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THE KAPATAGULU BASIC COMPLEX,
TANGANYIKA TERRITORY,

by

Colin wvan Zyl, /

ABSTRACT,

The Kapalagulu Complex is situated near the eastern coast of

Lake Tanganyika, and somc 70 miles south of Kigoma,

The Complex ig sill-like to lepolithic in shape, intrudes the
Basement System (Archaeaﬂ), and is overlain by sediments of the
Bukoban System, Locally, both the Complex and the country-rocks
have been tilted 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 'conformsble' zones are formed: (1) A Basal
Zone of bronzite picrite; (2) An Intermediate Zone of banded olivine
hyperite; and (3) 4 Main Zome, in which the most common 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 becoming

immigeible in the magma,
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L:  INTRGDUCTION,

(1) d|t~JazL.,1;0“o ;J'er\ ,L_ tﬁf’glzn&t.lon:

s o o e o e

Ls the area in gquestion 1iss in soivewhat unkrnowm torcitovy,
[ ]
it is the intention to give the reader more than the briefest
detalls as to its location. existirg mesis of comaunication
and conditiving in general,
The mearest Furcpsan setilemerts (fig.l.) are Zigoma,
Albertville and lpanda,
(igoms: A small port on the eastern shore cof Laks
Tanganyika, It is elso the terminus of the Central Railrocad
whicn extends inland from Dar es Salaam, The population com-
prises aporoximately 25 Buropeans, 4OC Asiatics and many Africans,
The Kapalaguiu Intrusion is situated a few miles inland from
Lake Tanganyika, and come 7C miles southwards of the town
Albertville: Directly west of the Intrusion, in Belgian
Congo, it is a relatively inmportant port with a ruilwvay to
Kabolo, so linking the port with the Congo rail-and river-network,
Mranda: A omall mining town 8C miles inland from the
Intrusion. Betwsen Mpanda and the villags of Uvinza there is a
road which is separated fromn Ka p lagulu by 5C miles of rough
and unirhabited terrain,
At present the mest convenient means of comuinication is
by a steamship which completes a circuit once cvery 21 days
between Kigoma and the Northern fhodesian pert of Mpulungu.
Arrangements can he made to be taken ashore at the little
Arab-African trading post, Lagosa, which is abdout ten miles
south of one's destinaticn, In times of heavy rainfall a
devious route from the shore may be necessary. The flat coastal

belt of Loke Sadiments tends to become flocded by overflowing of

the Mugorbazl and Leugele rivers (plate 1.).

There are numerous/.....
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There are numsrous footpaths and game -tracks, but away
from these vrogress can become very difficult Fnd even impossiblc
unless the vegetation is cleared tc some extent, This is most
easily effected by burning tie grass during the dry season,

Apart from the few Arabs at Lagosa, the inhabitants are
Africans, mostly of the local Tongge Tribe, With few exceptions
all inhebitants are =zble t; speak the "lingua franca", Ki-Swahili,
The indigenous folk concentrate mainly on fishing in the Lske, or
on small-scezle farming on the relatively dry strips of land along
the banks of the Mugombazi and Leugele rivers, which mearder over
the Lake Sediments, Iivestock is lizited to a few goats and
f ow.\ArlS .

With the exception of the ten-odd Africars farming on a
spall clearing towards the south-eastern boundary of the area
mapped in detail, it is devoid of human habitation, The black
dense clay and numsrous boulders associated with the Intrusion
evidently render soil unsuitable for tilling.

The area is malarial and is also infested with tsetse-fly,
against which precautions should be taken, One should also
be prepared to mest big game,

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 conditions
rrevail and plant growth commences to flourish to a most distrac-

ting degree. The months March to May are most unsuitable for

out-of-door life.

(2) Previous geclogical investigations.

Probably the first reference to the Kepalagulu Intrusion
js ac follows (Tesle 1931, pu4l.): "A German file regarding

mirer:l prospecting in 1914 records the occurrence in fair

quantity of nickeliferous ore/.....
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near the shore of Tanganyika east of Kungwe Bay zbout six miles
south of the Mukondosi fRiver. This occurrence has not yst been
confirmed and cxamined by the Department, but the Tirector's
journey recently into this region has proved a wide extent of
basic rocks faveurable both for the occurrcnes of nickel or coppewr,
It is of interest in this connzction that three of the concentrates
from this region showed traces of nickel,™

During 1927-'32 Sir E,C. Teale, who was at the time Director
to the Tanganyika Departuent of Geology, made extensive traverses
of Western Tengenyika, and a sketch-map (Tesle — ) of the Complex
was produced,

A further report (Teale 1932, p28.), mentions the body as a
ing from picrits through rorite to dolerite",

rograriical notes of soms specimens were added .

m
o
[e]]
©w
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O
=
cr
O
D
o

In 1950 Tlves and Wilson, in the interects of The Inter-
national Nickel Company, mede a reconnaigssance of the Intrusion,
They vrepared an extremely useful little ficld-map (unpublished)
showing the aowroximete boundaries and indicating geological
horizons in the body.

