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THE KAPALAGULU BASIC COMPLEX, 
TANGANYIKA TERRITORY. 

by 

Colin van Zyl • 

.ABSTlli\.Gr. 

The Kapalagulu Complex is situated near the eastern coast of 

19.ke Tanganyika, o.nd some 70 miles south of Kigoma. 

The Complex :Ls: .sil.1-likc to le:po.ti th.ic· i:1 sh:JJ>e, int:t·ude:; ·the 

Basement System (Archaean) , and is overlain by sediments of the 

Bukoban System. Locally, both the Complex and the country-rocks 

have been til te,I to a sub-vertical position., and consequently they 

are exposed in stratigraphical cross-section along the land surface. 

As a result of magmatic segregation during crystallization of 

the Intrusion, three 'conformable' z:ones are formed: (1) A Basal 

Zone of bronzi te picri te; ( 2) An Intermediate Zone of banded olivine 

hyperite; and (3) A Main Zone, in which the most corm"1on rock-type 

is hyperite,. The Main Zone contains an interstratified Anorthosite 

Band. Within the Basal Zone is a horizon along which there is a high 

concentration of sulphides. The sulphides of this Ore Zone are mostly 

pyrrhotite~ and presumably they concentrated by settling on beco.ffiing 

irn:1iscible in the magma. 
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11.s t,he n.rea in qu.est::Lon :Li .:s ir~ somewhat ur:tl:c:.<-:::Jo"..~ t:.:cl~i-~·)17, 
• 

j_ t is ch,.; intention to give the reader mm·e the.n the briefest 

detalls as to its locatior! e::dsti.rg mea.::-P of COifa1il.n.ic:a ticm 

The 7.eare.3t Europc:-m nettlemer+:,3 

AJ.b:::r:vil -:.e and faf)anda., 

Kigo,11:':-.: A small port on the ea[:tern shore cf Lake 

Tang3.nyika. It i2 c::lso the termirius of the Central Railroad 

which exteDds in1ar,d f1,.orr. TJ2.r es Salo.am .. The population cor.1-

pri~.es ap~1r!)Ximately 25 Buropear:s, J+OO Asiatics and many Af~icans. 

The Kau,al:-> .. gulu Intrusion in situated a few r1iJ.es inl:3.Dd fi"Om 

L9.ke Tanganyika, anc7. 2om2 78 miles south,:Va:i."ds of the tmvn. 

AlbertvilJ e: Di:cectly west of the Irrc:;."usion, in Belgian 

Kabo] o, so linking the port xi th the Congo rail-and river-network. 

Mpanda~ A f..HI1c~11 niining tm-m BC miles inland from the 

Intrusion. :Setvvaen M:vmcla and the villags of U\rj nza t~1ere is a 

road whic~1 ls s;~para. ted f:rom KapaJf?.gul u hy 50 mlJ_eB c::1f rough 

and uninhabitud +errain., 

At :pres-::;n-f:; tlw r.icst convenLmt r.ieans of :.::o:I1.H1.mica tion is 

by a steamship which completes a circuit once ,:;ye-;:y 21 days 

betweeo Kigoma ;:-,nd the Northern Rhoc.ec:ian :Jort of Mpulungu-. 

Arrangements Cd.r-1 he n1clde to be tal:eL ashore at the little 

Arab-African trading post, Lagosa, which is a")out ten r:1iles 

south of 01::e 's destirn:.. tion, In times of heavy rainfall a 

devious route from the shm.. ... e :r:u1y be necessary. The flat coastal 

belt of :.,r,dce 2 3dim:mts tends to become flood0d by overflovving of 

the Mugor.1bazl and Leugel8 rivers (plate 1.). 

There are numerous/ •.... 
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There are numerous footpe.ths and. g·mie - tracks, but away 

from thesu ?rogress can become very difficult and even impossible 

unless the vegetation is cleared to some extent. This is most 

easily effected by burning tlw grass during the dry season. 

Apart from the f.e:.w, Arabs at Lagosa, the inhabitants are 
/ 

Africans, mo~tly of the local Tongwe Tribe. 
• 

With few exceptions 

all inhabitants are 8.ble to speak the "lingua franca", Ki-Svfr::-.hili. 

The indigenous folk concentrate mainly on fishing in the Lake, or 

on small-sc&le farming on the relatively dry strips of land along 

the bru1ks of the Mugombazi and Lougele rivers, which roea~:der over 

t:1e Lake Sediments. 

fowl;:. 

Livestock is li::-:ited to a few goats and 

With the exception of the ten-odd Africar.s farming ori a 

s~ll clearing tmvards the south-eastern boundary of the area 

mapped in detail, it is devoid of human habitation. The black 

dense clay and numerous boulders associated ·1i th the Intrusion 

evidently render soil unsuitable for tilling. 

The area is m~larinl and is also infested ~yi th tsetse-fly, 

against which precautions should be taken. 

be p~epared to meet big game. 

One should also 

The most· suitable period for field-work is during the dry 

months which, in the writer's experience, is usually from July 

to late October. By the end of the year very damp co~ditions 

prevail and plant grow-th cornr.1ences to flourish to a most dh trac-

ting degree. The months March to May a.re most unsuitable for 

out-of-door life. 

(2) Previous geological im:-estigations. 

Probably the first reference to the Ke.palagulu Intrusion 

is as follows (Teale 1931, p41.): "A German file regarding 

rnir;er;tl prospecting in 1914 records the occurrence in fair 

quantity of nickeliferous ore/ ....• 
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near the shore of Tc~nganyika east of Kungwe Bay ~bout six miles 

south of the Mukon3..o:::;i This occu~Tence h~s not yat been 

0onfir.m.ea. and cxaru.Pcd by th0 D0~:1artme:nt, but the •:Cireator' s 

journey recently into this region has proved a wide extent of 

:Jasic ru.:ks favcural)le both for· t1:e occurT•3ncg of nickel or coppe1--. 

It is of intereE:-t in this corm:;ction that three of' the concent:r.utes 

from this region shrn•.red traces of nickel." 

During 1927-'32 Sir E.O. Teale, vmo was at the time Director 

f, l't the Tanganyika Departr11en t of Geology, made extensive traverses 

of Western T2.nganyiko., nnd a sketch-map (reale - ) of the Complex 

was produced. 

A further report (£eale 1932, p28.), mentions the body as a. 

":f\jori tic su.i te ranging fr·om picri t.3 through r..o:.."t te tu dolcri te", 

ancl short petrogr8.,llLJ--tl notes of som-:3 specimer:s were ad.c1ec1 . 

In 195.J 3lves a:-ii \Elson, in the inte::ceDts of The Inter-

nation8.l :r-:-iokel Company, mn.d.e a reconnai3sance of the Intrusion. 

They prepared an extremsly useful little field-map (unpublished) 

~hovri.ng the Uff.•ro;x-im9. te boundaries 2t.nd. indicating geological 

horizons in the body. 

Duri:-ig 1914-3- '47 Mc Connell m2..de extensive traverses of Ufipn. 

D.nd Ubende in 8outh-7restern Tanganyika. A 20 to 80 mile-~~de 

bcl t along the eastern coast of the Lake ·was co,rered, extending 

from the IntrusLm 220 :-::ilcs southwards, to 11.bcrcorn ~ Menticn 

of' the Ir.tru::don is very brief (Mc Connell, 1950 _; pl5, 30 etc.) , 

:::mt his descriptions of Basernent s.nd Bukob9.n systems, which 

su.1-ro1...mcJ the Intrusion, are most conprehensi ve. It will be 

olJvi.ous fl"'8n::. time to ·-ti.Lie in tha present work that detailed 

( ."3) .Acknowledf c1:1ents. 

T!1e nature of' the ·writer'E: work was to assist in geological 

and dia111ond-drilling e;..."'-ploration during 1951- '53. He is ind.ebted 

to Internationo.1 Nickel Com::,any/ ••••• 

~obably li!ugombazi River. 
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- ,.. .. 

of Canada Liniited, for perillission to use t1e inforin!\tion in 

the way he has, and ·will a.1ways remember the encouraging and 

friendly interest of tho=~e who were at various times dir:ctly 

concerned ~ith the project; amongst them Mes~rs. John Cillie~s 

and Donald Cal;i"f. bell, A particular expression of gr~titude to 

Mr. T,V. Baines, who controls the C0111pany's interests in Central 

Africa, and to Mr. G.M. Stockley with ,mom the writer sp0nt a 

few most happy and instructive months in the field. 

Confidential information such as the location of bore-holes, 

'bore-hole logs, a.8say values etc., are withheld for obvious 

reasons, 

The greater parts of 1951 and 1953 were devoted to studies 

at the Department of Geology, University of Pretoria. 
,, 

thanlce are tendered to Prof• B. V • Lombe.e.rd, formerly Kea.d of the 

Department, and to the present Head and. promotor Frof. J. ~17ille~e 

and M• staff tor their willing guidanco. In 1951 a generoua 

&rant trom the Jan F.E. Celliers Bursary Fund enabled the writer • 

to commence po•tgraduate studies. 
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II: GEO!DC-ICAL OTJ'T'LJr=~. 

In the area encompassed by the present investigation, 

and excluding the Intrusive itself, there appear members of only 

two geological systems, nB.mely the ancient Basement System and 

the consicera;Jly younger sedimentary Bukoban Sys_tem. The rocks, 

especially those of the Basement System are covered in parts by 

recently deposited sediraents, and also often by a thick mantle 

of deco~posed material. 

From Kigoma southwc>.rds, along the eastern co~:.stline of La.lee 

Tanganyika there is an extensive exposure of the Bukobo.n System 

(Stockley 1948 a.). Due to the resistant nature of these rocks, 

which are mostly sandstones and phyllites, and to rift-faultin£, 

the coastline is a. very rugged one. This is particularly true 

of the terrain between Ka.bogo Point, some 40 miles south of K.igoma 

(fig.1.), and a position some 20 miles further south where the 

Bukoban System trends inl!.:'..nd and Basement System ap~ears for the 

first time on the shore-line. Along tl-1is 20 mile section the 

land descend:3 precipitously to the water's edge. The ·.r,rri ter 

considers that this feature is the effect of a continuation of 

the fault indicated by Mc Connell (1950) and v1hich also appears 

on pl~te 1 of the present work. 

With the appearence of Basement System, which is composed 

predominantly of gr1aisses and occe.sional qu2-rtzi tes, the shore

line swings gr2..dually to an almost westerly direction, so form:i.r:;_ 

Kungwe Bay. The change from Bukoban to Basement System also 

brings about a marked change in topogruphy, vegetation and 

drainage; features readily detected in aerial photographs. 

The Basement System may also exhibit greatly contrasting relief, 

but wherea~ terrain o~. cupiGd by Bukoban Syste;11 is generally 

jaggard or angular, hills '3.nd mountains of Basement System, 

though stt:!cp, are mostly/ ••••• 
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rounded and have a smoother an':: more suNued profile. 

As the c:C:ange f1om Basement to Bukcib2.n System is easily obser-
/ -

Vee. on aerial pbotogr'3.>hs, the conta,ct between the two systems can 

be followed in this ma--:ner as it trends inlar.d. The Bukoban 

quertzite dips steeply north-eastwards ... nd .for the most part forms 

prominent hogsback i ... idges immediately north of the contact (Dlate 

l and fie:. 3 • ) . ?ractically in the 1:)ed of the Tumba Stream, 

which is so::ne six miles inland along the contac-t, lies the nortl1e.rn 

extremity of the Kapalagulu Complex. 

On surface the Comple:~ appears as a steeply dipping, long~ narrow, 

s0mewha t boomere.nc-shaped body, with its long axis par2.llel to the 

regional strike of both the Bukoban and the Basement systems. 

The average w'ic1th is appro.ximetely 5,COO feet and the total e:-:-

?Osed area is approximately nine square 1~iles. The coun tr:.r is 

one of contr:.?.r-ting eleva~.ions an.~~ is well wooded throughout; in 

some parts the vegetation ::eing extremely dense. 

On its upper, or· northern side, th<:; Complex is bour1ded by a 

high ridge of steeply inclined Bukoban sediments. This ridge 

is parallel to, and is a straig9t continuation of the ridge 

further north along the contact 1:Jetweeri Bukoban and Basement 

systems. This feature immediately brings to mind the possibi-

li ty of a sedimentaF.f contact between Buhoban System and the 

I:1tru~:io:1; a feature which will be strE Gr;ed subsequently. 

From the ridge there is a steep and rather rugged d.escent, 

in parts over minor parallel ridges, to the southern or lower 

boundary of the Complex. . Thereafter there is usually an ascent 

again, now into country underlain by B2ser:1ent System. 

Drainage over the Intrusion is usually along dee:Jly incised 

storm.water-gullies which follow the shortest route down to the 

101,rer contact. Llong the lower contact it is common for 9lear_ 

streams to form. They flow.p"ra/lel tothe.cont,ct·~ :for some C:.istance 

before eventualJ.y cutting through into occasional low-lying perts 

in the Basement System. 

The Complex is well/ ••••• 
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The Complex is well layered and ranges from (a) under-
' 

saturated ultra-mafia rock types along the lower (BaEement) 

contact, upwards through (b) olivine hyp~:;ri te, ( c) hyp::➔ri te 

and nori te, ( d) a.northosi te, (e) again hyperi te and nori te, 

to ( f) sporadically developed quartz-be2.ring mem")ers :hich 

approach the comµ>sition of gre,nodic•ri te. The layerinr: 

strikes parallel to the length of the Intru: .. ion and t}1e dips 

are practically verticc:;..l in the northern part. The so~. thern 

' part has apparently undergone greater disturbance and the 

_b9.sal layers are overfolded and. d_ip 50 degrees southwards. 

As gravi ty-:differentia tion is considered i"'vspcnsibl0 

for the layering, one must conclude that the Complex was folded 

·subsequent to its consolidation. The overfolding in the east 

is believed to be aocomp:..nied by rather obscure and complex 

faulting, includil1$ thrusting. A combination of tilting 

through very nearly 90 degrees, and erosion, has resulted 

in the exposure over a large area of a near-perfect cross

~eotion of the body, the floor being the contact with the 

Basement System. It is pertinent to note that the floor 

is distinctly basin-shaped. 

In places the layering is protr1inently reflected by the 

relief and the type of the vegetation. This is sometimes so 

marked that it ic immedi~tely obvious in aerL• .. l photographs 

For descriptive puri)oses, it is cons ·Ldered advantageous 

to divide the Intrusion. The dividing boundary would be 

ap?roximately parallel to, and in the vicinity of section-

line AB(Plate 2.). In this rnanr..er the structurally com-

plicated North-eastern Sector is separated from the North

western Sector. 
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III: TECI-EHQUE Plm METHODS IN FIEL:J ... iiO.RK. 

{l) Mapning. 

During .August 1951-Janua.ry '53 the area was mapped on a 

scale of l:2,50~, a theodolite, tape and stadia rod being used. 

As no sui-vey beacons existed, use was m.::~de of an arbitrary grid, 

with north determined by simple balanced azimuth observations on 

the same star at eq~al altitudes. 
. 

Initially surface elevations were relative to an arbitrary 

detum. Subsequently, by means of a s3ries of intersections 

between known points on the Intrusion and points specially 

constructecl on the Lake shore, t~1ese elevati0ns were corrected 

to elevations above IIl'~an sea-level. 

2.534 fe]t above maan sea-level. 

The Lake was (lsriumed to be -

The construction of Flo.te 2 nece~sitated reducing 25-odd 

field sheets from 1:2,500 to 1:25,000 scalo. Consid0r~ble detail 

had to be omitted. 

(2) Magnetometric Survey. 

When considered necessary, ;.nagnetometric traverses were 

made, usually normal to the lower contact and extending from 

within the Mfiin Zone to well ir~to th~ Base:10nt S:--stci!l. 

Recordings were made on a Watts vertical variometer, at intervals 

not exceeding 100 feet. The traverses may be divided roughly 

into two ?ategories, nainely those over terrain where the 

geology and structure was to a large extent knovm, and those 

o"rer terrain where the feology is obscured by soil or alluvium. 

Where the geology and structure were known, the object of 

the traverses was to gauge the effect of the various zones when 

in different structural attitudes, In this respect traverses 

over and parallel to incEned boreholes 7;erc invttluable. 

Although a large/ ••••• 
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number of read:_n,:-s 7;e-re taken ove: ... t~1e rest of the Intrusion 

interpretatio~s of the graphs constructed remained difficult 

3.n<l sometimes b1po~•f:lible. 

The following are examples of the general trand under ideal 

conditions:-

The gabbr,)id rocks ( nori te, hyperi te etc$) , are inclined 

to gi·,m a ccnstmt figure of thG 0:i:.'der r_,:i: 7cc to ~L ~CC'O ge .. mmas, 

becoming s1ightl ,;' e:cratic on a:A.r·oacn.in.s:. ~~-:3 oli 7:.ne--bearing 

zone'3r 

.fr: the ul tra-mafic basal layers, there is one of· two 

tendonciE-s: There is either ~1 gradual d.ecrease to a few hun-

drod gamrr.as, followed. by a relatively sharp increase, causing 

an ea~.ily recognis:.:d depression in graphical com.:tructions, 

o~ extreme anc.:rr9_lies c:1.re registerocl., readings often catapulting 

hap---hazarc11y fi.--o;n ~:,osi ti ve to D.ega ti -ve •·,-alu~s, each of e. fe·N 

tho usa:nd gc..~.rIL.T.as • 1I'hese extre:ne di?.fer_enc0s ·were [;.pp8.rently 

alwa_y;:-, recorded ove--:~ horizons contair:.L:t-'. co:icentrations of m?..gne

ti ti~, an,.~,. the anomalic8 are p:ces1un:..1.bly th3 cff P.ct of dislodged 

fr'agrnents of -chis mineri.J , lying othcnvi.se more or less in si t·1. 

~he E ff6ct of in.2.gnetic sulphides is un~crtain. They are 

ty·_pe of cu:r:·ve WH::o rc:~01--a e'.:l, o:r:.e of ·che readings vms actually 

taken on 2n cmtc:;:--op ~-Ii Ythich dis semi na ted. p vr?:·:.-wtJ_ tc., we.s re.~tdily 

visible. However, fur the 2ost part rrw~netite is associated 

vri th -tl1.e sulphid3 concentrations e.nr.7. presumably tho· e:'fect of 

the ma[\neti te is rJor.1pletel3r overshaclmving. 

