock. 
Altbt&they showaoolMi~~8~naldignmeatiaoutcmpa,thel&gsxesof the 
wkbh do. on closa hmcfion. amem to have an enomximate wrth to mu& 

in the mahix, rich in @dote and qaaFg 
outlhcs. may repremit pobbbr of epidoldaa. 

'Che QWU@ &es are g4ncrally mall, muadcd, and with vitreous lare. h fhla- 
d o n  they are to baw irrrgular outlhes, and have evidently su&Icrd TaZymg 
degrees of orusbing, and r o c r y ~ t k , a  Not itkquently 9 y  show &a of replace- 
meut by m-vite. The quar&ik @ble, abo s@l, am mo&Jy eithsr whithh or 
.tinged with &reen. In lhin-~oction it eon be that the  in^^ grains are scgarated 
by i n t e W  brownish and an d o n a I l y  qoundcd by curved flake 
of biotite The majority of @& pdrMcs k v e  baca derived fram predominantly guartm- 
Mspathic para~gnekea and mr&b. l h  former a n  mepidrn-grained &mi tieh in 

.&rmwm* and biotite in a fbe-gmikd qUBIU*)- 

is.&y&a& blsatopsaptaitk and ihe matrix 

tlakps of 
PZiuDBant. 
prwut in 

gmnular 

J.'Ilk?TerUawVdeofrs 

w .  &em fringe of the volcanic rock# of hit. Kenya is included in the 
&&q&:canrposea 0fthcfoll~typa:- 

(0' I(*tyBw with a&omen@ and tufIs. 
@ T):@rphm and d===pasnatcs. 
(4 - bamlta. 
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38 - ' .- 
Both the field ~ ~ o e  and persohgid c 'a @ them rucks h v e  been 

d&bed by Campbell Smith (@&II' pi 2421, W-6, pp. 35,3Q, and Schoeman 
11931, pp. 46-49). The rocks af tlia p m  aces me ao similar to t h w  demibe8 by 
Schwman ib the adjoiniqa Embu-Meru dbai@t thnt detailed redescription is s u ~ n o u s .  
Bodden of monohiquitic rocks were found in the northastern corner of the area 
and small outcrops of basaltic rocks were mapped in the Ruanjoga Valley and near 
Muds in the south-ea& corner of the area, They are probably of Tertiary age. 

(1) KENYPBS AND ASSOCIA~ED PYROCLASTIC R m  
W y  the kenytes are markedly vesicular but with only partial m 6 b g  cd the 

A m d i n g  to Schoeman (op. cit., p. 47, 48) the apbnitic groundmass consistg of 
anortboclase, nepheline, agcrine-augite, cossynte, kataphonte, olivine, adoi te  ang 

distinct types were recogwed, one melanocratic gritty tuff and the second pale-grey 
homogeneous tutf. The former, which occurs north of Siakago on either side of the 
road, is a brtttle rock of dull-black colour showing rude stratification. The inclusions 
consist of clastic grains of quartz and felspar, small rock fragments and basaltic glass. 
The homogeneous tuffs, which are more suitable for building purposes, have a few 
inclusions of foreign material embedded in an irregularly stained groundmags mnying 
numerous wlourbs and weakly buefruigent nucrolites and brownish aggregates of 
an unidentifiable isotropic mineral of fibrous and sphemlitic habit. 

(2) E'FIONOL~S 
The dense and finely porphyritic phonol~tes occur as stnall isolated intercalated 

lenses within the kenytes. They are SOmehmes rudely fisslle. M ~ ~ y  $q are 
essentially the same as the kenytes but differ in the following respedW They are Wd& 
less coarsely porphyritic, the needle-like plagioclase is arranged in a trach$&- texture, 
microphenocrysts of pyroxene have mossy habit and are more abundant than olivine, 
and fine cross-hatched tw~nning is frequently developed in the auortkdase phenocrysts. 