During 1947-'L7 ¥c Connell made extensive traverses of Ufipa
and Ubende in South-western Tangonyika, A 20 to €0 mile-wide
belt 2long the eastern coast of the Lake was covered, extending
from the Intrusicn 220 =iles southwards, to ibercorn,  Menticn

of the Intrusion is very brief (Mc Conuell, 1950; vl5, 3C etc.),

o'

ut his descriptions of Basement and Bukoban systems, which

suiround the Intrusion, are most comprehensive., It will be

mapning necessitates some miner alterations to his publication,

(3) hcknowledcenents,

The nature of the writer's work was to assist in geological

and diamond-drilling exploration during 1951-'53, He is indebted

to International Nickel Commany/.....

xProbably Mugombazi River,
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of Canada Limited, for permission to use tie informtion in

the way he has, and will always remember the cncoursging and
friendly interest of thoue who wers at verious times dir:zetly
concerned with the project; amongst them Messrs, John Cillier's
and Doéald Caiizbell, A particular expression of gratitude to
Mr, T,V, Baines, who controls the Canpany's interests in Central
Africa, and to Mr, G,M, Stockley with whom the writer spent a
few most happy and instructive months in the fielad.

Confidential information such as the location of bore~holes,
bore-hole logs, assay values e¢te,, are withheld for obviocus
reasons, ,

The greater parts of 1951 and 1953 were devoted to studies
et the Department of Gaology, University of Pretoeria, Sincere
thanks are tendered to Prof, B,V, lLombaard, formsrly Head of the
Departmont, and to the present Tead and promotor Prof, J, #illemse
and his staff for their willing guidancae, In 1951 a gencrcus
grant from the Jan F,E, Celliers Bursary Fund ensbled the writer -

to comuence postgraduate studies,
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IT: GEOLOGICLL OUTLINT.

In the area encompassed by the present investigation,
and excluding the Intrusive itself, there appear members of only
two geological systems, nemely the ancient Basement System and
the considerably younger sedimentary Bukoban System. The rocks,
especially those of the Basement System are covered in parts by
recently deposited sediments, and also often by a thick mantle
of decoxposed material,

From Kigoma southwerds,along the eastern cosstline of Lake
Tanganyika there is an extensive exposure of the Bukoban System
(Stockley 1948 a,). Due to the resistant nature of these rocks,
which are mostly sandstones and phyllites, and to rift-faulting
the coastline is a very rugzed one. This is particularly true
of the terrain between Kabogo Foint, some 4LC miles south of Kigoma
(fig.1.), and a position some 20 miles further south where the
Bukoban System trends inland and Basement System apvears for the
first time on the shore-line, Along tiis 20 mile section the
land descends precipitously to the water's edge, The writer
considers that this feature is the effect of a continuation of
the fault indicated by Mc Comnell (1950) and which also appears
on plate 1 of the present work.

With the appearence of Basement System, which is composed
predominantly of gneisses and occazsional gquartzites, the shore-
line swings greduzlly to an almost westerly direction, so formiri
Kungwe Bay. The chenge from Bukoban to Basement System also
brings about a marked change in topography, vegetation and
drainage; features readily detected in zerial photographs.

The Basement System may also exhibit greetly contrasting relief,
but whereas terrain o-cupizd by Bukoban System is gensrally

jeggard or angular, hills and mountains of Basement System,

though steep, are mostly/.....
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rounded and have a smoother and more subgued profile.

3,

ks the ch
S

1)

nge fiom Basement to Bukoben System is easily ohser-,
ved on aerial photograzhs, the contact between the two systems can
be followed in this ma-ner as it trends inland. The Bukoban
quartzite Jdips stesply north-eastwards :nd for the most part forms
prominent hqgsback ridges immeciately north of the contact (plate
1 and fig. 3.). Practically in the bed of the Tumba Stream;

which is some six miles inland along the contact, lies the northemn
extremity of the Kapalagulu Complex,

On surface the Compler appears as a steeply dipping, 1ong,narrow;

somewhat boomerang-shaped body, with its long axis parzllel to the
regional strike of both the Bukoban and the Basement systems.
The average wicdth is approximetely 5,000 feetl and the total ex-
nosed area is approximately nine square wmiles. The country is
one of contrasting elevations an< 1s well wooded throughoﬁt; in
some parts the vegetation being extremely dense.

On its upper, or northern side,the Comnlex is bounded by a
high ridge of steeply inclined Bukoban sediments. " This ridge
is parallel to, and is a straight continuation of the ridge
further north along the contact between Bukoban and Baseméﬁt
systems. This fea£ure immediately brings to mind the possibi-
lity of a sedimentary contact betweeﬂ Bukoban System and the
Tatrusion; a feature which will be stresced subsequently.

From the ridgze there is a steep and rather rugged cdescent,
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 Baserent System,

Drainage over the Intrusion is usually along deeply incised
stormwater-gullies which follow the shortest route cown to the
lower contact. flong the lower contact it is common for clear
streams to form. They flow parallel tothe conlact'. for some cistence
before eventually cutiting through into occasional low-lying parts

in the Basement System.

The Complex is well/.....
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The Complex is yell layered and ranges from (a) under-
saturated ultra-mafic rock types along the lower (Basement)
contact, upwards through (b) olivine hypzrite, (c) hypzerite
and narite, (4) anorthosite, (@) again hyperite and norite,
to (f) sporadically developed quartz-bearing membders vhich
apprcach the compesition of granodicrite. The layerinc
strikes parallel to the length of the Intruv.ion and the dips
are practioaliy vertic:1l in the northern part, The southern
part kas apparently undergone greater disturbance and the
-basal layers are overfolded and 2ip 5C degrees southwards,

As gravity-differentiation is considered wc¢spensidle
for the layering, one must conclude that ths Complex was folded

* subseguent to its consolidetion, The oveffolding in the east
is believed to be accompunied by rather obscure and complex
faulting, including 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-
section 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 prominently reflected by the
relief and the type of the vegetation, This is sometimes so
marked thet it ic immedistely obvious in aericl photographs
(fig. %.).