Graphs of the -"'~DOTil.[tlies over Basement System are generally 

chnrac-1~eris tically smooth .s.ncl consis tant for some distance, a 

Exco-p-tions vvere 

occn.siorn:-clly recorcleo. o\rer gra~Ji cic veim: in the gneisses~ 

TTith the exception of traverses made over boreholes (to 

facilitate interpretation of subse(rient traverses) magnetometric 

surve7s ,vere :::o::1fim:d to the ar-:;a of deeply covered rocks near/ ••.•• 
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the Mueombazi river, and to the ~outh-eastc.rn part of th8 Complex. 

(3) Drilling. 

Considerable diarnond-drilJ.ing wr.s done in conjunction vd th 

t:1e field-mapping o.nd, for economic reasons it wus confined to 

the precincts of the fl0or of the Intrusion. Because of the 

steep dip of the layern, all holes v1e-i.'e inclined, usuLlly 30° 
0 

to 60 to the horizontal. From the core t .. i.e v,rri ter was able 

to select numerous specimens for laborator;r examina;•:icn. 

This was most fortunate, as surface exposures aro poor, 

e,;ecially nsar the lower contact. Seve:cal E tructur:.l 

features, especially f: ul ting in. the south-sastc,rn p:"lrt would 

not normally have been detect;;;d but vmre obvious in the core. 

(4) Aerial Photographs. 

The Intrusion is included in the p~rt of Tang~nyika 

Territory photographe:1 by the Royal Air ?orce in l'J~-7. 

Plate I was con2.tructed solely from t:·10 photographs and their 

centres are indic~ted upon it. lfo control points v-rere c..vaib.ble 

away from the Intrusion, Go the HU.'.p was constructed by the simple 

procedure of piecing inc:lividual photographs together, aided by 

a stereoscope. Distortion was olirnin2 .. ted as far as possible 

under the circumstances. · Fortunately there is considerable 

overlapping of adjoining photographs, but the scale of some 

traverses differed from neighbouring ones and corrections had 

to be made. To minimize e7ror, the scale of th,:; map was finnlly 

reduced almost by half, i.e. to 1:75,000. It should nevertheless 

be considered only sufficiently accurate to serve the purpose 

for which it was created, n-8.rn~ly, to ill'...lstrate t'.1e structure of 

the region for some distance around the Intrusion. 
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Fro~ a point north-west of the Intrusion, and where Base

ment rocks first outcrop on the edge' of the L~e (plate 1.), 

the coastline c;radually turns •.vestwards to forl!l Kung7re Bay. 

The Up!Jer contact of the System conti··'.ues south-eastvt9.rds in

land, so that~ large tract bordcrins on the Lake is occupied 

by this System. 

In the Tumba Stre:un tl1e Basement ::-md the Bukobo.n systems 

~re first intervened by the Intrusion. The Stream also roughly 

represents the northernmost li:.1i t of det::i.iled m.3.ppins (plate 1.). 

For a thou.sand-odd fe-:=t downstrec.m from t:ie U):;er Basement con

tact, t:~.ere are e-,evaral outcrops of n m.eaiwn to fine-grained dark 

grey gneiss, contEtining a network of red gr2.r1.i tic veins. These 

veins vary from a few inches to o. few f0et in width and seldom 

exceed twenty feet in length. 

knay fror:1 streams outcrops n.re rare, but country occu;,ied 

bv Basemert System is distinctive. The soil is yellow to bro7m 

c\nd is rich in coarse, ensily recog···i~abl0 gneiss fr::tg,uents, and 

is ;_velJ. 1vooded by "miombo" ( orchard bush, including genera 

Br:.\chystegia and Isoberlinia). Grass is relatively sparse 

~nd of u distinctive ap~ear~nce. 

About 2,000 fe:0;t south-east of the T'-.unba Stream the presence 

of red granitic gneiss is iniicated by a few outcrops ~nd by 

soil containing fracments of this material. 
I 

Although not readily 

apparent in the fic-:ld, it is possible to zone t,1e red and grey 

gneisses. Figure 2 is an ex~_l,tri.ple of this phenomenon in t.he 

northern part. The zones are not sharply de.fined, but are 

bounded by nlanes of rath~r vague outline. 

conccrdant ·;yith the foliation in the System. 

The ph:.nes are 

!'Tear the Mugombazi River there is a consi.d•3rable encro2.hment 

of kJrn Sediments, and outcrops of Basement System and Intrusion 

are :::a decompo::·,ed t:1a. t it is difficult to differentiate them 

or determine their relationship. Vlost of Kangoli Stream, which 

lies further south, ex::,osures are plentiful and it is again/ •.••• 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

- 12 -

possible to trace steeply inclined zcnes of gneis~ • 

Surface elevations increase southwards, ~ub.ri.nc.ting in the 

3,500 feet-long Mg1:mgay,.rula Ridge, which is a hogback of very 

ste2ply dip·.9inr hard white c~uartzi te. Viewed :from the L2.ke 

the ridge reser.i1Jles an inselberg, jutting some 650 feet a"bove 

t:1e monotonously flat L2.ke Sediments. 

On plate 2 sa\rer--:.1 occurrences of quartzite surrounded by 

gneiss are indicated. Rough extrr-.pola.tion of the Mgang,::.mule 

Qu.::-.rtzi te joins it further s .. ;uthj·ards with several similar 

bodies lying parallel to the Kalaba Stream, yet enclosinf; each 

is an ab'-.mdance of gn::;iss. This feature is par·:icularly con-

vincing just below the confluence of the·Mguje and Kalaba streams. 

On the r:.orthern side is a quartzite hilJ. sloping stee:_:)ly down to 

the streum's edge. On the 09pos i te sid2 t hare is a lCO-fe-::: t 
. 

long ringe sir:ii~s.r to Mgangru1ule 2.nd also with a steep quartzi to 

crest. Tr1ese tvo quartzite bodies are only 500 feet ap::.-..rt and 

1 t , t t . h . al/, . t . th t b are a ong na sames ra igrap 1c,. norizon, ye in es ream e-

t\·wen tl·1em there is a continuous section of g:.·~y sheared gneiss. 

Including Mgangmule :~idge, there is thus a 1-1/2 mile zone in 

which 12.rge masses of q_uartzi te lie enclosed in gneiss. 

Si tue.ted between }:Igangan~ule and the Int:r-1.1sion is a sii:tlla.r but 

shorter, narrower and less distinct zone of quartzite outcrops. 

It therefore ap:?Bars thc:~t several concordant zones of red 

and grey gnei.ss exist, and that a possible third zone is one 

in which enclaves of quartzite occur. Following the E.H. Read 

school of thoug\t, it is concluded that the gneisses are tho 

products of me fa.soma tic al tera ticn of the origins.l ( semipeli tic) 

layers of the Sj"stem, ~ma that the quartzi tes re.9rescnt resi.strrnt 

undigested relics. The continuity of the zones (spectral layers), 

is accepted as proof that mobilization or parautochthonous in

trusion played at ti1e :r,ast a very insignifica,1t rola in the area. 

so fer discussed. 

Another quartzite-gneiss zone/ •.•••• 
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Another quartzite-gneiss zone was followed for a distance 

of 1,500 fe,~t, t~triking westv:ards from a position some 1,200 

feet north of point A of section AB (plate 2.). It is possible 

1
.: ,2.. t it is D-n extension of one of those prcviou.::.ly disc:..'..sscc.: 

&nd t:1::,.t its &n.01:.elous strike is due to an ancient fault, r.ovv 

rnz.3ked or ohli teratea. hy the high grade ut 1r1eta:GO~?bism to -:,;.,hich 

the :.:_ystem has been sub.jectsd .. Such a ftult could lie parallel 

to section-line .AE. and :2,000 fe:::t nort~-vwst of it. 

The northern ternin::J.tion of th0 Hgnngp;1nule Ridge could. 

possibJ.y also be ~i.scr~bcd to such faulting., In this particular 

area the detailed rri:1p}1ing doee not exten.c1 far b·:-!yon~ the; bor(ler 

of the Intrusion, b'..::.t rGconrmissance otE;:;rva tions left J.:..he im-

press~_on th?.t red gneiss &.nc the nc:rths:rnmoEt g_u9.:ctzi te outcrops 

In otb.e:r Ufarts que.rt.zi t.::; l i.es :rfit:hin 

It is ern.phasized hovrever, that 

evid.enr;e is B'3agre ·=LrHJ thc~t the faults so far discussed e.re done 

so :n -ch hesi ta.nee. 

o.~riqr to tl1e na t 1J.:.ce of the work and time 1~: mi ta tions, cnly 

a m..i.::il:mr1 cf detai.lod surveying, could be coEdu.cted ::..:,Nay frore the 

~ trusiC'n. :3etween 2ection-line AB and the :i.b&laba strefu11 de-

Syscem~ Seve:r·al jo·Llrneys made from here over the hills to the 

inclinatior,. of t:1.•::; :Bar.ement gnGiss is maintained~ ThiE'. is also 

insinuated oy the mE ... ny outcrops dmvn-st.ream fror.1 the lower con-

tact of the In-trusi.on. 

It has already been mentioned th~t the terrain occupied· 

by Basement 2ystcm, despite the pa1.1d_ ty of outcrops is easily 

recognisabl·3. Be-tween Ibalaha StroaD and the faulting ino_ica ted 

further east (:plate 2.), float of ~e"".reral rock-t;r:pes, including 

the following is seen: Shearec1 gneiss; banded ironstone; frag

ments of granitic ma tcria.l, probably cleri ved from the/ ••••• 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

veins which so comaonly penetrate the gneiss; and a grey cry

stalline rock vn.th a weakly developed gneissic texture. In 

the latter rock oligoclase-andesine is abundant, and the remain

ing major minerals are quartz and bi,.tite (both interstitial). 

Accessories are chlori te, amphibole and very snt:111 amounts of 

epidote; all probably late alteration products. Megascopically, 

specimens deceptively resemble those of the Mail-.. Zor.e 

of the Complex. There i.re similar occurrences in the imrnetlia te 

footwall in the vicinity of section-line ~3 (pl~te 2); also near 

the quartzite in the 1Iguje strea~; and also near the Intrusion, 

some 650 yards north of section-line CD. 

With regard to the sheared gneisses menaon.;;d, their texture 

is ascribed to the superL-1posi tion of a schistose texture upon the 

gneiss by shearing. It is pertinent to note that th0 trend of 

the intense shearir-g of the basal layers of the Intrusion is 

parallel to this schistosi ty. The L1pression is that both L.1tru

sion and-Basement System were subjected to a period of shearing 

which must necessarily be considerably younger than the formation 

of gneiss-textures in the Basement System. The shearing is 

also associated with overfolding and faulting east of section-line 

AB. 

From a point 650 y~rds dcnmstrerun from Kt~inatandala Settle

ment, Basement System o~tcrops all the ,vay down the stream of 

that ~am.a, and commonly strikes ESE to SE. Within some of the 

outcrops are 2-3 feet ~vide vein-like and dyke-like occurrences 

resembling highly altered fine-grained diabase. They are of 

peculiar form, being irregular and impersirtent both in length 

and breadth and often appear to taper out or fade into the 

gneiss. Although their orientation varies they are most commonly 

parallel to the foliation of the gneiss. It is presumed that 

they are loca.l concentrations of mafic minerals of the gneiss. 

In this area float, but no outcrop, of arnphibolite wa.s also/ •• ~~-
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found. Iv1egascopically it is mecliUL:1-grc..ined, rich in glittering 

amphibole, and spotted by interstitial felspar. 

To the north of Karnatandala Settlement large tracts are 

covered by a soil mantle, devoid of outcrops. The most likely 

positions of geological boundaries are discussed comprehensively 

·;:1hen t 1e Intrusion is described. Suffice ts mention now that the 

greater -proportion of the buried area is considered to be Base

ment System. 

The Mbugo Stream represents the eastern lir.tl t of the country 

mapped, and along it exposures o-f Ba~~rnent System n.re plentiful. 

On progressing up the stream gneiss outcrops give way to ones of 

a leucocra tic coarsely crystalline rock in vvhich gneise,ic tex-

ture is coneiderably subdued. To this r,::.ck-type the field-term 

migmatite was _giYec. Exposures of it are very limited, so 

virtu:1lly nothing definite could be ascertained regarding the 

shape of its occurrence. It is considered likely that it was 

formed by mobilizs.tion of part of the gneiss. 

The folloilring is a reprcsenta ti ve microscopic analysis 

(T.S. 711.): The predominant minerals are xenomorphic 

felspar and quartz, both with strongly undul~ting extinction. 

The felspar is considerably in excess, is extensively 

serici tized r.nd sausrmri tized, although polysynthetic albi te 

twinning is still disccn,a.ble. Statistical me-~surcments of the 

ma.xiinum extinction 2~ngles of albi te twins are very low, indicating 

oligoclase. This is further substantiated by the closenesE,; 

of the refractive ir/ices of the fels'par to thone of quartz 

( deduced from becke lines in the thin s·~ction). Very miner 

amounts of fibrous dark green am::hibole e..re present,_ and are 

semi-opaqu0 as a result of a "peppering" by iron oxides. The 

accessory miner2.ls r1re slirhtly tabul~:..r ,'.\[.H~i te, and zircon present 

as a few very sme,.11 subhedral to anhedral grains • 
• 

It is possible that potash/ ••••• 
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It is possible that potash felspar is present as highly 

altered grains, so passing undetected. However, oligoclase 

is so much in excess in the specimens that the rock i~- best 

termed trondhjemi te (Rice 19 50, p4-26.). 

Some 200 yards north of the northernmost trondhjemite out

crop in the Mbugo Strerun, t~1ere is a prominent hilJ ock which 

is covered by boulders of quartz diabase. They :?..re well 

rounded and mogascopically closely resemble boulders of gabbro 

from the Intrusion. Several t:1in sections of the diabase were 

m.._~de, e.g., 709, 710 and 713. All the specimens are highly 

e.ltered. The only definite primary mineral is we2.kly sub-

hudra.l ~onoclinic pyroxene (positive, ~~,rcirca 55'~), which is 

largely replaced by green amphibole. The quartz is interstitial 

and has an undulator;_V' extinction.· T:1.e remaining pE-srts of the 

sections are occupied by saussuri te, chlori te -:.nd serici te (Fi817), 

Sporadic concentrations of quartz diabase boulders can be 

followed from the hillock eastvrards n.long a zone which is just 

over 500 · feet vdde. North of the zone the surface is soil-

covered, but it contaim: some trondhje;..1ite float, giving the 

impression t~1a t the quartz diabase is bounded on both its northern 

and southern sides by tronC::.hje.ni-te. The dfa.b.'.1.se tapers away· 

to the east, but westwards it apparently ends abruptly in the 

vicinity of Mbugo Stream, as there is no sign of its continuation 

west of the hillock. 

Approximately 1,000 feet north of the guartz diabase zone 

are the first outcrops of Bukoban System. The base of the System 

can be plotted with certainty as bei.ng immediB.tely below the 

lowermost outcrop of sedimentary rock in the Mbugo Stream. 

West of the strea:-n, two faults are inferred in order to acconnt 

for the anornEJ..lous situation of a f·)rther occurrence of quartz 

diabase, which is preslli--nably the displaced west8rn portion of 

the diabase zone described in the previous paragraph. 

As the throws on the faults/ ••••• 
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As the throws on the faults differ in the Basement System 

from the throws in the Bukoban System, it is assumed that move

ment along them COIIlinenced in pre-Bukoban times, and that the 

faults were rejuvenated after deposition of the younger system 

upon a Basement peneplane. 

Some similarity between the quartz diabase and the g~artz

bearing members of the Complex is obvious. On the grounds of 

the considerable difference in the nature of metamorphism each 

has undergone, it is presumed that no genetic relationship 

exists. Evidence is meagre, but the diabase is tentatively 

relegated to the Basement System. 
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FIG. 3: AN AERIAL PHOTOG-RAPH OF PART OF KA.PALAGULU 
COTuIPLEXo 

A striking example of the effect of the composition ,-md s truc t u..t>0 of t he var i ous zones on the physiograJ)hy., 
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GEOl-OGY OZ 'I""E COL:?LEX. 

The So:r:iple::: is di video_ into b;-o sectors: nc:mely ti1e :North-

western S0.ctor, --:~hich, apa!'t .fTom ~- tilting through ai?pr·o:dma tely 

90° is ~-el2. ti vely undist:1..-:::ied, and a Nor,th-easttSm Sect.or vr~ich 

is compli.ct!.tRd b:r int~nse f,?ul.tin,I .::nd fo:.ci.in~. 
.. 1. ,J -

Their ~.-pproxi-

m2te ;,t.i-t::ial bo~,11d3.:trtJ is r·0presented by s~Gtion-line .A.B(pl~.te 2.). 

followin;: suLdivis~ons o:r zones are ::'€cognised (see a:.so plate 2.): 

( 1) -X:he .a~se.l 7:one, in W:J.ich olivine is th~ pr"3dominant mineral; 

Si bJateC: within tho :;.ain Zone, and 

p~.rallel to it., is 2. n=11·:tow but i::,e.rsistent Anorthosite &nd. 

sub-vertical :_:.osi tion~ 

sents ~-- c1·oss-section of the Intrusion. 'rhe zone-effect in 

the Intru..s~.:~n is a.scrS.bscl to gravi ty-dif'feren ha tion and the 

i3as8.l Zcnc, as its :i.1a1,1s ir,1plies, :f\)?"'lll.S the lowi?rmost, and ther-3-

~~ore first-formed d.ffer-entia te. ::r:n parts l t is ser-arated from 

~ foott:,&J..l of Easelaent System by c1 Contact Zo!'le o.f inconsistant 

tilicl~Bss. 

'ibis zons is pres211t almos·t tbl'·ou3·hout the cnt,j.re leneth of 

the Ir;.trusion, and comr'.".onl:y- v8.::ies between }UO c:,ncl ,500 feet in 

surface. :,Tidt:-:. ·rypical rock-s:)ecin:ens are mela:-:.ocratic to hyper-

anc~ have a ~rey to {'irty gr-e~n tint. -Jli vine grains ( usually 

bPtwcen 6J~~{ a.1'!d 80f cy volume) are mostly :rounded ~nd '-:.lave/ 
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1~.:::.d.s cc;:-.,_ta:i.n a higher proportion of felspar th.c.m ".;he 

DJ.fferen-t.ial wecl.thering he.s acccntua foe. the T:r::uxled stru..z~ 

t:ure on 0xpos0d H'..::.rfaccs, ai:c:.. deep pi tti:ng is ceuso:! "6-:J 

es:p~•:-i.a.1.ly olivine. 

