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. . 
I The report and map ofthe area s'outh-egst of Embu completes the first g e ~ l ~ & ~ a i  
survey of a strip of country,' corn@ mainly of ancisnt rocks, extending between 
Mew, north-eal of Mount Kenya, and Kitui The quarterdegree areas on either sido 
of the preseat.area were described in Reports Nos 14 and 17. Unexpectedly the area 
south-east ofEmbu has closer affinities with that mest of Kitui, and l a b  the large 
ma* of basic and ultrabasic intrusives that are so prominent in the Embu-Meru 
area, and which it was anticipated would continue farther south. The area is, however, 

The area has at varipus times in the past been prospected for mica, but with d i r  
, :appointing results. It is, however, remarkable in containing some unusually large 

pgmatitcs, and it is perhaps possible that more intensive prospecting backed by 
adequate &piel would ,M to the. discovcfy of workable mica deposits. During the 
preaent'&ey various other minetal oqurrenceS were noted, but usually they appeal 
to be present in too small quantities for them to be of economic value. The occurrenccr 
of grapbite add magnesite that were discovered may, however, warrant more detsileo 
.examination with a view to exploitation. 

WILLIAM FWLPRBY, 
Chief Geologist. 
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L a d  native names have been used for previously uwmxed feaaYg. 

- SE. of Kagio to the Tana, and the northem portion of the second may be approached 
from ishiara. A track branching from the Mwingi-Grand Falls road goes to the eastern 
foothills of Mumoni. 

Sagana is the nearest railway siding to the area north and west of the Tana and 

o~aor Of the area, north of Lutuni. 

:Md& am. in the adioiniDg qxutcr- Bhkt w the east. The forma is at 
,@QI of Mumpni and tk lam ia B few miles outside the sou- WZW, 
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. .Sahara. Sheet erosian forms the 

,the remains of thsse can stiU bs seen. Aocording to the Earl AMcm Stgndmd of 218t 
Septanbr.  1951, about 100 milea of new eone terracing w6ri built d d g  the lr18t 
p r  (1950)--a rcauaoitation of a custom, w well as part of modern policy. Another 
:Afrkan area in which such use was made of stone is the Pare Mountains of the Moshi 
district. In the north-east of the present a m  the cultivation and grazing of hillsides-- 
a poky muoh famured by Africanbsas been prohibited on the M w  Mouotgins. 

E n  

csrabliahed in Tanganyka Wemperley, 1938, p. 15):-  
1. Mctadolerite (mistance to weathering decreasing with increase of amphi- 1 

bolibtion). 
2. Quarm-Mpathic para-granulites and g n k  
3, Quartz muscovite schists. . 
4. Plagioclase amphibolites, arnphibolites and hornblenditre. 
5. Marble$. 
6. Cak-silicate rocks associated withmsrbles. 
7. Banded migmatitic gneisses. 
Of the prdambrian rocks of Mozambiqg Hblmd~ 

" . . . the glornnoplaamatic gmissoa have been f d  - 
iwclbsFge peaks. Townrds the adjoining valleys or @ a h  
banded gneisses that usually are eompacat2vely ricbe),i& 
themselves, especially in the case of the large rnow&in grwae 
into granites much poorer in biotite". lbis relac 

p@ficab$ to much of the Basement terrsin d 
noah of the Tam. 
Other features of assistance in the mapping are:- ' ' 

(1) The weathering of plagicchs ampbibolips @, ba& ,j&usivd to a distinctive ' 
reddish-brown so& 0.8. the ayke east of Manu% 

J )  The characteristic sandy soil derived from weatbed psammitea, eg. along the 
main road south of the Tana. 

' I  do= aad few outcrops. 
Areas aak wtton soil as well a. all the above feature! art y recognizable 

PREVIOUS Gm.tmcu W o w  mwi PRQW 
Urhc pegmahres of the Embu district have attractr' -&on of prospectors 

skcm S13, bolt although they have bcsn & OM. sr, t h e  is no m r d  of 
Pf ihe Embu-Mw rrr* 
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were closed to prospsetinb: oy Govemmed '- -rdM to invite applrcanms ror e ~ ~ l d v e  
prow&ng licences, but only a very 8ma tion, north of the Bna River, f d  into 
the present quarterdegree sheet. In Jull, -. R, B. A. Bramalrron], a Government 
prospector, prospected the area shown in figure 1 but appamalytf&ind wtbing of 
ec0nomic i e t a * ~ t  In.Septembcr, 1942, Dr. W. P@fcey ox&ined Tbuca River mica 
ooourrences and neighbowing rock types and his Wings are embod'i in an unpub- 
lished departmental report. No rbcords exist of m y  etbq ~ e v i o u s  geologioal work in 

area. 
u k s m  

srea can be divided into four physiographieai units: - - .. , 
Firrr. 

. . Thc Mu- Mountains. : . t n  
(2) Tbe Kiangombe Mountains and Kanjiro Hills. 
(3) The Tana valley. 
(4) The weakem and southern lowlauds 
The most prominent features in the area are the blocks of miatant. granitoid gieias,. - . , 

fonking the central Kiangombe Mountains and Kanjiio Hills, and fbc bangcd g n e k . "  ?. 
of which Mummi is composed. They form the chief mountainow mgionn and an 
confined to the northern half of the area. Separathg these mountain mngw ia a @ad 
valley fonned of less resistant migmatitic g n e h  through which the Tam Rnw 
has cut its wurse. Thc floor of the valley has beeu moderately dissected by the Thw, 
R u a n h  and Ena Rivers, Bowiag eastwards, and by the Thum and Ukoni Rivean, 
which Eise jn the Mumoni Mountains The topography of the floor, partjcularly nearer 

I the Taaa, is fairly =I@. of the subMiocene peneplain are p-ed in 
the north-westem, s o u t h - ~ s o u t h - z s k r n  portions of the area muth-sontbcapt 
of Enibu; the surface has been considerably reduced by erosion and P o r n  lowlands 

southwards to the Tana, swinging eaehvards to include the bulk of the 
of fba area. South ,of the Thiba and Tana Rives tha plain is gently 

unirulating with rollieg graseland and open bush, studded with ineelbergs of p£agioclase 
amphibolite and metadolerite in the west, and monadnocks of granitoid gneiss in the 
cast. Jn the north-west of the area the outermost lava flows of M t  Kenya form ,a 
plane surface sloping gently mutbwards at 35 feLt per mile. The boundary of the 

I 
lavas does' not form a prominent warpment, the surface of the lavas merging into 
that o b  the Baoemttnt S w m .  1-y outside the n o r h p  boundary a feat Miera 
of Bsrement System form wnepicwua hills. 

. . 

I The two main rivers of the area-the Tana and the Thiba-are pemnnkl, whileit, . .- 
1 twg otBas, the Eba and the Ieua ,  have a limited h w  in their .gppor rcachsr eves cs?L;, 

du& k b  dry season. Except in the north-wcat,]the drainage pattern over thc whole r . ,, , arek 6eg been dewmined by variptions in the Basement Syrtep. Features such as 
fmkg, the dative hardness of & types, intqsives, and ubiqIliWy &veIo@!, . 
dip j&ting h_avy4had a marked e k t  on the rtream fabric. @eularly notlaable .: 
aleng talc Tam, the recipient of all the drainage in the area, which for the greater 
part of its course flows across the strike of the formations and is characterized by a;, , 
number of right-angled bends. The drainage is emerging from late youth and approach- - 
ing early maturity with the establishment of grade throughout a considerable portion , 

. .. 
~ . .  

. . . 

. . 
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B~o91w HIETURY ' 
The highest psaks of the bangombe Range (2,920 feet) and the Mumoni M 

(5388 feet) are considered to be relics of the 6,W-foot h&-level pomplain of sn 

extended *om the Machakos Hills and the Kitui Range in the south to the Mattbaws 
Range and Kansria Hins in the Maralal area, north of MI. Kenya. This high-level 
peneplain hat, in fact, been traced over a large part of Africa (Dixey, 1946, p. 243). 

A lower peneplain, approximately 3,800 feet above sea-levef, is clearly remgnizabte 
in the north-wert where a portion of it has bx p w m e d  under a thin capping 01 
Mt. Kenya volcanics. Contacts of the lavas and the Bammmt System are not exposed 
lnd no interposed d m e n t s  that might have assisted m datsrmidag the age 
erosion surface were found. It is, however, c o n d e d  to bs part of the sub-M 
peneplain (Shackleton, 194.6, p. 2). Remnants of th~s  dmected peqeplam are rouna 
in the area bounded by the Thiba and Tana Rivers. H e  the comparatively 5 t  dm1 
is broken by ~nselbergs of b w ~ :  plutonics such as Ndunl, Muthm and Twoinobi 
which have resisted erosion. South of the Tana the pasemmi terrain has for the gnaw 
part been lowered well below the level of the sub-Miacme peneplain and it is onfy 
around Lutuni and Mu&u in the south-east and Kauthi and Masinga m the sot&- 
weat that remnants are recognimble. 

m - - 8 m Y  OF GEOLQGY 
The rocks of the area fall into four groups, the Archaean r o e s  of &a Barrancnt 

System, thc Embu Series, the Tertlary volcanics, and supdcial  d e w  of Pleistocene 
and Recent age. 

1 . I B e ~ n t ~  
The Basement System in this area consids I$ a wide vadety of Gnlcareoua rocks, 

meism and schists. Other rocks have been formed ~ Q I  them bg m m i h t i o n  and 
pneumatolysis, which have been responsible for the foimdkw af gmnitea and mig- 
matitea, and the sporadic development of such minerals as t o d i n e ,  phlogopite, 
wpolite and beryl. 

The &sts of granitization have been variahle and g m d y  in- in iutmsity 
towards the east. Index mhaals, indicative of the higher dssnas of ~~, 
a n  also more common in the east, suggesting that the degree of metamorphism and 
granitization are systematically W e d  (of. Misch, 1947, pp. 241-245). Calcareous bands 
and basic rocks have emmtiaUy wped granituation. 

aagioclase .amphibotites and hornblende gneissea arc wise(pre9, the largoet con- 
centrations oocnrring south of the Thiba, and between Karic and Kiangomba In the 
latter zone, however, them are no gabbroic or meIadokrile corn, and many of the 
rocks are tentatively considered lo be ortho-gdeisses with appinitk: char&cIexW& and 
of approximately dioritic composition. Smaner lenses of gabbroic rocks oavr m n  
the Ruanjom River and Thambu. No hypersthenbbearing acid or interm&& rmk8 
are ansodated with any of the. basic intrusivBs, nor were any Pound bordering the 
Embu-Meru qnarterdegm sheet in the north. 

The broader zones of granitoid gn- stmtohiog for wnoidwablc di$inneeu ecrm 
the area, are confined to that portion of t8t Basement Systcn dominantly cpmpased 
of alternating o r i g l d y  argiUaceou8 and arasnceous dim@% The layers o h  retpin 
their identity as melanoeratic micamw8 and le~ocratiq. ~wtwfe l spa th i c  bands 

---- - l & p w i d ~ d  irre&.rIy banded IDigmati(l: gpcisses, whicb f o w  tbe 
bulk of the Basement rocks, have &%i-f6%iiSK@j- ' de33&hwnablp-  
!ones wlthii biotite gneiss host rocks. Bedding is pfBBn w e d ,  ~ ~ i c u t a r ~  in 1- F- 
- -. - - - - - - - - - - - 

A Xcfemnar are lid on p. 39, 
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laminated biotite gncisaes, but is almost wmpletcly obliterated in many instancea by 
~o~ ditferentkuion and in teas  granitization. In the hsoastern half of tbs area 
a marked change in the lithology 18 apparent, the m k  types being derived from pra 
Qminantly calcarebargillacwvs dknents with only subordinate horizons of paandtic 
@omposition. In this zone dips are generally to the w at high angles. The banckd 
p h  ace mmewhat more regular, though not of so simple a composition as those 
m tho wsDT Dio+bearing gnJases are wmmon, gaStinJariy b & n  Mumobi and 
the Tana, and biotite g n e h  grade into tham thrweh iakmwdiate stages of. horn- 
bbmbbiitite and homblendbdiopside-- tylna - gpmctlfmw 
mk8, nat including those assocjatcd with the me- Crrs, and s i l km i tb  
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a cons~derable amount of siderite and both a n  warser grained than the limc~tones 
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A few miles n o d  of Masinga looally fortugmo~~ sedimehts have been transformed 
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2 . 1 1 1 e ~ S s r k s  
Nod&@ pCLitic rocks south of Slakap are tentatively wnaidged to be 

younger than the Basunent Sysfern. They have suffered varying degreca of contact 
f m t a m o ~  and the rocks grade from 

types (bomfclr). Transitional rypes include those in which panulose, gncissose and 

morphism and iP represented by alternatios thin m i c a ~ ~ ~ ~  and qmo-fs laptbk 
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bt b purpose of dcscriptien tkS rsdrs may bs classi6ed into the following grww: 8- 

(in) W-dkde and arlc-magnssian silicate rock 
(iii) iii)Semisalcareous gueka, 

(b) ~ & Y  oM Semi-Pclitic * -  1 . .  
p(i) BiotiU gncicsea/ * ..- . -_ _ __ _- 
(ii) Hornblende g n h  " 
(m) Hombhdo.bioWs mi- 

> 

(ii) Qmtm-f&pathio granulites. 
(iii) Quartzirear- 

(d) Psephitic 
(9 PcbW Brit 

, (2) VOLCANIC Rocrs 
(3) mQMAmEB 
(4) MAJOR IMaus1~~9 

(a) Granites 
(b) Pegmdtes and aplifar 
(c) Badc igneow fype: 

(1) Olivine-plso11PltC lKuita. 
(ii) Hornblonda gabbrer. , , 
(iii) A n o r t h ~  

(v) Chtho-amphibolites. 
(vi) Chlorite and actholite schtr. 

(5)  M m  lNmUsiv!v3 
(a) Dolerim " 4& 

(1) 9pDmm ROC~S OF TRE BASWENT SYSTEM 
(a) Metumorphoscd Calcareour Sedfme& 

(i) Crys~alline LimeaIones 
These have bkn found in many places, the greatest mmtnttiod, hawdvef, M 

m the south-eaat comer, areund Lutum. They are more rsDistDnt to weathering timu 
the associated wunlry rock and fonn low-lying r&ea and iuolatcd hills with charador- 
iclcic wgetahon. Most of the bands are narrow and steeply iaclioDd to the a. Although 
. liold evidance is lacking, because of poor exposure+ b appears Wrely that strike faulting 
and/or Mding has caused duplration of many of the bpwls. The cdow d y  
varies frow wlute to dark grey, a notable exception being thd pak pink marble band 
south-wat of Memenda Taken as a whole they are medium to coarse grained, and 
band& s dLstiact d y  in some when graphitic horizons are p ~ t  Dedobmitizatiioo 
hss been W i t e d  by the prtssncc of 8iliceoua aad ar@poua impurities, the sifica, 
as is usual, showing a pmfcrona for magoesim r a b  t & ~  calcium and fmn@ 
the mi008  magnesium meta- and ortiwitbates Som wn&io rounded and cnral orplas 
of forstecite which have been ~~ with the eollcomitant liberation of nrag- 
aetite. Wkh the development of complete pewbWp& often r m e d  with iWng&, 
the rocks cgnfaminp them grade mto ophicslcilde Elaty graphite o ~ r m  h 
bands or as dkaeminsted w c l e a ,  and has an an& distribution. It is invariably 
accompanied by phlogop~te which has been derived by d o n  of the limaaoDc with 

- . -either muscovite or potash felspar. In the more highly serpentinid limwonds t h e  
-b rn rubordinate or absent - -- . - 

' - 8  
b;, fi- 

bt b purpose of dcscriptien tkS rsdrs may bs classi6ed into the following grww: 8- 

(in) W-dkde and arlc-magnssian silicate rock 
(iii) iii)Semisalcareous gueka, 

(b) ~ & Y  oM Semi-Pclitic * -  1 . .  
p(i) BiotiU gncicsea/ * ..- . -_ _ __ _- 
(ii) Hornblende g n h  " 
(m) Hombhdo.bioWs mi- 

> 

(ii) Qmtm-f&pathio granulites. 
(iii) Quartzirear- 

(d) Psephitic 
(9 PcbW Brit 

, (2) VOLCANIC Rocrs 
(3) mQMAmEB 
(4) MAJOR IMaus1~~9 

(a) Granites 
(b) Pegmdtes and aplifar 
(c) Badc igneow fype: 

(1) Olivine-plso11PltC lKuita. 
(ii) Hornblonda gabbrer. , , 
(iii) A n o r t h ~  

(v) Chtho-amphibolites. 
(vi) Chlorite and actholite schtr. 

(5)  M m  lNmUsiv!v3 
(a) Dolerim " 4& 

(1) 9pDmm ROC~S OF TRE BASWENT SYSTEM 
(a) Metumorphoscd Calcareour Sedfme& 

(i) Crys~alline LimeaIones 
These have bkn found in many places, the greatest mmtnttiod, hawdvef, M 

m the south-eaat comer, areund Lutum. They are more rsDistDnt to weathering timu 
the associated wunlry rock and fonn low-lying r&ea and iuolatcd hills with charador- 
iclcic wgetahon. Most of the bands are narrow and steeply iaclioDd to the a. Although 
. liold evidance is lacking, because of poor exposure+ b appears Wrely that strike faulting 
and/or Mding has caused duplration of many of the bpwls. The cdow d y  
varies frow wlute to dark grey, a notable exception being thd pak pink marble band 
south-wat of Memenda Taken as a whole they are medium to coarse grained, and 
band& s dLstiact d y  in some when graphitic horizons are p ~ t  Dedobmitizatiioo 
hss been W i t e d  by the prtssncc of 8iliceoua aad ar@poua impurities, the sifica, 
as is usual, showing a pmfcrona for magoesim r a b  t & ~  calcium and fmn@ 
the mi008  magnesium meta- and ortiwitbates Som wn&io rounded and cnral orplas 
of forstecite which have been ~~ with the eollcomitant liberation of nrag- 
aetite. Wkh the development of complete pewbWp& often r m e d  with iWng&, 
the rocks cgnfaminp them grade mto ophicslcilde Elaty graphite o ~ r m  h 
bands or as dkaeminsted w c l e a ,  and has an an& distribution. It is invariably 
accompanied by phlogop~te which has been derived by d o n  of the limaaoDc with 

- . -either muscovite or potash felspar. In the more highly serpentinid limwonds t h e  
-b rn rubordinate or absent - -- . - 

Fm [he purpm‘c Hi ticscr'ir-Imn lllc I'tk‘kx :1:.‘1\' he L'lnssiliL'L'! mm the following groups
r l | ‘ilmm NEH

rm ( '(Ih'unu um
!:J('r_\ril;:l|inc liiElcII‘ik'h.
II11I(.:l]u—sitiu;tlc Ami L'illEHILEIHWIIHI sillum- rods“

r'nH Sana-LLILHLIL-nlh. y.!1L‘I*G\L‘\.
Th! PENN—L (I .‘Q'rmi-J'E'J‘Erf-

Ii] Umulu grwiwun.
Ill] llm'nhlcndz.‘ gm‘n‘wfi.
mi! Hmuhlcndc—hintitu grimwce.
{iva.‘5i|[immmc Enema.
{IV :I \{HHCOVIIIC hL'hit'.

l\'i|.’\1ic:u‘cm2.~. Ill‘Tlil-L’IHIL' lf.
I; I Pw'mmu'n'c'

4i] Biutltic qum'Ha-uI'ulx'pail'm gaming-A.
{m(elm-1'clsg~.;:lh:v 1:f‘&!mihtc~.

{iiH {juurtxircm
‘gJII Pvc-yhirr'a

Ii'I I’chl~l§.' gm.
[3} V0]: \‘~I: Rm KR
[1; \Ilnxtfiili'tz‘n
HI Mum; Jxm: mus;

Iu‘l (Irr'nu'h 1'
{in [It-1';F£llflljllu\l am.“ 4:-
it. J Han} JIL'IJ‘r'f'H} !_‘.'_,'-‘:'.\'

I'iEI LN]\'IIIL"]"]L‘LH1.'I\'IC numcx.
ful E-imnhlundc gmhhroa.