For descriptive purposes, it is considered advantageous
to divide the Intrusion, The dividing boundary would be
aprroximately perallel to, and in the vicinity of section-
line AB(Plate 2,). In this manrer the structurally com-
plicated Nerth-eastern Scctor is separated from the North-

western Sector,
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II1: TECHNIQUE 41D METHODS IN FIBLD-WORK,

(1) Mapoing,

.

During august 1951-January '53 the area was mapped on é
scale of 1:2,500, a theodolite, tape and stzdia rod being used,
As no swrvey beacons existed, use was made of an arbitrary grid,
with north determined by simple balanced azimuth observations on
the same star at eguel altitudes,

Initially surface elevations were relative to an arbitrary
dstum, Subsequently, by means of a series of interseétions
between known points on the Intrusion and points specially
constructed on the Lake shofe, these elevations were corrected
to elevations above mzan sea-level, The Lake was assumed to e
2,534 fezt above mean sea-level,

The construction of Tlate 2 necessitated reducing 25-o0dd
field sheets from 1:2,500 to 1:25,060‘scalc. Congiderable detail

had to be omitted.

(2) Magnetometric Survey,

When considered necessary, magnetometric traverses were
made, usually normal to the lower contact and extending from
within the MYein Zonec to well into the Basemxnt Crstem, .
Recordings were made on a Watts vertical variometer, at intervals
not exceeding 100 feet, The traverses may be divided roughly
into two categories, namely those over terrain where the
geology znd structure was to a large extent known, and those
over terrain where the geology 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 inclined boreholes werc invaluable,

Although a large/.....
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number of readinss were taken over the rest of the Intrusion
interpretations of the gravhs constructed remained difficult
and sometimes impossible,

The following are cxamples of the general trend under ideal
conditions

The gabbroid rocks (norite, hyperite etc,), are inclined

o

to give a constant figure of the orxder o7 700 to 1,000 gammas,

Y [

cgeoming slightlw erratic on apcroacaing the olivine-bearing

fr. the ultra-mafic basal layers, therec is ons of two
tendencies: There isg either a gradual decrease to a few hun-
dred gammas, followed by a relatively sharp increase, causing
an easily recognis=d depression in graphical constructions,
or extreme anvmalies are registeresd, readings often catapulting
hap~hazardly from vositive tc negative -aluss, each of a few
thousand gemmas, These extreme differences were apparently
always recordad over horizons containing concentrations of magne-
tite, anc the snomaliecs are presumably the effect of dislodged

miners]l, lying otherwise more or less in sita,

n

fragments of thi

The effect of wegnetic sulphides is uncertain, They are
orobally to a large extent resvoncible for the depressions al-
ready mevntions?. In ore nerticu’. v instance, wien o depression -
type of curve was rcoorded, one of the readings was actually
teken on an outcrop in which disseminated pyrrhotite wes readily
vigible. However, for the wost part megnetite is associated
with the sulphids concentrations and presumably the effect of
the magnetite 1s completely overshadowing.

Granhs of the =2nomaiies over Basement System are generally
charac*eristically smooth and consistent for some distance, a
figure of +1IQC gamsas being most comuon, Excsptions were
occasiocnslly recorded over granitic veins in the gneisses.

These are known to contoin magnetite,

\)

With the exception of traverses made over boreholes (to
facilitate interpretation of subsequent traverses) megnetometric

surveys were coufined to the arsa of deeply covered rocks near/.....
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the Mugombazi river, and to the scuth-sastoirn part of the Complex,

(3) Drilling.

Considerable diamond-drilling was done in conjunction with
tie field-mapping and, for economic réasons it was confined to
the precincts of the floor of the Intrusion, Becausc of the
steep dip of the layers, all holes were inclined, usuclly 30°

0
to 60 to the horizontal, From the core tie writer was able
to select numerous specimens for laboratory eraminaticn,

This was most fortunate, as surface exposures arc poor,
espscially nsar the lower contact, Several structur-l
featurss, especially fiulting in. the south-sastern part would

not normally have been detected but were obvious in the core,

(4) Aerial Photographs,

The Intrusion is includod in the part of Tanganyika
Territory photographed by ths Royal Air Porce in 1947,
Plate I was conztructed solely from the photographs and their
centres ere indicated upon it, No control points were available
away from the Intrusion, so the mop was constructed by the simple
procedure of piecing individual photographs *together, aided by
a stereoscope, Distortion was eliminated as far zs possihkle
under the circumstances, °~ Fortunately therc is considerable
aoverlapping of adjoining photographs, but the scale of some
traverses differed from neighbouring ones and corrections had
to be made., To minimize error, the scale of ths map was finally
reduced almost by nalf, i.e, to 1:75,00C, It should nevertheless

be considered only sufficiently accurate to serve the purpose
for which it was created, namely, to illustrate the structure of

the region for some distance arcund the Intrusion.
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IV: BASEMINT SYSTEM,

From a point north-west of the Intrusion, and where Base-
ment rocks first outecrop on the edge’ of the Lzke (plate 1.),
the coastline gradually turns westwards to form Kungwe Bay,
The upper contact of the System contirmes scuth-eastwards in- :
land, so that « 1érge tract bordering on the Loke is occupied
by this ELystemn,
In the Tumba Stream the Basement and the Bukoban systems
are first intervened by the Intrusion, The Stream also roughly

).