(3) O L ~  BASALTS 

The largest occurrence of olivine basalts forms a m o w  bad running approxi- 
mately east-west and following the low-lying ground hnedhtdy aouth of the Thiba 
River. Exposures in some of the dry river-courm reveal rudm prismalic m columnar 
jointing. They are f i n e g r a d ,  non-porphyritic rocks with only a few scattened mega- 
xopically visible olivine phemory%ts. The majority are he ly  vesicukr with & v&les 
generally empty or only partly lined wlth carbonates. The wcles are d j r  ovoid 
in ou the  *ugh in some rocks they are e x w d y  k~uku. Speckms 441664 and 
441665 are typical representatives of thege I& Lathy twhsd p&ocIme with 
criss-cross orientation is usually the predominant sbkwal. T i - b r o w n  titanaugite 
occurs in ~oorly formed grains often of skeletal habit, and not infrequently mth a 
suh-ophitic relationsh~p to the plagioclase. A n h d  &wless olivine is also present 
and shows centrifugal alteration, m varrous stage& to Brmnish idding*. In some 
slices isotropic and feebly anisotropic pools of ydlow-brown glass with numerous 
microlites, generally coocmtrated nearer the11 edm, interstttially between the 
plagioclase laths. Qlsik?, granular and microlitic iron ore, and a grem alteration prodnot 
(chlorite?) were also o\ascrved. 
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Between Kiambiti and W e  tbare are four irregdat b o w  of olivine &salts. 
They ofcupy the higher g~ound and may represent lnfillings of pipblikc d w m d s  up 
which the lava welled without any e d v e  surface flows. AIImptivtly thsy may 
have formod in spaces produced by horizontal momnmt along an hguQr faultliw. 
Exposures were too poor to afford any direct evidenw of the origin. 

They are dense, non-wsicular, and on1 8pingly puiphyritic, the phenoerysts 
ebnsistiug of small scattered &s of glassy ogvine. Thiid &on 44,492 from Kiambiti 
consists of rectangular laths of twioned plagi& @ibdmh) embedded in a hypo- 
crvstalline xrouddmaas Cdniwsed of micredits8 of BM- m u l a r  ore. 
a& crypt&rystalline mate&. Thc squat, dourlegs b& of .wlr~e&a-habit shows 
only inoiuient alterstion dona ~racks. The omoxme occun in two kt@ne?ations of which 
the- rni&phenocrysts were termined ii pigeonite.  ha my-& OUW of the 
pyroxenes, olivines and many -'$ the felspars have been mwliEed to a grsater or lesser 
extent by magmatic corroeim,- edges are rounded and d e s  embayed. 
Specimen 441688 from east of Kanjiro a of slightly c o w  grain size. Pyroxene occm 
only in the groundmaw which is relatively free of cryptwrystallhe material. Scales 
and small flakes of reddish-brown biotite and greenish chlorite are scattered throughout 
the rock, but usually cioosely associated with the iron ore. 

Monchiquific Rocks 
Several loose boulders of amygdaloidal rocks were picked up where the Tana 

leaves the area in the north. They are of basic axupmition and crowded with numerous 
amygdales and pbeuoctysta The amygdales are white and wmposcd almost entirely 
of calcite, o d o n a l l y  of calcite and secondary quartz, or calcite and chlorite and 
rarely of quartz alone. Tbh sections 441843, 44 /64 ,  441846 reveal that the matrix 
is ~ m p o s c d  largely of Bbrous zeolite in which arc embedded prismatic wlourless 
augite, pseudomorpbs of olivine, euhedd brown amphibole and long apatite needles 
and d o n a l l y  biotite. The hornblende crystals usually have dark reaction rims and 
small specks of pynte are accessory; occasionally veinlets of quartz and calcite traverse 
the rock. A few large, rounded quartz i n c l u u i ~  are also present The boulders 
probably represent u n d k o v e d  dykea of Tertiary age. 

West of Muguthu a narrow dyks-like body of poorly exposed basalt occm in 
the crystalhe limestones and a k 4 i c a t e  granulites. Numerous rounded knots project 
prominmtly from its weathered ,surface, but are leas dkemiblt when the rwk is 
f r d y  fractured. A thin s tdon  of specimen 441767 consis$ of Dmall prisms of 
basaltic hornblende, augite, a mall amount of a green pyroxene, and 8ubordinate 
chlorite, embedded in variably bmwn or wlowless 81- containing numerous crystal- 
lites. Plagioclase was not obscxwd and the only leucocratic minerals are wmoded 
microphenocrysta of apt&. Granular iron ore is abundant. The rounded knots, which 
may represent original vesicles or amygdales, mnsist of cryptwry8talline or isotropic 
m-t&, a d t e d  with pol i te in some cases. .I 

Another small axpowre of basalt was found south of the Ruanjoga Rivsr, about 
six &ea west of its &uence with the Em. It outcrops for only a few yards and its 
exaa relationship to the Basement System rocks is obscured by the soil-sapping. Basaltic 
hornblende, not infrequently fonning discontinuous mantles around the pyroxene, 
pycoxac, imgular grsins of calcite with cores of serpentine, twinned phgioclase and 
lpaaulsr iron ore make up the bulk of thin section 441668. Zeolifes are present @ - (, 
intustitial patches which are commonly arranged in a coam sheaf-like manna and 
aa5miatsB with calcite. 