8,.:a.le on the s-'::;adia-.. rcd is in feet ez1d tcntb.r:b 

of a foot. 
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suffered e:,ctensive chlori tization, in extreme cases the rock 

losing its gr2nular ai"Jpearence anc~ possessing the earthy look 

of a typical,erpentine. There is some variation, even laterally, 

in both concentration and composition of the constituents of the 

zone, but for the most part it is comprised of bronzi te-1-:iicri te. 

Because of the abundance of olivine and the low,,.. ~entration 

and smallness of the felspar gr.s.ins, wer..thered surfaces are not 

as pitted as in the case of the zones higher in the Complex. 

Water-worn surfaces of the Basal Zone are actually smooth and 

sbiny. Away from the abrasive action of flowing water outcrops 

are invariably extremely decomposed and crumbly, a.nd grade into a 

gravel of we:3.thered fragments. In distinction to the other zones, 

spheroidal weath,~-ring is absent. The depth to which weatherinG 

penetrates va1·ies considerabl:.r. In one instance, a bore!1ole 

collared on a hillside of wea thr-ired br·om, He pi_cri te W8.S 5,mk to 

a depth of over 100 feet before reaching solid rock. 

( 2) In te rmedia te Zone , 

The difference between rocks of the Intermediate zone and ( 

the Basal Zone is most ma.rked. In the Intermediate Zone the 

concentration of olivine rarely excaeds 20f and plagioclase in-

creases to over 60~>. The result is that the rapid weathering of 

the olivine causes characteristic deep pitting of exposed surfaces 

of the zone. Furthermore)there is a strong layering effect, due 

to alternating concentrations of light and dark minerals (fig. 4.). 

These rocks bring to mind the remarks of Wager 2.nd Deer w:J.en they 

first saw the L.:1yered Series of Skaergaard and erroneosly concluded 

that they were o.f sedimentary origin. A further diagnostic feature 

is the t8ndency towards idiomorphism of the plagioclase grains. 

Their is uncert2inty as to the exact nature of the upper and 

lower boundaries of the Intermediate Z~ne. This is largely due 

to the paucity of outcrops in critical positions. The impression 

is that for the most pa.rt rapid or narrow transitional/ ••••• 
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boundaries exist rather than sharp r.nd possibly intrusive contacts. 

Petrofabric analyses show th2.t platy flow structurns are far more 

common than linear flow structures, rendering unlikely the possibi

lity of this zone being intrusive, rather than having formed in 

situ by crystal fractionation. 

Another distinctive feature of the Interrnidiate Zone is its 

tendency to form long narrow ridges. North-west of Mguje Stream,' 

for example, the zone forms a ridge 1-1/2 miles long (plate 2, and 

fig. 3. '). 

In the strict sense of the term, outcrops of Intermediate zone 

are rare, but some perfect ones are seen in the u~per reaches of 

Kangoli Stream. Generally, the zone is characterized by a mantle 

of boulders a~ocks. In many cases, judging from the similar 

orientation of the banding in the individual blocks, they could 

hardly have moved from their original position. Evidently weather-

ing-is most rapid along joint planes. so leaving remnants stacked 

in place, sometimes balancing most precariously. The "graves tone 

outcrops" about a third of a. mile north-west of section•line CD 

(plate 2.), are unique. Weathering in the manner just described 

has resulted in several steeJly dipping slab-like blocks, which 

project through the soil • 

.As in the other zones, there is slight variation in the mineral 

concentrations. As a rule the ratios of olivine, felspar and 

pyroxene remain constant, but th~ ratio of orthorhombic to monoclinic 

pyro:rene varies both considerably and erratically. For the most 

part the orthorhombic variety is preponderant. Olivine hyperite is 

therefore the most comm.on rock-type. 

norite and olivine gabbro. 

(J) Via.in Zone. 

Others present are olivine 

The Main Zone occupies the u)per two thirds to three quarters of 

the Intrusion. Typical of the zone are boulder-strewn/ ••••• 
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slopes intervening between a high ridge of Bukoban sediments 

vhlich lie stratigraphically above the Intrusion, and the olivine

rich rooke whfoh generally form a depression towards the base of 

the Intrusion. Outcrops of this zone are with few exceptions 

confined to deeply eroded water-courses, or occasionally 

project as dome-like bodies through the boulder-nch over

burden. 

Both boulders and'outcrops, when fresh, give a high metallic 

ring when struck by a hammer, and are extremely hard to break. 

A chipped specimen usually shows only a very thin skin of 

weathered matter, as distinct from the deeply pitted surface 

of the olivine-bearing rocks in the lower part of the Intrusion. 

The fresh material is the typical blue-grey of a hyperite, 

norite, or gabbro and megascopioally is holocrystalline, with 

the two major constituents, felspar and ortho-pyroxene exhibi-

' ting tendencies towards euhedd.sm :. Igneous lamination is 

often detected on a weathered surface by the similar orienta

tion of projecting relatively weather-resistant felspars. 

In fresh specimens platy parallelism of both felspar and 

pyroxene grains is in some instances so well developed that 

it completely controls the nature of fracture surface~. 

The rocks of the Main Zone are mostly hyperites of 

remarkably consistant megascopic appearance. Exceptions are 

usually from one of the following two sources:-

(a) Lying 'Within the Main Zone is a conformable band of 

anorthosite. Immediately above this band there are 

occasional occurrences of rock ascribed to the Main 

Zone, but which are abnormally rich in f~rromagnesian 

minerals. There is, for example, a concentration of 

felspathic hypersthenite rubble situated approximately 

half a mile south-east of Mugombazi River. There is 

also a lenticular outcrop of similar material about 

1,200 feet in the opposite direction from the river, 

and another in the vicinity of section-line EF(plate 2.). 

(b) / • ., •• • 
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(b) Towards the upper (sedimentary) contact of the Main 

Zone quartz is occasionally present. Analyses of 

thin sections show that, with increase in stratigraphical 

elevation, quartz commences to appear in the form of 

granophyric intergrowths, which gradually increase in 

volume until, in places, quartz occurs interstitially 

as a minor component. With increase in free silica 

content, the monoclinic variety of pyroxene becomes 

dominant. The anorthite content of the felspar also 

decreases so that quartz gabbro and eventually granodiorite 

ensue. 

(4) Anorthosite Band. 

Lying in the lower half of the :Ma.in Zone and conforming with 

the igneous stratification is a narrow but persistent band or 
anorthosite. Outcrops are confined to the Mugombazi River-

bed, to the more extensively eroded slopes some 2,000 feet 

south-east of the River, and to isolated occurrences in and 

near Ibalaba Stream. For the rest, the zone is recognized 

only by an abundance of leucocratic boulders. This paucity 

of outcrops h~npers observations on the nature of the boundaries. 

Found in the rubble are gradations from typical anorthosite, 

through leuco-hyperita to hyperite. This feature is sufficient-

ly cormnon to imply tha~ transitional or gradational phases are 

present in at least some places. 

Megascopically the anorthosite has the uniformly dull or 
i~ 

lustre~ess appearence of an altered rock, and in colour_11 ranges 

from a near--homogeneous dirty white to instances where dark 

mottling is conspicuous. The intensity of the alteration is 

comparable only with the basal layers of the Intrusion. Vir

tually none of the specimens collected for microscopic analysis 

contained primary minerals which were not completely altered. 

Highly saussuritized plagioclase considerably exceeds the com-

bined volume of the remaining minerals. Of these chlorite/ ••••• 
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is most abundant and there is evidence of some of it being pseudomor

phous after an interstitial or ophitic mineral, probably pyroxene. 

Irregular grains and veinlets of fresh quartz are, sometimes present, 

and are presumably of secondary origin. 

It may be coincidence, or it is possibly due to the 5imilarity 

of the alteration, but often hand-specimens from certain parts along 

the basal contact of the Intrusion bear~ remarkable resemblance to 

those typical of the Anorthosite Band. 

widely separated. 

Geographically they are 

Some 2POO feet north-weat of th~Mugomba.zi River and wedging 

between the Basal Zone and the Main Zone,is a hillock of anorthosite. 

Although outcrops are weathered
1

fresh boulders are plentiful. As 

implied by the designation of this rock• felspar is predominant and 

the only other mineral in fair quantity is clino-pyroxene, which is 
!~ 

in the form of large isolated poikilitic grains, lending a mottling 
~ 

effect to the rock. 

The relationship of this anorthosite is speculative. The 

following are salient features: (a) In distinction to the prominent 

Anorthosite Band and to the Leucocratic rocks of the Lower Contact 

Zone, this anorthosite is remarkably fresh.- (b) The mass has a 

vaguely plug-like form, and (c) It lies in an area where the Intru

sion is structurally disturbed. 

(5) Lower Contact Zone. 

In t~e early stages of field-work it was found that in some parts 

a bewildering variety of rock-types are situated between the Basal 

Zone and typical Basement System outcrops. With trepidation it was 

decided to consider them collectively as a zone, which appears as 

the Basal Leucocratic Zone on the field-maps. On the conviction 

that altered rocks of Basement System are frequently included, the 

writer has altered the name to Lower Contact Zone. 

It is envisaged that the following course of events could have 

taken place: The Kapalagul~ Intrusion formed a nonnal chilled/ ••••• 
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contact against the Basement System. Part, if not all, of the 

granitization in the Basement System took place after the formation 

of the Intrusion. As the Intrusion possesses the elements of R.H. 

Read's conception of a resister, it is logical to assume that metaso, 
matism could have been most effective along the base of the Intrusion 

and that, in extreme cases, even mobilization of Basement rocks could 

have taken place. North-west of Mugombazi River there is evidence 

of leucocratic rocks intruding into the melanocratic Basal Zone. 

In other parts small quartz bearing leucocratic "dykes" were pene

trated in bore-holes situated wi~hin the Basal Zone. 

Further evidence favouring metasomatism as outlined above is to 

be seen in the core of bore-holes which were drilled from the Basal 

Zone, through the Lower Contact Zone, into rocks typical of the 

Basement System, such as ~rey gneiss. The change from Contact Zone 

rocks to recognizable Basement rock sorretimes extends over a length 

of tens of feet. 

The most,common type of rock found in the Contact Zone ~y 

rich in highly altered (mostly sausuritized) plagioclase in which 

spectral remains of polysynthetic twinning are often discernable. 

The only other identifiable minerals are chlorite, epidote, biotite 

and variable amounts of quartz. 

B. NORTH-EASTl!RN SECTOR. 

Lithologically this sector does not differ from the North-

western Sector. Structurally, the North-eastern Sector is con-

siderab}y more disturbed, in fact to such an extent that the olivine

bearing zones and part of the Basement System are faulted, sheared 

and dip southwards as a result of overfolding. 

(1) Basal Zone. 

Drilling operations along the base of the Intrusion in the 

vicinity of section-line AB (plate 2.) exposed a thrust-fault. 

· Continuation of the fault was confirmed by addi tiora l bore-holes/ .• _ •• 
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close to Ibalaba Stream. In one of the holes the Basal Zone and 

hyperi te are juxtaposed ~ · ·• The entire removal of the Intermediate 

Zone indicates the horizontal displacement on the fault to be close 

on 1,000 feet. 

Around Ibalaba Stream the strike of the Basal Zone rotates with

in a very short distance through 90 degrees to become slightly east of 

north. Th• whole zone also becomes intensely sheared. The shear-

planes and the igneous lamination appear parallel and both dip away 

from the Intrusion. As the contact of the Intrusion forms an un-

broken curve, the thrust-fault must necessarily curve sympathetically. 

After a further half a mile both the basal contact and the Basal 

Zone revert to their original strike and at the same time the Zone 

increases in width. For this reason the fault is believed to conti-

nue northwards along a large irregularly shaped dolerite dyke. 

Drilling operations just east of the dyke confirm that no fault of 

comparable magnitude is present in the Basal Zone. 

A half a mile east of the dyke a large wedge-shaped block of the 

Intrusion is displaced into the floor of Basement System. On 

limited evidence two faults are inferred to account for this d.isrup-

tion. Further eastwards, before disappearing belgw a thick mantle 

ot soil, the last exposures of Basal Zone are intensely sheared para

llel to the layering, which is inverted to~.00 degrees southwards. 

The Basement System of the area is similarly affected. In parts the, 

shearing is so intense that the gneiss is rendered schistose. 

In the area where the Complex is completely covered by soil, M 

approximate lower contact was determined magnetometrically. 

(2) Intermediate Zone, 

Around section-line AB (plate 2.) a thrust-fault causes the 

Intermediate Zone to be overlain by the B~sal Zone and this situation 

apparently persists for some distance eastwards, though observations 

are impaired by alluvium near Il:>alaba Stream. The Intermediate Zone 

is exposed again east of the dolerite dyke, building a low ridge 

for some dtstance before being covered by the soil plain whioh forms 

in the/ ••••• 
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in the direction of Ka'nate.nd.ala. Some decomposed outcrops in 

Kama te.ndala. Stream are tel'l.ca ti vely ascribed to this zone. Near thr:

dyke, oli"tine hyperi te ap:pears to overlie the Ma,n Zeme. (hyperi te 

and anorthosi ta) , ti.Dd a reversG strike f'aul t is inferred. It is 

believe,-3. to be a braLch of the fault detected in the Basal Zone ... 

In pJ.ate 2., the mcst striking feature of the ¥18.in Zone is its 
contJct 

contact ,nth the Bukoban System. TheAappears disconcertingly sinuous 

or irrci!:ulax to one who, like the vrr·i ter believes it to be sedimen-

For a better conception of its ectual attitude it 

is necessary to give a brief outline of the circur,.1stances which pre-

veiled when :i. t w:1s ma,p,ed: ·rhe writer •Nas employed by a concern whose 

object was to d~terrnine the economic potentialities of the Complex, 

2-nd naturally, th<Jy wished to do so at a minimum of expense and time. 

Thin 1.'!i:r·cu1ns t:1nce, the inacessible nature of the area and the approact. 

of the annual rains which terminated the field-sen.son, resulted in 

rapid location of the contact. 
>"" 

~E•.·'. .. ~_2:)er contact therefore, as it appears on plate 2, is only 

app:rox:i~'1k1.te and it -i .: -rery likely that its unusual fo:-cm is largely 

due to faulting and folding. When corr4;)ared 7ri th the disrupted 

basal urea, wbe:r·e c-:>nn~_.i:-]rable time wa .. s expended on careful map::_)ing, 

it seems ...,,ery 1.:.lrnly that several 3 Gruct11r2..l disturbances remain un-

detected on 1,it. Kapa.lagulu. The very preEer.ce of the mountain also 

suggests this: Lithologically both the sediments a::id the Ma.in Zone 

on the mountain are identical to their counterparts aver the rest of 

the Intrusion, yet ttere is over 1,000 ~eet differenco in elevation 

between them. 

( 1~) Anorthosi te Band. 

No outcrop o'f anorthosite was found in the North-eastern Sector 

but the presence of a band ic indicated by a distinct line of boul-

ders along the slopes of Kapalagulu Mountain. Hand-specimens/ ••••• 

' 
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'GD.ken are j_n alJ. ::i. .... espects fr!untical to tho,3e f:::.,orn. the !~orth-western 

f)cctor. 

bu:riecl by an accu.m-c;..l..a tion cf mixed talr:.s an-1 so~.:., It is novcrthe-

Jes.::; uppD.Y.'ET.1.t the.t f';j_rther vr8st +,}w anc:i:. ... thosi -te i3 overlain the Inter-

nedie.te :~one and. th2.t obscu..r-3 fau1 ti!1g is the.:"e:'ore presan t~ 

A.round Karr..D.t2.ndala 2 t:c,~am e.:nd e£i.~twa.rds the country forms a large 

~bn::;cly wooded p1c:..in. Th0 stu:•f'ace materfo.l is either soil or lateri-

te; > and northwards tr ... e plain is culminated by the characte~istic 

Eukcbe..."1 ~idges. The feYv outcrops present are confinad to the beds 

• of the M'0ugo and K&.matandal.a st:re2.;?)S. 

In estimating the eastern :i.inri. ts of -the Com_plex, 3. traver~e 

en the ea,3tcrn fj &.nk cf X:2.;ia.lagulu Mountain., the stre:un follows the 

~cnt:1(:t of' the Intr:rnion s.nrl the Bukoban :-~:ystem, t:::ere bei.ng pre~ipi-

tous mr.ts,se,:-; ot' sandstone on tLe left and igneous :co~k on the right. 

After aho•..1.t thre0-quar.ters· of a mile the stream svdngs away from the 

Bukoban Range aP.d flows oouthwards .. In ricing so,it forms the western 

border of R plain rich in sana and laterite. On the right the hig_~ 

range of h:JPeri te continues anot:1er half ri1ile dowstream,. 

Sandy (~uart~-rich) soil is not the product of satli!"ated or un

dersaturated mafic rocks and neither is a plain indicatb:-e of in

clin-ed erosion-resistant Bukoban str.Stta, but both are typice.l of 

Basement System of th,J area,. On these grounds it is concluded that 

the Str•3ar.i now flows along, or close to, the contact between the 

Intrusion and the Basement System. 

Just before reaching the Kamatandala Settlement, a small out

crop of o1i , ... j_n6 hyperi te appears i:-i the stream and boulc.ers of this 

m9.t-_jria1 liG sea ttcred for 1,500 feet easfa~rards over the plai:1, 

Fres·.:1~1ably, [,long tbis part the/ •. ~ .. 
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st=eam lies within the Complex and cuts across the layering towards 

the bottom contact Do-v11T1stream f~corn a potnt 1,700 f'eet below the 

Settlement, outcrops of Easement System are a1mndarit.. It is believed 

that the lower contact of the Intru3ion ie not far above t· ~ upnennost 
-..L: 

of these outcrops of Basement Syster.1. 