/

represents the northernmost liamif of detuiled mapping (plste 1,
For a thousand-odd fe:t dowmstreszm from the unser Basement con-
tact, trere are several cutcrops of 2 medium to fine-grainsd dark
grey gneiss, céntaining a network of red granitic veinse, These
veins vary from a few inches to 2o few fzet in width and seldem
exceed twenty feest in length,

Away from streams outerops are rare, but country occupied
by Basemert System is distinctive, The soil is vellow to bro%n
and is rich in coarse, easily recogrisable gneiss fraguents, and
is well wooded by "miombo" (orchard bush, including genera
Brachystegia and Isoberlinia), Grass is relatively sparse
and of a distinctive appearance,

About 2,000 fezt south-east of the Tumba Stream the presence
of red granitic gneiss ls indicated by a few outcrcps =znd by
soil containing fregments of this mater%al. Although not readily
apparent in the‘field, it is possible to zone tue red and grey
gneisses, Figure 2 is an exanple of this phencmenon in the
northern part, The zones are not sharply dcfined, but are
bounded by nlanes of rathsr vague outline, The plenes are
concerdant with the foliation in the System,

Near the Mugonmbazi River there is a considerable encrochment
of Lzke Sediments, und outcrops of Basement System and Intrusion

N

are o decompoced taat it is difficult to differentiate them
or determine their relationship, West of Kangoli Stream, which

lies further south, exvosures are plentiful and it is again/..,..
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possible to trace steeply inclined zones of gneiso

Surface elevations increase southwards, culmineting in the
3,500 fect-long Mgangammle Ridge, which is a hogback of very
steeply dipoing hard white cuartzite, Viewed from the Leke
the ridge resemhles an inselberg, jutting some 65C feet above
the monotonously flat Lake Sediments,

On plate 2 sever:l occurrences of guartzite surrounded by
gneiss are indicated, Rough extrapolation of the Mganganule
Quartzite joins it further s.uthwards with several similar
bodics lying parallel to the Kalaba Stream, yel enclosing each
is an abundance of gnziss, Thie feature is par-iculerly con-
vineing just below the confluence of the lguje and Kaleba streams,
On the rorthern side is a quartzite 1ili sloping steeoly down to
the stream's edge. On the ovposite side there is a 1C0-fest
long ridge similar to Mgangamule and also with a stecp qua}tzite
crest, These two quartzite bodies asre only 500 feet apzrt and
are along the sams stratigraphié?%orizon, yet in the stream be-

tween them there is a continuous section of grsy sheared gneiss,

Including Mgangmule Ridge, there is thus a 1-1/2 mile zone in
which large masses of quartzite lie enclosed in gneiss,
Situzted between Mgangamule and the Intrusion is a similar but
shorter, narrower and less distinct zone of quartzite outcrops.
It therefore apnears that sevaral concordant zones of red
and grey gneiss exist, and that a possible third zone is one
in which enclaves of quartzite occur, | Following the H,H, Read
school of thoug:t, it is concluded that the gneisses are the
products of metasomatic alteraticn of the originszl (semipelitic)
layers of the System, and that the guartzites reoresent resistant
undigested relics.. The continuity of the zones (spectral layers),
is accented as proof that mobilization or parautochthonous in-
trusion played at the most a very insignificeat rcle in the area

s0 far discussed,

Another quartzite~gneiss zore/ve...
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Another quartzite-gneiss zone was followed for a distance
of 1,500 fezt, striking westwards from a 9051t10n some 1,2C0
feet north of point 4 of section 4B (plate 2.). It is possible
tat it is en extension of one of those previovsly discusscd,
and that ite anomelous strike is due to an ancient fault, now

mesked or obliterated by & o metamworohism to which

the Jystem has besn subjectsd, Such a feult could lie parallel

to section-line AZ and 2,000 fect north-west of it,

;,

The northern termination of the Mgongemule Ridge could

@

possibly also be ascribed to such faulting, In this particular

area the detailed mapping doeg not extend far bayond thz border

of the Intrusion, but reconnaissance obscrvations left the im-

o+

he northernmost guarizite cutcrops

pressicn that red gneiss and

05

are in Juxtaporition. In other perts quartzite lies within
red, rather than grey gnsies, It is emphasized nowsver, that

Owing to the nature of the work and time 1l mitations, cnly
a minimu cf detailed surveying could be corducted away from the
Irdbrusicon, Between zection-line £B and the Ibalaba stresm de-
tailed msvpirg extended only o few hundred Fest info {he Basement
Systen, veral journeys made frem here over the hiils to the

Iwke, let't the impression that tne 1agional strike and steep

inclinatior. of the Basement gneiss ic maintained. Thie is also
insinuated oy the many outcrops dovn-stream from the lower con-
tact of the Inbtrusion,