Iijll:\I10!’1]'l~.‘.‘sii€h.
livh .'\1c[;i-dulcr1tu::\ :md piuq-giuac ;:I‘n'.\i||'rw.}i_ic~..
MI-t'I:ii'm-nn‘qwm‘nulHw

H'a'l L'hlm'ilc um! .!L'[i1|.L|:|.[L'.‘iC|]]\[\
151 \1i~:rn':< [XIRIEHIHH

lull ,nr’h’f'i-IU.‘

II.l \‘a-Dlm'xl my Rm K‘w \JI IHI- RAM m w M Ht: \1
[a] filrmmen‘_,r,lr'w\e'-..-‘ I’. ma. r:r:'ra.':.\ Mar-Erm'nrx

II' C'r'_\'\s'm»."."iru.- I.f.-m-_n.:m.'.\.
I'hcxc haw Ewen mum! 11] 11mm plum-w. 11w mung-HI L'um'uml'utiulL hunch-1.

in thc HnuII'I-Lxud mama”. ::]\!L:§i\1 [.IIillni. [Ln-5 n11: mun" rg'HixliiIEI In “culilciulg [hm]
the menu-fitted cmmlry ruck .lHll 1mm 1u'-.l.-il\'im:1 rid-run and Lam-aim! hailx Will] chumclu'v
mic x'cgciiltil‘vn. Mm: of HM: Immix .I.."c mrruu .md alc-c'ph Incltmd in the L‘.l.‘u[. Alrhm
held evulunuu H lackmg. i'ncmnw ni [mar u\;-nm.-'-.:x. |[ urpcnrw llLt’Jk {hm null-w 1;-I.u][m1fir
urtdgnl' fLI‘uimg hm 1.2m d l1|':|‘|iL'I1[1\"-\ u! [Tu-.nf; nl' I'm E‘s-mix. Hut \‘L‘ll‘ill' lJ.\|.'.lH'\
k'Lll'it'H 1mm “lulu [v n|;ask '_..‘l'c§.. :-. 1]\‘[.I|‘!L‘ cu'uptiun hula}: lik- pzslc pal-LL. mmhlu 1mm]
mulh-ncst ul' Hung-mic. 'l':Lk-c11 ;..\ .-. wimk‘ lhcj. .nu medium to unrn'x'L‘ grainrd. and
Emmhuy i.\ .ammu m1|_\ in .mmc mircr: 1:1";‘1Iittg hm'mmi .1I'c ptcwcnl. I)L‘t‘ii‘i'liliI/ill’ll‘li
llJH Inn-n l--_:L'||i1-.|.[CL1 1‘} [hr [H'L'HL‘IFL'L' ul xillcvnm 21nd :u-gllldccmh 1'11];m1';l|c.~_ Ihu MIIL'J.
M; ii; ‘mmL flinlfiiilfii : prul'urcmrc in; ni.u__’m‘-\Ium mlhut' that: minum and forming;
[11¢ karma-5 111;:351u5ium mt’tn- :md \‘I'tmliqL-w. N'umc contain rotlmiul 11ml mu] gmmh
01' inlxlct'jic “high haw inc-5H wuwntnnhml "fliUI the cunummiunl Ilhcmtmll "11' mag-
netite. Wuh the \Euwlugumm ul' cmrm'IL-lu }‘.\ci|dU.‘]‘lt‘i'|1hk. ul'trn limmcai aulih idtflngx'itu
HM: foul-w L-nulumhg :hcm gl'udc ”:10. UDIIIUJIL'ITL'N. HAM gruphitv nccm-a in :r:cgu];|1'
hands. m' :15 niiwclmnflul pnr'insilw. :'.[il.l i'm'w '-.n cu‘uiic .iml'ilmtznn ll lH Inmrmhlv
.‘u'cmnpztlm-d IWj. piflnyupnu uhlcll 11m hx-cn dmiwd M Icnctiun u! 11k: lamcstonc with
either musum'uc or pumwl'. [chm]. In the muse 11' mpcrmrwcd lunca‘mnm than:
mmcruia :u'c cllhcl waslmnlanmc or uhaum.



T 
In the limestone band south of the Kithioko-Tana wnEuem euhedral crystals 

of purple fluorite and reddish-brown rutile & lccaUy abundant. Partly scqwmtinimd 
die* fine platy talc and tabular bent crystals of chlorite are subodhak Specimen 
441832, the piag marble south-weot of Memende, carries mall quantities of farifmu0 
tremolite, and the derk gwy foliated limestone from south& of S i o  is highly 
dusted with bpaqw ore, the only other impurity bdng quartz. 

Laeally magaeaitc has formed in and on the. mnrblcs through hydrothermal or 
' groundwater a&s&on. At Lutuni, five miles wtst of Lutuni, and south of Kaumothoi, 

mall imemlar v c b  of magneaite traverse a wfwa mist of impure 
tnataial. The mius are r a d y  more than a few inchw thick and are n c x  

' as segards length or orientation The magnsite is muaUy p x c d h e o n ~  and amorphous, 
but rarely breaks with a wnchoidal fractun. QmrtAhd c a m  pnd dendrb of imn 
ore are not uncommon. The fact that some of the spcoimms react with cold hydro- 
chIoric acid indicates a high lime content. Some of the impurcr vpricties are veined 
with blackish serpentinous material. -.-. , ,  

r,.>*& d ,  , 
(ii) Calc-silicate and Cdc-magnesian Silicate Rocks - 

These rocks have beea formed by the q iona l  metamorphism of impure ' 

calcareous shales, marls and other partly cslcareous types. They have a wi&=: 
tion in the eastem half of the area and are found not only associated with the nystalline 
limestones, but alm in areas far removed from them. The lsnses south and south-w& 
of Kaumotboi also suffered thermal metamorphism during the intrusion of gabbroic 
dykes near them, prior to the regional metamorphism, and some unusual and more 
wmpmhensive m i n d  aaemblrrges have been formed. 

The &-silicate and wbmagassian &cab rocks are wmposed of varying amounts 
of tbe following minerals: pyroxene, hornblende, epidotc, garnet, scapoiite, plagioclaw 
and opaque minerals. 

The most common pyroxene is xenoblastic diopside. It often shows various stagca 
of altmtlon to amphiboles, eather as marginal encroachments or multiple-centm 
growths. Not infnquently the pale gnen or d o u r &  diopside exhibits slight dis- 
perslon and fleeting pale green to pinlrish pleochroism. Otha pyroxenes o h e d  
were mauvish titan-augite, pigeon& didage and in specimen 441867 the dioprhb is 
enriched in the hedenbergite molecula A detp green variety, possibly cbromebdn& 
occurs as corm in epidote, in slide 441710. U n d  mineral awxhtiom wcn oktaved 
in thin e i o m  441756 and 441739. Ths forawr shows titan-augite aa corm in h p i c  
orthite, and in the latter vermicular titan-augite, in optical continuity, l i  in a base 
of gnnoblastic plagiochse 

Moat of the hornblende is derived from the pyroxents and wmplota pseudo- 
morphs are not unwmmou. It include3 both grcm and brown v d m .  Extinction 
angles vary according to the cdow, the brownish hornblende invariably extinguishing 
a t  smaller angles than the greener vmWie8. 

Epidote is widespread and abundant. It occurs variably as xadobhlic grain& 
&f&tal aystaLs or s u b h a  stumpy prisms, and is occasiolrally -ed ,by ( 
OparsUy positive misite. Other minaals of the epidate family iwlude the pale pmk 
feebly plcochroic manganif~oug variety, thulite, dtsred isotropic orthib and possibly 
magnesium oahite. 

The $ornets wry from pale pink to deep reddieh brown. They exhibit a vsrietJr 
of hgular forms including ring- and atoll-shaped grains. They are frequently corroded 
sod exhibit aiave atnumrea and imp&& porphyro&&ic growth, the chadaorysts 

of epklok, quartz, plagiocbe and s p h a  Rarely anisotropic garncts, with 
a da&d positive iigwe, were observed, e.g. in specimen 441709. Some Ihin sliw 
show vumiculiu intergrowths of garnet and epidotc, and garnet and pl@ocIass (d. 
Schognan, 1948, p. 32). 
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Scapolite OCCUFJ as either larm r w v e  plates or as slnallsr im&u sLdstal 
grains. It replacs both felspar and qvartz and rarely the ferromagm&an m i n d s .  Tlke 
unnauaEly high birefringmcs and re%& anggedts that it is rich in the m&&e dewlc. 

Exoept in the microcbpyroxene rocks, the fdspats arc plagioekm of tht more 
calcic varieties. The crystals are usually large and fresh, and only d o n a l J y  eari- 
citized. Slram polarization is unusual but is sometimes present. Thin d m  show 
vemimh  and graphic intergrowths of twinned or untvinned plagioclas wtth arch 
of the following minerals: titan-augite, epidote, garnet, thulite or magnwium orthit8 (7) 
and otthite. In the thin ssctiw of apeeimen 441709 the felspam exhibit typical dbblWk 
textore, the inclusions consisting of subangular quark, irregular garnets, skeletal ept$ota 
and granular spbenes. Although quartz is somctimea locally abundant, it is 
mbordinate and 6nquently absent. It is commonly intcrstitia€ and secondary. 

The opaque minerals can only be olawsd as aexsorioa They are erra&ally 
seminated throughout the mcka and &ow no conctntrations into band8 or irzegnb 
lenses. a feature common to ~yromdasomatic deuosits. Gra~hite is the most abundant. 
and occurs only in those calc-&++gr@ulitee in-timatdy a&ociated with the crgstallinc 
Ihmtonea. The oxidea. htmite Ehld magnetite. were not observed in any atmwbble 
quantities in sihr, but wnmntratiom were found in the dry river com& &- 
the l i i n e a  and cak-dlicates. Occasional grains of pyrite, pyrrhotite, ehalwpyrite 
and b o d e  are visible in the more pyro~enbrich types, and arc mnsidsred to be 
original comtitncnts of them rocks. 

The thermal metamorphism of a dolomite with abundant diceons and mbceaus 
impurities has formed an unusual rock type, which occurs in the band of calc-silicate 

; roch east of ICiambere. It is wmposed almost entirely of microcIine, ndcr&e-* 
and partly altered dimpside. Similar types have been described frcm South Australia 

# millev. 192Wn. 493). In a thin d o n  of sacimen 441712 two merations of -alkali .. - 
.y ielsp& am apparent and they show a m u h  mplacik rcktioclship. Ths colourless 
. diomide in the slide does not show the dearee of altaation thst is m obvious in manv ' - - a  4 s  of thc mi& in the hand-epimb. Prismatic psle gmnbh tmdi te  is thb 

only other ferromagnesian mineral present in fair quax&m. Other lldaarah eai$ng 
in variable, bbt generally, small amounts include: mnifomlpanular trwmh~t8, 
patchily p l d o i c  from colourless to reddish brown, mymekits, cbl&, subkdral 
allotl~igmic mo&te (7) and zircon, eubedral apatites, and W grnniJar -tea 
of colomless sphene often surrounding wres of ilmenite. 

The large caIc-dic8te leas, south-east of the Tam-Kithioko c a n t b ~ ~  is charPctsr- 
ized by the pmmcc of woilastonite. The rocks weather with a ~~ knobbly 
surfaw. They are essentially gnen, but are mottled with grarmkr &own garnets and 
satiny white wollastonite. In a thin section of specimen 441749 the tsxture is found 
to be caarsagrained xenoblastic granular. Tbe bulk of the elide wush of large cracked 

4 straw-ydow oikoorpsts of garnet poWtically enclosing &ts of w o J J a s t o ~  &piaeCI - calcite, eddote and s~hmc. The wlourlesa wollastonite is tabular. and has well- 
devdopd dcavages and moderate bbhinpmx. Many grains &ow opth l  shain, otbcrs 
l a m d k  t w h h g .  Secondary quartz f o m  bordus around intcdtial aod vein calcite, 
and wm M u d  before chic-czbh, but sribquent to the metamorphian 

Other thin &ons, 441778B and 441786, shaw varnlcnlar tpidot6, with a W l e l  
overgrowth of a brownish isotropic mined d d &  to be altersd orthtte, graphically 
inkrgmm with plagioclas. As the isotropic mrsg of od&e merge into tbc epldote 
so they become anisotropic with incressiag, tho* naWr sttong, bi- A 
similar pbenomcllon is illustrated by larger isotropic &ki&-llke gwios of orthite, the 
dactytilic projections of which, on penetrating plagiodase laths, become antpaapic. 
Tbs deep gnen pyroxene is also present and ntlLn s h m  peripheral a l t w n f h  to 
~ i d o t e  but is rarely intimately associated witb tke oahite. 

L: 
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Specimen 441783 was taken from the Limestones north of the junction of the 
KituiGarissa and G a i i w - W a  roads. Phlogopite is abundant and occurs in 4 / 
veinlets and as diirmnated Rakes. The bulk of the slide consists of pale partly amphi- 
balized diopside and large twinned crystals of plagioch?, t o l d  epidotc, gsUc4d 
rounded qwm, fibrous scopolite, interstitial calcite and ws&&apd plcocbmic 
spheqps. hrmolite, hastite and graphite occur in subordinate quantities. 

grained, equigranular and moderatply &- c l m a c @ M q  of the one type, whexeas 
the other i s  coarse-grainad and pofptyroblaetic. The eX&wed surfam of the latter 
often weather to a soil palbyellowish or brownish encmstation a8 m h  as half an 
inch thick. The rocks are comparatively homogeneous and the appmxhate volumatric 
modes* of some repnsentative specimens are given Mow:- 

441693 441720 

. . . . . . . . . . % - % 
Qu- .. + 
Microclime . . . . . . . . .. + .. + 
Plagida8e . . . . . . . . .. 10 .. 10 
Hornblende . . . . . . . . .. 32 .. 70 
Pyronenc .. . . . . . . .. 35 .. 6 
scapelite .. . . . . . . . . - .. 5 

*-I - TrelWiim . . . . . . .. 2 .. + 
 pid dote-~i~itk~' .. ,.. . . . . .. 18 . .  5 : 7'. Calcite . . . . . . . . . . .. + .. - 
A-ries . . . .  . . . . . . .. 3 . .  4 

44/720-Hornblende pyroxsne schist. 
44/69+Hornblende porphyrobbst gn&. 

Much of the hornblende has formed at the expew of the pyroxene, as is rcvde$ in 
thin section 441725. The plagiodase is usually sodic labradorite. 

Lo the Mumon1 Mountains and south of Mugutbu n m w  dsscontinww lenaes 
of a heavv friable ~~roxenbhornbleadc rock were observed. They are medium-&ed - 
and schistbse and in thin section arc ssen to consist of 95 per c&t of inUrpeaetreting 
p h s  of bornblende and diopdde, and 5 per cent plagioclase and In thin 
section 441781 numerous prisms of fresh dark-green primw hornblende are poikilo- 
blasticaliy enclosed in large ple-grcen crystals of diopside, whereas in sptoimsn 441791 
the hornblende has partly replaced diopde, the minerals having the same optical 
orientation. 

(iii) Semi-caLaruo1~~ Gmimer , 

According to PIadrer (1950, p. 260) " . . .  with a s&icnt original adddme of 
sEceous and aluminow m a w  a limeatone a dolomite will ill cauflstc 
decarbodation, and we find accMdingly silicate rocks, not d y  as nodulss er in- 
constant banda, but occurring m mas". In the body of - dkatss sast 
of Karic, t h w  was suf6cient silica to allow maximum silication, so that olivine and 
forsterite am absent. Betweea the Tana and the Mum& Mountains, however, the 
~ ~ 8 8 1  of silica in some of the calmreo-areoaceoua &e.rita wan su5cimt to Snow 

1 the ~ e i o ~  of numer~w diopsidequartz and diopaid6febpr gnejsses. l h m  rocks 
ere medium-grained, equigranular, and ad-banded typeq the i n M u a l  bands W g ,  

.I this apd .padel. The leuaxxatic layers consist of bterlockjng 4 ~ 1  of quartz, 

*An nn&?,potad were crtimatpd. 
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otha ffimi&eo118 gneissed have befm formed 
The best exposurc~ o f  thm rocks ace found muth-wdst of Gakuyu, wbcrc 
&at h m  ~~ biotite gneisscs to hornblende d . . .  in mbr W#lm the section dealing with &-@tic rocka .# 

(b) Metamorphosed Pdidc and ~e&-@itie Sdbncnt# 
BLDgra GndPm '' Biotitegmiissar are  fa^ mon extswily devfd0~~4 @ i s  

but, tdng neither large nor coatinuoun mseaea aad'hm&g a, 
granitoid gneiases over ~ @ d y  h r t  d i e W ~ ~ ,  tgsY 
* r ~ l t r i s t e d B a s a n e a t ~ w h u u t h c g ~ ~  
componeni of the . . ' bawled *, They h m  le 
rststively b i o t i t e - p o o m 6 f  asmi-peW wW, to 
Snsned b g n c k s .  The followku volumeaic oompodtions iudicatb their aDDtgfi- --. - 
&ate mineral compo$tion:- 

- 

I % % . . . . . . 27 40 
% 
37 

. . . . . . - 20' 20 
Plagioclase .. . . . . 35 - A 5 ( A o 3  26 
Mymekite .. . . . . . . 4; 3 
Biotite . . . . . . . . 25 15 

.. E@o@ . .  . . . . .a - 
Aa?eamriea . . . .  . . . . 3, , - 2  5 

Wilh''itm*MC of f&pthmiw they &YalBp 
U p a r  porpbyroblast gneiasss and augen gnei- ewm Losing meir 
and assuming a granitic texture. The biotite varies fmm aeepturekown to 
and is variably'of flaky, tabular or ragged b.abit.jTbe c o h  . dttn m intense that 
grains appear to he isotropic. Thin d o n  441474 shows ihs ((I- oP tlk rediegibu- 
t i ~ n  of lime in tbat granular epidote ban formed at the expsag,d'Kotite.lThe 4 t h ~  
often ocours in smsll ragsaios of subaogular grains with faint MiWbrownish, m&M#. 
The origidal felspv~ &re aomawhat turbid, twinad, mda pI&ghdase usuallyW& M- 
.&+oped c k a v ~ .  R e w v e  microcline, and subordin&@ microcline-pie- and 
nigrmslite haw been formed in those rocks affected by . iwlmovh o h  
replaw bi&, but is never abundant. It sometimas shows a 'Xbthg pinkMh p i e -  '* 

otroisa, but is generally wlourless. 4, e usual accewry minerals include rod-like 

/ It is int- te note that is ih7wriably f M e  MoMe 
qbeLag end tbdr gmdoid dedvntiPP. - . .  . . . . . .  
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mall grains of mymekite, perthite and relics of highly corroded nuWdb am. nth- 
ordinate. The larroclgtic nwbties of thew rocks are rich in repkive .micmcb and 
many d BsLoe of biothan-dimd to gromish chkorite with the nLaase of magnetite 
Thorn r i c h  in 

I 
+bit the &ecta of granulation aad r e a y d l b t i o a  

(ii) Hornblcmfe &u&w 0 I .  

1 1C. : 

A distinct ckm of hornblende-bearing omite-~re&~* 
' 

oCeUI$ a3 mmr 
i n M o n s  in both limbs of the Thatha syncbe, at the hx of K i b p  84ta noah 
and aart of KMe. They are relatively free from the effects of granitiPog fluids and 
ass fin&@ned and mesotypa, ofttn developing a rudely bandad aspect. No linear 
fnbrk baa been developed. At Kibara and east of Karie they are gene* pink with 
scattared greenish epidotic layem. 

Thin d o n s  show thcse rocks to wmst mainly of e q u i d i m ~ ~ U  intsrlocking 
grains of quartz and plagioclaae, varying amounts of granular ep- and porphyro- 
blartic brownish-green to bluish-green sieved hornblende. Of 15 Wn-aWm axlrmiesd, 
only two carried smaU amounts of biotite. MicsocIine and myrmkite whom pmmt 
are subordinate and appear to be primary. The microcline in thin section 441489 is 
chttered with small inclusions of epidote. 