It is obvious ~herefore, that the Intrusion crosses into the 

plaf:.1 east of Kamatandala. St:;.:-eam., The possibility of it projecting 

much further is m1:r-·caiJ.ed by the exposures in the Tufbugo StreillTl, v1hich 

lies parallel to Kara?-.tanda.J .'.i S cr,3~lffi a..ncl a ntlle ea.3~ of it. 

':2m·tei: a.s th:=.: Bu1rnban System in the r,10st ea.ster-ly part rr.a.ppeJ., two 

b:coac-~ zones containing nu.D.er:>us boulc.ers closely :--esljrr.bl.ing those o~ 

th0 :.Iain Z0ne were ;..ocatecl, and ·,vere originally co:crE;la tee.. ·1tii th it. 

Labm."'a·coi'y ~1.nalyscs show that th::; y a:;,~e highly al tcred quartz dia"base o 

They 3.re .c-ich h. amphiho1e J probably JvoJ.ved by u.ralitiz& tion of what 

was ori6inally _pyroxenJ ~ It is conclu.c:ed that tt1e3e occurrences 00 

nut fw:-~rP. J:.,art of the Intrusicn, as the na tu.re of their alteration 

differs entirely, and th0y are tentatively ascribed to the Basement 

Sy~~~n, possibly related to the plagioclase amphibolites (Mc Connell 

]950) q 

-9..:__~YKES AND SILLS~ 

There i.s a small isolated occurrence of br~n.zite-:.Jicri te in the 

vicinity of section-line EF (plate 2v). Other than this, no apophy-

sis of the Intrusion was seen~ 

Owing to megascopic similarity, ma teri_al I'ela t3d to the upper 

part of the Intrusion could rema.in unrecognized when lying in certain 

parts o~ the Basement SysteLl, such as in the less gneissose vari6ties, 

of the System
1 

-:.nd in the quartz diabase. Around the Kamatandala 

Stream Yery small sill-like and vein-like occurrences of basic 

material lie within the gneiss, but these are considered as pa1:·t of 

the Basement System. In the part of Bukoban System mapped1 no ig-

neous material is present. This and the complete absence of/ ••••• ' -
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thermal metamorphism in the sediments a.re taken as proof that the: 

exposed contact c.:f the Intrusion w:i --'.h the B11koban System is sedimen

tary in origin. 

The Ibalaba Dyke, near the stream after which it is named, is 

the only known dyke both situated within the Intrusion and exceeding 

15 feet in widthe Its outcrops are few and are mostly limited to 

stream-beds. It varies radically in width, attaining a maximun1 of 

nea:dy 400 feet, but is relatively shor·t, probably not exceeding 

2,000 feet. It in no way disturbs the unbroken line of the Basal 

Zone l.ying at i.i_;s southern 0xtremi t:r, yet it cuts perpendicularly 

a:J:;."oss the st~ike of the hig..11.er zones, separating hyperi te from oli-

vine hyperite .. In the w-r-i ter' s opinion, the rna.clrnd cliff e!'6nce on 

eithe:r ~ide of the dyke is the resu1t of faultirig; the cyke an-:1 fault 

plane being coinctd0:1t in position. 

Sp3c-1.men2 of the dyke r..re dull "black to grey in colour. When 

struck vn-ch a. h3.mme:r. the rc,cks fracture ctaracteristically into dDlL .. 11 

angulal'· pieces whose surfaces in turn have a sheen of vreathering on 

them. Apparently there are nU1nerous fine joint-or shear-planes 

along which weathering penetrates deeply. As a result it is diffi-

cult to break a piece in such a way that a fresh surface is exposed. 

Microscopically, lath-like plagioclase, augite ar...d small quantities 

of rr.icropegrne. ti te are recognized. The -texture is holoc:rystalline, 

rned:i.u.m to fi1:.e••grained and hypidioir.orphic. Saussuritization and 

uralitizc..1..ti0n are extensive~ There is a petrogr&phic r8semb1ance to 

the q_uR.rtz-.~bearing rc.::ks l!ear the upper co!ltac t of the Col1l]_Jlex., 

Within the Intrusion, eBpe<..:ially near its base and in the Ccntact 

7.cne, !:i.r·e nun1c-3rous small dyke~,.) siJ.1- a.nll vein---J.iice b::die.3.. su~h 

occ~rrences are particularil;7 ,~bun::tant between Mugom:ba.zi Ri.-:rer and 

section-line Eli1 (plate 2.)~ They are mostly a few inches t,) a few 

feet in width, seldom reach 100 feet in length, are often leucoc.:ratic 

and are always extensively altered. Being ~.igh t in colour, they are 

conspicuous in "~10 melanocratic Basal Zone. 

A classification of these/ ••••• 
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A classification of these dykes F.md sills into three types has 

been attempted, but generally they differ very li t,1;le from one Enother. 

The most -ui.st.i!1ct type is tha.t which is mo3~; comm.en in the Intermediate 

Zone,. It i:1 J:: 1:·ger encl ~D0T.'J pe.rc_L~ 3 te.1. t in longth -tbs.n the othera ,'lnd. 

'J'he r ~fffJ.L Li.:ig l~wo types are dj ff erentia-

I:oth /3.re 1eti..eoc:ca tio, are highly al te-r-ed. and 

One of these "t'IIITO types is 

be] ieved to be cof1fi .. 1ecl ·c.o tlle precLJct,3 of' the olivine-bearing layers 

of Lhe Compl0x., whilst the ~th0r lies (and apparently originates) in 

the LmYcr Conte.ct Zone and exten:ls s:iort distances into the Complex. 
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VI: BUKOBAN SYSTEM. 

With the exception of members of the Primitive System, the 

Buk:oban is the most extensively exposed System in Western Tanganyika. 

It forms a broa~ continuous strip of country from Bukoba, on the shore 

of Lake Victoria (Stockley 1948a, p13), to well south of Mpanda 

(McConnell, 1950, p15), a total d:ts·tance of over 450 miles. Thereafter 

outliers occur intermi ttent1y -to as far south as Lake Nyasa (Stoc:--:.ey 

191+81.· .1 p19) and into Nor -thera Ri1odesia (Gve.rnsey ~L950s pl37). The 

predor.-,.inant members of' t.h.t:. Syst3m a·•~e U! 1fossillferous, very poorly 

me-car-.:.r.:,11-·ho2ecl _ sedime~:r·1r;, mc::i t1-)· Sd.n/ist.cn.e and phylli ~ic shales. 

Within the: serlimenb is a horJ.·~c;:1 cf Endesi tic and amygd.aloidal basal

tic lava, at l0ast 2'.000 feet thick. 

:in 8m .. '.tri.-Weste:r·:~ Tanga.P.yika the Syster.i. is classified as the Ubende 

and Uha Series, ·.v.hich l:..es unconr"·ormably on the Primitive rocks and, 

according to most authori.ties, ifJ c0par·ated from them by a vast geo:.o

gicul time inter7al~ 

In the Kapalagulu vicinity the lower contact of the Bukoban System 

strikAs from Lake To.ngar.yika eouth-eastwards inland (plate 1), towards 

Mparnla. The System co\--ers a bror-,.\.d. expanse to the north. A general 

charan-lieristic of t}v~ f~ys-Lem is i t8 :.,elatively undisturbed attitude 

but, as :t'c,1· example aruur,.a Kc..p~lagulu Mmmtain it has suffered intense 

locdl :covement as a reuult of Rift Valley faulting. 

Along its ent::.ro longth ·l:;ha .Z:apalagulu Complex is capped by sub

vertically inclin~d sandstone, sometimes up to 500 feet thick• The 

sandstone is stained reddish-brown by iron oxides, is often strongly 

cross-bedded and towards its base there are small erratically developed 

pebble-bands. In the most east0rly parts mapped the sandstone becomes 

argillaceous and laminated in sections. 

In microscope sections of the sandstone the grains are rounded 

and. tightly packed, and are cemented by finely distributed clay minerals. 

The texture, even to within inches of the Intrusion (e.g., T.s. No. 

fig. ) , is scarcely quartzitic. 

This/ ••••• 
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This is accepted as convincing evidence of the contact being a sedi

mentary one. 

Mapping seldom extended further than the top of the sandstone 

ridge, but it was observed that a considerable thickness of purple to 

pale lilac-ooloured phyllites and shales lie stratigra:ghically 

above tha sand.stonr.:~. From a study of the aerial photographs it is 

concluded that argillar;eous sediments such as these completely occupy 

the broad synclinal vaUey horth of the ridge (plate 1). 

The age of the Buk:oban System is not known with certainty and 

much of the published information leads one to conflicting conclusions. 

It is neither within the scope of the present work, nor is the writer 

sufficinetly conversant vvith the subject, to attempt a11y correlation, 

but for the purpose of iUustration a brief outline of scrne recent data 

is giv.:.m: -

ln Tanganyika the general opinion is that the Bukoban is separated 

from the Primitive and the Muva--Ankolean Systems by a vast time-void 

(Stockley 1950a, p13). Its almost undisturbed structural attitude 

a..1d the ab~':mce of metamorphism certain:1 y suggest this. It is un-

fossilif1S!'CU3 and is considered p:"'e-~Karroo in age. In South-Western 

'l'angan.} :.: ta 3uJcoban and Karroo Systems are in .~].or.,e proximity, but 

lithologically they can easily be differentiated. In all respects the 

Bukoban System resembles the Waterberg System of South Africa and is 

in fact tentatively correlated with· it. 

The Bukoban S,yst0m c2..n be fo:~lovved without a break into Northern 

Rhodesia where, b. the vicinity of the country's northern border it is 

known as the Abercorn Sandstone (McConnell 1950, p15). It forro.s pa.rt 

of the Rhodesian Plateau Series (Guernsey 1950). In Guernsey's table 

of formations (pl28) the Series is classified as pre-Bwana Mkubwa Series. 

but on his map it appen~;~.i ynuri.ger. From descriptions it :~e, gathered 

that field information is lim:i.ted and is of a contradictory nature. 

1n/., 0 r. ,. 
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~~:::1 Tanganyika -che Bukoban System r-ests with a sedimentat>y contact 

u.pon, ar:o. is con:::-~_dered much yot'!.nger than the Kate Porphy.cy (McConncD_ 

1S150 p:.1:-) c ~~n No1 .... -:~hern Rhodesia the same porphyry, but known as 

:Suapula Po!phJry is also covered by these sediments. It is reported· 

th3.t, voJcaniclty extended into Plateau times, and that the stratigraphi

C-3.l bre.sk is therefore short (Guernsey 1950, pl37).. Guernsey further

more mentions a likelihood of the Plateau Series being older J..;ha.n 

Kundulungu Series (p136, pl39\ which is also ir:1.plisl :"Lr.. the structure 

north of Fort Rosebery,. He~e the Plateau Series ar.:.J. the Porphyry to

g0t~er undergo folding which is aJ.m~st isoclinal} whilst the Kundulungu 

stra~a remain undisturbed, so forming an angular unco:::1formity. 

There is evidence that any time-break betvreen the deposition of 

the K-t.mdulungu and the older Upper Bvrnna Mkub7va Series must necessarily 

huve 1jeen short (Guernsey pl35). If then, as implied, the Plateau 

Series is pre-Kundulungu, it seems most unlikely that its great 

thick:1ess of sediments could have been deposited during this short 

period. On the other hand, it seams even more unlikely that the 

Plateau Series is pre-Bwana Mkubwa. The accepted opinion is that the 

2.ts terns Bwari.a. Mkubwa, Sch is to-Dolomi ti que (Congo) , Lumagundi ( S. 

Rhoaesla), and Transvaal (S.Africa) are contemporaneous. The problem 

remaining is to ascertain with grea tcr certa.inty the relationship of the 

Systems Kundulungu, Bukoban and Waterbcrg-UrnlrnnclJ (SeA. - S.R.). The 

present tendency is to call Bukoban post-Trans-..raal, and probably of 

Waterberg age (inter alia Macgregor, 1948, plll). 
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-~LJn;~ the. rim of Xungvm Bay there 2..re several almor.t pe.rf e~tly 

1·1£1.t pl.D.im: whj_ch sometimes extend up to three rr..iles inlar,d. 

ree.cEly o"t:v.J.01w that they are recent fillings of dep~:-eseions :tu a.r.. 

The pJ.ai:n. a:ppe:-arir.g on Plate I waE. 

of co~solicle.tion or belio..in[; c ds ts 0 

.~,1ong the plaids present shoreline the cm~1.)ined action cf winu. at!d 

waYes h9.s built an embankment of dunes which impede ~~he a.:r:-ainage. As 

a result ma.rshes haYe formed and river mouths 9.re periodically closed 

by nil ting. In times of hea-v-y rainfall, the o·veri'lowbg of the rivers 

which meander across the plai:1 cause a still fu.r.the!' submergence of le,.na.; 

a feature prof:L tahly exploited in rice--growing by the local com!"aG:~1i·!;y., 

·rhc sediments can justifiably be termed lacustrine, but whe-bher 

the Lake once extended as far inland as Mgangamule Ridge, o.nd whether 

it is associa tecl vii th the deposition of the deep alluvium covering tho 

Intrusion ea3t of the Mugombazi River (plate 2), is conjectural on 

VIII: PZTRC\GRH-HY 8:b1 'i'J-:F! I?-T'TBU8ION. 

Most of the zones in Kapalagulu Complex pcr.Jscss certain characteris-

tic features wh:i0h render thei.-n rocognizable macroscopically. Very 

significant, but not macroscopicaJ.ly visible is the variation in com

position of the individual minerals along a cross-section of the 

Intrusive. This phenomenon and the volumetric proportions of the 

minerals are believed to throw much light on the genesis of the zones. 

After the essenti~l features of the rocks forming the 7-0nes have been 

given, and in order to illustrate the mineral variation, there follows 

for each of the major minerals, a separate description of its proper-

ties through tll.0 Intrusion. 
In/ ...... 
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In addition, a. series of mjner:\l variation diagrams is included. 

In classifying the rocks of the Complex, especially those con

taining olivine, difficulty was experienced in arriving at~ suitable 

nomenclature. This is due to the variation caused by graditional 

changes which are so connnon in ma.fie intrusives, and the considerable 

number of rock-names at present in existence. A new name after each 

and every little change in mineral proportions is obivously unwarranted. 

Only the nomenclature of peridotites, pyroxenites and other almost mono-

miner~lic rocks presentsno dikficultyo By universal definition they 

simpl..J:' contain less than lq% to 1~ (volume) light minerals. 

It is ,hen light minerals (i.e. virtun.lly felspar only) exceed l2fa 

that the variety of names becomes superfluous. Generally the names in 

this category rely further on the concentrations of orthorhombic and 

monoclinic pyroxenes. In the Basa 1 Zone 1!~ to 2~ felspar is general, 

but the ratio of orthopyroxene to clinopyroxene is so variable that a 

host of rock-names could apply. In the present work preference is given 

rather, to the attractively simple system compiled by Scholtz (1936, p99), 

namely:-

(Abbreviations used below: fels. - felspar, ol. - olivine, o.p. -

orthopyroxene, c.p. - clinopyroxene, gab. - gabbro.). 

Fels .. > 30'% and ol. < _'3~. 

ol.norite 
ol,.hyperite 
ol.hypersthene 
ol.gabbro 

picro•-nori te • • • ( o.p.) 
(hypersthene - or 
(b:on~ite picrite.(o.p., c.p.) 
pic=ite ••• (c.p.) 

The table above is •consistent with the following universally 

accepted classification:-

Norite: 
Hyperi te : 
Hypersthene 

Gabbro: 

o.p. (and traces of c.p. permissible). 
o.p. exceeds c.p. 
gabbro: c.p. exceeds o.p. 
c.p. (and traces of o.p. permissible). 

A representative collection of specimens and thin and polished 

sections is in the posession of the University. 

(1) BasaJ. Zone./ ••••• 
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(1) Basal Zone. 

::!:nto this zone fall all the occurrences in which olivine is the 

pr·edomina.::-:t mineral. It is, as implied, situated at the base of the 

lntrusion, and it is co!lsidered to have formed by gravitational accumU•• 

lation of olivine grains during the initial stages of the crystallizR'• 

tion process of the Complex. 

The olivine forms cJ.osely compacted, somevvhat rounded grains, 

varying f'rom lnm1. to 3mm. , but usually 1 e 5ri.1m. to 2:ri:JID., in diarneiteJ:· 
0 

The impression is ·chat these grains were originally idiomorphic, were 

partia..lly resorbed whilst in suspension, and then underwent partial 

replacement and embayment after settling. Furthermore, the majority 

of the grains are largely altered by secondary action in a typical 

ma.nner to chloritic ~material. On relatively fresh grains the olivi.ne 

was determined as rnagnesirnn-rich; occasionally exceeding Fo 90 and 

prob&bly never being less than Fo70. 1.rhe oliidne is therefore ob•-

vio11sly the high temperature variety { $ee f; 8 5). 
Filling the inters tic es are the remaini~1g minerals, which are a:-

mos-c exclusively pyroxenes and felspar. Monoclinic and orthorhombi0 

pyroxenes are in greatly variable proportions, but together comprisa a 

fairly constant percentage. Ovring to the extensive replace~ent 0f 

the orthur·hombi<..; variety by the other, only limited rel:ti.lf ..... l.lc ca.."1. be 

placed on their indicated. relative proportions., Large plates of 

clino-pyroxene up to and exceeding 1cm. aro corr.me•,~, an•:1 poikili tically 

enclose olivine and ortho•-J?yroxene, but D:}Vffr. r 12·1s_pc:1r. The intimate 

relationship of olivine, ortho-pyroxene o.nd clino-pyroxene is more 

extensively discussed later, together with the mineral variations. 

The orthorhombir, pyro):Gne is alGo of the high temperature variety, as 

is the lime~•rich felspar. The felspar is invariably very highly 

saussuritized. 

Sulphides, with some notable exceptions, are completely inter-

stitial (at the expense of felspar). When shearing is present the 

sulphides appear to be partly redistributed along the shear planes. 

Deep/ ••••• 

*Including ser·r<mtine, antigori te, etc., (Vdnchell 1951, p381). 
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J:0ep brovvn bioti te is a scarce late product which is often associa tea. 

with the sulphide mineralization. Opaque oxides, presumably a.lmost 

exclusively magnetite, are present both in crystalline form and as 

earthy 1:\.lteration products associated with the olivine,_ and to a 

lesser ext~~'.lt, the pyroxenes. 