Tt has already been mentioned that the terrain occupied
by Basement Zystem, despite the paucity of outcrops is easily
recognisable, Between Ibalaba Stream and the faulting indicated
further east (vlate 2.), float of several rcck-types, including
the following is seen: Sheared gneiss; banded ironstone; frag-

ments of granitic material, probably derived from the/.....
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veins which so commonly penetrate the gneiss; and a grey cry-
stalline rock with a weakly developed gneissic texture, 1In

the latter rock ¢ligoclase~andesine is abundant, and the remain-
ing major minerals are quartz and bi.tite (both interstitiall,
Accessories are chlorite, amphibcle and very small amounts of
epldote; all probably late alteration products, Mbgascopically,
specimens deceptively resemble those of the Main Zone

of the Complex, There zre similar occurrences in the immediste
footwall in the vicinity of section-line A3 (platé 2)s algo near
the quartzite in the Mguje stream; and alsc near the Intrusion,
some 650 yards north of section-line CD,

With regard to the sheared gneisses mentioned, their texture
is ascribed to the superiuposition of a schictose texture upon the
gneiss by shearing, It is pertinent to note that the trend of
the intense shearirg of the basal layers of the Intrusion is
parallel to this schistosity. The ispression is that both Iatru-
gion and Basement System were subjected to a period of shearing
which must neéessarily 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 yards downstream from Kamatandala Settle;
ment, Basement System outcrops all the way down the stream of
that name, and commonly strikes ESE to SE, Within some of the
outerops are 2-3 feet wide vein-like and dyke-like occurrences
resembling highly altered fine-grainc@ diabase, They are of
peculiar form, being irregular and iépersistent 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 local conccatrations of mafic minerals of the gneiss.

In this area float, but no outcrop, of amphibolite was also/..;;;
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found, Megascopically it is medium~grained, rich in glittering
amphibole, and spotted by interstitial felspar,

To the north of Kamatandala Settlement large tracts are
covered by a so0il mantle, devoid of outcrops, The most likely
positions of geological boundaries are discussed comprehensiveiy
when tie Intrusion is described, Suffice te mention now that the
greater proportion of the buried area is considered to be Base-
ment System,

.The Mbuso Stream represents the eastern limit of the country
mapped, and along it exposures of Basement System are plentiful.
On progressing up the gtresm gneiss outcropsvgive way to ones of
a leucocratic coarsely crystalline rock in which gneissic tex-
ture is congiderably subdued, To this rock—type the field~term
migmatite was given, Exposures of it are very limited, so
virtually nothing definite could be ascertained regarding the
shape of its occurrence, It is considcred likely that it was
formed by mobilization of vart of the gneiss,

The following is a repreéentative microscopic analysis
(T.S. 711.): The predominant minerals are xenomorphic
felspar and quartz, both with strongly undulating extinction,

The felspar is considerably in excess, is extensively

sericitized =nd saussuritized, although polysynthetic albite
twinning is etill discemable, Statistical mezsurcments of the
meximum extinction zngles of albite twins are very low, indicating
oligoclase, This ig further substantiated by the closeness

of the refractive in“ices of the felspar to those of quartz
(deduced from becke lines in the thin ssction), Very mincr
amounts of fibrous derk green amrhibole are vpresent, and are
semi-opaque as a result of a "peppering" by iron oxides. The
accessory winersls are slightly tabular apatite, and zircon present
as a few very small subhedral to arhedrzl grains.

It is possible that potash/.....
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It is possible that potash felgpar is present as highly
altered grains, so passing undetected, However, oligoclase
is so much in excess in the specimens that the rock ic best
termed trondhjemite (Rice 1950, ph26.).

Some 200 yards north of the northernmost trondhjemite out-
crop in the Mbugo Stream, tuere is a prominent hillock which
is covered by boulders of quartz diabase, They =2re well
rounded and megascopically closely resemble boulders of gabbro
from the Intrusion, Several tain sections of the diabase were
made, e.g., 709, 710 and 713.  All the specimens are highly
eltered, The only definite primary mineral is weakly sub-
hudral monoclinic pyroxene (positive, @7circa 55"), which is
largely replaced by green amphibole, The quartz is interstitial
and has an undulatory extinction.,® The remaining parts of the
secticns are occupied by saussurite, chlorite 2nd sericiteﬂ%g’7),

Sporadic concentrations of quartz diabase boulders can be
followed from the hillcock eastwards along a zone which is just
over 500 fect wide, North of the zone the surface is soil-
covered, but it containe some trondhjcirite float, giving the
impression that the quartz diabase is bounded on bath its norinern
and southern sides by tronchjemite. The diabase tapers away’
to the east, but westwards it apparently ends abruptly in the
vicinity of Mbugo Stream, as there is no sign of ite continuation

west of the hillock,

Approximately 1,00C feet north of the quartz diabase zone
are the first outcrops of Bukoban System, The base of the Lystem
can be plotted with certainty as being immediately below the
lowermost outcrop of sedimentary rock in the Mbugo Stream,
West of the stream, two faults are inferred in order to account
for the snomalous situation of a further occurrence of quartz

diabase, which is presumably the displaced wastern 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 comnenced 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 quartz-
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 PHOTOGRAPH OF PART OF KAPATAGULU

CCMPLEX,
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A striking example of the effect of the

composition

and struciure of the physiography,

the various zones on
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GEOLOCY & T°F CONPLEX.

The Complexn is divided into two secters, namely the North-
western Sector, which, apart from a2 tilting through approximately
90° is relatively undistuibed, and a North-eastern Sector which
is complifnted by intense f2ulting and foliding. Their spproxi-

mete sminal borndary is revresented by section-line AB(plates 2.).