With increase in the hornblende wntent these rocks grade into plagioclase amphi- 
bolitcs, the simpleat and most chmEteristi~ of which cansist of gma hornblende and 
f e w .  The wdldefined epidotk bands, so frequently observed in t h e  mcka and 
to a lesser extent in tho gnei8808, ewe their or&& to cahseous impurities in the original 
sedimentary rocks, to o b b b t i o n  of the rocks prior to metamwphh or to hydro- 
thonnal agmwiw. .! I 

The approximate modes of some hornblende g n h  are given below : - .- 
441591 441590 441605 441608 44/p 

0,  0 ,  0 ,  0 ,  

Mymekite . . . . . . - - - - 12 
Hornblende . . . . 25 18 15 17 - 35 - Biotite . . . . . . - - 5 
Epidotc . . . . .. 40 P 15 - - 10 
Acccasories .. . . .. 5 2 2 

Garnets were observed only m the gneisam east of Karie and &it6 in those a t  
Kibara- The awewries consut of rounded zircons, skeletal and granular upherre, apatite9 
and ore. 

eii) Hornblende-BioiIle Gneis~cs 

Biotite-Wig hornblende gn- pre closely associated with the bioMe-free 
hornblende gneisaes, and the best exposures are found where the Tana cuts across the 
Thathn syncline. Minor occurrences were noted west of Kanji10 and around M u .  
They cornspond closkfy to the plagioclaae hornblende gneiss= described by SchOeman 
(1951, p. 10) in the Embu-Meru area. He considered them to be pertly derived frm 
soda- and lime-bearing sediments but suggested the possibility that some of them might 
be meta-intrusives. It is also not unlikely that some of them are derivatives of brlsic 
rocks that haw been subjected to soda metasurnatism. For the purposea of the present 
suntey they have provisionally been placed with the metamorphosed pelitrc and sanr- 
pelirk rocks, but the facts liited below may be of assistance in elucidating theu or* , 
at some later date : - 

acidic f&path& magma with solid ulbabaaic olivine-bearing ,rocks. 
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'4. . (b )  They diEer from the appinites of T a w +  (Wade and Oetea, 1938, 
38-11) in that diopslde is absent and b i d  is preaent is sugotdtna ; p . .  te iwmunt. 

~ r d m g  to Wade a@ Oatss (op. cit., p. 39) "The diamcteers displayed sap* 
sugscs( tEat appinite is a hybrid mok wsulthg From a Zwo-phase reaction bemeen 
a late granitic diierentkie charged with d v e  liquids and solid rock rich in 
Eafemic material". 

(c) Ftynolds (1936) claims that in the Hebrides t k y  have formed through 
w o n  of a hornbhd@ m a m a  with quartzite. 

(d) %u Upited Q1wlopment in the area sou.thzast of b b u  is, acitb one 
elrfiBp9an, vNkd t9. %v vf bspichtrusjon. 

(e) Palimpsest structuns as observed in thin scoiions, a deg idn ,  in 
pSar d 1e.6, from 

Tla l z o s ~ b ~ ~ i o t i t a  g y i e w  ore mWyw: rwks with sanitoid to MY 
We %?%4 W,t& c@weWa 7PCy ve4k e y , ,  so that W o g r .  we 

wutses. T4e Q X ~  aMWs ahaw no chilled bardam and r w d  
a Wiculata veining, thDt somehea gives riss ta local irregular banding. The me&a 
ate of simple and remarkably unifonn wmp&ioil, the ewntisl &&a shewisg 
We variatioq in optical and physical p ropde8  over the wide area in which they occur. 
In thin $+.tion they are qxdium-grained xenoblastic granular and only occasionally 
&bl(a miM gncissosii. MinetalogicaUy they are the same as the plagMaase h- 
bkp+ f i  the a d p i  Embu-Mem area, and wnsist of p o i l i l o ~ t i c  horn- 
b w ,  cry&& of plagioelase, s& M y  biotite that not ia&equently is psrtly 
&emd to &rite, quartz, and subordinate epidote, which ohen occurs as chadscryatg 
in plagioclnsc. Although much of the irregular quartz is secondary, it elso occurs as 
isolated 8- p&vsp@, w & y 4  05 ow q& mains. The comwaition of the 
plagioc@u van+ from A%. to An,,. The aaesuviea include apatite, zircon, calcite, 
spheae and i rw  ore. 

The mineral composition of some representative specimens is given below:- 
441500 441486 441573 441629 

~lagiodw . . . . . . 30 35 35 42 
Hornblende . . . . .. 60 25 35 35 
Qi* . . . .  . . . .  2 10 7 l2 
BpidstC . . . . .. 2 ' 4 4- 3 
Chlorite . . . . .. 3 - - - 

1 Accessories . .  . . . . - 1 3 - 
Specimen 441666, from a thin faulted band immediately eaat of Thambu, is wn-  

sj@& ta, f&inQ tbis clw, although it is not a t  all r e p r e y e  of it. & is godqately 
~ p e -  a@ of &qo-p?~phyroblastic texture. The &tic clu@ers of luqbw 
9wWt P tJiv weathered surfaces giving t& 10ck a d k s W y  sgo w- 
w IN=- it is seen that tb ph@dass gains w eqw-% asd 
&&, W wtuMd ogtlincs indk?% W tecrystalljkation, apd *bit ~ l y a y 4 b t i c  

twiooing. S d  biotita tiaLes ase subordim& and opaque ow m&eg up 
ua~nlceRt&*sliqe. 

The hornblende-biotite g n e i w ,  lik into phgioelsse 
rpphiboIites and amph ibob ,  whm has im@ a 
mild. mbiatosity or gneissosity on those rich in hnrnbleoda 

Eapt of the Tana, between Memende and Mumoni, the hornblende-biotite gnsiapes - as w o w  dircoaneoted lenses and d8.r~ mke& fwn Ulose akOady desrribed. 
%'ara melasoorstic, ruddy fissile types of medium grab and modem awiw@ty 
but devoid of nay linear fabric. They exhibit Bypicab c e t i o n  foliation. North- 

- . . - 
rY 
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wards, they grade into hornblende-diopside gneisses corresponding with an increase 
of calcareous impurities in the ooriginsl sediments. Green hornblende is invariably the 
most abundant mineral and is variably acwmpanied by either ,&op&ie or biotite, but 
never both. Quartz, mymekite, and calcite a n  subordinate. The fdspar in some slides 
was detamined as An,, and, although usually fresh and twinned, highly aeaicithed 
and untwinned plates were also OW. Gmular  aphene, often h t i y  pleochrok, 
is the commonest accessory and in some slides may account f a  as much as 4 to 8 pw 
cent of the total composition. Epidote, zircon and apatite arc also present. The variable 
composition of these rocks is indicated below: - 

441822 441848 441819 441802 
% - % - % - '% 

Q-& . . . . . . 4 
Plagioclase . . . . . . 62 40 39 54 
Hornblende . . . . . . 36 43 38 30 
Biotite . . . . . . . . - - - 10 
Diopside . . . . . . - 14 2Q - 
Epidote . . . . . . - 2 3 - 
Accessories . . . . .. 2 1 - 2 

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

Mumoni Mountains and Mwango that the sediments w e e  s&i& dWouil tti 
yield the distinctive index mineral sillimanite. ) f i e  gneisses are mi'  %or exbnsively 
developed nor conspicuous in the field They a n  coarsegrained tptwa but, unlike 
comparable rocks in the Nanyuki-Maralal area (Shackleton, 1946, p. 9) are interbedded 
with rocks of semi-calcareous origin, and are themselves wnsiderrd to be ddvsd 
from semi-pelitic sediments. The plagioclase felspar shows no avidenre of having besa 
metasomatically introduced and is a sodic variety (about An,,). Ohly the W y  limited 
replacement of some of the s i l l i n i t e  by muxovite could be interpreted as being due 
to the effects of granitization. The chief sillirnanite-bearing rocks are:- 

(a) Sillimahitequartz gneisses. 
(b )  Sillimanite-biotite-gamet gneiss. 
(c) Sillimanite-staurolite granulite. 
Outcrops of s i l l i~di tequartz  gnetbJ were found on Mtui and bttween Mtui and 

Mumoni.fThey are weU-foliated leucocratie rocks, which in places show 
of reddish-browh mlom produced by weatkadng of the i r o n - k i n g  
contain. The colowlsss sillimaalte o~btus both 6s slender phnratic &dt& Bnti ks 
fibrous sheafs which show a &Enite patallelism The felspar is mhvinaCd rlnd &@& 
but often cracked, and like &e &ha, fcquenUy shows optidl atre&. Tk 
accessories arc rounded zircons and magnetite. 

pe sillimanite-biotite-garnet rocks are melanocratic coarse-grained types with a 
foliation which, although well developed in some, is barely discernible in others. Thin 
seotions often show an intimate association of sillimanite, biotite and subordhate 
muscovite. The sillimanite occurs as a generally unorientated felted mass of flbrcs 
with quasi-fluxional arrangement in places. Swarms of needla are embedded id q W t 2  
or  wind streamlike around the larger grains, particularly the garnets. The pink 
are 6.4 and poikilitically enclose chadacrysts of quartz, felspar, biotite, E %!% - 
and n&31n thin section 441875 some of the garnets contain numerous minute $@G& 
of ailbanite ananged with parallel orientation and parallel to the scliistosity of the 
rock. The untwimed soda plagioclase and quartz grains which have, in some instawen, 
par@ recrystallized to £ o m  a sutured mosaic, invahblp show signs of stwda, and 
cracks can be seen to run across numerous gnks@eudomorphs of chlorite after 
biotite are common and the two minerals are freqwatly interleaved. Partial replacg 
merit of s i l hank  by biotite is not mcomnwq and suggests the possibility that, at 
OM- time sillipxmk was far more widcsp~+ and abundant, but with su 
granitization and retrogressive metamorphism (7) It id do* represenfed by the mi 
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6. pkdd--wd- p u d f t e .  swcbm. 44/m Satl(h-wqlt 
M e m e u d m ~ H p M x 1 l . ~ ~ ~ . o d ~ ~ ~ ~  
~ ~ r U h b o t L h . h , s s d . d ~ ~ ~ . r t M t s n k f ~ .  . 
pamW omgmr(b m the sprP(*L .od db. mwgsw &eat hpemptibly '' 
islo U. b 

& 
C. S--bloti*-pHnet pndr. Spcrha 44/792, Momoni. O r d m  i, .; - ' P ,  1 

Ugbt x 17. l h  dn* .born Ute Mmmtc ~ ~ M O I I  of blotite and dlU- ' 

mamile .ad the -er h, rhieb the s U l h m k  fibre. riad nromd the -?!! 
r v e d  @mat porphymbhsts. 

silknanite-staurolite granulites are associated wid e p i d o ~ m c t - m e ~ t e  
r & - p r t h - w ~  of h4asinga. They are line- to m e d i u m - e e d  rnelamratic t y p .  
The nly spatmen &d, 441857, consists of fibrous sillima@.# gob-ydbw sub- 
bedral staurolite of short pripmatic habit, abundant magnetite, subordinate muscovite, 
gmmish chlorite, and interstitial plagioclase.[f'he rocks were presumably derived from' 
sediments which were more aluminous and ferriferous than usual2 

The volumetric modes 

% % % % % % % 
Quartz.. . . . . 38 64 26 48 35 - 
P@giocLaa .. . . 12 8 15 18 15 25 3 
Biotite . . . . - 1 10 4 12 15 - 
Muscovite . . . . - . + - - + + -I- 

P' 
S W t e  . . . . 46 - 25 - s 

A 

22 - 10 - + - 37 
Stawolite . . . . 22 a 

Garnet . . . . - - ' m B - 20 ' - 1 - 
CMorite . . - - - - ,- - a . . + 
Aeocesories . . . . 4 1 3 1 18 

I 
441780 and d l 8 1 8 - 8 i i i t e q u a r t z  gneispes. ' 

t ..L . 
f ' f  44/7%, 44/80a, 441820 a n d 4 4 / 8 1 2 - S i l l i m a n i t b b ~ r w t  psisstr. *:, .- 

I). .... .".. h P b - C ' U  . . 
.r. 4 4 ? % 5 7 ~ - & U i m a n i ~ u r o ~ t e  granulite. 
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(v) Muscovite Schirw 
Thc bcsr mpomug of m0800vib uchkta are found KO* of -, at Kat&&i 

and 8011th of Eanjiro. They are of slsdirnn to coarse grain, lavariably bbtbfrea, and 
the more bi@ky quaazo-fekpatkie lyps are suIWently r&aa to mtherjng to 
&ve rise to low-lying hillockh 

Specimen 441594 is a pi&& ffieblc scbist with large oorroded plate of feebly 
pleadmi6 muscovite, in a base of granoblaettc quartz. S p f d z n e ~  441831 and 441850 
have silvery lustre and a n  highly sheared rocks composed of muscovite of sexkitic 
@bit, m n d a t d  qmrtz. and angaEar $ink garnets. At the foot of Hathi& the. rooks 
are modacrtely foliated felspathic typao with erratically disseminated small garnets. 
Miemdine r e o h  aoartL and mvrmdlrite is su-te. The hill it& is commsed 
of tourmalinekmrh~ mu&vite sc& in which the suhedral black tourmaline &IS, 
a result of meumatolysip. sometimes attain a l e n d  of two and a half inches A thin 
section of tbe scbist (4415959) consists of &tely srraDgsd interpenetrating laths 
of muswvlte, small scattered cluate~~ of anhedral quartz, and large brownish tour- 
malines, enclosing nmnerous unreplaced relics of quartz, muscovite and iron ore. 

(71) Micuceous H o r n f a c  Types 
These poorly exposed and bighly weathtred rocks were obsLrved iMIy in the 

south-western corner of the a m .  They are rudely foliated and have a epddcd appear- 
ance due to small unorieutated and partly altered lathe of brownish W t e  aad silvcry 
mwv1te. In thinaection the rocks have a typM sedimentary tsxMe and consist 
of subangular grab of qumz separated by brownish intcrstifial material, flakas of 
muscovite and biotite, a mamillatd ydlow-green mincr8$ tbat is possibly a member 
of ths epidote family, md Pbundmnt &hn&ar fm@tmts of rntile. The yeUow-g&n 
miheral is partly lhonM&d, ahows agpgate polarization, and appear8 to have fonned 
by aftwtjon of biotite. 

The only thin section examined, 441637, bas the foUowing m i n d  composition: - 

Felspar Epidote (?) Muswvite I I I I I 
(c) Metarnaphosed Ps~unir ic  Sediments 

The psammitic gneisres are geaedy fhw- to durn-graiaed roets in which the 
ferromagnesian m i n d  are &was ~1bordinate. Their resiatanes to aiwion is far 
greates than that of thc pelitic I& and they consequently form the bulk of the hills, 
the Mwoni Mountains, however, being a notable exception. Thcy arc considered 
to have been derived from ambtones, quarlzitai, fclsparhic q&tcs and arkogs. 
Except far the qUaraaes they haye all sufiered granitiaation to a greater or lcssa 
extent. E x f o ~ m  is tk cha&nstic methad of w q  d this has given rise 
to masaiveeraes, suchas arcsee0 on Kanjiro. Lena k c q d y  they arc welljointed, 
the jointn being peralld to the dip and strike of the strata, as at Kiarawam. Quartz 
and thin aplitic veins, d y  in jogrt planes, commonly travcrsc t h e  rocks. 

( i )  fWotitic Qpom-fehporhic Gneisses 
These are me&nn g r a d ,  equigranular, and usually d k  brown or grey in colour, 

The gneisosity is wmmonly accentuated by Bakes of biotlte segregated into bends or 
aligned along f o W m  or bedding planes. AlthoUgb in most caaar a l l  mkmswpir 
evidence of sedbmMy wrtueea has b e a  obl&emM by the th of botb regional 
m r p h i s m  and granitizat@ d spefl p&llwst sml&Rcs s ~ v e  of 
o ~ s a n d p r a i p J w w e o h s m r e d T h . e a s e d d ~ a n q ~ a n d f & ~ ~  

(v) Muscovite Schirw 
Thc bcsr mpomug of m0800vib uchkta are found KO* of -, at Kat&&i 

and 8011th of Eanjiro. They are of slsdirnn to coarse grain, lavariably bbtbfrea, and 
the more bi@ky quaazo-fekpatkie lyps are suIWently r&aa to mtherjng to 
&ve rise to low-lying hillockh 
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a result of meumatolysip. sometimes attain a l e n d  of two and a half inches A thin 
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subordinate biotite, not idrequsntiy intimatdy associated with Wdte and epidote. 
Some of the rocks have a small pczcentase of hkbb wnwded dirty- hornbleatdo. 
The felapars are of two gcomti&: original gr&-oE ofoc&&e arc replposd 
by later microcline, micmolinbpcrtiite and mynne.Uk The latter frequently encroaches 
on the earlier felspm as smsll bays. Myrmekite and mkccUne -tend to be more 
abundant in those mcks which are sheared and foliated. Acceswriw obsemed in one 
or another of the slipes include subrounded zircons, granular sphene, apatite, g&lote 
and small palepink garnets. 

The eetimated volumetric modes of some repmmnWivc spckueus are &hue 
below : - 

441626 441551 441655 441518 441759 

~ i c r o c h e  
Plagioclase 
Myrmekite 
Biotite . . 
Muscovite 
Hornbkauie 
Bpidote . . 
Chlorite . . 
Acceswrh 

... / _ '  i . 1 .  1 1 1 ,  Cu) Quamo-felspnthic Pam-granuIires 
! f f : i ! ,  L b . . ~ # l ~ , ~  

The variation in colour of these t v m  IS esmtisnv h e  spme. as nit& rmensses. 
They are he-grained, sometbm show &@y d e v e l o p & ~ & ~ o ~ , a a d  te&iioally 
weather to smooth rounded surfaecs. W'ha adm~tefv sxDossd ie dw srnsm cmmea 
e.g. north of Kibara and in the Thura north-quax  ̂d Ifsrie; 
position. South of Thambu they occur as numerous 
aphtic dykes. They are considered to be derived from 5e@wi @pire q w  
much of wh~ch may have beeo of silt grade. 

Specimen 441614 is fissile along weUde6ned parallel @ga whid& amatwW 
by iron mning, are suggestive of bedding planes. It is the ody spmhea ln w%i& 
mcrocltne is completely subordinate, the bulk of the fslapars && e+m@aWl of 
twinned and untwinned albite and orthoclase. The only ma& minerals p w m t  nrc: 
isotropic greenish chlorite and mmute flakes of muscovite. S k W  and &I grain6 
or opaque iron me make up 3 per cent of the rock, and agmegatesof a bnwnkh mineral 
eonsidered to be eithor d e  or orthite are accesory. 

Thii sections of spenmens typical of these grand* ahow inkme replacement 
of original quartz and felspar by microcline and suborcfma'tc m t e .  Biotite, 
muscovite and chlorite arc pnsent in varying but genedy  small atudrmta. Wle-pink 
garnets are the commontst accessory, but may be ~cu)mpmi& by @otq ~ I I S  
and apatlte. In biotite-free types, banding caused by variable colowing of the pre- 
dominantly quartzo-felspathic material is sometvoes conspicuoU. The only specimen 
s f i d ,  441757, consists of strained and cndted qmfk, white ,  m i c f ~ p e r t h i t c ,  
microelhe, cracked pink garnets and subordinate mmwvite and myrmekite. Zirmn 
and ore are the only accessories. A distinct dsss of the m u l i t e  a formed by the 
medium-grained gametiferous types exposed in the Tkum Biwr northeast of Kmk. 
The garn- arc small and, although usually srrsticaly dkanhted throughont the 
rocks, are occasionally segregated into irregular barn&. .- I 
(iii) pumtdre8 . ,: 11-1 

Wo true quartzites wsre obwved in situ. Float np near the Ena River 
north-cant of Kiarawa, no& of the Thiba-Tana @Wi&, a@ near the Tasa sonth 
of Karie. Agreeing with Shackleton's (1946, p. 12) brva!im in the Nanyuki-Maralal 
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area, the most &kin$ h h u c  of thee rocks is their compamtive acarcib! in (Mi part 
.of Ke~iya. IBo&~dy one 4 mappable body of quamite in Pdnb-Meru 
.area andopdc***-.df- 

On f r e h y  fra='tlrrid su&&s fhe' 4uaftiites are seen to be he-grained and grey 
in wlour. Specimen 441527 is a homogeneous quarC%% rock c o m p d  bf mutualiy 
lnW&nt quartz grains in which no distinction hewn the originsl M M  grains 
and e n t i n g  material exists. Most of the quartz shows optical shain. About 10 per 
.~ent of the rock co , predominantly magnetite with subordinate * of @,&@. of muscovite occur md theas were preaumabiy 

' 
derived from argillaceous i m p W a '  The accessory minerals q - n  and d e .  