4.PkidoecPermdRsewlDcpod(s 
Ilmc depo8as are of suplicial type and excapt far the m s  of black wtton 

mil, are not cxtenaivoly devdopod. 
I 
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The bulk of thc black &&n dl is 6miBwd to the aMttb-sastrrn 0f tbs 

m ths aocmwlattan of numerous nodolcs of kudLv 
atone. Cmti@sd powth of tkes prCsuumMy by caFaUary atfraction, has in dome 
lowliriso &von ribe to the formation of impure shest limestone8 a few f a t  bslow 
@s m. 

bkeWmtios ha8 hen Bdive but not intense and no extmdw or thick 
B f  a)llsWa&d 1Pfmitic iron&m ~ ~ 6 0 b f t r Y # l r  il -. Long-continued weathering of the ubbsrsic intrnsivea and  oms of fhsW&mc 
bsncbhasmulted i n t h e f o r a ~ ~ ~ a f ~ ~  of magnesik and a hardarhcc 
~ t i o n o f ~ n ~ ~  
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Baadstmms of the southem tnbuterim of tb M 
Trave*e float was found tn a tributary of the Thm. Rhrsr mSx %Y eaSma%e 

with the Tana. It is solid, and not cellular p much travertine is, ~ k i y  banded, 
and possibly capsble of taking a good polish. Small drnsy cavities lined with secondary 
oatcite am not unmmmon. 

V ~ T I O N  
some aspects of gcdtization Baw d m d y  ken dissussad, prtk&rly  in the 

section d e a h  with migmatitea The majority of thr mcb ef originally aremrxous 
and ar&ceous composition have been aE& to some BlMt by gmmtzing ftuids. 
Oraniwahon has been most intense in ths east w& the pAu&on of migmath 
around Muguthn and homogeneous granitic rocks nmfbeast of M d e .  This agrm 
with fkbcman'o (1948, p. 9) observations in the arrrs te t8o w@ of Kitui Thc grade 
of me- also incream eastwards so that degree -of &pu&imtioa and mela- 
morphia apperv to be i n u  linked. The absena, of tiDn in m e  of 
the lower-gradc ~~gi l l i tw and hornfdsic types, e$, no 
of Rongori, suggWa that gradhation d m  not begin 
has attained a gadc aplxoaching the epidote-amphibolitc fdm. 

Microscope dicstes that granitization has tabu p h e  chiefly by 
elkali metasoma rocks appear, except for the &nal eonvgmion of 
h o r e b l ~  (0 biohte, to bsve esaped granitization. It is @dbls,  however&Ugh 
thir would need c o n b a t h  by mom &&led mirra%!oj~c work and by &@d 
i n v t s t l g a b o ~ t  some of the hornbiende-biotite g n e k  are ddwtives of basic 
rocks that have been sub- to a predominantly soda m e b s o ~ .  Miecb (1947, 
gp, 238-24b) aonskbn teat in f8c north-- Hkmhym the bsrie racks tend to be 
~ ~ W y  if t h e ~ t i n g h i d a h ~ f a a J & & r o d i u s , w ~ a s w H a s  
kge  amwnts of silica. .. 

The reasons why calcareo 
that limestones are & e n i d l y  
pliiic rocks, that they arc r 
that wBereas psammitie rocks and to a less wtcaf 
under praasurq thus ci&dhg eaay pasaga for the uida, the Kmestoncs 
tend to fJBW ph&ically. (Mi8Cb. 1947, p. 237.) ThC ut@$Wp&iliri of calcamus bands 
to chcmifal migration is illustrated by the pr~sence ot kdstlvely pure marbles nexl 
to the intensely xntgmatipd rooks between Lutuni and MWthu. 
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Quartzites, too, have eaeeptd granitiration. Their escaps ia attributed more to 
their degree of compacfion, with consequent low porosity, rather than to any inherent 
mistance to replacement of the quartz grains of which they are composed. 