The two sectors ars liithol-gically similar 2nd in both, ths

as

following suldivisions or zones are recognised (see also plate 2.)
(1) The Basel Zone, in which olivine iz the oredominant mineral;
(2) in Inteimediats Zone, in hiich %cs rocks sre riclh in mafic
minerzls anc contain up to 209 olivine, and (3) tlie Main Zone,
walich consiitutesthe greater rortion of the Complex and which is
composed mostly of hvperite.  Sitvated within the lizin Zone, and
ozrailel to it, is a2 nsrrow but persisteunt Anorthosite Band

Az the Comnlex in the uartFAMZs m Sector is tilted to a
sub-vertical wositlon, the present <¢iveses surface also repre-
sents = cross-section of the Intrusion. The zone-eifect in
the Intrusion is ascribed to gravity-differentiation and the
Pasal Zeone, as its name idmplies, forme the lowermost,and there-
fore first-formed differentiate, Tn parts it is serarated from

a footiall of Rasement System by a Contect Zone af inconsistant

ﬂ’liCITPS .

A. lﬁrﬁ-lﬁg’iﬁ"ECT‘d.

This zone is pressnt almost throughout the entire length of
the Tntrusion, and comronly varies between 300 and 5006 fset in
surface widin. Tywnical rock-snecimens are melanocratic to hyper-
melanic snd folsps: grains, which are all interstitial, lack lustre
ané have a zrey to dirty greon tint, Jlivine grailns (usually
tucen 07 and 80¢- by volume) are mostly rounded znd have/.....

.
-
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Banced olivine hyperite, The protrading
cain a higher proportion of felgpar than *he

ey - 1. -, L 4 PO e -~ - g 4 -y
s, which are rich in pyroxens and olivirs,

Differential wsathering has accentuated the Banded struc
ture on expesed surfaces, and deep pitting is causel By
the rapid decomposition of the ferromagnesian minerals,
espzciaily olivine,

Scale on the stadia-red is in feet and tentha

of a foot,
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suffered extensive chloritization, in extreme cases the rock
losing its grenular appearence anc possessing the earthy look
of a typical serpentine, 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 bronzite-vicrite.
Because of the abundance of olivine and the low ~ centration
and smallness of the felspar grains, westhered 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
shiny. Away from the abrasive actiion of flowing waier outcrops
are invariably extremely decomposed and crumbly, and grade into a
gravel of weathered fragments. In distinction to the other zones,
spheroidal weathsring is absent. The depth to which weathering
penetrates varies considerably, In one instance, a borehole
collared on a hillside of weathered bronzite picrite was s'mnk to

a depth of over 100 fest before reaching solid rock,

(2) Intermediate Zone, °

The difference between rocks of the Intermediate zone and |
the Basal Zone is most merked.  In the Intermediate Zone the
concentration of olivine rarely‘exceeds 20% 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 zbne. Furthermore, there is a strong layering effect, due
to alternating concentrations of light and dark minerals (fig. 4.).
These rocks bring to mind the remarke of Wager and Deer wﬁen they
first saw the Layered Series of Skaerpgaard and erroncosly conqluded
that they were of sedimentary origin. A further diagnostic feature
is the tendency towards idiomorphism of the plagioclase grains,

Their is uncerteinty as fo the exact nature of the upper and
lower boundaries of the Intermediate Zone.  This isllargely due’
to the paucity of outcrops in critical positions. The impression

is that for the most part rapid or narrow transitional/.....
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boundaries exist rather than sharp and possibly intrusive contacts.
Petrofabric analyses show thet platy flow structures are far more
common than linear flow structures, rendering unlikely the possibi-
lity of this zone being intrusive, rather than haﬁing formed in
situ by crystal fractionation.

Another distinctive feature of the‘Intermidiate 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 wiper reaches of
Kangoli Stream. Generally, the zone is characterized by a mantle
of boulders éﬁa\bﬁocks. 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 weatherw
ing-is most rapid along Jjoint planes, so leaviﬂg remnants stacked
in place, sometimes balancing most precariously. The '"gravestone
outcrops" éfout 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 steenly 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
pyroxenc remain constant, but the ratio of orthorhombic to monoclinic
pyroxene varies both considerably and erratically. For the most
part the orthorhombic variety is preponderant. Olivine hyperite is
therefors the most common rock-type., Others present are olivine

norite and olivine gabbro,

(3) Main Zone,

The Main Zone occuples the unper two thirds to three quarters of

the Intrusion., Typical of the zone are boulder-strewn/.....

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



-21 -

slopes intervening between a high ridge of Bukoban sediments

which lie stratigraphically above the Intrusion, and the olivine-

rich rocks which generally form a depression towards the base of
the Intrusion, Outcrops of this zone ére with few exceptions
confined to deeply eroded water-courses, or occasionally

project as dome-like bodies through the boulder-rich 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 megascopically is holocrystalline, with
the two major constituents, felspar and ortho-pyroxene exhibi-
ting tendencies'towards euhedriém .. Igneous lamination is
often detected on a weathered surfacg 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 surfaces.

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 ferromagnesian
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.).

§°) VAP
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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 80 that quartz gabbro and eventually granodiorite

ensue,

(&) Anporthosite Band.