The following conclusions regarding mineral concentrations in the 

Basal (inBlanocratic) Zone are drawn:-

Olivine: Usually 4(%--Bcyo (vo~'"):, most norriJnonly 6CJ!/o-7CYJ, 
· very occasionally exoeeds 901o (per:ta.oti te) 

Pyroxenes: Usually 10;%-4o-%, most commonly 1%-2:%. Ratio 
o.p.:c.p. varie3 rad~~ally. 

Felspar: Usually lQ}&-30%, most corr.monly l%-2oi. 

Mafic minerals together therefore commonly attain 8(%·by volume 

and consequently rocks of the zone are best classified as olivine-rich 

bronzite-picrite. Niggli's term hyperite-peridotite is also applicable, 

(Niggli 1932, p ). 

In the field the most impm·tatt diagnostic features are the over

whelming abundance of olivine, and the interstitial ~1ature of the fel

spar, both being readily noticeable vvi th the naked r-i:.ye. 

(2) Intermediate Zone. 

This zone follovvs upon the Basal Zon8. The nature of the boun-

dary is not always clear, but for the most part a~pears transition;:~, 

over a width varying from a few feet to, in rara i!1.3tances, as much as 

100 feet,. 

The zone encompasses all the olivine-bearing rocks ·which contain 

felspar wh~:c,h is not wholel:r inters ti tialf: Tt diffe~s in this manner 

from the previous zone, and also in that the proportion of olivine is 

considerably lower; with a complimentary increase in plagioclase. 

As previously, the olivine grains are rounded and embayed, and 

coronas of pyToxene are particularly common (fig. No. ) . Alteration 

to chloritic matter is less intense~ but remains ubiquitous. 

In/ ••••• 
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Jn these resp0Gts it is simll&r to that in the Basal Zone. The 

<:.l;r1y notffvorthy difference is that the olivine generally ~li.gh tly 

·cic:her irl irm1:- ir:dicating !:I. 1mmr t0mperat-..1ro of crystallization. 

The r::o.l:i.1.:..rn content_ of the 01°thopyroxene increas.es siJ.11.i.Jarily. 

It is in th:ls zone that plagioclase first cxhibi ts a ·te:r.:.dc1J.GY to-

warcls 2tu18'1rism JJv cry·E:-;taJ.:lj_zed at leant corit~!Ilpora.neously with 

but 1·emai!ls 0f' a similar natm:·e to the.t in the :SaBal Zone. The fact 

that shearing too, is far more 3ubdued is ,Jo-:'.lsi<.le:ced as e"{ridence that 

mctamo:rphis::n, most ir.. tense tmm.cdn the bas3 of tl:e Intrusion. 

D2.stinctivc of thi8 zone is L.b:; remarkable clevelope:wrr~ oi' :i.f:,r..eou.3 

layering. It :Ls jmmeciiately evident that this is caused by aJ..ter~atin.g 

conccntra tiorn.~ of li0h +, end dal'k minerals .. 

from a few millimete:i:-s to .=-.everal feet. 

Those bands V'JI'Y in width 

U,.t.Ce:cen+.ial weather·ing ~8:cv·es 

to accentt1..ate this phenorneLon Emd also cat,;;,i::.,es expor'.0d surfaces to becor.1➔ 

deeply pitted. Further ,leb.ils are given in a separate chapter de-votsd 

to 1~h3 CJris:i.:r.. of -1~he la~rering., 

As Yd. th the IntermeJiate Zcn0) tte nE:ttur~ cl ~Ylo lavver bound.a.1·y 

or,,rmot be ascerte.inod wi ·ch certainty. The pauoity of fresh outcrops 

prevented thr;:; ccll:::ction of sa tisfun~o.r:;r laboratory specimens. The 

matter renLe.ins inconclmdve, but £iela. e_ppear~nces fa.vour a n,c,r-row 

transitional belt., 

Ignoring a very small proportion of rocks which ·will be described 

shortly, and. 7vhose differences are ascribed to their c:;.00e proximity 

to the contaots, the zo:..1P- is remarkably uniform i-;i appor:,:tence. Even 

typical specimens from both above anll below the intervening anortho

site band are indistingui3hable. 

The rocks have the typical textural features of a norite or/ ••••• 
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hyperi te.. Plagioclase and pyroxene are the only minerals of qua.n ti-• 

tative importance and are- in monotonously regular proportions(fi~S,6), To

wards the; base the amount of pyroxene sometimes increases slightly. 

Wiclely separated. ve:1:tical traverses may shew minor differen0es in 

mineral propertiot3, but along the greater length of eIJ.."'r singl.:3 tra-

verse the constancy is readily obvious. Specimens from a t·r:-uverse in 

the vicinity of Mugombazi River contain on average of 6(#. felspar and 

40>;t pyroxene. The monoclinic vari.ety of fffC::>xeno i~ ve~y subordinate 

to almost absent. 

Throughout the zo~10, the monoclin:1 c py-.:-oxenes meb.5 ured fell within 

the augite field (Winchell 1951, p408). In the lower horizons the 

composition closely approaches that of diopside und becomes progressively 

richer in iron to:.7ards the upper part of the Intrusion. 

The minerals are of high crystallization tempe:r.ature (e.g., En .. 

and An. 7;;~~~-8~) - somewhat higher than usual for typical hyperi.te, 

norite or gabbroo The term eucrite is sometimes given to rock-types 

containir1g plagioc1a~e v-ri th a composition approaching anorthi te (Shand 

eucrit-e 
1949, p436; Rice 1950). The" occurrences at Kapalagulu are also t.m-• 

usual in that the dominant pyroxene is orthorhombic rather than mono-

clinic. 

I,ying within the zone are several small, isolated occ~J.:crences of 

rocks of anomalous cor.:r.:cni tion and form. They are particularily 

prevalcn.-i. just 1:1:::io-v-e the Anor+.h0si.te Band~ There is, for example 

a concentration of felspatnic: hyp0rsthenite rubble immediately above 

the anorthosite, approximately ½ mile southeast of Mv.gombazi River. 

Similar matc:dal also forms a lenticular outcrop about 1,200 feet in 

tho cpposi te direction fre,m the river: 8.ncl t}:cro is another immediately 

aboYe the anorthosite on section-line EF (plate 2)., 

The pyroxcno in these ex~,..mples .::'orms e:..ongatod, ·but otherwise 

anhodre.l grqins, commonly l .. Sr:un., and occasionally as much as 4. 5mm. in 

length. 

In/ ••••• 
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Ir:i most of the s:r:-ecimens colleeted, the lorig ax3z of the py-:-cxene:~ lte 

roughly in a corrunon plane, but rarely exhibit a directional tenJency~ 

In some of the normal-looking specimens from irmnediately eaov·,2 

the a."'larthosi-ce, monoclinic p;yT·oxer,,e was found in un'1sual:i.y high con,~ 

cenh·ations, wrnle the proportion of pyroxene to felspar re~3.inod vir-

tually unchanged. The fact that the specimens with abundant r.,:.rroxer..e 

all lie approximately along the same stratigraphic horizon namely i..n

mediately above the anorthosi te, is of possible significance in determin•-

ing the age of the anorthosi te 1-.~,lative b0 th,3 j\f[-;j n .~one:, ::i_n which it 

, . 
.J..J.Cf:'., 

I:r1.t~ .. usicn the ~elativE:: proportions of the r,onsti tuents corrI:ience a 

gradual, but dGcisive change~ 

v0J. ~% PYo) d2creases ra.pia.ly and. 6abbro dnsue':i.., Qua:::-tz ma.Jrns 2n un-

obt.cusj ve ent:r.y ancl in some instD.ncef' ~-eache.J aH 1rn .. ,ch as !.f/o before 

r~onncJ.inic i-wroxr-.:;DE-! l,2co::ne,s -the dominant, pyr\J~cne," lr..iti3.l\y- the 

for t.be moBt pa.i:·t q ge..ubro free ol quartz ( except 'intirr.at~ly assc)ci& tea 

with felf,par), extends to the contact between the Intrusion avid the 

Bukol)an 8yste:n., 

SirT'.ilarly :• towardf, the uppe:- ~on tact of the Intrusion, the cone en•• 

t:::-ati0n uf 01.."'+~hop;r.:o:;:-eri.e ,JecrGases and ev·entually onJ.y clinopJ:r.·oxene 

is present ... T.hc :-:-·atio lf.g:, P.~ ~.n the orthopyroxene decreases sympatheti-

caJ.ly e .. nd the last rc1m:ants of -the mineral hav8 n. c.ompsotion app!'oaching 

'l1he a:;J.ort.1-i:;_ te content of the plagioclase too, decreases fonn 

approxirna te Jy An-,5 to near-purP, albi te F F~xtensi ve suam .. Ti tization in 

the[,e pa1·ts prevents accurate dete?'.'minations, but the presence of 

granophyrie; structurAs and :r·eser.tib1~rn0es of perthi +,e suggest that the 

plagiocla.se iJresent is soclj_u:r:-rich~ This is further substantii~ted by 

r.ongh n.•:;-asurer,1,-=-:nts of the r..iaximum .::;:x:tinct2. :Jn Rngles of albi te twins 

in the relatively fresh grains~ 

The/ •• e., 
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1'he tGx-:ure in q_ua.~rt.~-rich specimenn is generally h;ypic~io1110.rpl-1ic .. 

crystal shapes. The re!!lainir:g vo11JJne is occupied by completely a.n-

hedral quartz and granophyric material. In these spe0i~ens the augite 

has a rusty tint and is fi~e:y peppered by an abundan0e o~ iron oxida. 

CJ.ea.~ages, especially the prismatic ones, are strongly aGcc1.1.t.t1.a te;-J "by 

fillings of th~.s matter,, "Herringbone'' trrins are also VP.l'Y com1111J::i, 

which is c1-:.s-tinct from the pyroxeres i~1. t:10 rest o:f' the Int:-udon, w=:.--~ich 

cic not Ax.1-J.ib:.. t n.virnii1g a·r, all. 

It is o1Jvious fr,_::-i::n the bending and ~ .. n.dul£ t0ry l?~{tinction of gra:~rd 

In soi:ie of the ·u?pe:c J.ocalities she:.".'0 a.re a,:ir..01·ni.ally l.d .. gh ccn-

1te i~pre:c,sion gained 13 that the concent:-.. ... n.•-

tior..s are pt=r~chy and of vc:r:7 lird.tec. extent. 1't.e m9.gncti te for:ns su.b•· 

The. le.. tter ba-Ju:t11.0 ::;-till rr.ore 

irregular by corro,iing deeply into th3 oa.:'.'l~er-for!l1ed r:J.!le:r:-alE s es -

pecially augi~e. This, a.ail -,;he fact tha·~ these concentrations 2..=c 

confineJ ·co the upper knovvn reaches of thq!ntrvsion suggest that 

at least l;)arts of them are of late IP..agmatic formation (Shana 1947, 

Bah.man 19Ii-2, 1951). 

(4) .Anorthosite,. 

:Sy.i.115 within the Main Zone is a poorly exposed hori7,on which is 

be.Gt de3c:cibed &o anorthosite .. Micr:)scopic irW6cti3atious confirmed 

{;he impression that this dull vrhi te roclc is highly altered. In al-

most all -the tl:in. sections examined, alteration of the primary con

sti tusnts is y:i_r-tually cor.-;plete, and in nuch cases identification is 
·"' 

based largely ur, psendomorphouE auJ simil::.1.r structures .. Cn the slopes 

of :Mt. Kapalagulu one unmmally fresh specimen (fig. 14 ) . 

was obtained, and considerable attention was devoted to determining 

the composition of its felspar. By force of circumstance it is 

~ssumed thnt their composition, namely An85 is represent~tive of the 

zone. 

It/ ••••• 
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It is nc,te;vrort:1y -tho..i; this figu:,.-•e ] 3 sim:Llo.:.:' to th2.t ob tn.ined for the 

Mere th2.2:1 90')0 of this section consists of closely packed subhe

drc.l plagioclase grains v!hich shew only very little sign of strain or 

crushing. Alteration of th{}f'elspar differs from that in most of the 

Intrusion in that fine clearly defined p~tches and sub-parallel veinlets 

of epidote are plentiful. Occasional mottling is caused by a mineral 

of poikilitic form, but which is otherwise irrecognisably altered. 

It is presumed to have been pyroxene~ The alteration product is a 

virtt::.2..Jly isot:t·oy,ic v1:tr·ict.r of chlor-ite (n L,62), jdent~_fiea. as 

.,. t . ' ( d . i -·r. . 11 • 1 . 0 • 1-. C> ' 1 . 4 ' ..:an .i te ._ e.ccor ~:.i_:c.g ;o -~ ::-!..neno 's c ass1_1 ~-ca:l,:.on c1 en O:i.'J. cenJ .. 

re:oc➔ of a:10:i."'thosite: of -vihich the pc81_1.lfr,.r f:-:hape anri J.onation have al-

it is still ir.. a r0m2..:r·ka'bly fresh state (fig,. / 5 ) .., 

the black mottling is dis tine ti ve, as are sirns of p:teferrea. orienk:• 

tion or igneous lamination,, 

volu.111etric analy2es: 

The follr;wing are averages of a seriAs 0:t:' 

Plltgioclase 
Seussurite, epidote etc~ 

Augite 
Chlori tic 1ru:.1.tte:" 

69.c~) 
15.~) 

1.8%) 
l2o5,k) 

84.6% 

14 7d_ 
·" C, _}/0 

J.CC •. CJ{{ 

Gene:r:e.lJ.y, 

l!.S nir:.y be e.:cyccted with such 
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The anorthi te content was calculated as 8% and cursory obser-.,ra

tions indicate little or no difference of optical properties be-t-.rec.:1 

tl:e w·ell- sl1apecl ?,nd ir1"3guJ.s..r grains, 

Fro::n 1J:'l-:: Hp0d.J!l.en t:h2ee Jchin sections were cut at right· angle3 

T'hey si:1ew texh.::.ral a!'lcl vo:.1..1.nietric a~~.f'fo:ccnces 
1 

whtch 

s~ggest thf3 p:::-esence of flcvv structures.., Polysynth 3tic aJ.1:i te t·.vi!1r:..j.ng 

InD..ir:1y as a rem.u. t of the grains c17staUizj_ng f rc.m the mE.g:mu &D'J. t,,3ing 

eff'ec.tivaly SF-)paratecl and accurrn.:;.J.ated by g:"'avi ty; that ::..s ~ f'n::.e;ticnal 

Cl'J'f:i te..lliza tion., 

zon.ir.;.g an:l te:dl."!.1·0.l i"eatures, has a.lready b0en gi VE:.n. 

5 ~ 6 e.nd 

1~n f1.g~ 7 it j_s imrne-:3.iate1y r..oticed -chat, ::.n progre.3sing 1~rwar0.s 

cornposi tions o:y ttia iJtl.r:eral.s al te:.-- radic3.lly., 

volu1-:1e of olivii.,.e is rarti~mlaJ:-il:r le.rge. 

patterri is a :cepeti tion of ·c!1at upv-.ra!.'G.S fro 0n t:O.e :i.uvrt;r contact of the 

During fialdwo:d.-: it was anticipa+.ect that t:10 orebody developed by 

the f'.Gttlir.:.g n::' ::rnlphic.es en t~~~o7d.ng irr.rniscible ( vide: ch:-:l.pter 7-X) • 

~he Mineralized Zone is 
, the name given to a definite 
horizon vr.l. t!'iin t11e BaG3.l ZonG, uncl 
along which r-ulphides are cor.centratea.-
the ore-'body. 



Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2021

The clif'fic:Jl ty wa.s to ac:Je:u:it fo:.-:· T,heir ~oncrmtra-t.ion at ai.1 c1ev.: U .. ,:i: 

is usef'uT~ P:r-c:11 a l)U'.l'."'c; rael t of oJ.i vine, cryE!tals rJin:Llar to i.;b.:)83 of 

0 C 0 
Kapala:_;u:i__u wculd !'orm ov(.r e. ran3e or' 17 50 to 1600 ::-; J.,50 C 0 .L.1 a 

m1l tirrnrr1Jonent sy,s+,fw~ the temperature range: is gene::.:-ally reduc'?.d. 

It if-:1 obvious therefo.2G that; uno..91" su:~ tar.} 2 cono.i tions, a reJa·c:~ v,~J.y 

srral.l temperah:re inors2.se cs.r1 lead to consio.erable mir..er&l v&rL-:..t::_n::, 

rr:.ner~3..l i:ri the rest of the Intrl-:sion,, 

As illust:r.2. te:l j_n J.iag:r.·s.m 6, th·3 an:r-:·thi te con-tent of ~ho fsls-p.'.li'.:' 

fclspar of the B2.sa.L Zone, 

The following is a possible P-zplana tion of i:;hie- anomaly: The fels·oar. 

from 
in the Ba3al Zone e;rystallh;ed(salj c rr.ag.J.a t.'appeo. i.n a mosh of c.,li TL:10 

crystals,. Reing in the Bas!1.l Zone, it m1:.:;t n0ccssarly have been tr9.p-

pod. 0_1.:;_ring the eal'ly stages of' c:-ystallization in the C0:rr_1)J.t.·Xe Jt 

rrn:..BL therefo::.."e be :c.1ore soda-•rich tt.8n t~1e felsrr~r in the In-c'31T1edia te 

forniing con.sti tuents of tbe 0.1.""ig::.r..c1.l n-:sg:oa ( i., oQ -Lh~ magw.a prier to 

the remo-val of anortl.d te-r.ich c:c7staJ s by GrJ:'3tB.l :'ractionati~n) .. 

In./.~ ••• 
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VARIATION OF MINERAL PROPERTIES IN ~',.APALAGCLU I:NTRUSION. 

Figure 5s 

Traverse parallel to Mugombazi River. 

Figure 6: 

Traverse half a mile west of Kapalagulu Mountain. 

Figure 7: 

Basal Zone of t~e traverse featured in figure 6, 
scale considerab]y enlarged. 

Traver:::;es approximately norral to t 1-ie hastl 
contact of the Intrusion. 

Figures 5A and 6A: 

Tables of the optical properties of the minerals 
featured in figures 5 and 6-7 respectively. 
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Ny1. 574, 2vxso
0

: Ane4-. 