In the area west of Kitui, Schoeman (1948, p. 19) traces the progress of granitization 
in migmatitic metanocratic sch~sts, through the following stages: s c h i a - f d s p t h i  
schist-felspthiud gneiss-biotite-rich granitoid gneiss. Further south Dodson has 
suggested the following rock grouping: Banded gnei-biotite gneiss-nitoid gneim- 
non-intrusive gramte. In the area south-east of Embu, where the original rock was 
in most cases a biotite gneiss, advancing granitization an be traced through the follow- 
Ing stages: Blotite gneiss-felspar porphyroblast g n e ~ a t i t k  
banded gneiss (including lit-par-lit replacement gn&ss+gmaitoid g n e h r u t e  (non- 
tntrusivebgranite (intrusive). W e  variously gnninzed rocka are intimately inter- 
fingered and interlayered wlth the host-rock. 

The elongirtion and aIignment of the porphyroblasts, acquired by crystalloblastic 
growth, and their cataclastic deformation where movement outlasted growth (e.g. . 
specimen 44/616), indicates that the augen g n e k  are synkinematic. The pstkinematic 
phase of gmtization is indicated by the abundance of microcline in shear zones and 
the drect~onless fabric of many of the granitoid gneisses. 

The intrusive granitlc bodies and pegmatites are interpreted as the final stage of 
granitmtion during which the metaromatized material became m o b i i  and was 
injected into slightly crorreeutting tension fractures strikin& for the most part, a few 
degrees east of north. Such an origin for the pegmatitea would a w n 1  for their 
defichcy in volatile mineraliurs, suob aa are so often characteristic of pegmatit- 
whieb have formed by crystallization of the residual volatile-rich fractions of deegscated 
magmas. 

VI-METAMORPHISM 
The variability in composition of the sediments of the Basement System both along 

the dip and the strike, the absence of distinctive marker horizons, the possibly anomalous 
effects of Intense granitization, and local peculiarities in chemical cornporntion, make 
any attempt at metamorphic zoning by means of isograds, extremely difficult, if not 
impracticable on a quarter-degree sheet scale. 

The highest grade of metamorphism in the area is indicated by the following 
ideal mineral assemblages, towards which, in spite of the pfesence of unstable relics, 
the rocks are progressmg. The assen~bhges fall within the pyroxene-hornfels facies 
and are: - 
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the Mumoni Mountains, the equilibrium assemblage towards which chemical recon- 
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&ultrabaa'i igneous rocks. 

The bMte  gne iss  east of Kiarawara with assemblages approaching those of the 
biotibchkite subfacies, represent the lowest grade of metamorphism in the area. 
The texture of these rocks conlims that retrogressive metamorphism wuld not have 

mponaiblq for tbp low-grade mineral essemblap, 
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bmblende and garnet paphyroblasts in thc horufelaic rocks. The orih of WB local 
conbc( metamolpebm could not be asmtained 

Tim thlY?d majar kctorn & n j ~ o  the e#rw%d fewre8 in the area are: 
(a) thc migration of 
-urea with predombnt n 
and (c) the m u s a t  physioal pmgcrtiss of 
w*. 

RB&I& sttaras produd differ& read 
i n v o I v S a ' ~  ir pazticularly well iUusbkd 

of soac of the l h & m e  bar& ia attributtd to 
area0 where the racks w& rime rigid. t&ey y* 
marked shear zones. T h e  -, which are o 
commonly developd at. @ $notions of na 
granitoid gneiss, particularly 'wuth of the Tana. 

The continwtion of the Thatha synoline gORh-W.Bt.& (Sebrman, 194% 
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FsaS of Kiambare a markrd drat@ in- the E t b b g y  and structure is apparent, 
and $be gradwL&& of t8n Wta to thc north- rn the north, and south-east 
in the south, points to tke applfca(ioa of prensure from dzreotions from north or south. 
The n m  d tbb brM ~ W a l  flexwe has becn fractured and sheared and reversals 
of dip nm not -. 

A p o o f l ~  bot intrica& st+uctwro &F+ Wined by the di8(1ontinuous bmstone 
ku&sintbcgwt$raashrpafftoraltbeamawt$~~~tsda% an overturnedphtngiDg 
antiehe. D@x, * mradumWe sn citha vstti*rl or  steeply inclined to tBe Qaat, 

tbe mw of the structure has baeo distorted by fwturing and flowage. 