~. . 
Thitl .section 441450A shows no signs of r . i' :, ;& p.lmi&ion strain 

.at the subangular quartz grains, which are owro-- b m d  material. 
Approximately 30 per cent of the rock consists of maBoerits foncg&aWt into thin 
closely &aced layers, giving the rock a banded appwame- is subordinate 
and the accessorit8 include zircon, rutile and apatite. EJ I:JR., 

(d) Metamorphosed Pxephitic Sed2mnts . . WTW, 

(i) Pebbly Grits 
Only one isolated exposure of a rock that is tentativdy wnride& as derived 

from a pebbly grit was obmed,  beside the Ena River north-cast of Siakago. The 
specimen (441525) is leu-tic and unfoliated. Pebble-Like grains of vitreous'qamtz 
are embedded in a predominantly quatm-fdspathic matrix imparting a blastopsaphitic 
re~ture to the rocks. The felspara are mainly calcic oligoolase and highly s e r i c i .  
Small plates of muscovite axe subordinate. 

(2) h fmmowaos~o  Vorzmc ROCKS OP rn BASEMBNI. SYSTEM 
No me.tamorphosed rocks of vdcanic oriOin were obmmed in dtu. Float of 

t&aceous br& tentatively ascribed to the lbmnent Sy&n was found on the 
western slopes of Kiawombe a d  in th? Meadagrams c$ the Tliura Riw. The rock 
has blagopsephifk texture, pad. bWn=b Of quartz, B4d We?=- 
felspthic material, snbhadral augite, and , m e l a n d ,  .fa@, 
embedded in a y tufbmm.(rj mMx, d h h  contains granulat iron ore 
and small c r y d z A n  I&adh&Btk of  veins composed of calcite, quartz 
and a greenish chloritic pm&% trapcna@,-: 

a ~ s l m  
For the purpoao of this m&&@ea arc a e d  as rofks in which a granitic 

,wmpwnt  and a metamorp& b+q& are intimately adminal on a scale mklkimtly 
coarac for the mixed condition of t8s reck to be megoscopicdy visible (Turner and 
Vwhoogcn, 1951, p. 794). The v a h  qid lamina? of granitfc material variably show 
e i t h  a rude p v a U h  or ptggmatic hiding. The &matitea owe their origin to 
ionic exchange of material batwqn the host-rock and penetzating fluids, or to the 
production of a low-melting granitic liquid by ditferential fusion of the host-roc& 
(op. cit. 297). The wavy fdiation suggests plastic 8Ow and the ptypatic folding is 
eonaidend to have ariaen as a result of defomtian prior to solidiEcatim. 

Specimen 44/765 is a fine exampe of a lit-p-tit replacemat gwias (cf. Much, 
1947, p. 231) in Which well-preae~ed parallel banditig has been only 
dkupted .by the growth of large ovoid folspar pi-@yroblasts. The maBc tends are 
cordposed of ilaky biotite and hornblende awl have t&%ively sharp contacts. L s a t b k  

t '3t  Wer Jhtcnsc. The -rics 
$ef ,PQ, , f~up?ite  was a p e d  
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scattend and wrientated &vclommt of f@%obla .@.  T b m  am& of. 
either oligocbse or microdim and, although m most cam thsy ars p@p&ed of 
individual warns, it was noted that in some wtances they are formed of numerous 
moll1 crystal+ each with independeat orientasion, lying adjacent to a re  another. 
S-en 44/506, a typical fclspar porphyroblast gneb, is a leummtic ku-gdwl 
rock, from the weathemi surface of whicb the pale flesh-colourod felapar p o r p h y m b h  
proiect prominently. In thin section the texture is seen to be hsteroblastic and the ' 
mkocline porphyroblasts usually consist of a mosaic of numaom grains. Myrmcr& I 

encroaclm marginaliy on quartz grains. Other minerals indude twinned olieoclak, 1. 
orientated plates of biotite and muscovite, and granular epidote. As the numW and 
size of the porphyroblasts increase and with sub&qwot defonnatioq the felspar 
porphyroblast gneisrts grade into a u m  @&tea of granitic appwamc. The I e m d  
component of some of the banded gn&w bed d t e d  whae cstain planes afiorded 
easy passage to the inIiltration of granitizing fluids, thus promoting the increased growth 
and coalescence of the porphyroblast felspers (Miach, 1W7, p. 225). 

Augen gncisses with mortar texhue have bckn formed W y  where porphyroblasts 
of oltgoclase or mic roch  with granulated edges have misted crushing and brcdath.  
Strained quartz grains are often m a t e d  into lenticular folia. Some ayatek of 
oligoclasc wntsin replacement blebs of microcline and the micas often tend to wrap 
thanselves around the larger porphymblasts. 

Thin sections of other migmatites reveal inequigranular xenomorphic te-xtures, in 
whicb the phenomena characteristic of metamorphism and granitization, snch as. 
crystalloblast~c and replacement structures, show various ataged of developnent. Myrme- 
kite is usually the last to form. It replaas the earlier introduced f&pars, often encroach- 
ing on them as fungoid growths. Sheared rocks have often an unusually high microcline 
wntent and in many instances the amomta of microcline and mvrmekitc varv wooor- 
tionally. Biotite is thi commonest ferromagnea&n mineral and is &&mar a&&&& 
by, or interleaved with hornblende. Muscovite is invariably wbcrdinate, and a6 rmDdricpl 
r&tionship wuld be estnbliahed b&wa=n potash m - eoCe. @kl@&~o&t~aa 
and muscovitieation. 

(4) Mum IN~RUSIMS 
(a) Grmitar 

Field cr~teria and mxcrosooptc evidence con6rm that the tea have been formed. 
by gmnitization in silu of pre-exlsting sedimentary rocks and by rhefnnWsm and 
subacquent intrusion. Specimens 441674, 441682 and 441687 taken at Werent 
intervals along the strike of the numerous closely speed coneordent granite sheets. 
extend~ng from Kamukanya in the north to Matta, where they merge into the massive 
homogeneous &tic rocks of Kiambere. They are medium-gmbed, non-foliated, 
pinkish rocks that have been selected for description becam of their close shnilarity 
to rocks which are considered to be uue magmatic granites. 

In thin-se&on these rocks have an alloh~omophic granula~ tcxhue showing no  
marked d i r e c W  anwgcment of rithg the felsic or ma5c compoklents. lby tonsist 
of w e  replacive cry&& of microcline and microcline-pertbite, somewhat turbid soda 
pkagiwbse, quare, gfhn as lobed grainr or bkbs in the felspar, irregalar grains of 
myrnmlute and subordinate biotite, in some instances altered to cldorite and in others 
interleaved with muscovite. Optical atrain b often prrsent in the quark and may be 
fairly intense. The aaccesary minerals d s t  of small subhedral cracked zircons, 
wedgwhaped and granular sphene, apatiw and opaque iron ore. 'RIC W t e s  dafer 
&om the pn i to id  pei8898 formed in sifu, in that the gneisosity of the lam ip oftsn 
r+qlUuq& by sub-pdlel  speaks and wispa of bibtite. Tbe mineral wmpo8ition of 
t h e g & ~ i s c w & a U y  the sruneas that of the 7 except that m the latter the 
muscovite and biotite content i s  higher, and in a dmon they wntah d subbalral 
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(c) 18-US TYW 
(i) Olivine-prcOnarte Notifeu 

O l i h e  and spinel-bearing sbbroic rocks are wnIined to the low of hills 
extending between Rongori and Nduni. The rocks are medium-grained with only l& 
dewloped coarser-grained patohes, in which the increase in grain size is d y  
accompanied by a dewease in the plagioclase wntent Decomposition of the OW, 
under atmosphpnc wfathering, imparts to those with a bigh olivine wntent a dma&- 
istic pitted surface. The best exposure of the more olivinerich varieties are found at 
the north-eastern foot of Twoinoini. 

The norites are. composed essentially of varying amounts of olivine, ortho-pyroxene, 
augite, basic plagioclase, pleonaste and homb1ende. Gradations from one typs to 
another are caused by changes in the relative proportions of the ctitef minerals. Ma&- 
matic dsemtiation of the fluid tbat gave rise to them has a h  gieldtd anorthositca 
as one end-stage rock and pymxanitw and olivinsrich rypes as the othet. The majority 
of the pyroxenites have, as a mult of subsequent metamaphit&n, d U e d  alteration 
to amphibolitcs. 0the.r pyroxenim and the olivine-rich fractions haw bctn a l t d  
by meteoric watas, charged with carbon dioxide and circulating 01W.a the zone of 
wea the r~ ,  to magnesite and serpentme rocks. The metadolentes a n  considered to be 
geneiically related to the gabbroic rocks. 

'Ihc olivine is colonrles and usually occurs in large, fresh, cracked platea, 
frequently showing undulatory extinction and 111defintd twinning. S M p s n ~ o n  on 
a large scale is absent, and is only innpiently develop& along some of ths cracks, 
 wit!^ wncomitant release of magnetite. Thm veinlets of yellowish bowlingiie are 
wmmon. Optic an& astunations i n d i  that the olivine has a composition lying 
bstwwn Pass and Fa,,. Coronal rims of hypemihem invariably separate the olivine 
grains from the plag~ocla~b, and in some - dooble reaction rims have formed, the 
inner hypersthene hemg surrounded by an outer, 4~ d b a n t i o l ~ ~ g ,  rim of horn- 
blende. In ttun section 441~30 ~rregular grains of magnotae have d o n  chns of 
hypasthene and wm of olivine. 

The mhplroxeocs indude both hypersthsne and eastatac, but ths fotmg pa- 
dominates. The hypersthene 1s feebly to moderately plmohtoie-. %id orye& w&% 
observed, and the core of one of them was determined as gf pi#@&% c(W11- 
position, grading imperceptibly to a hypersthenu: mantle. Id- M&&@ 44{6Wk 
alteration of the bypersthene to tremolite has proceeded 
cleavage planes. Aberatiou to bastite is also common. 
hyper~~them have an ophitic relationship to the plagioclase. OtiLg tb$t~&oaa &ow 
&hlllcrization produced by closely spa&, mmu& rod-like iwiuaiom aligned parallel 
to cleavages or normal to cracks. Occasional crystals of eostatite arc a h  present. 

The ougile IS uoually co~ourless or pale green. The crygtals arc f r s q d y  twinned 
and srowded with minute particles of iron ore and caW. Some -ins &&y 
approximate pigsonitc in optical propded. Replacement of tht augite by hombhek 
is p r o c e d i  by a mahod known m poliahed section microswpy as mnitiphwmtre 
m, an8 some of the larga enclosed hornblande laths are a d t  of &utd 
growth and c o a b a e  of innumerable centres of repkacm+nt. 

The green spinel plamaste is usually in- mtcrgrown MUI hombknde, but 
ocoasionafly intergruwths of spinel and hypmtbm wcn dreroad, which m mke 
0 8 ~ 1  form col*l surmnnded by mantles of hypcdwne. The& hkgrowths, often of 
petaloid structure, are sometuness~oaratedteLfr~ -- -- / .- , . 
perEC6eEF-growth of two unidentrhable m i n d s .  Largm Irqulor yrins of spnel 
d w d  of intaarow& @mztz~es, uanafIy o m  adjDocat b hentbleads or iroo ore 
It ia mtercsLing to nde that when in contatl w~th the former, the bornbhde 
to assum a decpsr grm ~01our. 
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@*greenish hornbknde is u s e  in ill-formed grains, often occurring a$ 
aoFpsubr inclusions in tke pyroxenes as well as £0- rcaciion rims around them. 
Soma eohw~less mins, with weUdeveIoj4 cleavage, rather  large^ exhotion an& 
and moderately high biretiingence may be enrkkd in the cunmkganite mokeeole 
(Stewart, 1946, p. 478). 

The &@oclese is usually fresh and OMUS as large twinned crystals with smooth, 
rounded and embayed outlines. Rarely are they in contact with the ferromagnesian 
minerals without the development of reaction rims or secondary tremolite. The corn- 
position sf the plagioclase lies.approximat& in the range labradoritebytownite. 

The subordinate minerals include fibrous tremolite, calcite and scaaered small 
amounts of epidote. 

The estimated modes of some representative specimenn of the noriric rocks are 
as follows: - 

441653 441654A 4416540 441650 

Plagioclase . . . - % . . 25 
% 
65 

% % 
5 42 

Olivine . . . . . . 18 + 20 8 
Qrtho-pyroxene . . . I5 22 18 6 
Augite . . . . . 18 + n 8 

. . . .  Hornblende . 16 6 24 IS 
Pleonaste . . . . 8 - 3 3 
Tremolite . . . . - 6 - 11 
ACe53xb . . . . .. + 1 3 3 

(iij Bornhklurc Gabbms 
IQbbro~. like all the basic hmsivca, are poorly expo@ and 

which would elucidate their relation to, and etTects upon the country rock, 
wan pat -4 

The textuses 06 the knblende gabbms have been m& to a or lsaear 
by the effats of ~lt-phkm. Dependh on whe* the h o r n M d  in primary 

or secondary the rocks may be classed as uralite gabbros or m. The W t y ,  

w however, are &stmediate in that Uwy contain bath uralite and common greenhorn- 
bkode. 

The uraWc gabbros an genetically related to the anorthosites and all gradations 
exist ktwrsn them, the uraliralite being derived by paramorphic re- of the original 
augite. The hornblende of thin section 441651B is secondary seb aumaunds cores of 
augite into which occapional. veinlets penetrate in irregular hbkm In specimen 
441651A complete uralitization of the pyroxene has taken ptaaej. The plagioclase is 
struined and , m y  recrystallized with the production of irr- &wed aggregates, 
and encloses numerous microlites of epidote and needles of hornblende. 

The majority of the bojites are pyroxene-free. A typical specimen, 441669, from 
the h e p g a  River. south-cast of Thambu, has subordinate flakes of biotite in larger 
plates of +green hornblende. This structure may be interpreted as due to the k&eme 
gf potash metasanatism tending to convert hornblende into biotite, with lhe &se 
of lime, which has been fixed as scattered. grains and columns of epidote. Fresh, 4- 
twinned plagioclase makes up the rest of the rock. in thin section 441683 the horn- 
blende has a rudely decussate structure. l%e accessory minerals include rutile, spbne, 
'tremolite, pyrite and in one instance calcite. 

Typcs cc~tainiog both, priraery and secondary hornblmde wess follnd as scattered 
bouldrs be- Fhe !kuanjoga Rivm and Than?& They aae medium-gained 2nd the 
d w h  carm aa encrWatiw of soft bmwnis8 materiel. M m a n s  441670 
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&.uhen 441.680 om r a r i c h - d d ~ l t  
itLWudedinthisclnraasitmr# 
of pyroxene and abundant sphrae the mineral $En rh& r the gabbros. 
T%# tmaum, h o w ,  is simple gmtulpr. , !.~i : 

The approximate modw of the g8bbroa an: - 
&/@I &/6$@.,-- 

% 
Plagioolaac . . . . .. M 

$6 
6 

. . . .  Hornblende . . 50 3 
Prrcxens .. . . . . - - 9. - - I 
Biotite . . . . . . + -, 

Aamones . .  
(iii) Anorrharttes 

Only a few narrow anortMtic dykes were obsc~ed. The86 &re mo& ass& 
with the basic intmeim in the Twohini-Ndutu area and south- of Thambu. 
majority are grcyiah with a spoaed or mottled appemnce, the ex@ surfaocs wcatba- 
ing to a reddish-bmwn wlour. AU gradat i~ exist fht& epiclotic spottsd 
anorthosites and ortho-am~blitm. The subosdhte ferronqnwkm rnincnrls &ow 
no p m f d  orleatation and an ody r d y  w n c e n W  into bands. They occw as 
dtcusaady a m &  prisms or as i n d e w  greenish smudges. 

The coi~plur texture of these rccks, as revealed in thin sccrion, is d w  to the 
instability of the oakk molecule of the ph&ck+se under d m  m e t a m o m  when 

The original pyrmene has been wm~4&4y 
blenae aggrsgates. Sp;cimen 441648 has, 

* is the comaones( aa?cssory. 
The two q&mw $iced have the following cuthated . - 

441448 441472 
% '  ?& 

PlagioChe . . . . . . . 79- fa@,J 
Hcmbknde . . .  . . . . .. 8 31 
Epiaote . . . . . . . . 16 22 
Scapo&., . . . . . . . . .. + 
Ac&awI108 . . . . . . . . .. 1 

( i )  M e t a d o l ~ t e s  Md Plagioclare Arnphibolites 
The mamorphism of ths W c  intrusives w m m o e d  on tho outside and gradually 

psnehated inwards, in many htancea leaving retativcly ummdiiied wrus of meta- 
d o k h ,  the medium-grained granular texture of wbich is stin r c u ) ~ b l e  as that of 
a wnsohted magtna. The wrus have rasisttd amsioa and now stand out prominently 
as insdeergR They grade outwards into plagioclas amphibolitea and amphibolites, 
whkb are sometiom well foliated but only d y  devdop linear orientation of the 
prismatic minerah 

The metadolerim are gmaally &~~~.-grahsd umhmomtic, granular mcks 
ocanLonally exhibiting mild foliation. They contain colomMs aogitc dusted with 
minute m us ions of iron on, ,which a n  in lllaaas Y wncent~atd and 
o h t a t e d  to impart 6chillcr 8huctu-c. Som patclk IW in me a& of a d a r k  green 
c o b  and more dwhoic than the muah& of the CngL. In thin s?ction 441647 
PIterakion to am&ibole has rarely procoded beyond the-siajp of & .d. 

C 

&.uhen 441.680 om r a r i c h - d d ~ l t  
itLWudedinthisclnraasitmr# 
of pyroxene and abundant sphrae the mineral $En rh& r the gabbros. 
T%# tmaum, h o w ,  is simple gmtulpr. , !.~i : 

The approximate modw of the g8bbroa an: - 
&/@I &/6$@.,-- 

% 
Plagioolaac . . . . .. M 

$6 
6 

. . . .  Hornblende . . 50 3 
Prrcxens .. . . . . - - 9. - - I 
Biotite . . . . . . + -, 

Aamones . .  
(iii) Anorrharttes 

Only a few narrow anortMtic dykes were obsc~ed. The86 &re mo& ass& 
with the basic intmeim in the Twohini-Ndutu area and south- of Thambu. 
majority are grcyiah with a spoaed or mottled appemnce, the ex@ surfaocs wcatba- 
ing to a reddish-bmwn wlour. AU gradat i~ exist fht& epiclotic spottsd 
anorthosites and ortho-am~blitm. The subosdhte ferronqnwkm rnincnrls &ow 
no p m f d  orleatation and an ody r d y  w n c e n W  into bands. They occw as 
dtcusaady a m &  prisms or as i n d e w  greenish smudges. 