Lying in the lowér half of the Main Zone and conforming with
the igneous stratification is a narrow but persistent band of
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 i; recognized
only by an abundance of leucocratic boulders, This paucity
of outcrops hanpers observations on the nature of the boundaries,
Found in the rubble are gradations from typical anorthosite,
through leuco-hyverite to hyperite, This feature is sufficient-
ly common to imply that transitional or gradational phases are
present in at}least some places,

Megascopically the anorthosite has the uniformly dull or
lﬁstre%ess appearence of an altered rock, and in‘colou;franges
from a near-homogeneous dirty white to instances where dark
mottling is econspicuous, 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 similarity
of the alteration, but often hand-specimens from certain parts along
the basal contact of the Intrusion bear a remarkable resemblance to
those typical of the Anorthosite Band, Geographically they are
widely separated.

Some 2pC0 feet north-west of the Mugombazi River and wedging
between the Basal Zone and the Main Zane,is a hillock of anorthosite,
Although outcraops are weatheredifresh bouldefs 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:jaending 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 ILeucocratic rocks of the Lower Contact
Zone, this anorthosite is remarkably fresh. (b) The mass has a

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

sion is structurally disturbed.

(5) Lower Contact Zone,

In the 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 Kapalagulu Intrusion formed a normal chilled/.....
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contact against the Basement System, Part, if not all, of the
granitization in the Basewent System took place after the formation
of the Intrusion, As the Intrusion possesses the elements of H.H.
Read's conception of a resister, it is logical to assume that metaso-
matism could have been most effective aiong 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 Zéne.

In other parts small quartz bearing leucocratic "dykes" were pene-
trated in bore-holes situated within 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 grey gneiss. The change from Contact Zone
rocks to recognizable Basement rock sometimes extends over a length
of tens of feet,

The most common type of rock found in the Contact Zone ;s/vagy
rich in highly altered (mostly sausuritized) plagioclase in which
spectral remains of polysynthetic twinning are ofteﬁ discernable,

The only other identifiable minerals are chlorite, epidote, biotite

and variable amounts of quartz,

B. NORTH-EASTERN SECTCR.

~ ~

Lithologically thié sector does not differ from the North-
western Sector,  Structurally, the No;th—eastern Sector is con-
siderably more disturbed, in fact to such an extent that the olivine-
bearing zones and part of the Basement Systém are faulted, sheared

and dip southwards as a result of overfolding,

(1) Basal Zone.

Drilling operations along tae base of the Intrusion in the
vicinity of section-line AB (plate 2,) exposed a thrust-fault.

' Continuation of the fault was confirmed By additioral bore-holes/....
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close to Ibalaba Stream, In one of the holes the Basal Zone and
hyperite are juxtaposed.~, The entire removal of the Intermediate
Zone indicates the horizontal displacement on the fault tg 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, The 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 flogr of Basement System, On
limited evidence two faults are inferred to account for this disrup-
tion, PFurther eastwards, before disappearing belgw a thick mantle
of soil, the last exposures of Basal Zone are intensely sheared para-
1lel to the layering, which is inverted to-80 degrees southwards.

The Basemsnt System of the area is similarl]y 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, an

approximate lower contact was determined magnetometrically.

(2) Intermediate Zone,

Around section-line AB (plate 2,) & thrust-fault causes the
Intermediate Zone to be overlain by the Basal Zone and this situation
apparently persists for some distence eastwards, though observations
are impaired by alluvium near Ibelaba Stream, The Intermediate Zone
is exposed again east of the dolerite dyke, building a low ridge

for some distance before being covered by the so0il plain whieh forms
in the/.....
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in the direction of Kamatendala, Some decomposed outcrops in
Kamatendala Stream are tentatively ascribed to this zone, Near the
dyke, olivine hyperite aprvears to overlie the Main Zone ({hyperite
and a reversc strike fault is inferred, It is

and anorthosite),

believed to be a branch of the fault detected in the Basal Zone,

(3) Mein Zone.

In plate 2, the mcst striking feature of the Main Zone is its
contact

contact with the Bukoban System, Thcnappears disconcertingly sinuous
or irrecgular to one who, like the writer beiieves it to be sedimen-
taty in origin, For a better conception ;f its ectual attitude it
1s necessary to give a brief outline of the circumstances which pre-
vailed when it was mapped: The writer was employed by a concern whose
object was to determine the economic potentiaiities of the Complex,
and naturally, they wished to do so at a minimum of expense and time,
This circumstance, *the inacessible nature of the area and the approackh
of the annual rains which t;rminated the fisld-season, resulted in
enlr a rapid location of the contagik

Trn: upmer contact therefore, as it appears on plate 2, is only
approximate and it i very likely that its unusual form is largely
due o faulting and folding. When compared with the disrupted
basal area, where considgrable time was expended on careful mapping,
it seems very l.kely that several seructurzl disturbances remain un-
detected on lit. Kapalagulu, The very presence of the mountain also
suggests this: Lithologically both the sediments and the Maln Zone
on the mountain are identical to their counterparts over the rest of

the Intrusion, yet there is over 1,000 feet difference in elevation

between them,

(L) Anorthosite Band,

No outcrop of ancrthosite wes fournd in the North-eastern Sector,
but the presence of a band ir indicated by a distinct line of boul-

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

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



token are in all respects icenticel to those from the North-western

ctor, Towards the base of the Mountain genlogical feabures are

buried by an accumulation of mixed talus and soil, It

8 neverthe-

b

iess wpporent that further wsst the anorthosite is overlain the Inter-
nedizte “one and thet obscurs faulting is therefore present,

(5) The rastern Boundary,

Around Kamotendala Stream and esstwards the country forms a large
denscly wooded plein, The surface matsrial is either soil or lateri-
ta;) and northwards the plain is culminated by the characteristic
Bukcben ridges., The few outcrops present are confined to the beds

- of the Mougo and Kamatandala streeans,

In estimating the eastern limits cof the Cormplex, a traverse
covm the Xapnizndale stream is most informative, Froir its source
en the eastern frank of Xapalagulu Mountain, the stream follows the
scntact of the Intrusion and the Bukcban fystem, taere being precipi-

dstone on the left and igneous irock on the right.