A gcoasl cbmge of dip interpreted aa a ststg antk!bd stnrture, but with no 
ob3ious dupkatian o& the eta . ,  occm along a llec f&e F&% 1) b m  west of S i a g o ,  
throu$h Kiangoya, to east of Manutha. Beyond this point W t  position cannot 
be followed due to poor exposures, but it i s  considered 'to fiak up dtb the anticlinal 
axis mapped by Schoeman (op. cit, p. 24) in the north-east m a  d tbe area west of 
Kitui. 

Fadring 
No major hulting could be positively identi64 owing eawatialiy to  tht absence 

of well-expoaed and persistent marker horizons. North of Mwango a d -t 
in the strata, gradually decreasing westwards to the Tana, indicates a hinge fault. 
Smaller faults were noted in the limestone bands, in the muscovite Bchists gouth 
Kanjim, and in the hornblende gneisses w t  of Thambn. In other srcas abmpt < 
continuity of structures suggests faulting, but faulta have not been shown on the n 
because of iarutlicient evidence, mainly the inability to match displaced w e ]  
It is possible that the isolated, sheared iruelbeug of 'Ihambn is a displaced p r t h  c 
h g e  band of gabbruic rocks occurring in tbe adjoining Embu-Meru area (Scboan 
la], p. 26). 

Lineation 
Although lineation, expressed by the orientation of mica Bakes on foliauon surfaeos, 

is common in the biotite gnehca, it is rarely pronounced and, unless sxwhed for, 

tedonic pattern, but the puckers indicate that the regional folding 
angles varying from 5" to 29". This agrees with the obaerva- 
Maralal area (Shaekluton, 1946, pp 25, 26), in the E m b  
p. 52) and w@at of Kitui (Schocman, 1M8, p. 40). 

8 .  .m r . ~  
6 last effe:,@ ap,fe to produce reiatively 8twply inclined joints. The 

two mOgt prominem 

few miles east 

q w t z  veins from bslf an inch to nine inches 
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our prospecting, because 

Mountains in the weat, 
Parts of it were examined su t prospcctar in 1942 During the 

high-grade copper ore, which . A visit to that area, however. 
SdphidC Or carbonate gIah8 

iated with the limestone bands 
white asbestos. The quality 
of no more than scientific 

Orains of beryl wsrs identified in sands of & Thura River, but no crystals 
were observed in sltn. Thy ere prwumed to have bLcn dcrived from the pegmatites. 
The beryl in pegqaqtea is often not di- h appeanuffe to coloured quartz, and 
may be overlooked during prospecting, as has been racorded from Southern Rhodesia 
in recent years. Its hardness, poor deavages, and usually green or blue-green wlour are 
tk m q t  reliable Beld criteria. 

Although the Tertiary tuffs vary, there is suflki~nt of suitable quality that can be 
easily quamed and dressed, to meet all immediate local demands. The patch of tu6 

. on the r o ~ d  north of the suspension bridge is the nearest to the site of the projected 
Seven Forks power scheme-but its suitability has still to be ascertained. 

Traas of coppr mineralizatato in the form of grew malachite staining, were 
found in the granitoid gneissss s o u t h a t  of Mcntcnde-and imwdiately outside the 
a r m  west of Twoinobi. They have no ewnomic significance. 

The limestone band south of the Tsoa-Kiihisko confluem carries scattered grains 
of gmy fluorite, but nowhere were c o n c e n t w ~ ~  observed thst might arouse more 
than..wiemtific interest. 

Ogmn& are developed in the pegmatite8 and agsociated rooks along the Thura 
River, nortb-west of Kiambere, 'abd 'in the sillirnanite and biotite gneism between 

! Mwango and ,Mumotti. Moue of the ocmmncee can be considered of economic value 
, for the following reasons: - 

[a)The gsrnctrl ~ ~ v & r a t i c  distribution, and in the best exposures do not exceed 
5 per ' W t  of the total rock. At least 10 pcl cent is required for economic ' exploiterion provided trsnspori costs IW not enwive.' 'r: , k b ) ~ h e  majority of the Dam& are of small size. Manufaclurera often demand 

,, 
garnets the siw of pas, and in the Thura River area they are pnerally litfle 
b ' i  than pisheads. 

. . <c)Tho dunand for gsmda is subject to conniderahlo fluctuation owing to o m -  
,, , pctitfon from artificial abrasives. 

1 - 
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Float of quartz veins, carrying a high pacentage of 
pmons &e bscatc-silicate rocks east of Kiambcre. Exposure8 
@&io&rvoUld bc required to rev& the ore bodg. Some & 
&bte rwks sllro carry small amounts of graphite. 