Nylo573, 2vx79°--82.
0

: An81 t, 

.Ny1~573, 2v·xs1°-83°: ~ 9., 

N.yI.570 1 2.VX84,
0

!, AlboTw.,Ar77, RocoTw.A~9: ~?. 

Nylo573 1 ZVX82°-86°: An..,s
0 

Nyl~ 572~ 2VX83°-85°, Albo~'v"A11?5: A~c 

----· --~-~~-.;..T"l;.>-•1-.......,._ ..... ::-,,t'I ... -..--····---·---- ..,.__,_,.__ -~--------------------------._.~--- ________ .,.....,... ... 
:flbbreviations: ~ : 

~= 
Alb.Tw. 
Roe.Two 

C.Tw. 

Slightly exceeds figure following the sign. 
Slightly less tlw.n figure followi~ the sign. 
Albite tw~~s (followed by An-value). 
Roe. Tot1.rne twi:1.B (fallowed by An-value) • 
Carlsbad t.v:Lns (followec. ·by An-value). 
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.1.n the Intermediate Z.:me p~i.s.gioclase . [; 

eYen 1=r·ecea.ecl _pyJ:-uz:enc in c:::-·y:Jtallization.~ Prom the lo.:_ve:.eirli_; ·J. • 
::1.v lS 

rox0ne &r...d oli vi11e {3:re.ins,, 

sion consis·ts of granular hy.r:)e:ci tP,. 

posi t::.on and. con:::entration, -thrn.::.g:1 -the .ratio o_,p,.: c .. p., i.J "':a~:"J_r.:,.lJle. 

The crtho-rJyroxe:ne con.tent c1wi:.'ld1es to not11ing and in pb .. cos > ::t'?:ee 

qun.r-cz may :Je p~cesent along the 1.:pper boundary cf the In~rmdon .. 

'J'.'l~ere is no 1 .. ead:i..l;y obvious 5::;~lanat:'i.on for tri.e presene0 c,f t.r...e. 

unorthuEite band Hi thin the 1.vh=-.r.. Zone, b~1l it :L:, signific!:'u.1~ tc r.ct,,~ 

wer.e found imr'.l0ri::.ately above it .. 

ple.gioclase doe :J not differ rncJ. ter.5.e.LLy from -~i.ia t of the sur·rm_42xj_] .r:z 

hy.l!er:l te-nori te o 

Whenever lJOssible: tl1.e refractive in.rl;_0es of t.he minerals were 

determinea.. A Feuorow universal stage was extAnsively 113e1, ~nd proved 

especially useful, for example, in determining opti.c axial angles of 

ortho-pyroxene and olivine; twinning relationshiJ.!s in felspurs; ar~ci. 

relationships of intergrowths or- reaction structure3 of olivine -

ortho-pyroxene - clino-pyroxene., Except where otherwisG stated iGe1:.ti--

fications ar8 based on the data. supplied by Wi~c;hell (1951),, A pc:i.d; 

c:onnter of the GlagoleY tJpe (Ci1ayes 19Lr-9) W3.S cr.iployed for ce.lC"mJ.E:.tii:g 

-w • r·1· r""O' r~s ·,...,ai·v; :,11°·1 ,,,.,--,c..·-•r,ls -:-_1-.,e fo..1·.1-cur,_'•.1.~.1.2: 1·L1P_,-1-1-,.(H1 S J.Jrle y' B.S . cba. Ct... J. -~ .1..G.- c, ___ .u.!..L..0J:. ~ • ' v - vv.1.. <; I.,_ -

were t·ound most satisfactory: -

Olivine: Particular attention was paid to ref~active indices, 

bec.:ause/ ••••• 
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of their useful range, but alteration often lirrtl ted accuracf. Tb1e 

nature of the alteration is typical: Chlori tic minerals anQ i:r.0,1 

oxides fill numerous wide fracture planes and cleavages s.nd extend in

wards so that usually only small cores of olivine remain in a 1~~6e 

grain consisting mostly of alteration products. Even when finely 

powdered, it is difficult to find grains which are not coated by tl:.i~ 

matter. 

ifhe optic a..xial angles of olivine form an aLn83t rP-cti::j_:ie:n· fur~c-

0 
tion over 40 (i.eo 2VX::: 55° to 95°). An error of {' ·.i.ri. r.•.ur.svr 8:r..-:en -t or" 

2V =!..s therefore equivalent to an error of 2ff"{ in tne ltio--Fa ccnte;1 t. 

In each specimen analysed, not less than five indi viduaJ. grains ·yr3:"e 

measured and checked. By applying their average values~ toget~13r 

with the refractive indices, the error is minimized to probabl:t l~3s 

than~ either waya There are minor differences in the optic -p.r-ope:r.ty 

tables supplied by various authors so, for uniformity,_ the rf 3ul ts figu:,::--• 

ing in this work are based on the tables of Kennedy (1947). 

Plagioclase: The factors contributing to error are sirrj_la.r t•J 

those of olivine, but the error is rendered still greater by -tha 3m..ill 

range in refractive indices and the poor diagnostic value of optic 

axial angles,. As checks, determinations were often aJ.so made en 

twinning, using Duparc and Reinhard migration curves,. 

Pyroxene: Orthorhombic pyroxenes ar·~- rel a ti ve";..y t'resh through-

out the Intrusion and could therefore be determined with great accuracy 

by using the methods and diagrams of Hess (1940). The monoclinic 

pyroxenes, except in the quartz-bearing parts of the Intrusion, all 

lie in the augite field (Winchell, 1951, pl.;.08), and generally clos~ to 

its diopside boundary. Because of their poor condition, cleterminati.uns, 

even in a single thin section shewed fairly large divcr.;ence~ in optical 

properties. It can nevertheless be stated with assuranr;e that thera 

is a definite variation from Ca-r icl1 to;~mrcls I\:;-rich augite iri progress-

ing upwards in the Intrusion. With regard to the compost:Lon-relation-

ship of the orthorhombic and monoclinic varieties, an extension of 

their/ ••• o. 
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jcin in a triangular Wo-En-Fs diagram seernea closer to the i·.oll as toni te 

c.pex th3.J.1. ·co tho Vfo75 En25 suggested by He8s (1941) as 'iJ3ing most cc,in

rnon in mafic magmas. 

IX: THE SULPHIDE OKS _.;!{[) ITS G-2NS318. 

U::mally up -';u h·i:1 11l; .1d:i::ec fE;ct l-:;o,re the lower contact of the 

Base.l Zone -there occv.rs a narrow conforrna-ole zcne in -,yhich sulphides 

are in relati'Trely high concentration. It is readiJy evicle:~,.t that 

virtually all the sulphide material is inte::-:-s+,i tia.l to c~e silj cates 

of early fonnation. In this Ore Zone oliv:_ne corrm1only co:1stitut.5s, 

5~, or ff..:::•re of ·:;he silicates, ar:d 1· -.·thor:-:cn"bic pyrcx0ne P.bo· .... :·:; 1'%, 

.The remaining 3% j s formed by felsap:-, rnonocEnic pyroxcno 3.nd minot' 

amounts of biotite, which is a late reaction product. 

Volumetrically, felspar and sulphide shew a distinct e..-,ti.pa.thetic 

relationship, and it may be reliably stated that in the O~"e ZoL•E sul. 

phEes occupy interspaces which v.~ould other-Hise have been oucc:piea by 

felspar. 

Particu:!.a ...... attention was pa~_a. to ·',h0 1'ehav:.o~r )f these trw·o minerals 

with respect to features such as replacement or· m.ag:r:i.z.ti·; c.o~:c0sicri vh~'."l 

in contact with one another. There is ce:-:--~&:i.::,Jj' n•::, edAeriee o:{ Ln:;c, • 

see.le hydrothermal action. 'fi1cd1· relatim.1.:Jl..:i. p ::..:::~ moi'J -r;hat 01' a·.1.~1e.t·Li.:!.S 

which, if minor deuteric '.lct:...on is ignm·ed, c~ystallizcd i:i. a s ta-Le ,;t" 

e quilib:cium,., In this zone there is cffi0i.ant packing of olivin.~· graJ.n~ 

and tc a J.esse:"' extent ortho:r. .. hon-:uic ,:-yroxe!m, so that the :i..11t<-;r::.tiU.aJ. 

volun1e is in tL.e form of nume:i~ous little compartments vvhid1 ~ru f:1. i l~J 

individually by either sulphide or felspar, but :::·arely ":Jy °i:,')~:;.,.. Ir~. 

the hig:uy mineralized portions felspSL~L-- is a.lr::.0s t absent, tL.~ Dtb.e!.' 

silicates a.re less closely paul·:ed, l:lEd Li ,.:x•;~:-•(:;r.e case.3 Flc'.,':'. ~::l.·JE-' su.1 phicle 

results. 

By/.•••• 
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By far the greater proportion of the sulphide consists of pyrrhoi--:i •:;~ 

and also varying amounts of pentlandite, sphalerite and pyrite. Iron 

oxides appear as both well-shaped and irregular grains in both the 

silicate and sulphides, but in no greater quantity than in the remainder 

of the mclanocratic Bazu.l Zone. On some occasions half-inch to three-

inch pieces of drillcore consisted entirely of magnetite, but the IrB.gne~• 

tite; apparently favoured_po partjcular horizon.in the 

melanocractic rocks. Much fine magnetite is closely associated with 

the alteration of olivine. When the sulphide-rich Ore Zone is sheared, 

small amounts of the su1phide are often redistributed along shear-faces 

and, in the ore itself, a filagree of chloritic matter and other altera

tion products is present. 

It is maintained that the Ore Zone owes its origin to the separa-

tion and sinking of immiscible sulphides in thrJ magma. Prior to 

dete:.-mining the variation of properties of the silicates, there was 

one pa~ticular stumbling block in the interpretation, namely the ~.0::::..-

tion of the ore-body some distance above the floor of the Intrusio~~ 

The abrupt mineral variation (See pl+"3) around this horizon is however· 

beyond coincidenc~. It is possible that a large second influx of 

mag-ma took place, which complotely interrupted and stopped fn!'tber 

crystallization for some time, and so led to a division in the Basal 

Zone. If this be the case, the major proportion of the ore must have 

separated at a stage subsequent to the interruption of crystallization, 

as the evidence points to the sulphide droplets hav:tng settled along 

the plane dividing the two generations of silicate crystals~ 

The theory of magma.tic segregation was pioneered by Vogt around. 

the turn of the century. Sulphides a:"e only very slightly soluble tn 

a m9.gn:a and it is envisaged that tb.rou6h fractionation of early s:..licates 

saturatio:c1 in respect to sul:pt,.idc:: is soo:!:1 achieved_ As a result;, 

mir.1.ute globules form, could coalesce, sink and concentrate at the b&~(:~ 

of an Intrusior:.. 

industrial slags~ 

Similar conditions are kno•wn to prevail in ce:rt.~ir.. 

It/ •.••• 
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It is conceivable that these droplets of high density could per

meate through the silicate crystal mesh to fo:rm an intersti t:_al liquid 

near the base of the Intrusion., If in sufficient quantity, a sul·?11ido 

layer could form by displacing the more buc.rant si.licates 0 Should 

differential pressure e.r:Lse, the sulphide melt m~-i.y vreD. de•;-E:;lcp o.:D 

intrusive attitude (Bateman 1942, 1947)., 

When sulphides re.ach the base of a crystal me:::.h th•3J r:.n.-l~urnll7· 

d:i.s1:>1ac-:; the already-present inte:.--sti tial liquid. In the case cf 

Kapalagulu Complex this liquicl is beJ.iev0d to have solidified. "befor·:-1 

the sulphides, and formed, amongst others, interstitial fel3par ar..i 

some of the monoclinic pyroxene5 

The interstitial silicate liquid must necessElrly have been tra,pcd 

in the high-temperature silicate mesh at a very early stage in the 

formation of the Complex. The liquid would therefore not be in r~~

fect equilibriwn vvith the crystals forming the mesh., It is pictJ.t:'1:d 

that, as cooling progressed, not only resorption, but, resulting f'-r.·o'.:1 

the reloase of fugitive constituents, even hydrothermal or a.eute:d0 

alteration of the primary crystal diffei"entiate could havG tFJ.1:-3r.. r,J.a.ce., 

Similarily, it is reasonable to e.ssume that t:o.e orG would :celen.se 

fu.gitive constituents on solidifying and these too, wo-:ild J'.'eac~ v,ith 

the sj.lic8. tes, including felsp,'3.r. The effect woulcl incl 1J.d.a sEu-,.~.J.. 

scale hydrothermal action such as scrici tiz'ltion of f aJ_r~·'.?B.:i."11 a.r.d tl 1.c 

forrn2.ticn of bioti te. 
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X: MECHANISM OF INTRUSION Al\ID DIFFERENTIATIOl\T. 

It is unfortunate that the upper contact of Rapalagulu Intrusio~ 

is a sedimentary one: as this phenomenon prevents an estimation c E' t!1f~ 

original volwne and composition of the body. It is quite possibl3 

for instance, that a large quartz-bearing fraction was eroded aw~y iil 

pre-Bukoban times. It cannot even be estimated with certainty at 

what depth, if any, the magma intruded. 

which are predominantly gneissic, are the only intruded rocks exp:)□ed. 

at present. Most of the features of Kapalagulu Complex (inch.c.i·~;j 

a distinctly lopoli thic base) favour a magma chamber deeply si tua.bd 

in the Basement System. 

Assuming this to be the case, it is pictured that there were a~ 

least two injections of magma. As cooling proceeded after the fir3t 

injection, olivine commenced to crystallize and the grains were effeG

tively removed by gravity to form the olivine-rich Basal Zone. 
a 

Separating this zone from typical Basement System isArelatively 

leucocratic zone of mixed basic types, namely the Contact Zone. 

The following agencies are believed to have been instrumental in tb~ 

formation of the Basal Contact Zone: chilling of magma, hybria.ization 

and mobilization. The zone may even have resulted partly from 

granitization of the Basement System. Basic rocks constitute buffers 

or "resisters" to granitizing ernanations and consequently intensa 

metasomatism takes place along their boundaries. 

Th.er,:., are t~v-ro reasons for beli2 -ing th r ~ there was a se:Jond. in~• 

jection of magma, namely the variation in composition and concen-:~~=-a:'dc:i 

of minerals and the elevated position of the Ore Zoneo The second 

influx temporarily halted crystn.llization·(during which time much of 

the existing crystal-mesh may have compacted and even consolidated): 

and then brought about a repetition of the initial process. 

At a certain critical stage the depletion of Bilicate rrateri.a.l 

by crystal fractionation resul tea. in a saturation with re3pect 1;o Eul-

phides in the magma. These sulphides percolated downwards throl1gh 

the/.~••• 
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mE:sh of mafic crystals and occupied .ill~:r.ch of the inter,s-citic..l -volume 

~owards the be.se of the crystal mesh formed by the second in2h:x of 

ms.grr~a. The firs-t interstitial mineral to c:..--ystallize was fol.spa!', 

follmved so:ne time later by the sulphides. The latter ts 1--elet.r-.;e ct 

fugitive constituents caused sn1'3.ll-sca1e hydrother:nal a...1 teraticn cf t~.::.e 

silicates. 

It is reasonable to suppose that structural a_istu:r·:J&"'1.Ce3 for::k 

place before the complete consolidation of the I:1h--usion,, L ~urge 

of melanocratic crystal ~"mush into cavities formed in t~1e BE1.s:rr0r.·(_: f~,:i-:; .... 

VvTil1 would explain the anomalous structure in the vic::.ni~;y 1.Ji' ~ccfj •)n·-

line EF plate 2c 

O,rerly.L:1g the Basal Zone is a thici<: clevelopement of' a."'1. ir!.t0n2cly 

le.ye red Jnte:r.media te Zone, comprised chiefly of olivine hype:..--i te. 

It is believed to be the stage wi1er3 the last of the olivine cryst6.ll:i }"j0rl 

accompanied by showers of orthorhombic pyroxene and plagiccla['.e cr.t stals <.I 

:W.i.a.ny of the olivine grains exhibit large reaction I':i.ms, which ir..cic-a~r} 

that imperfect chemical equilibriurr. once existedo Tt.0 o:ctho:-:hcrr~bi o 

pyroxene and plagioclase too, are partially rounclcd. by rcsorptionq 

Compared with the Bas2.l .Zone, t.he cryst3.l mesh of U:..e In.·~~~.::."'!,:1e::c1.iate Z0nc 

is far more open textured, the crystals being alr!1cst in suspem:don i:n a 

more viscous m:1gmc'l, wi.th 1.'Vhich they I'eo.c·;;ea. -to a sm&ll ex-'cen-c, 

texture, from which i·t is conc:lucJ..cd t~at its rr . .a~or co:~;3titi.-1~1;.-c2., pyroxe~~.,1 

and felspar are of approximately conte::ripoi-·aneous crys-::;a:l.lization .• 

It rep::..--esents attainment of the stage wh0~~c the dnkir1--6 of cr~r.s te.J.s 

ceased to play an important role\ and it is s::L2:r:ific9_nt 

constitutes the greater portion of the C8nip1ex. 

In/., ..... 
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In its upper rea0hes there are small quartz-bearing parts, ana. in otl1:J~ 

parts there are small occurrences rich in ma.fie mi:1eralG ~ If these 

are ignored, the zcne is of remarkably uniform compositionq It was 

previously stated that it i3 uncertain whether the present exposure cf 

the Intrusion represents a complet3 cross-se8tion of the origine.J.. body~ 

If it does, then the composition of the quartz-bearing part is that of 

the last remnants of the Intrusion to crystallizee 

Situated approximately in the middle of the Main Zone is the 

Anorthosite Band, 9C% or more of it consisting of rounded anorthite-

rich plagioclase crystals. As with most monomineralic igneous rocks, 

its manner of formation is difficult to vizualize. The problem cf 

anorthosite has received much attention in recent years and compr6hen

sive outlines are obtainaole by referring to the textbooks of, amor..gst 

others, Shand (1949, p282), Barth (1952, p226) and Turner (1951, p256). 

From this literature it is obvious that intrusive anorthosites 

are rare occurrences, ·which form only under very special circumst:?.r..C.'2 s, 

The anorthosite of Kapalagulu Complex has the form of a narrow 

"conforn13..ble" layer which extends virtually throughout the lei-:ai;h o:( 

the Complex. In thin sections the felspar grains are obviov.s~y r~i.;ndecl 

euhedral grains which have suffered very little bending or cr.nshir.!.(; 

These factors favour an origin in crystal fractionation rathe~:o -+:Lan 

in separate Intrusion. 