The coi~plur texture of these rccks, as revealed in thin sccrion, is d w  to the 
instability of the oakk molecule of the ph&ck+se under d m  m e t a m o m  when 

The original pyrmene has been wm~4&4y 
blenae aggrsgates. Sp;cimen 441648 has, 

* is the comaones( aa?cssory. 
The two q&mw $iced have the following cuthated . - 

441448 441472 
% '  ?& 

PlagioChe . . . . . . . 79- fa@,J 
Hcmbknde . . .  . . . . .. 8 31 
Epiaote . . . . . . . . 16 22 
Scapo&., . . . . . . . . .. + 
Ac&awI108 . . . . . . . . .. 1 

( i )  M e t a d o l ~ t e s  Md Plagioclare Arnphibolites 
The mamorphism of ths W c  intrusives w m m o e d  on tho outside and gradually 

psnehated inwards, in many htancea leaving retativcly ummdiiied wrus of meta- 
d o k h ,  the medium-grained granular texture of wbich is stin r c u ) ~ b l e  as that of 
a wnsohted magtna. The wrus have rasisttd amsioa and now stand out prominently 
as insdeergR They grade outwards into plagioclas amphibolitea and amphibolites, 
whkb are sometiom well foliated but only d y  devdop linear orientation of the 
prismatic minerah 

The metadolerim are gmaally &~~~.-grahsd umhmomtic, granular mcks 
ocanLonally exhibiting mild foliation. They contain colomMs aogitc dusted with 
minute m us ions of iron on, ,which a n  in lllaaas Y wncent~atd and 
o h t a t e d  to impart 6chillcr 8huctu-c. Som patclk IW in me a& of a d a r k  green 
c o b  and more dwhoic than the muah& of the CngL. In thin s?ction 441647 
PIterakion to am&ibole has rarely procoded beyond the-siajp of & .d. 

C 

1 1 111 111 11 11 '111 11111 ‘ ~ .11“ ~111‘1 3'11} :11”
11.11 111 11-11 11 111' 11' 1 1111111 1 111 11111111 111.1 [111111ro-L111c1-
111111 11‘ 11 111 _1111 1'11111 1‘ 111 1 x ‘1‘ 111L1_‘>-.11;1§11~1
[11"11.'111 '111- . 11

I111 1,1.1111111111.111.1. 11-
.. 1 ; 11 x 11.1- 1111

1. "1.11.1: , 1 '7 ‘1‘

1 1 _. .7 _ ,_
111'11'1111111;1 11 , ‘ .»‘

1'1111111..1111
111111111:
1 111111111 . 1w 1‘ 1 111
“1 ~~‘."\1‘1 ‘1‘

1 ‘1111|‘ 11'111r1111111111r11

()111‘. .1 11-11 111111111. 111111111111~7111 111111111 1. 11111.11 11. 1 1 .1~ 1 1111.
1.1.111 11111 11141 11111111111111.11111111 111111111111111:1‘\11 1111 11111 1~111 1111 1

11,1~11 1.11111.1'1! 11111 111‘ 1111311111 111111111111111‘1‘3 .111111'.11"L 1"11111111311~111111,‘_'\'1‘L‘,

1111 111 .1 11.1111111141112111 L11’11111 ‘1'11 1,11 111,1,1111111- 111;»! 11111113511 I1111~1 1.111111; 1111-11111
11111111111413. 1111. 11.111111111111111111111111-1 1 ~11111111111' 111 1 111 1
‘111 1‘111‘1,11, 11111.1'1‘U111j11 Eli-‘11 11'11111\'\‘1;'..1(11 1‘111

1111111111121. 1.1 111 1 13111-111111 «11111111111

1‘11- 1_1-111.‘11\ 11.11.1111; 111;"; 111:1 11 111.1 111 :11_-
1113111 111 11‘ 111 1. 1.1111111‘11‘1 111 1 11.11“,“ '11111111111111I;111111-11

1 1.1 ,1 11. 1-.1. 111,111‘1 1111.,1‘11 .1 -' '11‘11‘121 1111»
1111111111 1 13-1115111111111111111111113C 1111L‘1‘7111'1‘H711 1'15 ‘1‘111311311111I11 ‘1111'11'1111I'JL‘\1 [‘1

-1111111‘1.;7.’111\1', 1- 1.1 11.1111 , 111 1.11111111111‘31111 1’.-
1111.1.1;11 111 .1111I11xi 1111111111m1 11111111110111.1111111 12.11.11 .711"1111111,1

\311_‘.11i11-1 1,, 1141‘ 1‘. 111 .:1111ti1111l '11 1|111111111'11111~ 11.1111 1'11.111|1111_1M1

1111.111 111111111.» 1:1 11‘1'11‘1‘11111 1,,111111: ‘11'11111111, 111111 111111.111 111 1111111111111: “1.111111 ..1
41‘1‘1CHL'111111,‘ \1'1'111'H11‘1 1.1Lg1,‘\\11i'1

.11-11111111112111.'~111111.:111,:11111111':111111111111111.1111
11.1 11.,1 11.; ,1"

:1\11 1 7'T11\;1 1
“ r1

111 ‘1

1 11 1 :11 1 1 1 1' 1 1 11 1 1

11; 1'1 1‘ .111 '1‘111 111 1'1 ‘1 11' .1» 1 11111111: ' 1'1 1111 11111-111111 , 1111-,
‘1; 11 .1 11 1 11.1. 11-213 ' , 11.111111, .111111.i11'..:1! .1111} 1I 111.;11
1111111; 1 1111 1 1 1 ‘11 1 1 1 11 1 .1 I|1,11 111
1.1 1 11 11 11 1 1 ‘1 1‘1 1 1'11 11 1111 13.111;

11 11 1 11 1 1 111 1 1 11
1,1,11iq11 .11 ~111111, 1 1x .11 ‘11111111 ‘ 1‘ 111': *1 1, ’,‘.,111 11111211 1111.1 1111111 111 11:
11111111111. 1111 1111111

111 111 11111'11111 1_ 111 1 _11 1 1 1111 1111.111 111.11.»
ANN 11.111‘ 1‘11‘1 '1111‘ 11111 [1111.11.111 1‘1 11'I1-1c11 1.111111

[1111111111 1131 111111. 111 11111 11 1,11. 1 1 *1 3111,1111 ilt
1‘1'lk‘11111'.‘1 ‘1' 11111’ 1 1 1111’11 1‘ 1’ 'I11

“1111111 1.1‘11 21111111 1' ".11111111 1.1111

111IL'1'11111-11 1.11 111‘1111111“1111 11 1- 1.1 11.11111111-111311 11111: 1111 111 :1111'111111 (1.L»1111_1g11.



ment or small patchy internal mphcements. In &in wtion 44165% however, the original 
pyroxene now consists of an interlacing network of fibrous tmnok Bastitc is ala8 
wmmon as a decomposition product of the pyroxenes. The fdspars (abolrt An,.) are 
usually fresh and twinned, but in some sllosa am partly renystallirsd. Occasionaliy 
they enclose. numerous rod-like grains of epidote and pu1tWed veSntefs of arlcife. 
Chlorite and granular epidote are p r e ~ ~ n t  in subordinate amounts in some of thc rocks. 

From the above description it will bs otsa that tIm plxcnoma of Wtbtion, 
saussurit~zation, and to a lesser extent chloritization, h a e  all effeckd the dolerites at 
m e  stage. 

The associated plagioclase amphibolitef are 611c-@&iged, generally foliated, and 
consist e n t i a l l y  of flaky hornblende, andcsins fetaper, arid -ry sphene. in one 
specimen dull brown i3akes of biotite were obsmtd on fh f&tlmed surface, but 
not in the slide. Garnets, which have been reported aa a mafibeat of many of the 
plagioclase amphibolita from other parts of Kenya, are not praraM. . 

(iv) Ortho-amuhibolltes 
Amphibolitization of pyroxenite has led to the production of ortho-amphibol'i, 

whrch are invariably closely associated with the hornblende g n e h  and basif intrusivss. 
They are generally masstve hard rocks only rarely exhibiting weak schiao8ity. Intsr- 
lockmg stout prisms of hornblende form tbe bolk of such w k a .  Thin mtbm rcwal 
that the cores of the blukgntn hornblende cryatais are offan omwled Witk millute 
inclusions producing a crude schiller stnteturr. Sieved structum am net unwnunm. 
The finer-grained matrix is composed of v @ u g  but small amounts of plagioclaac, 
epidote, seapolite, eakike and sphena Th metic relationship bshvesn the amphibolites 
and fhc hespotted mortho$itss ia su&wSd by thio section 441656 in which the plagio- 
claae and b d e n d e  have h a b b  dMzu to me a m e  mine48 in the anorthositw, 
though abeir amounts are in Inverse ratios. There is, however, a Doticeable decrease 
in the epidods &tent and oecasio~  growths of hornbhde and plagiwlasc w e  
otmrved. 

The estimated modes of two typiul ortho-amphibolitss are Gven below: - 
#I886 441656 

% % 
Plagioclase . . ru* c' * 4' .* 7, 7 
Hornblende . . - ..;.- - . . .. , 80 93 

5 - 
6 - 

Acceanorics . . . . . . . . .. 2 + 
Some small irregular lenses of come-grained hornbbndife are so dosdy associated 

wi& the basic intrusives, particub& at Muthem and south of Rongori, that they are 
considered to be genetically rclaibd. Thq probably represent the complete ampbibolitiza- 
tion of originally coarse-grained pymxeaites. A lack of any directional textmes is 
amibuted to t b  protection &om metamOrphism afforded them by the aarroundiog 
basic intrustves. The fresh unaltered types are black, the more weatherd varieties a 
dull green. Specimen 441658, from Muthem, has a hypiodiomorphic gmmdar tsxture 
and consists of brownish subhtdral hornblende and fresh twinned p!a&che 
(about An,J. Iron ore and apatrte arc the only acceoriie9. The hand-specimen contains 
over 90 pw cent of hornblende. 

(vi) Chlorite and Tremolife-actinoNte Schists 
These am the metamorphxc rep~e8entatives of the ultrabasic igneous rocls. As 

the grade of metamorphism decreases, the place of amphibolitts of fhc epidotc- . 
amphibolite faciea is taken by actinolite schists, and chlorite bccomcs incrrasinply 
abundant (Turner and Verhoogen, 1951, p. 465). ChloriWion also arise nuder 
intensive warhering condittons or as a result of shearing. The sobiota 89 small 
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discontinuous lenw associated with the cores of the bass intrumes in the Muthem- 
Rongori area and between the Thlba m a .  Smalkr imlattd acunences, e.g. north- 
west of Kiambere and east of Thambu, may have bean derived from sediments, although 
determination of the alumina content by chemical analysar would be necessruy to 
confmn this. They are medmm- %o tlne-grained, generally faldy soft and friable, and 
their colours.vary from shades of grcy to green with owaaional \nownish iron-stained 
varieties. They consist & m W y  of members of tbe chlorite family, tremo-olite, 
talc and magnetite. Tbe chlorite is pale-greenish and is somethws A t d y  plwhroio. 
It occurs as minute interlaced flakes, as aggregates of fibro-IameXIar shwtnre, or as 
larger grains that tend to form rosette- and £an-shaped clmkau In thog rocks witb 
a high tmoliteactinolite content the chlorite is ~~ into clusters. Specimen 
441873 consists of large interpenetralmg plates of talc and chl& NLMMMUB veinlets 
of a bsownish uu~dentlfied decompositaon produd, not unlike iddin&@, occur both 
interstitially and along cleavage traces. Tbin section 441864 shows be& that has 
formed patchily in the larger, somewhat fibrous, tremolite-actinoIlte plates. Spdmn 
441865 consists of approximately 70 to 80 per cent (by volume) of magnetite separated 
by veinlets of colourleas fibro-lamellar chlorite. 

(5) M m  INIRUSIY~S 
(a) Dolerite 

Small discontinuous lenses of rock thought to be derived from doleitea OCEW 
m n g  the calc-silicate granulites in the eastern half of the arra. Tbey arc meIanocmtic 
granular rocks, the exposed surfaces of which weather to a thin browniah a m m t n t h  
out of which the ferromagneian minerals project ha@azcdly. 

In thin sections (441813 and 441742) it is s e a  that the rocks are aompossd of 
crystals of plagioclase (about An,,) associated witb hornblende aad lea commonly 
pyroxenes. Some plagioclase grains ahow Mted patches of 6 e i & h t h .  Epidote 
occurs as chadacrysts tn the plagiodsse and in tBe higm ~~ grsins. The 
pyroxenes include a greea varitty and ootaioael &kqer pdftb- crystahP 
of a colourleas type. Where brownish orthfts (?) k m t  (WW It i( d y  
intimately associated with the pyroxenes, and there i s  a hths 
amount of epidote. The accessory minerals include cdoife, &m&e, a- 
and pyrite. 

ZnIeE*Saig  
Distinctive predominantly pelitic rocks comprising the &h &&a ma coniined 

to the area south of %&ago and are not extensively developed. 
the Basement System rocks described in East Africa and an 
to be of la& age. The various rocks exhibit nm signs of g r a n ~ t b d h  and am character- 
ized by low-metamorphic-grade mineral assemblages and by the prassnoe of tourmaline 
as an accemry mineral. The small stumpy prisms of tonmnkc appear to have 
developed from the boron content of the original dimcats rather than by pneu- 
mntolysig 

For the purpose of durr~ption the rocks of the Embu aeries an cb i fkd  into 
tho foIlowiog groups: - 

(1) C h o u s  
Friable saccharoidal limeatone. 

(2) Pelf* and Semi-pelitic 
(a) Knotenschiefer. 
(b) Granulom typeg 
(c) *- types. 
(d) Gneigsom types. 
(e) Semi-homfelsic types. 

(3) Psephffic 
Meta~~Dglomo~atc. 
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(I) M~MIOBPHOSBD C.uuueous SEDIMENTS 
The limcstonea are poorly exposed and occur on the weat of the Thura River. 

They are friabk 6negmhed types with mcchmoidal texture and aze traversed by 
irregular veins of a la te .  A thln section of specimen 441839 shows that it is composed 
of a mosalo of subrounded carbon at^ grains with rims of brownish cementing material. 
The sedimentary fabric of these Iiestones has to a great extent survived the meta- 
morphism, but there has bssn some recrystallization as well as orientation of the axes 
of the grains. Flakes of talc and fibrous chlorite am subordinate. 

(2) M E T ~ H O S W  PELITIC NW SBMI--c TYPPS 
Rocks of this type form the b& of thc W u  serits. In some horizons beddig 

has been p-ed by r d a r  padel banding of lewocm&o quartzo-felspathic and 
melano& mic~aous  l a m .  OIher types have maculos~ Smctum such as is typically 
developed in argillaceous rocks under thermal or contact nactauorphism in which 
spotting appeare as a result of the incipient crysystallization of biotite or other minerals. 
According to Tyrell (1941, p. 272), 'The porphyroblasta f o m  by metamorphic re- 
constitution from the original mixture of dewmposition products and rock flour, which 
is retained under a low-grade metamorphism as the groundmass in which the porphyro- 
blasts are embedded". With increased metamorphism such knotenschiefer in the present 
area made into he-mined  aranoblastic Woes often showina an inci~ient bandin~. 
~ r a e s k o n s  exist from-this stage, in which && spotting someti& &&, to 8neisso&, 
schistose and manulose bm. Under more intense metamor~hism semi-hodelsic tyw 
have Lwa formed. The giade of metamorphism inc- west to east, the sk&- 
hornfelsic rocks out-cropping adjacent to the small band of crysralline h m t o n e  and 
a880cmted calc-silicate rock 

Knotenschiefer 
The most charactenstic of the knotenschiefer are leucocratic rocks with numerous 

black unorientated spots of biotite. The spots, which are roughly equidimensional 
and average about three millimetres diameter, project pmminu1Uy from weathaed 
suffices. 

The biotlte porphyroblasta exhibit poikiloblastic srroctl ln and are usually pleochroic 
from yellowish-brown to almost black and rarely to reddish-brown. The matrix wn- 
sists essentially of subangular quartz grab and numerous unorientated smail W e s  
of muscovite. Not infreqtxntly larger corroded muscovite plates appear to have been 
derived from biotite. A rise in the wlour index of the rocks is accommied by an 
increase m the Wpar  content a t  the expense of quartz, by coarser-grained muscovite, 
and the presence of replacive scapolite, and by imgular grains of calcite and granular 
to rudelv columnar emdote. The acceasorv minerals include subrounded zkowi. minute 
stumpy prisms of b& feebly plmchroic iourmadjne, granular s w e  and I& a p p  

Typical knoteoschicfer were &mated to have the following composition:- 
4 4 / 8 3  441826 441838 

% % % 
Quartz . . 62 35 50 

10 10 
Biotite . . 22 25 20 
Musoovite 15 4 12 
Scapolite 8 + 
Epidote . . . .  . . . . - 6 + 
Wcitc .. . . . . . . 11 7 - 
Accessories .. . . .. 1 1 1 

Grandosa Types 
The granulose Qpes are h e  grained, quigranular and rudely fisgila In thin-ssrtfor, 

it is seen that ragged and flaky biotite is sometimes partly altered to chlorite with the 
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sunultaneous release of granulsr mlQnob. Mmcuvk sad somcwbt turbid felspars 
are subordinate, and cakitc and suw4n.w of ths samo &bit as in rho swtlc4 rock 

The -* of & 011.833. s ty&as exam* a a?m zee, aus. 
e.&hneted q:- 

Quartz I BioM I Musc~vite 1 Chlorite / PIagiocla 1 OM / i fqks 
7 

4 
SLmtose *gcS r , ,  

The seMstose pelitic r . . no& illantrmaar to grr) 
is M y  ackntna 

is mmetimas partly a1 contains 

uf apcMit4; eaidato aad 
Spimen 441'5t~d) bps @ foIk,wiq composition:< 

Ths gwisPosa typea 
mibacmus and qnarteoJe 
aae case 12 qehnmtic laym were 
n . e m i o m a l s e r r ~ w y t h e ~ a s  
t b ~ . w l f t p o s i t i o n  of specimen 441513 is:- 

. , 

I 
~ o a r t z  I ~dsoar I Biotite I M-vite I -hie 

The pseud+.isotropic chl& Is gncnieh aml &end% nedM d f . W o  am oa ribmdmt 
aoassory m i n d .  Othsr accmmriss include tourraaline, &-&o ~~, cphbte and 
apatite. 

Sew'-homf& Types 
The ssml-homfdsic rocks are hard, sp~aadicslly spotU4 and nidawemtic m y  

repnasnt the highest gmde of metlenorphism of b 
porphyrobIprta of intamely sieved green hom&r& sod 
44/838hasthefollowingwmpoSitioa:- ! t 
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The larger quartz grains have the smooth, though imguk, ourtins indiwtie of 
reuystallhtion, but stid exhibit optical strain. Twinned p h g b l a ~ ,  ftregular &mxe 
with cores of ,f and granular calcite are subordinate. The whole mek is M&ly 
dusted with fine pqtkles of black opaque ore, probably magnetite and llmenite. 

(3) Mer* PsEPEmIc SaDIhlBNTS 

A metamox&.!@ -0 forms a a of tpe Wtic sediments in the Thura 
River south .d SBa&v. It:& as m$aformational wbich. was formed by 
penecontempomtieiqu:~.  sif. rhd: &I vlW 'E &ym, and it is evident that 
the m a t e d  of w k b  fh is wmqmwd hm w t  otd:+dl Wansport. The pcriod 
of erosion and , d e o o m ~ n - ~  a lninor i n t d  ht-?.& M t i o n  of the 
whole p d i h   formation^ ihe conglbmcrate weathen wilh a . ~ ~ ~  dark-greyish 
surface karwhich huarrstic pebbles p r o h  prominently. fmztud surfam 
show lhat & spotted sspoct of the associated pelitic typcs persists in thedarkcdoured 
pndominantb  coou us matrix, and that the pebbles have illdefined outlines. - 

The pebbles at%ain a b g t h  of between one and a half and two i n c h  although 
the average size in between a half and a quarter of an inch. Some of ths hga oacs 
am ellipsoidal and well wom, olbm are of dmgula r  oblate habit, thou& the majority 
are subrounded. The pebbles aaaunt for only 15 to 20 per cent of the total rock. 
Although they show no obvious directional alignment in outuops, the long ws of tbe 
ptbMs do, on clogcr iospcction, appear to have an approximate north to south 
oritetatiw. Poor exjmawa did not allow lhe dip of the conglomer8tea to be measured, 
b ~ t ~ ~ t d t h e ~ W ~ t o c l t a i s 7 5 ' t o t h e e a p t .  