To the south of Tbambu the small nceurrcnccs of graphite are P t . 6  . w p h o u s  
variety and occur in piat planar in (hs granitoid gne~sses.Aithwgh the ~ ' c i n k n t  
is high, the quanl~ty is limited and the occurmncea are not of e m o h  s&dcamx. 

Limestune 
Although certain quantilk of crystalline limestone are a v ~ M e  at me# af tb 

places indicated on the map, many of the hands mny kc bc as a @kirk 
ei lime because their narrow widths and steep dips would ncamitate underground 

ni are more £avomble for q- 
road, they are stin 75 miies rail. 

m u)mmwcial limestows varica acmr&g to 

limestone8 from the 

(1) Graphitic limestones 
(2) Grey crystalline limes 

: (3) Limestone three miles south of S i g e  . . . j i! ri.g i , !, ;k6..%S$. NBO 
. , .., . . , .  . ,  , . ~ r i & ~ c  

Ocammm of magne8ite weze observed in the foIlowiug lo@%& 
(I) Oac milt south of Twoinoini. , - 

i~ i, 
Y - .  (2) Mnfbw,  Id€ a mile outside the area south of the Thiba Rive. ';' 

It. (3)  Thra m%a north-west of the Tam-Thiba wnfhwnce. 

Lw- (4) Luturri 
(4)  In somsl,& tbb bea tone  ban& betwarn Ebc. Kiahioko and Ngomora Rims, 

the lamas&& whifh is east of spot-height 3550. 
The wt@% of: ?& @rsl three occurremrs is a secohdary mineral, formed in 

the zone of w ~ ? & & ~  watera rich in Carbon dionide. It is thus essentSlq 
a suparficial de@Xk~W %%I ,net p.sist to &p&s mu& bdow the wate.r-tnble. Of thaw 
murrenccs, the deposit south pf Twoinoini is the $rgest The magnesite occurs in 
m o w ,  dkmrinBDBs .wins varying in thickorsr fmm mere 6lma to abont 12 inohg, 
and can rarely be fdlowed for mom than 20 It is nsudly partly o b m d  by a 
brownisb s u h e e  eaem&tion of magnesian dwmow laurite. Thew surface indica- 
ions do not furnish raisbie evidence as to the. nature of the magnesite underground, 
nd without pi* or trenching the percentage af I I C O W B ~ ~  magnesite or its pdy 

cannot bc ascertaiaqd The exposed mamdte b hard , a d  campact and where s i b i i k d  
tends to bc brittle. GMenhe cryemtline silica has not only formed in wps but DLso i', 3 
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in &inkage crack& Blackish alteration produots, derived from tke host-rock, foreb 
coatings, veins and IodoSiOns. Thc praseace of iron is indiDatuJ by brownish slains, 
and the abuedrvnce of lime is m l e d  by the .&*t rea&on on applying cold dilute 
hydrochloric acid. This deposit is 110 miles from rail and UaEbf m t  ~onditiom cannot 
be considered of economic significance. 

Local rephcement of the 
thermal or groundwater a 
in ttKsC minor deposits, is 
The surfPce encrustation, 
but would still fakl short of 

T%e most promising mica- - &ad &long tbc Thura River 
north-west of Kiamben, and ssnfr d T%nku. 7%e Tire investigated by 
Dr. W. Puffrey in I942 and m d  the folto- acroot~ is b'ascd on his findings, 
which are embodied in aa u n p u b l i s h e d ~ ~  'rsPeat. 

either the quality or quautity of mica. n a t  the qualify of tbe mica will improve with 
&pth is possible, but it is i m p d b l c  tO d c t  whether fha quantity will increw. 

S i r e  is fomd in the gneissm oerween M a ' - - -  and Murnoni. Owing to 
IIage of safimanite in the 

The only bo~chole &t baa sunk in the +Sea :3k o m  and a hnlf miles south 
of Masinga. It has only m t l y  been ~ m p k t e d  and a ~ i s  to a depth of 110 feet. 
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~ m a h  springs are not uncommon and many of those noted are found well up the 

sides of steep hills and mountains and have been marked on the map. 
The desirability of conserving water by means of the construction of numerous 

@all dams, ~xuticularly where high evaporation losses could he 0ffse.t by the ; awumulation of thick deposits of sand, has already been stressed in previous reports. 
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