- If the Kapalagulu anorthosi te is assumed to have fm::n'?d. in Bi-cu 

by crystal fractionation in a. practically stagn.!l.n+. nr:.g:na, t~oe:,1 ·ch~~ 

following aspects must be considcred:-

Por crystals to have congreg3.tec1.? they must either have s1..ml: o:t· 

risen in the magm2. 0 It seems clot~btfuJ_ that such a light layer r:·_i~1::r1. 

have formed alc::1e by the sinking of crystals in a magma of rc:La:~.j;1ely 

high specific gravity, and mo:--eover to a horizon approxirra tJ l:l ::_r.1. i;J,.e 

middle of the Main Zone rather than near the base o:' the Intr""J.f:jfHL, 

The fact that some snnll accumulations of heavy mincx-als (e.g. in 

felspathic hyperstheni te) , lie irrm1edia tely 2}Jov0 it :r.crclers t:1.:: ~-·l0ury 

still less tenable. 

If/ ••••• 
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If' t.t..a crystals rose, then a reason must be . soug~t for tb.Eih' I;X-3 ,., 

sent elev1tion" This could be ascribed to a rise of ·t:ie early-fcrir1'3d 

pJ.c.gioclase crystals to an elevation wh~re they reac:b.ad density-ec;_t.lili~-

brium. Grys-'~a2s formed at lesser depths could similarily sink to 

this level. It is qllestionable however whether the increase of den-

si ty vri th depth is sufficient to cause such effective cone en-ere. tion ~ 

The 8.northosi te layer, naturally, could nc.tc rcme:li."1 in cherrci.cal 

eq_uilibriu.m -w:i_-th the magma for an indefinite period .. This could ac-

co1.:.nt for bot:1 the 1.a:::.~e-scale 1~esorption of crystals and the intense 

aJ.teraticn prcse!lt in the anorthosi te. 

It is not intended to favour any one theory to the exolusio:i cf 

all others. Importance, however, is attached to tLe fact tha·~ a C::.rift 

A.ad accUJ:11 tla-tior of crystals in a E,·!·.9..£::nant T.agraa as outli!1ed above, 

fl ts best in to the c:.h1ferentia ti on-pattern of the Intr·ut,io:r... a3 ·n. ,rlwle. 

It is therefore consldererJ. rather unli1':oly that the Anorthosi te br. .. nd 

intrud~d into the M~in Zone. 

Near Thalaba Stf3am is the 0:1.ly relatively la:-gc dyke situate,:J. 

witnin the Complex. It is doleri-c:ic and contains grancphyric i:1tc1·•· 

growths. It therefore closely approxirJB. tes the comr)oPi tion of ·~ho 

qu.&:ctz-bearing fraction of tte :Main Z::>nc,. 

tha-c t!ie Mc:~in z,Jne may have bE;en tha 8ov.rce of the d.yke-rr.ater:L-11 .. 

':1-Lff'e are se-v0r3.l sri::.al1 rJ.ykcs and f;ills of islJ_:?_;l'Gi::-:k.nt length 

ai.-vid bread-ch, which B.:i."e ccnfir..ed to the pr08inct.s of the Contac-c Zono ff 

cccac-1--enoes: 

CD compacticn of t~1e h1esh cf high -~emperatt:X·e rrJ.n3ral grains :i 3c:::ne 

of the interstitial liquid wtich was P.xpelled founi its v.ray along c].1:: • .n

nels, wllich now appear as $mall dykes ar:.d siJ.ls .. 
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In the Basal Z0ne, pJ.Bgioch~:3e is -:~h0 11d.ncrs..I vrl th the lowes -t terr<pe:ca-

inh--usions are laucocra tic., In the Intermed.iato Zone py-roxone s.r.cl 

plagioclase are of' contemporaneou3 crystallization (also evidenJc in 

the textur'e) , so that an expelled r.c1el t would be rich in both of these 

minerals. T:ie resultir:g dyke is therefore a.olerittc., 

(2) .Anothei" possibility is that during the stage when saturated 

nngm.a overlaid the Bc..sal Zone, cracks> such as caused by movement 1 

were injected with -chi8 liquid. (.3) These small occurrences may be 

a consic_erably later stage of Intrusion,. (Lf-) Some of th0 omo.J.1 

Intrusions appea1· to extend from the Basal Zone into the Basal Contact 

Zor:.e, vthere they cannot be distinguished from tba leucocratic contact 

rockc. This feature is suggestive of' hybriclhm-t;ion, mobilization and 

eventually :=ntrusion near the basal contact of the Complex., 
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(1) ~xisting hypot~1~s~~-

Hypothieses based on crystal fractionation, for the origin of 

·pr.i:m.9.ry banding in basic pJ.utonic rocks have periodically appeared in 

tec:!::ni0al jourm=-.1s s:.r.8e the turn o:r. the century,. Hess (1938, p26L1-) 

St.,":.ff.ma:.."izes the feature8 of :Laye::.,,ing as follows: -

1) Thickness: From a fraction of an inch, two or three crystals 
.1 thick, to a number of feet. 

2) _J:,ength: Bands can rarely be traced along the strike for more than 

a couple of hundred times their thi6kness. 

3) Attitude: 

4) Contacts: 

Approximately parallel to the floor of the intrunive. 

May be sharp or gradational; crystals interlock acro::s 

5) Ee1at:Lons bctv/een banes: They :1ever c:rosr-cut each cthe:- as dJkes 

thoush t.hey CQ2:.monJ.y lens out along the strike or may div-ide to fo::~~ 

two er more individual bands. 

6) Mineral variation across bands: The plagioclase and pyroxene ma:i -:- .. 

tain the same composition across t.i13 whol ~ series, regardless of' the 

~ proportions of the two constituents present. 

7) Orientation of the grain,2: The plagioclases are generally tabt~.la.r 

fu7.d pyroxenes are more or less elongated parallel to their c-axos. 

The grains are well oriented with their longer axes parallel to the 

plane of banding, giving the rock a well-developed gneissic structure in 

any plane perpendicular to the banding. 

rare exceptions) show no lineal" orientation in the plane of bawlir1g. 

8) Densi t;y_r.E_9.d.atioris~. A Yery common type of band is ona v;hich he..s 

sharp bou.ndaries and grades from pyroxene-rich at the base to 8.!lor-

thosite at the top~ This feature, whicn may be compared to gra.dat:i.0ns.'1. 

beiding in sediments, makes it possible to tell top f:-.."om bottom i:n. n0.~1...{ 

:J2..nded outc::-ops. 
Bands/~ ... o 

~'The present vr:d. ter wishes to add :,:1at a ·t.; Jry 
gradual variation in composition does ezist in at 
least some intrusives. The variation is generally 
evident in variation-diagrams. 
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Bands which s1.1ow 15. ttle or no gracla. tion are also com-.10n, and even a 

feyr with rever,~.ed spccific-g:cav:l ty gradation ca:1 be found(/ 

rrnlSh sta.-te rn.o.y ocoasion:111y be fouDd., These irregulariti0s, thocgh 

ill'.1-Jon1IT1on, se:r.ve to throw some light on conditions d.u1°ing the f Ol'n~B.tio~:'.1 

of "barding o 

Assumi::1g the specific gravity of the magma to be slightly less 

than that of the crystals :forming from it, Coates (1936, p407) envisages 

the following: If two sorts of crystals are forming, both will settle 

towards the bottom, arid under su:i:table conditions the sinking of the 

heavier ones will to:1d to displac0 the adjacent fluid upwards. BecaG.se 

of the viscosity of the liquid and the slo-N rat8 of settling o? the ligh-

te::- c:::~ystals, they s.re displaced upward e.na. a laye:c richer in th~.G cor:•• 

stituent is formed., There is thus a partial separation of the licht ana 

a"bl3 to support the :ne•7:.._y formed dark crystals and a repeti t:i.on of -::l"e 

In experiments, a layering effect was obtained from a settling o:: 

labradori te and heden·oergi te in a mixture of bromoform and alcohol,_ 

Although doubtless possible, it is debatable whether large-scale ig-

neous banding is commonly formed in this manner, Factors whi~h aro 

not taken into account in such experim3nts are viscosity· ar'.d. the to.ct 

that in raagmas the grains crystallize from a melt vv:i.th wh:iiJ h they h,.'3..v-e 

to remain in eq_uilibri1mo 

Hess (op.. cit.) offe:cs a solution which deper:.ds upon ffi8.6ma--,~~a:rfoer 

conditions dmilar to those of Coates, b~t in whic:1 tho state of 

quiascence is periodically disturbed by short epochs of mi1d a~a. irre-

gular tu:r-1:;ulenc:e. These are believed to be sufficient to terr,pcra:-:lly 

clelay sirJdng of the lighter crystals. 

J.S., van z:,l (1950; p72) independently evolved a mechanism ff'°uI•ih-~:::· 

in several r8spects to those of Coates and Hess, but he assumes t:-.:.e 

r.iagma to have a specific grc..vi ty between 1.,.:.:0se of the crystc1.llizing 

minerals. 
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The lighter minerals would therefore tend to rise in the meEm.a. He 

state3: a If the ir.:1.gma is relatively viscous, the cr-y-stals nurr.erous cr .. d · ~, 

the rate of moverr:.ent slow, it mc1.y be visud:lzed that the crystals would 

mutually interfere with each other in the process of moving up and ~own 

In this C'.ar:.ner planes of relative stagnancy m9.y arise 

through mutual interference, fo~·rrJ_ng a nehvcrk of crys t-'.:u s, partly 

imp-~1n.e-trable to crystals movi:.:G verJcical1y0 At this stage there is a '\"C!"J 

delicate balanoe whic}1 rr::1.y be easily distu=becl 'by :m.~rna flow i: Eowever; 

Bs.1ic consti·t.uents contimn.ug to acc1-unulate from below and femics being 

c:::,ntirn.J.01.:sly added from above would serve to ~tabilize such a zone and. 

vrouJ.c1 form a dark band abave ai---icJ. a light ope below the initial zone ct" 

reldi ve impermeability., Then between any tvm such stabilized zones 

the process may be repeated ........ 11 

taly (1933, p354) states that a slow basining of the floor of t:ie 

chamber is a possible cause of rythmic layering,, The basining would · 

have the effect of oscillating the magma-temperature, resulting in 

suocessive showers of crystals~ 

In the case of Skaergaard., Wager and Deer (1939., pp J9, 120, 125 0 ~.72•t· 

etv. ) ascribe the near-perfect banding of its Layerecl Series to the 

pr0sence of currents (prim2.r~.ly of convection) , a.:.---id rytbmic variation 

in their velocity. Strong stream3 imuJ.d maintain the light crysta:s in 

suspension, wherafter any reduction of f'low, would lead to a showc:;.."' very 

rich in these minerals. The conditions which prevailed a=e therefore 

different . to those envisaged in such intrusions as Stillwa te:c, Palisades, 

Insizwa.;} Garbh E:i.lean in the Shiant Isles, or Kapa1agulu, whe:'e stag::-ia-:yi:; 

llk"\g:rn.as are postula tedo 

Schwellnus (1939) very brief"ly draws attention to the close si!Ili

larity between banding in basic plutons (including the repetition of 

chromi ti te seams in the Bushveld Complex) , nnd the effec·cs of the 

Leisegang phenomenon. His work is unpublishe~ and to the knowledge 

of the present writer, a possible association of the two phenomena he..:-: 

not been entertained elsewherec On i·cs phsical-chamical aspe.Jt.s Van 

Hook (19411-, p513) states: "The general conclusio!1 of' the prodigious 

amount of work following Liesegang 's original p_p...r.otmcemnnt is that the 

phenomenon is not spacific, but seems to l,e general for crJY/o •••• 
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deposition of matter under constrained conditions.- :Almost all 

precipitate reactions, crystals formed from melts or solvents (Mc11aster.s 

1935), and soJ.ids settling from suspension (Ungerer 1921~ Mender.hall 

1923, Mason 1923), are liable to periodic development, giving rise to, 

runongst other things: be.nded strJ.ctures 0 

( 2) }tetasitable Concli tio~l§. o 

For the origin of ba.i.~ded structures in intrusives, it is intended 

shorUy to submit a hypothesis wh:ic h depends on metastable conditions 

:prAvailing du-r-ing crystallization of a magrna 0 

T·he teJ.nocrat-L:re e.t 7vhich the eo1:Ed phase of a substance changes 

to a liq1·.id phaoe should be the s8:11e as thett for the converse precess. 

In practi<i::e however, this is seldom the case 11 It is more general for 

a melt to cool to below the temperature at which crystallization should 

coIPmence, before the particular component actually does start crystalli-

zing., The theory of this phenomenon of super-oooliroJ in substancea 

1;mi0h c.o not form an isornorphous ( continuous) series has reoci ved 

consid.erable attention, and is comprehensively described by, amongst 

o~hcrs, Eitel (1952, p569), Glasstone (1948, p747)~ and Wahlstrom 

(1950, pl87)~ ~o the knowled~e of the present writer, very little 

data per·-tai:.1~~:.1g to super--coo1ing in isomo:tj_Jhous systems is a·v,ailable ~ 

An attempt vifill nov1 be mac.e to follow a poss:i'fi:le course of events 

c..urir.:.g super-cooling of an isomorphous mixture .. It is very likely 

that several factoi-·s, not necessarily favourable towa-rds the hypothesis 

ei tr._er, have boen overlooked. If only serious consirlera ti.on is given 

to the matte~, even if it amounts to disproving its possibil~ty9 then 

it '\1rill be felt that the work has served a useful purpose .. 

A melt of composition X (fig. 8) may continue cooling to below 

TO without formation of crystals. It is assumed that this super-cooli1~.~:, 

continues to temperature Tl say, whereafter the:"e is an ab1ost spon-41-.., 

neous reversion towards equilibrium, which is attained at 'J2. 1rhe 

ccmposition of the first crystal to form is presumably GL .As tbs 

formation of nrystals following super-coo1ing is an almost spcntaneo·-1s 
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it is ve~.,. l'cU.l.ikely that any resorption of crystals will te·te 11Iuc0 
0 

It Ls pictu:"ec1 rat~:1e::- .~ -;jln t retrogressively zo:'led crystals form, 11T.1.. tL. 

cores o~ coL.pc.:d t'i.0;1 L.~) ar:ct sur-fac3s of composition C2e 

It is extremely dif'f~cuJ-~ to pich1re the effect of super""'•aooling 

in a mD.gma in whicn se-veral isomorphous minerals crystallize similta

ne'.")U3lY~ In the In"t~1:.'rnccl.iate Z.one of Kapa1agulu Complex, for example, 

ther3 is ev--j_dence that p1agioclase 9 pyroyene 2:1d ol vine are of simil-

taneous. Lnp,J;_--_;an:::,e a1so:o iB ittached to the fae-t 

that :1.n all layered ig,.'leouo rocks r1 the e..1. terr.ation in concentration 

ci' :;nine:rals of iso;JJcrp: .ous }~eries is ::·esp0nsible for the layering effect(' 

Such fea tuz·es 1 1.:.:n.d the v.r:..'i ter to w·_-til.or if super-cooling of one isomo:"-

phous seri~s ar..d the conseq_uer.t fltlctuation of teIII_pe:cature (T1 to T2 

in fig., 8) could not disturb, and. even halt, the crystallization of 

anotl1e:c isomorphous series in th3 magma., Super-cooling in the second. 

series, in t-.irn, could inte1·fere with the crystallization - process of 

the ser:'-..es which originally v..ndervve;.-it super-cooling .. In t:-1is manner 

super-cooling, al terna·cc:;.y in one and then in the other, could have 

nun1ei"'ous repeti tion3!' The effect of layering would result from al tf.:'r~ 

nating showers of the individual minerals, 

The variation of temperatu1·e du:cing super-cooling (TO-Tl) in 

figure 8, has been made large for convenience of' description,. I:1 

a rna.grm the difference would probably be very small,, Fu1·thermore ::;.:G 

is U...'1likely that the temperature T2 will again be reached in a complex 

magrrJ3. 1 a[~ the h:::at generated by t:hu comparitively srn.a.11 system AB wou.J:J. 

be largely absorbed by the magma as a wholee Instead of crystals vary-

ing in composition from CJ. -co C2, a relatively large volurr.e of crystals 

of a composition apprmdma ting to CJ. wil+ be formed in fill extremely 

short space of tinE. 

Another factor to be taken into consideration is that after one of 

these sudden surges of crystallization, the free ions which combine -co 

form the mineral A-z.By are widely dispersed in a mag:na which is riu:i fr.:. 

other ions .. 