Th;ee tppq;dpebbles $la ~ ~ 1 e - - q u a r k ,  quartzite and those derived from 
&@B&ea. Somc patches in the matrix, rich in epidote and quartz, 

=p b h d a r b  and sobangular outlines, may represent pebbka of epidmitea. 
The quartz pebbles are generally mall, roundad, and w~th vitreous Inatre. In thin- 
saction they are seen to have in'egular outlioes, and have evidently sutfmed varying 
degrees of cnmhing and r ~ ~ t i o n .  Not infrequently they show gigns of replace- 
ment by muscovite. The quartzite pabblm also a d ,  am d y  either whitish or 
-riqgcd w~th green. In thin-section it caa be saa that the Wid grains are scpamtcd 
by interstitial brownish material, and are ~ ~ & ~ n a f l y  surrounded by cmed BaLs 
of biotite. The majorify of the pabbb have ban derived from predominantly quarteo- 
felapathic para-gaeisses and granulites The former are med~urn-grained and rich in 
quartz, much of which is cracked or &&ed, accompanied by felqwa, wllich an 
usually turbid. Corroded m q v i t c  is €he most abundant ma5c m i a d .  G m W  
chlorite and pseudo-isotropic biotite pn subordinate, and the oberved 
include zircon, garnet and opaque &en em. In the pebbles of grand&? texture ma&: 
rninernla are subordinate aad e& Bf -vita and biotits in a fine-grai~~ed quartza- 
fdqathie gromimam. 

The texture of these eonglomeratcr is typically blastopeepbitic, and the matrix 
is of a t i a U y  tbe same uanpDsition as the aasocialed pelitie rocks. In a thia section 
of the matrix of spdmen 44/537 a mild gneiseosity ia discernible. Some Mas of 
b i i  me partly replad by m~lscovite. Fine-grained quartz and fekpar are abundant, 
&varying, tho& mually subord~nate, amounts of calcite and epidole are pnsent in 
ikab rocks. The aooesmrico consist of apatite, zircon, tourmahne and granular 
-tea of an unidentifiable ddish-brown mineral. 

3. Thc Te&q Volania 
lnly & southern fringe of the vdcanic rocks of Mt. Kenya is included in the -- md is composed of the following Qpea: - 

(1) K w p  with &merate8 and tuffs. 
(2) -porphyritic and dense phonolites. 
(3) Olirino baed% 
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Both the field occurrence and petrolorgical charscteristics @f ikac @&.s 
described by Campbell Smith (1932, p. 2421, Shackleton (1946, pp. 35,36), 
(1951, pp. 46-49). The rocks of the p m t  area are so similar to those desmibtd b 
Schoeman in the adjoining h b u - M u u  district that detailed description is ~ u o n s .  
Boulders of monchiquitic rocks were found in the north-eastcm corner of t3ie area 
and small outcrops of basaltic rocka were mapped in the Ruanjoga Valley and near 
Mugutha in the mnlhzas4 comer of the area. They a n  probably of Tsrtiary age. 

(1) K m m ~  AM) ASSOCIATED FYnou~mc Routs / =y the ken* are markedly wicular but wyl  only p?id m3Uiw d the 
, v d e s  with zeolitic material and ca~bonates. The phenccryat8 of the h e y  per- 

phyritic types show no prmnnrrd Em orienMion. They consis4 of waxy mphdiw, 
and anorthoclase of rhombic habit Miam-phsnocrysts of olivine are cornmw. 
According to Schocnan fop. tit, p. 47, 48) the aphanitic groundmaw conaiata of 
anorthoclase, nepheline, a?gerinegugitc, m i t e ,  Wphorite, olivine, analcite and 

\uon ore. - 
The intercalated aggkom~~ates vary in colour from chocolate p r o m  to ~ r c y  and 

, the inclusions, of all sizes, wnsist essentially of Lava fraEts, pnmiceons material, 
fekpar, calcite, zeolites, badtic glass, and iddingsite pseudomorphs. The groundmaw 

' consists of a glassy barn dusted with voloanic ash and iron hydrates. 
2 

Seven patch oP' hdf are large enough to be shown separately on the map. Two 
distinct typea were rewgnu4 one melanocratic gritty hdf and the 8er0nd pale-grey 
homogeneous tuff. The former, which occurs north of Siakago on either side of the 
rcad, is a bnttle rock of dnU-black colour showing rnde stratification. Thc inclusions 
consist of ch t i c  grains of quartz and felspar, small rock fragments and basaltio glass. 
The homogeneous tuffs, which are more suitable for building purposes, have a few 
inclusions of foreign material embsdded in an irrtgulPrly m e d  groundmaw carrying 
numerous wlourless and weakly biiefhgent mix& and brownish ag@egates of 
an unidentifiable isotropic mineral of fibrous and s p h d t i c  h a  

(2) PAoN~Lrras 
The dense and finely porphyritic phonolites occur as small iaolatcd intercalated 

lenses within the kenytes. They are sometimes rudely fissile. W i g i d l y  they are 
essentially the game as the kcnytes but differ in the following w m  %hy are deoidcdly 
less coarsely porphyritic, the needle-like plagioclase ia arranged in a trachytk tsxture, 
mcrophenocrysts of pyroxene have mossy habit and are more abnndant than olivine, 
and h e  crogg.hatched twinning is frequently developed in the anorthwlaae phenoclysts. 

(3) OLIVINE BASALTS 
The largest occurrence of olivine basalts forms a narrow band running approxi- 

mately east-west and following the low-lymg ground h m d h b l y  south of the Thiba 
River. Bxposures in some of the diy riversourn reveal rnde p b t i c  or columnar 
jointing. They are fine-grained, non-porphyritic rocks with only a few scattered mega- 
scopically visible olivine phenocryst9 The majority are finely vesicular with vestcles 
generally empty or only partly lined with carbonates. Thc vesides am mwtl %# ovoid ' 

in outline although in some rock8 they are extremely in:a@mr. Speoimms 441664 and 
44/665 are typical representatives of these rocks. Lathy tWiM& plagioeb with 
crisscross orlentation is usually the predominant raimral. ViWbrown titamugite 
occurs in poorly formed grains often of skeletal hab'if and net hfrsqueatly with a 
sub-ophitic relationship to the plagioclase. Anhedrd ccdou~less olivine ia also gresent 
and shows centrifugal alteration, in various stages, to brownish iddingsite. In some 
slices isotropic and feebly anisotropic pool8 of yetlow-brom glass with numerous 
-elites, generally concentrated nearer their edw,  occur interstitially between the 
plagiwlase laths. Ohitc, granular and micrdltic iron ore, and a green alteration product 
(chlorite?) were alrw, observed. 
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Betweea Kiaminti and m e  &ere are four irregular bodioa of olinoe bas&. 
They occupy the Wer ground and may represent infillings of piplike channels up 
which the lava welled without any extenuive surface flows.. Alternatively they may 
have formed in spaces produced by h o r i z o d  movement along an inegulsr fa&-line. 
Exposures were too poor to afford any direct d e n w  of the ongin. 

Thw are dense, non-vesicular, and only spad&y wrphyritic, the p h e n m  
cbnsisting of small scattered grains of glassy olivine. Thin swkm 441492 fmm Kiambiti 
consists of rectangular laths of twinned plagioclase (labradorits) embedded in a hypo- 
crystalline groundmaas &3mposed of microlites of ~~ s~&&, granular ore, 
and cryptocrystalline material. Thc squat, colou~tesll olivine of subhednl habit shows 
only incipient alteration along ,cracks. The pyroxene occurs in hve gmemtions of which 
the microphenocrysts were &ermined as pigeonite. The & outtiws of the 
pyroxenes, olivines and many have been modifiad to a gnatcr or 1- 
extent by magmatic and sides embayed. 
Svecimen 441688 from sire. Pvroxbne occurs 
only in thc groundmass which is .relatively f& bf crypt&stalline &mial. Scale 
and small flakes of reddish-brown biotite and nreenish chlorite are scattered throwbout - 
the rock, but usually closely associated with the-iron ore. 

Monchiquitic Rocks 
Several loose boulders of amygdaloidal rocks were picked up where the T a m  

leaves the aten in the north. Taey are of basic composition and aowded with numerous 
amygdales and phenocrysts. The amygdales are white and composed almost entirely 
of d a t e ,  occasionally of calcite and secondary quartz, or calcite and chlorite and 
rarely of quartz alone. Thin sections 441843, 441844, 441846 reveal that the matrix 
is canposed largely of flbrous zeolite in wbch are embedded *tic wlonrlecs 
augite, pssudomorphs of olivine, euhedral brown amphibole aM1 long apatite d e s  
and occasionally biotite. The hornblende crygtals usually have dark reachon rims and 
small specks of pyrite are accessory; occas&onally veinlets of quartz and calcite traverse 
the rock. A few large, rounded quartz inclwions are also present. The boulders 
probably represent undiscovered dykes of Tertiary age. 

West of Muguthu a narrow dyke-lie body of poorly exposed basalt ocem in 
the crystallme limestones and c a l c - 8 ~  granulites. Numerous rounded knots project 
prominently from its weathered ,surface, but are legs discernible when the rock is 
freshly fractured. A thin section of specimen 441767 consists of small p r i m s  of 
basaltic hornblende, augite, a d amount of a green pyroxene, and subordinate 
chlorite, embedded in variably brown or colourless glass containing numerous crystal- 
lites. Plagioclasc was not observed and the only leuwcratic  mineral^ are corded 
mi~ro~he~ocrys t s  of apatite. Granular iron ore is abundant. The rounded knots, which 
may represent original vc8icLts or amygdales, consist of cryptocrystalline or isotropic 
m-iwid, associated with zeolite in some cases. .I 

Another small expoanre of baaalt was folmd south of the Ruanjoga River, about 
six miles west of its co&uence with the Em. I t  outcrops for only a few yards and its 
exact &tionship to the Basement System rocka is obacured by the soilcapping. Basaltic 
hornbhde, not infrequenlly forming dis~ntinuous mantles around the pyroxene, 
pyxoxme, irregular g r a b  of calcite with cores of serpentine, twinned plagioclase and 
gr$nnlar iron ore make up the bulk of thin d o n  441668. Zeolites are present 
intrratitial ptchea which are commonly arranged in a coarse sheaf-like manner and 
associatad with calcite. 

These deposits are of supdcial  type and except for the areas of black cotton 
mil, arc not extensively developed. 
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soirand w b i l  Bar d t e d  in the ILEC~~UWOXI of nlmnw 
of these, @sumably b 
e formation of impure 

has ban active but not intsnss and PO exteash or tldOJC 
tcritk iroastone were obecrved. 

intaudves sad scane of 
sins of mgn& and a 

Loosely consdkhted oonglwmrates, gravels and sands are exposed in many &turn- 
amma. Recent allnvial grayefs are, however, acarce. A small ptch wss san on W 
Tana south-cast of Ku~daruma and some thinly scattered layers are found along tik 
Thua River. An alluvial fan with relativeiy flat slopes has been fonned witma the 
headstreams of the southern tributaries of the Thoa emerge from the Gaknyu F d k  

Travertine Boat was found in a tributary of th@ Thura R i m  ner its cod- 
with the Tana. It is d i d ,  and not Eellolar as much travertine is, imgularly bacded, 
and &My rapabk of taking a good polish. Small drusy cavitiw lined with secondary 
alcite am not nncommon. 

0 - o ~  
Some aspcts of granitization b e  &e& koa , POaicWy in the 

eectim with &stites.   he majority & the mcks af o r  arenacsous 
and ar~Uaceous composition have been affedod to soms snhn( by g. "' ' g flluQ. 
Granitiation has b& most intens in the east with tbe @%xk&on of migmstllss 
around Muguthu and homogeneous granitic rocks nodh-mst of Mmmde. Thn rgrres 
with Schocman's (1948, p. 9) observations in the a m  to tha ha of of Kitai grade 
of metamorphism also incrrarss eastwards so that degrra Bf gm&&ation and mcta- 
morplusm appear to be intimately linked. The ab- & gsa&kation in romo of 
the lower-grade argillites and homfelsic Wpm, e.g. no&-%wW Sakap an$ smth 
of Rongori, sqgeats W ganitiestici~ does not bagin bsfolb w@onel mstatnoq&sm 
ha8 attained a grade approaching the epidote-amphibolitc fa&& 

Micr08cop. inv&&&on i n d i e  that gtanitization hao trkm plaee chiefly by 
alkali metasomatism. The basic rocks appear* except for th@ h e o n a l  conversion of 
hornblende to biotite, to have eacapbd gradthtloa It is psaible, howevetrthough 
rhia would n d  cmlbmtion by more detailad microsmpm work and by chmbd 
investigation-that some of the hornblade-biotite gneissas are dtrivatives of basic 
rocks that ,have been subjected to a predominantly soda IuetasomaW. Misch (1947, 
pp. 238-24b) c a ~ r s  that in the ncit41-w Himday118 the basic I& tend to be 
grani(izad preferentially if the pcrmt8ting fluids ham a high sodium cantent as wsH as 
lerge anm&s of silk%. <. 

The reasons why calcareous bandahavq not 
that ha tones  arc chemically lem susaptibtb'ko 
pelitic rocks, that they are relatively f d y  pcnnaa 
that w k e a a  paammitic rocks and to a leas exkat fracture and shear 
under p m ,  thus affording easy passages for tbe fluids, the limslones 
tend to BOW plastically. (Misch, 1947, p. 237.) The u n h m d l i t y  of calcmeous bands 
to chemical migration is iIlustrated by the presence of rslstively pure marbles next 
to the intensely migmatizd rodu batween Lutuni and Muguthw. 
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Quartzites, too, have e80~pcd gmnhhtion. Their aeap is amibuted more to 
their degree of compaction, with consequent low porosity, rather than to any inherent 
resistam to replacement of the quartz g m h  of which they are cotapoecd 

In the area west of Kitui, Schoeman (1948, p. 19) tram the pmgmas of granithtion 
in migmatttlc melanocratic schists, through fhe foflowhg stagen: whist-fdspathized 
phist-4elspathircd gneissbiotite-rich granitdi 6 hntber south Dodson has 
suggested the following rock grouping: Banded gmks-k&tite piss--granitoid gneisb 
non-intrusive granite. In the area south-east of Embu, wbcre the original rock was 
in most cam a biotite gneiss, advancing w &.&ad &rough the follow- 
ing stages: B~otite gneisgfelspar porphyrobht @mh-wgm gneiss--ndgmatitic 
banded gnei6s (including lit-par-lit rephement gnek-gmrrnite (non- 
inirusivebranite (intrusive). These variously gra&kd ro&z arc intimately intw- 
fingered and interlayered with the host-rock. 

The elongation and alignment of the porphyrohlasts, acquired by crystalloblastic 
growth, and their cataclastic deformation where movement outlasae @ow& (eg. . 
speeimen 441616). indicates that the augen g n e h  are synlinematic. Tbc poWnematie 
phase of pmitization is indicated by the abundance of microcline in sheas zones and 
the directionless fabric of many of the granitoid gneisses. 

The ~ntrusive granitic bodies and pegmatites am interpreted as the final stage of 
granitizatron during whch the metaromatimi material became m o b i i  and was 
injected into slightly cross-cutting tension fractures striking, for the moQ part, a few 
degrees east of north. Such an o r b  for the pegmatites would m t m t  for their 
deficiency in volatile mineraliws, auch as are so often c h b r i s t i o  of pgmatites 
which have formed by crystallization of the residual volatile-rich fractions of deep-seated 
magmas. 

V I - m A M O R P m M  
The variability in oomposition of the d i t s  of the Basement System both along 

the dip and the strike, the absence of dishucfive marker horizons, the possibly anomalous 
effeas of intense granitization, and l o 4  pesuli%rities in chemical wmpositlon, make 
any attempt at me*unorphic zoning by mans of isograde, e x t r d y  diBcult, if not 
impracticable on a quarter-degree ahect sale. 

The highest gmde of m e U U M m  in tb area is -ted by the following 
ideal mineral assemblages, bmwL wBich, in spite of the pmeuce of unstable relics, 
the rocks are progrss~ng The mblagea fall within the pyroxene-hornfels facis  
and are:- 

1. Derivatives of the basic rocheorth-eas! of Twoinoini.- 
Spmnel-anorlhitbhYparsfews-olminc. 

2. Impure calcareous, dolomitie or marly wlimmts, south-west of the Tana- 
Kithioko confluence:- 

C a l c i t ~ o p s i d e - ~ 0 ~ ~ u l a ~ ' 1 ~ 0 ~ n ~ .  
Although no stable asgemblage could be recognized in the sillimanitc gneisses of 

the Mumoni Mountaim, the equilibrium assemblage towards which chemical recon- 
stitution is trending, fans into the high-grade sillimanitealmandine subfaciea of the 
amphibolite facies This grade is quite closely matched by that of the neighbouring 
calc-silicate rocks where stable epidotediopsidc-hornblende assemblages reflect the 
almnndinodiopside-hornblende subfacies which also falls within the amphibolite facies. 

T b  clrlorite and trcmolite-actinolite schists are the rewlts of the metamorphism 
~f ~hb8iC @WOUS m ~ k s .  

Tho Wte gneisses east of Kiaraward vdth a m b l a e e s  approaching those of the 
b i o t M W W  suBPPcies, rcpresnt the lowest grade of metamorphism in the area. 
The texture of-tbse rocks confirms that r w e a p i v e  metamorphism could not have 
bpep mapmi for thp low-pdc  mineral gssembhp, 
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larsawsd ' ' ~ f o r ~ ( D h u & m i m r a l  
assemblages, arc d-the Edlowlng reactlws i,TtUDer, 1948, p =):- 

1. Forsterite -> %r&die .., 

z S i  -> mwvi te  
f. HombIende -> ohlarite + Gpidote 
4. %rpcltins -> amgnwb3 + qllartz 

The minetala sho'ppo OD the left remain a8 teaics. . .. 
I , ! '  

Watson (1951, pp. 252, 253 awl 275) in the Loch Torridon and Scottrie a* ilf 
Sootland. 

The Embu Series 
TIxc plitic rock. of the Embu miss  ham bett. moM-d by unit& nwtP- 

tnoq&b. The dqree of awamorphiam i n c r w  h m  xmi to esst and b w  bum 
mpmMle for the formation of biotite porphymbbts in the kno(snschiefu and 
hornblende and met pcarphyroblam in the hornfelsic rocks. The orkgh of this local 
tonen arttranorpkirm could not ba asc&ained. 

Ths three major P t W m  rrsposriek &I tBc -. fsatucaa in: the area are: 
@) the ha.b d the m 
~ t u t z s  with predominant 
arid (c) the diiu48t pbysieal 
System. :,.,., .:,..,: , 

R e g i o d  almss p r o d u d  &Eerent results acm* to the pf ths rocks 
r n v d v d  Thin it osrtlcldarlv well iUunratcd bv the irredw f&mrd.aorth- 
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35 

East of Kiamben a &ed cBaagc in the liteolagy and structure is appsrent, - 
sad the gradual cdsPing of tho strafa to tho northcast in the north, and soutb-ssf 
in the muth, points. to  tbe appbdbn of pmaslue from diw&ona from north q South. 6 
The nose of t&a hMtqd synclinal Mure bas bccn fractycd and sheared and reversals 
F& dip are'not mieontouw. 

A poorly .ex@ ba t  intricate atmcture- is Pomed by the dbonth,uous lime6tone 
bands in the sollth-embxn sector of the area and is iatapreted as an ovemrned plunging 
antidhe. Dip, where measurable, are el* vertical or stee* ineiimd to the cast, 
pnd the nose of the structure has been distorUd by fraduring and flowage. 

. - A geoeral change of dip interpreted as a sleep a n t i c w  stmdure, but with no 
'tlbvious duplication of the strata, occurs along a liae(see Hg. 1) from w e t  of Siakago, 
through Kiangoya, to east of Manutha. Beyond this point its exact position cannot 
be followed due to poor exposures, but it is canaidered to Iink up with the anticlinal 
axis mapped by Schoeman (op. cit., p. 24) in the nc&Wd& cdner of the area west of 
Kitui. 

Faulting 
No major Faulting could be positively identified owing essentially to rur l i ke  

of well-exposed and persistent marker horizons. North d'Mwango a smaltdispWa2ent 
in the strata, gradually decreasing westwards to the 'Tana, indicatra a hinge fault. 
Smaller faults were noted in the limestone ban*, in the mnswvit& sohist8 mum of 
Kanjiio, and in the hornblende gneisses a t  of Thamhu. In other anas abrupt dis- 
continuity of structures suggests faulting, but faults have not been &own on the map 
because of i n d c i e n t  evidence, mainly the inability to match displaced segments. 
It is posible that the isolated, sheared i n se lkg  of Thlmbu is a displaced pOlti6n of a 
large band of gabbroic rocks occurring in the adjoining Embu-Mem area (Wmemm, 
1951, p. 26). 

, . 4 .  ;:*:. 
Lineation . q + r , i J u *  

Although lineation, exprcased by the orientation of mica *.on foliation wrffias, 
is common in the biotite gn&, it is rarely p r o n o d  and, unless searched for, 
may eaaily be overlooked. The hornbItade godssea and 4bpside gncisses, on the other 
hand, rarely exkibit a linear fabrio, lmt am o m  ehamcWmd by crystailbtion , , , 
foliation. A rough lineation is also apparent due to the dmt& out of smi-phtic -. 
schl ien during the flow of mobilized sediments. The linear orientation of the elongated 
pebbles of the conglomerate south-sst south of Siakago is approximately north- 
south, but the amount of pitch wuld not be measured accurately nor could any relation- 
ship be Mdabliahed between amount of elongation and extent of deformation. South- 
east of Kanjiro some of the sheared biotite gneisscs have lineation laarkrd by tbe 
paralZe-1 arrangement of small corrugations. Insufficient measurements were made to 
evolve any detailed tectonic pattern, but the puckers indicate that the mgional folding 
has a nmh-d pluage at angles varying from 5' to 25". This agma d t b  the observa- 

. tions made in tge Nanyuki-Maralal area (Shackleion, 1946, pp. 25, 26), in the E m h -  
Mem area (Schoeman; 1951, p. 52) and wast of Kitui (Schoenran, 1948, p. 40). *; . 

A , I  
Jointing 

The last effects of pressure were to produce relatively staply inclined joints. The 
two most prominent sets are dip and strike joints, and these are particularly well 
developed along certain sections of the Tana, whew they have markedly inlluenced 
its muroe. As in gth+r parts of the Basement System c h e l y  spaced jointing has imparted 
a flaggy a d  drigby 'aspect to the gn*. 'TMa is well illwtnted along the Tam, a 
few miles east of the suspension bridge, and north-west of Kiarawara. Other exposures 
often mved a thiM mt of oblique joints m & m y  inellined to the strike jdnta Many 
of the joints am filled with aplitic and quartz wills from half an inqh W n i n ~  inch?$ 
in w#&, - .  .: . - l i  . .. ,-~, 
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The part of thc area in which geolopicai wnditiow favour pmspocting, because 
' , of the qbundance of pegmatite, is bounded by the Tans in the &t. the Kiangombe 

I Mountains ia the west, the northern boundsw of f b  a*, a d  Kiatnbeie in the south. 
Part. of it were examined superficially by a Government prwpsdor in 1942. During the 
prsscnt s w e y  an African produced some qeiin608 of high-& w m  om, which 
hu claimed to have picked up three miies northof Masinga. A vMt that area, however, 
revealed neither p c h  in sifu nor fZOBf 1101 were copper sulphide or carbonate grains 
found in the neighbouring dry river- 

Asbmos 
Some of the magnesian c ~ u s  lal&w associated with lhe limeatone ban& 

west of Lutuni carry thin iaolated d ~ u o w  soams of white aabtatoa. The quality 
is reasohably good, but in qwkttty c8n bb d d e r e d  of no mon than scientific 
interest. '.7..9 <- : 
Beryl - .  

Grains of buyl were iden- in the or& of the Thura River, but no crystale 
were observed in sit&. Theg art pswtkd ti3 h been derived from the pegmatites. 
.The beryl in pgmatites is ofta not dissimilar in v c e  to wloured quartz, and 
may be overlooked during praspeeting, as has b n  riGorded from Southern Rhodesia 
in rcoent years. Its hardness, poor daavages, and usually green or blue-green colour are . the most reliable field criteria. 

Building Stone 
Although the Tertiary wry, there is su l lkh t  of suitable quality that can be 

w i l y  quarried and dressed, to meet all immediate 1-1 demands. The patch of tuff 
on the road north of the suspension bridge is the nearest to the site of the projected 
Seven Forks power scheme-hut its suitability has still to be ascertained. 

copper 
Tracen of capper m i n e ~ o n  ib tiie faform of green malachite slaining, were 

found in the granitoid gneisscs south-east d M m e d c  and immediately outside the 
area, west of Twoinoini. They have no -on& &nEcmc8. 

PIuOriIe 
The limestone band south of the ht-Eiihbka eonilucncc carries scattered grains 

of grey fluorite, but nowhere were  eon^ obauved that might arouse more 
thanpcioaific inteFssL 

ffarneL1 

Gameis are developed i6 the pegmatites and sssociaUd rooks alone the Thura 
Riser, mrth-west of Kiambero, .abd 'in the sillimanitc and biotite gneisscs between 
Mwango and Mumoni. Nme of the ocrmmenees can be considered of economic value 
for the following reasons : - 

(a)The garnets h v e h m ~ t i c  distribution, and in the best exposures do not exceed 
5 pu cent of the total n rk .  At least 10 pcs cent is required for economic 
exploitation provided transport uW.s gn act excessive.' 

' ,  (b)The majority of the ga~aeta are of dl sire. Mhnufactwws often demand 
garnets the sizp of peas, and in the Tt;ura River area they arc generally little 

, b i e r  than pinhearla. 
Ic) The &nand for game40 is subhat ,to efonsiderable fluctuation owing to wm- 

pctition from W c i a l  abrasives. 
(4 Ne dear, flawleas -8 of wi&amental quslity were observed. 
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w i l y  quarried and dressed, to meet all immediate 1-1 demands. The patch of tuff 
on the road north of the suspension bridge is the nearest to the site of the projected 
Seven Forks power scheme-hut its suitability has still to be ascertained. 

copper 
Tracen of capper m i n e ~ o n  ib tiie faform of green malachite slaining, were 

found in the granitoid gneisscs south-east d M m e d c  and immediately outside the 
area, west of Twoinoini. They have no -on& &nEcmc8. 

PIuOriIe 
The limestone band south of the ht-Eiihbka eonilucncc carries scattered grains 

of grey fluorite, but nowhere were  eon^ obauved that might arouse more 
thanpcioaific inteFssL 

ffarneL1 

Gameis are developed i6 the pegmatites and sssociaUd rooks alone the Thura 
Riser, mrth-west of Kiambero, .abd 'in the sillimanitc and biotite gneisscs between 
Mwango and Mumoni. Nme of the ocrmmenees can be considered of economic value 
for the following reasons : - 

(a)The garnets h v e h m ~ t i c  distribution, and in the best exposures do not exceed 
5 pu cent of the total n rk .  At least 10 pcs cent is required for economic 
exploitation provided transport uW.s gn act excessive.' 

' ,  (b)The majority of the ga~aeta are of dl sire. Mhnufactwws often demand 
garnets the sizp of peas, and in the Tt;ura River area they arc generally little 

, b i e r  than pinhearla. 
Ic) The &nand for game40 is subhat ,to efonsiderable fluctuation owing to wm- 

pctition from W c i a l  abrasives. 
(4 Ne dear, flawleas -8 of wi&amental quslity were observed. 
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systmratic prospecting might reveal wnceqtraftoua, %h of which is ~ c o t l y  
high to warrant exploitation, provided that a baf&&bn that requiree d y  
small quantities of water is employed. 

Float of quartz veins, carrying a bigh pwmtage. of Rake was picked up . 
among the cak-silicate rocks east of Kiambere. Exposnm3 aft pmr in this area and 
trenching would be muired to reveal the ore body, Some of ths diopsidc-rich calc- 
silicate rocks also carry small amounts of graphite. 

To the soutb of Thaahu the small occurrences of gra- are of the amorphous 
variety and occur in joint planes in the granitoid gneisses. Although the graphite content 
is high, the quantity is Limited and the occurrences are not of soonomk significance. 

Limestone 
Although certain quantities of crystalline limestone are available at  most of &c -- 

places indicated on the map, many of the bands may be eliminated as a big murce . .. of lime because their narrow widths and steep d i p  would neeasitate underground ' 

mining. The marble bands south and west of Lutuni are more favourable for quarrying, 7. *' 
hut although situated close to the Thika-Garissa road, they a n  stm 75 mires from rail. 
The amount of magnesia ~~ermissible in commercial limestones varies according to 
the use for which it is intended. A maximum of 4 per cent magnwia is allowed in 
British Standard Portland Cement, so that a limestone required for cement manufaclure 
should preferably contain less than 2 per cent of magnesia. The limestonos from the 
following localities were assayed for thcir zmguenh wntmt:- 

(I) Graphitic limestones south of 1.M . . ' . . .. 2.93%MgO 
(2) Grey crystalline limesfone four miles muth-eaot of w a g 0  0.73 % MgO 
(3) Limestone three miks south of Siikago . . . . . . 16.58% MgO 

Mngncsite 
O c c m c e s  of magnesite were observed in the foliowing localitis:- 
(I) One mile south of Twoinoini 
(2) Muthem, half a mile outside the area south of the Thiia River. 
(3) Three miles north-west of the Tans-Thiba conlluencc. 
(4) Lutuni 
(5) In some of the hestone bands between the Kithnko and Ngomora Rivm, 

the largest of which is east of spot-height 3550. 
The magnesite of the first three occurrences is a secondary mineral, formed in 

the zone of weathering by meteorio waters rioh in carbon dioxide. It is thus wentiany 
a suflcial deposit that will not persist to depths mwh below the water-table. Of these 
occurrences, the deposit south of Twoinoini is the largest. Tbe magnesite occurs in 
narrow, discontinuous veins varying in t h i i  h m  a w e  films to about 12 inchm, 
and can rarely be followed for more than 20 feet. It i s  usually partly obscured by a 

I 

brownish surfaca encrustation of rnagnefian c a l m u s  laterite. These snrfacc indica- 
tions do not furnish reliable evidence as to the nature of the magnesitc underground, ,fl 
and without pitting or trenching the percentage of racovarable magnssite or its pnrity 

-. ' 
camot be ascertained. The exposed rnagaesitc is hard and compact and where silicified 
tends to be brittle. Glistening c r y d l b e  silica has not only formed in rmps bni also I' ' - . 3 
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aid the abmdma of lrmc is mnssled by the posihve resction on applying wld dilute 
-r hydrochioric acid. This deposit 1% 40 miles from rail and under pmsnt condU~ons cannot 

-'& be considered of economic sienifionce. 

, in these miwr deposits, IS edsentlally the same as ?hose der~ved from ths basiG rocks. 
The su$see encrwstahon, which conccals the expo- has lw admixed imptaitka 
but would still fail short of the ngid spec&ations for breunuerite f h d  by manutktunra. 

The most promising mica-bearing pegmatites are found along &e T h m  River 
northmest of Kiambere, and south of Thambu. The former were mvcaiigated by 
Dr. W. Pulfrey in 1942 and much of the following account fa b a d  on h e  Rndings, 
which are embodied in an unpublished depattmental report 

The majority of the pegmatites stnke toward8 the no&-west They attain a 
maximum width of 30 to 40 feet and some can be traced for many bwdreda of yards. 
Where the pzgmatitca have been opened up, the display of highqd i i  mica IS not 

either the quality or quantity of mica. That the quality of the micn will improve with 
depth is possible, but it is impossible to predict whether the quadtity will incre88~. 

Sillinnmite IS fd in the gneisses between Mwaago and Mumom. Owing to 
Ck prohibitive transport charges and the Iuw and erratL percmtage of slllimPnite 1" the 
T rock% these occurrences have no commercial value at present. 

The Tana and T h i b  Rivers are p e r h l  and th. Boa and Itabun b m y  water in 
thwr upper reaches fox o rny  months after the rains. In areas Far a r v e d  fmm these 
rivers, the shallow depth of the water-table enables sufficmt water to be obtained for 
domestic n 4  and &e (befir@ of st&, by shkmg Irola and we& a fsw fest d k p  
in the beds of the sandy stream-courses. The watrr problem becomes mom acute in 
areas, usually of higher ground, and some distance fEQta such sandy r~ver-beds. In such 
localities the sitiag of boreholes is best accomplished by combining the results of geo- 
physical tests anf gwfogical information. Assislame is afforded by the relation of 
rehd to geology. The relatively tmpermeable gntnitoid gneissen m ~ s t  weathating and 
form h&, whereas the interv- valleys are composed of iw resistam and more 
prmeable b~otite gneiss and banded gneisses Features such as fiulMg, folds, dykes, 
natnre and distribution of vegetation, and direction of movement of underground 
w w  (i.e. rkeharge capacity) are aids to the s ~ & ~ g  of good hehoks. 

In the north-west the water-supply problem a not so pcw(c. b e ,  should the mizing 
of boreholes be necessary, the most favourable sites an those that woutd allow jntu; 
&&an of thc wntaet of tke lam and weslhered 3asmeat Systan at dapths of 190 

leted and nas drilled to a depth of 110 h t .  
1,000 gallons per hour. ADothcr borehole has 
emxe&d an m m p t  will h made to locate 

aid the abmdma of lrmc is mnssled by the posihve resction on applying wld dilute 
-r hydrochioric acid. This deposit 1% 40 miles from rail and under pmsnt condU~ons cannot 

-'& be considered of economic sienifionce. 

, in these miwr deposits, IS edsentlally the same as ?hose der~ved from ths basiG rocks. 
The su$see encrwstahon, which conccals the expo- has lw admixed imptaitka 
but would still fail short of the ngid spec&ations for breunuerite f h d  by manutktunra. 

The most promising mica-bearing pegmatites are found along &e T h m  River 
northmest of Kiambere, and south of Thambu. The former were mvcaiigated by 
Dr. W. Pulfrey in 1942 and much of the following account fa b a d  on h e  Rndings, 
which are embodied in an unpublished depattmental report 

The majority of the pegmatites stnke toward8 the no&-west They attain a 
maximum width of 30 to 40 feet and some can be traced for many bwdreda of yards. 
Where the pzgmatitca have been opened up, the display of highqd i i  mica IS not 

either the quality or quantity of mica. That the quality of the micn will improve with 
depth is possible, but it is impossible to predict whether the quadtity will incre88~. 

Sillinnmite IS fd in the gneisses between Mwaago and Mumom. Owing to 
Ck prohibitive transport charges and the Iuw and erratL percmtage of slllimPnite 1" the 
T rock% these occurrences have no commercial value at present. 

The Tana and T h i b  Rivers are p e r h l  and th. Boa and Itabun b m y  water in 
thwr upper reaches fox o rny  months after the rains. In areas Far a r v e d  fmm these 
rivers, the shallow depth of the water-table enables sufficmt water to be obtained for 
domestic n 4  and &e (befir@ of st&, by shkmg Irola and we& a fsw fest d k p  
in the beds of the sandy stream-courses. The watrr problem becomes mom acute in 
areas, usually of higher ground, and some distance fEQta such sandy r~ver-beds. In such 
localities the sitiag of boreholes is best accomplished by combining the results of geo- 
physical tests anf gwfogical information. Assislame is afforded by the relation of 
rehd to geology. The relatively tmpermeable gntnitoid gneissen m ~ s t  weathating and 
form h&, whereas the interv- valleys are composed of iw resistam and more 
prmeable b~otite gneiss and banded gneisses Features such as fiulMg, folds, dykes, 
natnre and distribution of vegetation, and direction of movement of underground 
w w  (i.e. rkeharge capacity) are aids to the s ~ & ~ g  of good hehoks. 

In the north-west the water-supply problem a not so pcw(c. b e ,  should the mizing 
of boreholes be necessary, the most favourable sites an those that woutd allow jntu; 
&&an of thc wntaet of tke lam and weslhered 3asmeat Systan at dapths of 190 

leted and nas drilled to a depth of 110 h t .  
1,000 gallons per hour. ADothcr borehole has 
emxe&d an m m p t  will h made to locate 

u.
w

“
”
-
"

‘ H

II: -‘|II'IIIi»..-.:.-I‘ xi.lL'I~.H'. ISI'IgRIH‘II .IIICi.::.|\"I| JIIIIII-glx IICIE'-t.'lI II'IIIII [11c III‘HI-It‘LII‘, II‘IIII
Ltl:tl'.|l'."\ 'aL'IIH ::‘.ILI INL‘JIIsIIIIIx I'III: I‘IL“‘L'IIL'L‘ III IEK‘II Ix IIIIiIcIItI in I‘IImImII HILUHR.

IL- .IIIIIIIII::III‘C III IIIIIL- I». I»..:[.l\I ‘:I|-.'Ii II?- iIII.‘ 'IIInIII‘II- I'I::II;IIIIII IIH Uf‘I‘IHIIL—f mid IIiIIIIr:
Il'.LI[l§I._'-!III'II'._ .IL'III. I'Im LI\_'iI\"‘\II I- -' I IIIIII_'~. III-III IIIJI \IIILI tunic! prcacm LII]'](IIIII‘II‘~ (gum-.II
IWL‘ _'\I=I\I£I':.;,-I.“,I (II -._'I.'l"lI“IIIi_' a: II'.";:I."IL'L'.

III_‘.II :I_-:Ii;-_..'-.'I11I_'III II] IIIL‘ IIITIL'NIUIH'H iTI III: IL'hiIL‘ |‘-.I\. In‘cn UII-L‘L'IL'iI by Indiu-
IIIL‘HHJI :2: -__:mIIIu|-.I lI-JI IIIL‘I';~.III\I‘. IIIL' mam: III' IIIL‘ IEL'L‘III'IL'IICL' .II'III IIIL‘ ii'lil‘III'lIIch
III! w |II|||.I.‘| IIL'|‘-II~IF‘._ I» L."\I_"{‘.I|.III'\ Ii'I; Mme Ira IIIU'H.‘ IICIIt'L-Il I'ILIIII IIK :I.:\1c I':.IL'k\.
I'm- >.III‘I.-.uc L':ILIIInI.IIIIIII. Ix'IIIclI \l'iIUL‘I1I\ II‘II; min-“nu. 11m Icax ilRIIII‘.\L‘LI IIIIpIIIIEIm.
IIIII qrld iII IIIII uI'IIIII III IIIL‘ !|;-'..II \I‘L"\']II\.IL1II‘.‘II‘9 101' IIIGIIIIIIL‘i'IIc t'IMnI In IIIllH'IIIlIL'llHL'I'h.

'III'III
'I'III: |1}'\‘\I |‘;"I|||I|\:i ZIIIL‘Il-EM'ILIIIII.’ |‘L'j.‘.i1'|.':l|[§_"\ III't' IIIIIIIII :IIIIIIg Iilc IIHJI'LI Ri'v'L’f

IIlII'III-'\‘L‘\I III H‘.:III?‘cIc_ .Illl.:' \U'IIIIi II: |II:II'III‘I.:. IIIL' I'IIIIIIL‘: wcr'u Ii1\L"~I|!J'll.IClI I"\
DI. VI. E’I'II
'.\'IIII.'|I .IIL' L‘IIII‘i‘iilk'LI IrI .II] III:pI:-I!I~IIIL‘.I] II

“I III |'-Il_‘_ \l:'|l.I II'IIIL'II '.‘[ III-c I'IIIIIIUA. .II. LIL‘L‘I‘IIH'I Ix INIwII 1H] EII- I'IIILIII:_:'_x.
'-II|'.|1|L'I|I€1IFt‘iH‘II.

l'm- III.II-IIII_k II! [.‘Ic I‘x";||'liIIJ’.<'\ .I-II‘ l.“‘-\i'.I'\E\ I'm" lll‘E'II:"-\I"\I III-«3' £LIIL!!!)
'.-|Iil\||I1l-:'I'- '-\:IIII| I'Il' "’ III 1‘! incl .-.|!II mIIIL‘ um II-c [RIurII I'm” IIIIII j. IIIiI'ILII'CIIK' ._Il' j..'.m'\.
\HICIL‘ IIIL‘ |1{.‘1.'I|!I'.IIIL'N I‘..|\\. I‘t‘L'I} IIg‘L'm‘L! IIJI. [I'u‘ \iII-zpluy III III I-.|II;I|III. |]HL'.'. I-x III'I

'1 ._‘I'1.'.1[|L'\'III‘. \Il'dl'JIT'dlL‘LI III I'uu'fix ::I':LI "in ;I:]\| '.,I_|L']_\ .EIIQIHI".|'.'|i!1i\"\\i\"L'. I I'IL' I||J\,'l'.