If/ •••• o 
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Ir the diffusion of the ions through the magma is greatly retardea 

(by theil." re le. ti ve'.Ly low concentra·tj_on, by the viscosity of the r.1.agm~ 

stalli~atior.1. wlll a1so be retE1r3.ei, so -!:h2.. t supe:----cooling rr.ay again 

'Ihe Li0.3egcJ.l[; effect :L3 often obta.in'3d u..ri.c.er similar 

as s,,:i f'8..r 01.1tlinecl, then i.-he following possibill ties rca.y be ente::.. .. tc..:;.nE.d: -· 

"\ (._! J.; u"l.:per .. ,,co::->linz CO!Jl1iSTJ.C8S in the magm2 at 8. temperature whe-re -the 

In :f...apa.la6ulu Com1;lex the 3asa.l 

Tn.u remaining wine:-cals are 

inb:csti·cial in natur0 aLd obviously cr:,rstallized. ia situ at a m:.wh 

low3r temperature than tl:.e olivine 'll Intermittent showers of olivine 

grains only, will not leac. to a noticoable bandi.ng effect. It is 

1.i!<ely then, that t!1.e mechar..i:::m len.a~.nc to bandii1g :i.s more common then 

wa.z orj_ginally suspectecl, b·l,:.t that bo..'1.ding is o:n.ly noticeeble wnen 

e.cccntun.tcd by e.ltern.;1tions of lig~1.t and c.a.rk min:mi1se 

[{) Guper-coo1ing nl3.J' intervene ai'-ter a large number of cryG tals 

ha.ve alroacy fcrmea~ 1.T.1o ir..i tia te snpe1·-cocling it wou}.c. l)e ne'J:.':1GSa:L"Y 

rr'l~i.n is possible ttrough an 

8.c.dition::.tl ir.:.!'J.:iJx of 1nagma c:ncl a C'.)D:Jequcnt :r'ise in ~err.p8:c:.::..ture c7 th0 

rr..ai:'.1 bod:r of th8 inc:c.1sivaa 

Ban~E:1g in the Kapal2.g~llu Intrusiv0 is develcped to neEff·-.r:er:fe~tio:n 

in +he In termE.:cd.a.te Zo:1e., It i.s i:.1 th:i..s zor..e that m:i.~8ra1s other tl::.8.i'l 

u]ivin3 ex...°11.ibit idiomorp:1i.c tenJen.cies., In ct:b.a1'"' wards, at this s~age 

in t:1e cooling of tl1e Int::-usion, these rnine::cals crys tal1i~,,,:cd in a IDJJ:l~6:i:' 

c1.L2.logous to that of oli7il'1e:, and were .J.lso able to si:n.k tovm.rds tJ.1e 

base of the ~ntrusicn. The major rri.neral s of the Zone are plagiocli.se; 

orthcrhom:)ic pyroxene and olivir..eQ 

e:xc1u.sively of felspar, and tho dark onG8, of pi,roxene and olivine o 

Tl:e specific gravity of the fe::..sp2.r i3 2 0 74 (::.n confor::--J.ity · with its 

opti8al pr•:Jpe:ctics), wht;raas those of olivine Lmd. p;y-roxe:1e a::-e in tha 

vicinity of' 3, 4o 
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The minerals concentrated by gra-vi ty-fractionation a.re therefore 2(),1 

heavier in the dark bands, than in the light ones 0 

( .3) ~ul~cati.on of HyPotheses to Kap,alagulu Intrus-~y:2_,,. 

l) If the specific gravity of the magma in the Intrusive was lcvver 

than that of felspal" (ca . .J 2 ... 74) ~ then hYPotheses of Hess, Coatess Schwell-

nus and the prcsu~)t writer may be corl.siderecl~ It is required that the 

c:cysta1s sank in tlw r..a.g::IJS., but ~he varicus authors Qiffer in opinion 

rega=ding the mechanism responsible for the rythmic arrangeme:r..t of the 

f el spars ar:d the ma.fie m:i.:r.ere.J.s" 

z) If t.10 3pe:cific g.rn.vi -r,:i of the :nagrna wa3 p·eater than the:t of 

th::; felspar, -'chem the conditions existing were sui tabla for the process 

suggested by J.S. van Zyl. The forma.tion ofanorthosite at a high ele-

,ra tio!l can also ce visualized if such conditions prevailed., The hypo-

thesis of the pi-·esE.mt writer is also applicable in that felsp3.r crystals 

.f 0rme:d near the ·base of the rn.agn:ia body, may have been prevented from 

rising 1)y success:L-ve showers of ITJB.fic crystals, v.,,-hilst those which were 

freely sus:p0nded were ether resoj:•bed, er drifted upwards. 

Unfortunately; no estimate of the specific gravity of the: pareut 

magma of K&palagulu Intrusive can be i.:-.aa.e., The original proportion 

of the quartz-bearing rocks is conjectural, as the present upper contact 

of the Intrusion is of sea.imentary origin, 
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XII: TECTONICS OF THE Afu~. 

The zoning of tho Intrusive is believed to beadirect result of 

gravity-accumulations of minerals of early formation. It is therefore 

obvi.ous that the whole Intru~dve was subsequently tilted through approxi-

mately 90°(! Both ·the B:lScment and B-:.1koban Systems of the area studied 

are si~ilarily displaced. 

E.s:ccpt for the tilt, the North-·western Sector o.f the Intrusi7e is 

re~ativel y 1.w.dist urbed • North of Mugombazi River evidence of wL10r dip~-

The exposures are poor and tteir exact nature could 

L borehole alongside the MQ,-uje .St.:rea~n brouGht to light normal strike 

fo.U::_ting wit!J. tho dm, .. "Ilthrow on the south-w3atern side (plate 2.,) Scant 

evidence of similar faulting was traced by dy,i::!J_~_ne cperations for some 

2,000 feet further southwards. Likew--j_ se 1 in the area travercec_ 1'y 

section-line AB, distinct thrust faulting was rovcr1.led., as i3 illustrate 

in the s&ction. The~e faults are all tentatively ascribed to a single 

.fault-zone of the s:-;::..ssors ... type, with its fulcrum between 1,0:J0 and 

3,000 feet torth of the section-line. 

The presence of thrust faulting is also e-v-ldenccd by: (l) the 

n.2..rror.J!l0cs of the Basal Zone, (2) the juxte,positio:-i of the Basal Zone 

and the Main ·zone, a'!'ld (J) informa.b.on gained from boreholes close 

to Ib~lab2. ,Streai.n. 

E,'Jth the tilting of the :Intrusive and the thrust faulting mentioneds 

indicate compressional, retther t'can ten3ional forces ha·.-:tng played the 

major struct't.1r~~1 role in the arett tial)peci. .. It is difficult however to 

reconcile this with the reeional structure-pattern o! Western Tar..ganyika. 

McCorn1ell's maps (1950) indicate several norr:1.al (tension) faults of great 

m2.gniti.1de. At J.east one of these faults skims narrowly past the south-

enstern side of the Intrusion (ph te 1. ) . 

In the aeriaJ_ photogra:Jhs the geographical features suggest a possi 

blc connection between the fault 2.t the foot of K&kung-;1 Mountain and ths 

disturbance al"'Otmd Jbalaba Stre3.m. The writer 1viJ_l presently j_r,,d::cate 

that the Kahmgu Fault may possess the elements of a tsar fault., and 

that its 11 upthrow" (eastern) p8rtion was not only moved vertically, but 
. ' 

also northwards by lateral pressure. 
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A structural interpretation of the Ibalaba Area is given in a series 

of blo~k diazrc'JlllZ. Figu::-:-e 12 illustrates in a s:u:iy.,Ie manner the effect 

In ~.;his pa.rticuID.r inst.q_nce the ·ver ti0al com-

po~ent i3 of no consequcr..C!~, as the stra-'cification of the Intrusion is 

e.lso vertical G T!-.. e a1reac.\y-mentioned scissors fa~"::; is also slwvme 

FigUX'~ 13 J. to D are of the Ibalao-a area, which covers the most 

faulted :Portion of the Irrt:i.--usion: 

A'; lf The stra-ta are in the initial stages of la-'cere. oldi:ag as 

a res~lt of prcss~re from the south 0 

f1',, D The Be.sal Zone is extremely distorted, "but is t.19t entirely 

of ign.e,Jus ::;_ami.natio:1., :r:w r:J.Oveme:it rray 1Jc lilrnr:·~d ·to the r-enii~ of 

a pr.0k of playinr; c.ards ~ The B-t~kob2u.'1 sa~1a.Gtor.e a::.d the remair:icg zones 

of tbe I:1t~ucion are rela:;i7ely LrH.-tle 2.nd,. ir..stead of be.r.ie.ir.g, ~1.a7a 

fav.l te.o by tea:1:1.tig laterally (fault l) » 

bl0ck a.'1.d :ccp:!:'esbnted by brokGn 1ines is the ir..cipien.t th:-uf.'.t fa,..11 t. 

C) Fatl ts 1 and 2 are in advance stages of development, an·i 

faults 3 a'rlcl 4 .have fcrrr.0d prim· to wa:rd:ng of ths pressu:rc <> A rot::.nd. t}rn 

lnttc:r -br,o i'"'ua].-(;s -the Basal Zone is com_;_:,let0ly ever-folded.; 

D) This cl.iagram is the eame an -the pre·1Ji.ous one.,, c:xcept that 

-the s1...rfa.ce l;::; plcmed down to a com.-rr.on level to illustra·te approximately 

the i:rcsc:it expoBures of the va1.·i0ns for.rra tions., 

It is significant to no-te from the contours in plate 2, that the 

1forth--sast'3~~ 8,jctor is considerably mo:-ce elevatea. tha.'"1. the North-,western 

Sector 1 despite the ru""ragr:rn of erosion" The Nnr-th-wes to~1 Sect.or li 9S 
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FIGU/?£ 9. 
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FIGURES 10A t~. lOD., 

Block diagrams inter:preting the trend of 

f a'.11 ting in the vicinity of Iba1aba Stream" 

(Not to scale)., 

l~EN~: 

Bukoban Sediments 

Main Zone 

.Anorthosi i~e Band 

Ba~al La::rers 

Basement System 

...... 
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XIII: SUMMARY. 

CHAPERS I TO III: 

Kapalagulu Complex is a basic tntrusion situated within the Base

ment (Primc~tive) System, and is partially overlain by the sediments of 

the Bukob&n System. Both the Systems and the Intrusion are exposed in 

cross-section as a result of tilting through 90°. The forces respon

sible for the tilt ~re tentatively correlated with rift faulting. 

CHA"f?TER IV: 

Locally the Basement System is predominantly gneissic. Zones of 

red and g~:-ey gnE-iss and enclaves of Juartzi·ce are di.scernable. The zones 

apparently formed stratigrapnic horizons in the Basement System prior to 

its granitization. The enclaves are interpreted as resisters to graniti

zing elements. Gabbroidal material., for example quartz dia-oase, is 

present within the Basement System mid away from Kapalagulu Complex but 

is not ccrrelated with the Complex. 

CHA.i.TJTER. V: 

A stratigraphical cross-section of the Complex is exposed. The 

e:x.-posed part of the Complex suggests that the lower contact is slightly 

concave, or basin-shaped.~ The Intrusion is strongly differentiated, and 

the following zones are rccognired: 

1) The Lower Contact Zone, which is a narrow and indistinct 

zone of rocks of varying origin. T!"e rocks are derived partly from the 

Intrusion 3.nd partly from the f oot-,vall of Basement System .. 

2) The Basal Zone, consisting mostly of bronzite picrite. 

3) The Interr.1.ediate Zone, in which olivine hyperite is predomi• 

nant. 

4-) The Main Zone, which is mostly hyperi te, and which fonns 

the upper two thirds to three quarters of the Intrusion. Situated with

in the Main Zone is a narrow conformable Anorthosite Band. 

The Intrusion is arbitrarly divided into a North-western ai.~d a 

North-eastern Sector. They are lithologically identical, but the North-_ 

eastern Sector is severly complicated faulting and folding. 

CHAFTERS/ ••••• 
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CHAPrERS VI AND VII: 

A description of the sedimentary Bukoban System and the ::::.ecent Lake 

Sediments is given. An outline is given of the problem of ascertaining 

the age of the Bukoban System. 

CHAPTER VIII: 

In tne Basal Zone an avera~e of 6~ to 7CY/c of the volume is occupied 

by oli~T.'';:; in t}w forn of le~:~:;; partly rounded grains. Orthorhombic 

pyroxenes are partly intersti +;ial c~od, together vii th monoclinic pyroxene 

form 1~ to 2~ of the total volume of the zone. Intergrowths and 

general appeare:nce indicate that th~ monoclinic 1-yroxene is 11::.rgely a reac-

tion product of the other mafic minerals. Plagioclase is completely 

interstitial and occupies an average of 100 to 20% of the t9tal vclwr.e 

of the z.one • As the stratigraphic elevation increases, the forste:r·ite, 

anorthite and enstatite content of the relevant minerals decreases. A 

fevr r_ur.dred feet above the base of the zone there is a distinct an.om3.ly 

in this variation. The 3.nomaly has a defin1. te bearing on the situation 

of the Mineralized Zone. Bronzite picrite is the typical rock-type of 

t:Le bb..sal Zone .. 

There is probably a nar:ru·"r tre.nsitio:nal b01-indar-.f betvreen the 

4l 
Ea.[:aJ. Zone and the next zone in the c.tratig:l'."'f'.Pbic.: succession, neJI1el:7 

-· A 

the Intermediate Zone. In the Interrnediate Zone, 1~ to 2~ of the 

vo1~e i"3 occupied by partly rounded grains of olivine, approximately 

6°'1 by plagioclase, and th·1 remaining 20% to 2% by orthorhombic &i."ld 

monoclinic pyroxer~cs in variable proportions. As in the olivine, 

orthc?yroxene and pla.~io~lase 8:xhibi t idiomorphic tendencies. Signifi-

cance is attr.:.ched to the fa0t iha t strongly developed layering is present 

in this 3one, where thrc::e isomorphous _ minerals with i11iomo:rrhic tende'.'1cies 

are present(' 

The Main Zone, composed mostly of granular hyperi ta, follo7{S upon 

the Intermediate Zone. Platy flow structures are conman, and lir.0a:-

flow structures are locally developed in the Ma.in Zone. Towards the 

upper ( sedimente.ry) contact, micropegma ti te rMt.kes an unobc:r.'lrni 1re ent.:r, 

and at urr,,0:!.-r,1OE: t el8va tions the:;::-e are e-1rnn s!1'1.Z.1l isolateC:: occE:crenoas of 

Si tuatea/ ti •• o o 
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Situated in the lower half of the Main Zone is a narrow conformable 

Anorthosite Band. Very little information regarding the origin of the 

band could be obtained from specimens, because of their extensive altera-

tion. In parts, the hyperi te or nori te above the band is abnormally 

rich in mafic minerals 0 

CHAPTER IX: 

The theory of lovv miscibility and separation of sulphides by gravity 

is favoured for the formation of a conformable sulphide-rich Ore Zone 

near the base of the Intrusion. Pyrrhotite is the predominant sulphide. 

The fact that the Ore Zone is situated some 200-odd feet above the bottom 

contact of the Intrusion, is ascribed to the formation of two virtually 

identical layers in the Basal Zonea The upper layer evidently·forrr~d 

as a result of an influx of magma, which interrupted crystallization of 

the main body of the Intrusion, and led to a repitition of the crystalli-

zation-process (vide chapter VIII). The sulphides, on becoming immis-

cible, sank in the ma.gm.a and settled along the top of the partially con

solidated lower layer. 

CHAPrER X: 

The folT.l.ation or zones is ascribed to gravity-fractionation. Oli

vine was the first mineral to crystallize, and concentrated at the base of 

the Intrusion, so forming the Basal Zone. After the greater proportion 

of the olivine had precipitated, plagioclase commenced to crystallize to-

gether vrith olivine and pyroxene. The result was the forniati.on of the 

Intermediate Zone, in which the main rock-type is olivine hyperite .. 

Granular hyperite and norite form the 'Main Zone, which is both the largest 

and uppermost zone ofth0 Intrusion. The Main Zone represents the last 

knovm major phase in the crystallization of the magma. Within the 

zone is an Anorthosite Band of conje.ctural origin. Most evidence is in 

favour of it having formed in situ by crystal fractionation, rather than 

by intrusion into the Iviain Zoneo 

CHAPTER/ ••••• 
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CH.flHE2 XII~ 

.An outline iB given oi' the thecries offered by wa::..'"'lous authors 

for the origin of layering or banding in igneous rocks,, It is aJ.so 

suggested that periods of metastability du:.1j_ng the cooling of a magma 

may lead to such banding~ Metastable conditions are very preval~µt in 

experimental raeH;s $ 

CHAP1'Jfill XIII : 

Both the Intrusion and the country rocks were tilted through 900. 

to their present sub-vertical position 0 The North-wes-cern Secto:-: ot 

the Intri1Sion is relatively undisturbed, 1:mt the l\Torth.-eas-'-~e:::n Sector j 

especially in the vicinity O:i:, Ibalata Streain$ 5.s intense::.y f&ulti:;l an1l 

folc.ed., The responsible forces are tenta~l "'rely correla·ced with the 

regiona.l ::'i:et faulting outli.ned by Mc Connellc 

that, locally, the forces -1-terr~ compression&l ruther than te::.sior.al. 

There is:- for example, folding B.J.'1.d J.chrust faulting which is contr4'fY 

to the general pattern of rift faulting,.. 
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PHOTOMICROGRAIBS. 

FIGURES llA & llB. 

Bronzite picrite of the Basal Zone,Altered olivine forms large 

partly rounded grains. Orthorhombic pyroxene fo:nns relatively fresh 

grains which are occasionally subhedral. The serniopaque interstitial 

matter is highly saussuritized plagioclase. 25 Magnification, crossed 

nicols. (T.S. 4-390). 
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PHOTpJlt,Q?lOGRAPHS • 

FIGUHE 12: Olivlne hyperite of the 

Intermediate Zone. The large olivine grain in the 

centre of the field is emoo.yed and surrounded by 

concentric coronas of orthorhombic and monoclinic 

pyroxene. (crossed nicols, 25 magnification). 

FIGUEE lJ..: Bt~koban salldstone fr-om 

immediately above the upper contact of the Intrusion 

Cement composed of clay miner2ls and red iron oxides. 

T.S: Bl (crossed nicols, 25 magnification). 
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PHOT0~1ICROGRA?~!.. 

FIGURE 14: A relatively fresh specimen 

from the .Anorthosite Band. The saussuritized plagio

clase crystals are idiomorphic, but partly rounded. 

There is a small amount of chlorite (diabantite) which in 

places poikilitically encloses the plagioclase crystals. 

T.S. 4 - 707 (crossed nicols, llO magnification). 
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PHOTOMICROGRAPH. 

FIGURE 15: Specimen from an unusual occurrence 

of anorthosites near the base of the Intrusion and approxirr~tely 

½ mile north-west of Mugombazi River. 

The anorthosite is unusually fresho The grains of plagioclase 

are large and :µartly j_diomorphic,. There are occasional large 

plates of a:ngite, which poi.ld.litically enclose the felspar grains, 

lending a mottling effect to the rock. 

TeS. 4-7020 (+ nicols, 25X)o 
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P~.iOTOHICf:OGH.ll.T'J-iS_. 

FIGURE 16A & 16B: Leucocratic dyke in 

Basal Zone: A highly epidotized plagioclase-rich 

rock. The epidote occurs as elongated (zoicite) 

grains and as patchy replacements in the felspara 

(-~nicols Large photo. 
Small photo,. 

llOX' 
25X). 
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FIGURE 17: Quartz diabase. The 

only remaining transpf..rent minerals are quartz, 

partly uralatized augHa, and chlcrite. 

T.S. 4-1,70
1 

I/OX 
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