LiI.IIIIcIcr III I: “minis. HUIIIL- :-I' ‘.I'|-_' ImnE-n IlIL' HIII .IIIlI .IInI'c l‘i ‘.'L'|H|I\'.|I1'I'Ie.’_L'(I.
IIIIICI» Imu- III-IIIIIl\'!.-II‘IL'1 IIII_\'<I-.'_:I H115“: ‘ICIII‘IIN IIHKI I‘IlIV :I »I IIIIInLPL. .

\II No. "- um I.u_ :IIIIIIJ II'IIcL‘ h'L|I|.IIL‘ IIII'IIIWI ~.II IIIIII Iucmqi CHIIIII 111c Ihc wIIIcI
nL-L‘iI'IL‘JIIIIIIx III I'III;:; iIru'meIx III-c iII'Ik'L'. III)». .-_ [II-CEIL‘I'L'IICL' In: III-n-IIIIIIIII: in II'.“ -_I.IIIl—
I'IL-II :I-‘IL'IIIII‘\ III I1IL‘ IN E'I'IIIIIIIL'. (.ILlI'If-ISIx \lI'L‘ III'IUI .IIHH'JIIIHII |I;:I hour I‘m fCIItIII‘Il [II

IIIIII III' III'I_'I‘:I.'.'I' III: (Eli-EIII} III .I . IIIIII IIIL‘ L|II;I|II\ i.‘I EIIU IIILL'J '.'\!II IIIIpI'mc with
(II-[III] I~ ;‘\1\'hlIII\‘. IIII: il in I'IIIIIIMIIIIL‘ m [‘I'L-LEI'L‘I '-.I.III‘IIII:I' [Iil' L]L|!\I|I]I:» '~‘.II| IHL'I'LII'hC.

.‘x {.II’I'IInIIIIII
'~;I|I':II.;III[c IH mum .II III-g := qz-Mw III-s-cI \I-.I.III;.:.I :~.I:-| \IuIIIuIII (TI-Am; I-~

pruhli‘lln'L I;_.II«IIIIII (ILII'IJLN uml [hp luv. .IIIlI cII':-.II. IWEI.'I-II..-_uc I‘I \III||2|.I|'!![L |!‘.
IIILIKS. HID: I'L'L'IH'H': r» I]\l\l_' I'm I..I-IIIIIL'I'L'I.II '».:II'-=_' III I‘IL‘HL'III

II-YI;'|"}'
III: I

IIIL’II' Iz‘l‘IICI ram-hm: IIIJ' mum FIIlIIIEI'iN LtIIUT :lIc ILIIIH. 1n .IIt'LE‘. IIII I'I-IIIIII'L-I! I['l'|?'l [I'IC'aL'
:lIHI IIII|11I RWL‘IH .:=L' iII.‘[L‘iIII|:!I .IIIJ III\' I II:: .lIIlI llIII".I'.I I'III'I'} Ural?! III

rim-m. IIIL‘ hIIJLIIII'A III-IIIII \‘I Use unh-r-Uhlu L‘II.II‘IL“§ «IIIIII‘IcIII -.~.Itcr In in;- l‘I‘IIIIIICtI I'mI
dunk-5|;- lice-Ax IIILI Ihc '5.j|1:.‘|"1||‘._‘_ III \InL-L. Ix} ~.I1ILII‘II__I I'IIIIL‘\ .md \‘\L'Ii|‘w I It)“ [bet @9n
III IIIu I‘L't'IH 01' lI'IL.‘ >:IIII.I'_I \[iL'IIIII-CUIII'N'C'H IIII‘ ‘.\iI[CI' IIIuIIICI'II hut-mm mm'c IICIIIL‘ III
.:II-::x_ I:.~.II:11|_\. III IIIgIlt‘I gI'I~.I:III. .IIILJ H‘IIILC giiatullcc IIIIIII MIL'I'I mud} I'i\L'I'-|'-uLIII. III and;
Inc-.I'IIIIcs III-c 'wlIl'i]§__'. III I‘tIIUIIHICN :3 icl .IL'Lrul‘IIrIIaIIL-I'I III, L't‘El'IIHIHIIf.‘ IIIs: l'cx‘IlIh .II _'._'_L'l"
|‘.I'I‘.\'u. I luxi." .III-.I ;_'L“I|sI~'ILx-_-' II'Ii-III'IIILIIIIiII. \‘INIHIJIIL'L' I». -IIII5ILIL"LI |1\ IIIL‘ :L'I;Ilml| L'II

.IL'I Il‘ ‘:'|.'i‘l. '-_:.'\ IIIh'

{IIII'II III'IA '-‘.I'IL'|"L'.I< I:
- \ Ian-I} IIIII‘.'IIIIr.-..II|I' _'_.'I-!!|IIUJ\I l'IIL'I‘x-‘L'é IL'NIRI ‘.\L‘.".1IIL‘|"|I‘I':_' :IIIIi

LIIIL‘I \L‘IIIII?‘ .;1IIcI-- .II'e L'lillll‘l1\|.‘\I ‘JI luu IL‘\IHI§IIII :II'Ii JIII‘IL'
l1C'IiIL‘.II‘II.' T‘IUIIIL‘ -._':'L-Ix.~. .II'ILI IRIIHILHI !__“|L'|\"~L"~ I:’.11|HL"~ ~.III_'|I u.» |.I:I|[III;:. IJ‘ILII". shin".
".HI!!I'\' .Iml IIi\]|"II1[|IIt-|] uI' 'ICI'LIJEI-Iu. .IIIII I'.iIc;;IIII'- II‘E IIII‘\'L‘IIIL".1I I-I -||'.\IL'|':‘|I‘1'.|‘.\I
“IIIL‘I' 'I.\'_ I'L'L'I'IIII'IIC L'.Ip.-.L'II\I .l. L .‘zuix III [IIL' ~.'IIII__' l‘I. mnui I'H‘l'k‘Ih‘IL'Ix.

In IIIL‘IIIIIII1-'.‘.CHI IIIu "-\ilIL'f‘5LI[I!‘I_\ III'IIII-Ecm Ix I'III m :u'mic. IIL'I'c. NIII~I.-EII IIIL' >III|~xIIIg
.Ig' I|I|I'CI11‘IL'\ I1; nccyam‘}. [ht f‘II-IHI I':L'.I~II:'.-IiI|L‘ HEIL‘N .ITL' [lame 1|I.It -.I.IIII'III LIIIU'L". IIIIL'I-

[LIwIIIcIII .\\‘1I;‘JII ;It lICpIFIN III' IIIII\L‘CIH‘II n; llIu comma III [hr I'.l\«\'l'\ :IIIIi ‘.‘.L’\IIII._‘|L':
in I” IL‘L‘L

III-J t‘lII'I. II-II'L‘I'IIIII [IL-.1 II::< I‘m-II .‘I'IIIIIN III III: .lT'L‘é. in» I‘IIK' iLIItI -'. IIIIII' IIII‘ILw '1l‘lllI1
0| \I.IiI;__'I:. II II.‘\ I~II|§. ['L’L'L'EEII}. I‘m-II L'IIIIIIIII‘lul \JEIHI Wm LIIIIInl In LI LII-IIIII ..| HI] [Is-cl.
\'\_.Iu: u-m \I'IIL'In .II ‘1“— IL'L'I. LIIL' k-u'ILI "L"ilu i.|“"I' ::_'.I!I\'!'|‘I I'._-: I'l'L.I .‘IIII'III'c: IIIIIcIInI-L- II,I~
been \IIL’II \wht III I".I1|I'I]I‘\‘1t' :IIIIJ I1' [IHN n \IIgIsL‘wI'IIE
water :II Kiritiri.

.I'. uItmIIIII ml'r I‘c mm'lc In: IUCJIL‘



I,' d' 

The desirability of conbwvkig water by meam of the wnstruction of numerous 
8maU dams, ,particulady where high evaporation losses could be offset by the 

M-REFERENCE¶ 
Diey, E, 1946.-"The Relafion of the Main Penephin of Central M i c a  to Sediments 

of Lower Miocene Age!' Quart. lourn  Geol. Soc., London, CI, pp. 243-253. 
Dodson, R. G.-"The Geology of the South-east Machakos Area" (in preparation). 
Harker, A., 1939.-"Metamorphism". London. 
Holmes, A., 1919.-'The PreCambrian and Associated Rocks of the DiptFict of 

Mozambique." Quart. Journ. Geol. Soc., London, LXXIV, pp. 31-96. 
Misch, P., 1949.-"Metwmatic Granitization of Batholithic Dimensions." American 

Journal of Science, New Haven, Vol 247, pp. 209-245, pp. 372-. -k .% 
pp. 673-705. , .. 

Read, H. H., 1931.-"The Geology of Central Sutherland." Mem. Geol. SW. Scotland. 
Reynolds, D. L., 1936.-"Demonstrations in Petrogenesis from Kiloran Bay, Colonsay: 

(1) The Transfusion of Quartzite." Mineral. Mag., London, XXIV, pp. 367-407. 

Sbackleton, R. M., 1946.-"Geology of the Country Between Nanyuki and Maralal." 
Report No. 11, Geological Survey of Kenya. 

Smith, W: Campbell, 1931.-"A (2bwaMoation of Some Rhyolites, Trachytes, and 
Phonolites from Part of Kenya Colony, with a Note on Some Amciatcd 
Basaltic Rocks." Quart.' lourn. GeoI. Soc., London, LXXXVII, pp. 212-258. 

Stewart, P. H., 1946.-'The Gabbroic Complex of B a v i e  in Aberdaushirc." Quan. 
Journ. Geol. Soc.. London, CII, pp. 465498. 

Suttoo, J., and Watson, J., 1951.-"The Pce-Torridonian Hislory of the Loch Tomdon 
and Scourie areas oE the North-west Highlands and its Bearing on the Chrono- 
logical Chssification of the Lewisian." Quart. Journ. Geol. Soc.. London, CVI. 
pp. 241-295. 

.emperley, B. N., 1938.-"TIE Oeology of the Country Around Mpwapwa." Short 
Paper No. 19, Department of Lands and Minea, Geological Division, Tanga- 
nyika Territory. 

Tiey,  C. E., 1420.-"Metamorphism of Dolomites in South Australia!' Geol. Mag., 
London, LVII, pg. 492-SM). 

8 - Turner, F. J., 1948.-"MineralogieaI and Structural Evolution of the Metamorphtc 
Rocks" Memoir No. 30, Geological Society of America. 

Tyrell, G. W., 1941.-"The PincipIes of Petrology." London. 

I,' d' 

The desirability of conbwvkig water by meam of the wnstruction of numerous 
8maU dams, ,particulady where high evaporation losses could be offset by the 

M-REFERENCE¶ 
Diey, E, 1946.-"The Relafion of the Main Penephin of Central M i c a  to Sediments 

of Lower Miocene Age!' Quart. lourn  Geol. Soc., London, CI, pp. 243-253. 
Dodson, R. G.-"The Geology of the South-east Machakos Area" (in preparation). 
Harker, A., 1939.-"Metamorphism". London. 
Holmes, A., 1919.-'The PreCambrian and Associated Rocks of the DiptFict of 

Mozambique." Quart. Journ. Geol. Soc., London, LXXIV, pp. 31-96. 
Misch, P., 1949.-"Metwmatic Granitization of Batholithic Dimensions." American 

Journal of Science, New Haven, Vol 247, pp. 209-245, pp. 372-. -k .% 
pp. 673-705. , .. 

Read, H. H., 1931.-"The Geology of Central Sutherland." Mem. Geol. SW. Scotland. 
Reynolds, D. L., 1936.-"Demonstrations in Petrogenesis from Kiloran Bay, Colonsay: 

(1) The Transfusion of Quartzite." Mineral. Mag., London, XXIV, pp. 367-407. 

Sbackleton, R. M., 1946.-"Geology of the Country Between Nanyuki and Maralal." 
Report No. 11, Geological Survey of Kenya. 

Smith, W: Campbell, 1931.-"A (2bwaMoation of Some Rhyolites, Trachytes, and 
Phonolites from Part of Kenya Colony, with a Note on Some Amciatcd 
Basaltic Rocks." Quart.' lourn. GeoI. Soc., London, LXXXVII, pp. 212-258. 

Stewart, P. H., 1946.-'The Gabbroic Complex of B a v i e  in Aberdaushirc." Quan. 
Journ. Geol. Soc.. London, CII, pp. 465498. 

Suttoo, J., and Watson, J., 1951.-"The Pce-Torridonian Hislory of the Loch Tomdon 
and Scourie areas oE the North-west Highlands and its Bearing on the Chrono- 
logical Chssification of the Lewisian." Quart. Journ. Geol. Soc.. London, CVI. 
pp. 241-295. 

.emperley, B. N., 1938.-"TIE Oeology of the Country Around Mpwapwa." Short 
Paper No. 19, Department of Lands and Minea, Geological Division, Tanga- 
nyika Territory. 

Tiey,  C. E., 1420.-"Metamorphism of Dolomites in South Australia!' Geol. Mag., 
London, LVII, pg. 492-SM). 

8 - Turner, F. J., 1948.-"MineralogieaI and Structural Evolution of the Metamorphtc 
Rocks" Memoir No. 30, Geological Society of America. 

Tyrell, G. W., 1941.-"The PincipIes of Petrology." London. 

L‘A

\HM“ ummyw .Hu mt! Hmnmmun .‘ml man: u: :imu nnlm! .uv :uHml w up Ihx"
aldy" .«1 .tu-p h; {N ‘mi ‘HH‘JH..iH‘ 1.: d hm: men mama! nu the map.

1.1:. .k.w..>uL-r§. m. aw-‘u'xw; \lm ‘m Ilwmx M ihv \,\El‘-lll\'.|\‘1 ml" 'IEI|\C!v"-l‘
«NH tum». Durim‘imh wicn H”? cyté‘uhlu‘n 1v'wcw mm“ M‘ (WAN f‘L t
w“ mmhm w: Huck dcpmih vi MM. h..- ailcmiy mu: 'lH‘w~\'-.! w pirxrmh Icymlx.

|\ Rl’I'IvRI:\('lV

Dar, 1 ”H“ "Hm Kclmmh H1 111, MM: [KIHLIWLJH {I}. I L‘Ilmi \E" p2: ru Hudllwvu‘».
m. In‘iuu! "rlixguc \__\.' Ural)" INHW. (v'z'vf .V“ IMIMUH. ( I. [\|‘. 2 x:‘

Dmiv‘i’x R, (I ' HIL’ (lkwlmfi L‘! H‘,‘ “Hum LA“: \mu'j'wmh \1_‘.1 3H1 j“L‘{‘:I.:?IHII

HH‘M‘. \ W“) ”\IJIJHH “hum“ lm.

f’ft‘lmu‘n \. 1"!”37‘Hz‘.‘ I’Ic-(nIIH‘HA. 1q \VMKLRLJ ling-m n! H1: UNI‘IH I‘l
\II.‘/.‘.KH¥‘ILH:L' Unrunf Jun"): ham" \(‘1.. It‘HdflH. [_\\[\. 1‘!“ L| 3".

\IiWkil f’. Na"), \!L'11\HIILL’.‘L‘{ILHHM’UMH‘ n1 Uzzihulillil; DIHIL‘H‘H'III».'
lwww. w: ‘wfwm \cw “NHL \u! :4? m1 jlr'l H}
H“ ,3: m»:

I‘M. 33.3 (J!
mi C“: .l

lx‘cui. [I II, 1“?! ‘lm: Mummy.» \‘1 (vix‘mI \Mhrrlamf.” “~c 1. but? \HH‘ \I‘nrlnml.
[{L‘LHLMI». l), I . £41.33 “Dcm wMixxtzHHx w llh.n'ulc=:~ mm hihllu] lim. ( ,!]\I'\\.l_\'

\. [M [',:r~[>x;wrni |_'H,:5H \/ H lint; 1m1m-vz, \..:\l'\‘ [‘1' :13" 4.

\fvmlnmr. I I :‘Llh, '\ LIL‘HMI‘LL‘CI lh‘xviiltl~~.s'1xc M7 Hm: ”Hui; \VMI n1- Ktm
ix‘r.‘v!'\n.fllglu RJWHV‘ \H. [713 (IL‘LVEHMCJI ‘wmwcj. \‘I [\f‘lhil,

Hqiwmn. 5 l 1‘” . "A. (ura=i3»§w.'.1\ Ix’uummnmm. u! [1c I u ”Hr; [’u,'='.\\:cn Huh;
.uul \lcm.“ Ruin-H, “w L. t’x.n1..~g1:.:i H'Hixsu nl' Rama.

\nm‘MuiUH R. .\],‘ “um “(umjngj .2 mg ('ulmm lh-mwn \Animlm and \1;-.r.x[ul.”
[31u .\H. H (xuflwumxl ‘umxm «\1 K'N}.1.

\v‘mi. W ( 5:11pm“. W21, \ ( 1..~w'ic;:tiun n1 Rn'nc Rfunlilcx. l'ldcl'gxm. and
I’MHIJML‘L rum I’M! at KI'HyL (alum. with ;: \nlc nu Mme .aLied
H.1n‘HM, q“. ‘3’. h‘" .1, a I” In "‘, \J . I‘VM‘L‘IY. l .\'\‘\\ H. |‘]"- :1: 353‘

\[|,".\,Hi. i . H. J‘Mt. “I‘w rummmg (Wmmlm m Min-Inc n Ahcnlcumhnc " Gum"
.".1¢r'u.‘. (inn M3. ., l \;1\.nn.(,H.pp, by: $9.4

\ uhm. J” and WIN-Am I 5351. "I‘M PicIUI'HJUHMH Hum]; u! the Inch Inmdun
...! \33‘w1;'».‘r:m m {ix \ni'irvuwi Hu‘nflz Rh 111.51. Hg. H?" -.v': 11w! i‘rnnm
Hutu»!\1nv1ML‘LN‘H‘i‘w‘lt‘ww‘2' yum“: {Hum- (’1“.‘3a“ [.,]\i, .,3 t \l

("W :M "‘7
\.. 1‘1“. 9 in: (u'ulu3. .M' {in} (mmln :M'u'md \h‘w‘qtpkha' \ilt‘tl
\m I“, I)r.’§‘.1!117'1v1'l1 ms lmulx arid Vim-x (,Ig‘n'lflglgtl ULNI‘H. Lang-‘4'

:u. H .1 lumhw‘,

Milan, L 11. MD» "ENLML H‘hmw n1 Uuhn‘micx m \mlth \mtlfli» " tum". 51.3;
INH1HE‘I.I\H pg“ 4“? 3.33333

11 we . I 1, Win ‘\lru:im:1c.;‘. :m' \Hucm‘ 1| lu‘lit [10.» n! ll]; \lclmml pilk
Ru L \lcwma \u LU. (fmflngiw! \n-;ir:'\ n: \vm-Iim.

"JUL: ‘ L. 41%. \L‘IVL HU'CI‘I. }. 3);} ’lL’I'L‘H‘mr «la! ".‘ILL H wl[“\r‘, !,"|||.U“\.r \L'H
\VPFL.

I‘HL’!‘ (v \\ €“4' ”I‘M i'V'lipkx n“ I'C31\)iv:‘.:. A 1"inf“'1

\dy. l' H 'Hld DAMN. I: 1““. "AH l,\]‘l|:11‘1.1[nm u: csc-s 414‘s! \‘o ‘3] fffhulnmuL'
\hwll l’q‘cr \u. 17. licmmncm ni’ alx 33ml \TInc» “Ludo-gin] Dlncinty
1ur1ymyikn lL-I‘Hlmx

”pk lil‘r MM) '1‘

Afr- ._

‘*---....