:
2
5

tous masses of
After about threc-quarters of a mile the stream swings away from the
Bukoban Range and flows southwards, In deing so it forms the western
border of a plain ricn in sand and laterite, Cn the right the high
range of hyperite continues another half mile dowstream,

Sandy (cuartz-rich) soil is not the product of saturated or un-
: dersaturated mafic rocks and neither is a plain indicative of in-
clinsd erosion-resistant Bukoban strata, but both are typical of
Basement System of the area, On these grounds it is concluded that
the Stream 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 olivine hyperite appears in the stream and boulders of this
material lie scattered for 1,500 feet eastwards over the plain,

which is now clay-wich,

Freswmably, clong this part the/.....
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stream lies within the Complex and cuts across *he layering towards
the bottom contact. Downstream fiom a point 1,700 feet below the
Settlement, outcrops of Pasemsnt System are avundant, It is believed
that the lower contact of the Intrusion is not far above t ¢ uppermost
of thess cutcrops of Basement Systen,

It is obvious “herefore, that the Intrusion crosses into the
plain east of Kamatandala Stream, The possibility of it projecting
much further is curiailed by the exposures in the Mougo Stream, which
lies parallel vo Kamatandals Stream and a mile eass of it. Through -~
out 1ts length Bascment System oulcrops intermittensly,

Towezds the bukoban System in the most easterly part mapped, two
broad gones containing numerous boulders closely rescrbling theose of
vhe Hlain Zone were located, and were originally gorrelated_With it,
Laboratory analyses show that thoy are highly altersd guartz diabase,
They are rich i: amphibole,probably svolved by uralitizetion ol what
was originally pyroxen:. it iz concluded that these occurrences Go
not furn part of the Intrusicn, as the nature of their alteration
differs entirely, and they are tentatively ascribed to the Basement
System; possibly related to the plagioclase amphibolites (Me Connesll

.

1950),

C. DYKES AND SILLS.

is a small isolate@ occurrence of bronzite-picrite in the
vieinity of section-lime EF (plate 2.). Cther than this, no apophy-
sis of the Intrusion was seen:.

Oving to megascopic similarity, material related to the upper
part of the Intrusion could remsin unrecognized when lying in certain
parts of the Basement System, such as in the less gneissose varicties,
of the System, znd in the quartz diabase. Arouvnd the Kamatandala
Stream very small sill-like and vein-like occurrences of basic
material lie within the gneiss, but these are considered as part of
the Basement System, In the part of Bukcban System mapped,no ig-

. . . - ]
neous material is present, This, end the complete absence of/viu..
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thermal metamorphism in the sediments are taken as proof that the
exposed contact of the Intrusion with the Bukoban 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 width, Its outcrops are few and are mostly limited to
stream-beds, It varies radically in width, attaining a maximum of
nearly LOO feet, but is relatively short, probably not exceeding
2,000 feet, t in no way disturbs the unbroken line of the Basal
Zone lying at its southern sxtremity, yet it cuts perpendicularly
across the strike of fthe higher zones, separating hyvperite from oli-
vine hyperite, In the writer's opinicn, the marked differsnce on
either gide of the dyke is the result of faulting; the dyke and fault
plane heing coincident in position,

Specimens of the dyke sre dull biack to grey in coleur, When
struck with a hammer the rocks fracture characteristically into amall
angular pieces whose surfaces in turn have a sheen of weathering on
them,  Apparently there are numerous fine jJjoint-or shear-planes
aleng which weathering penetrates deesply. As = résult it is diffi-
cult to break a piece in such a way that a fresh surface is exposed,
Microscopically, lath-like plagioclase, augite and small quentities
of micropegmatite sre recognized, The texture is holocrystalline,
medium to fine-grained and hypidicmorphic, Saussuritization and
uralitization are extensive, Thers is a petrographic resemblance to

the quartz-bearing rocks near the upper contact of the Complex,

Within the Intrusion, especially near its base and in the Ccntact
Zcrie, are numerous small dyke-, sill- and velin-like bzdiea., Such
occurrences ars particularily sbundant betwesn Mugombazi River and
section-line ¥ (plate 2,). They are mostly a few inches to a few
feet in width, seldom reach 100 feet in length, are often Leucocratic
and are always extensively altered. Being light in colour, they are
conspicuous in -ho melanocratic Basal Zone,

A classification of these/.....
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A classification of these dykes and sills into three types has

been attempted, but generally they differ very little from one enother,

b

The most distinct type is thal which is wos% commen in the Intermediate

-

Zone, tE

L3 Jrrger end worz persistenl in Length then the others and
iz of doleritic compostiormn, The comainling two types are differentia-
?ed only witn difficulty, Zoth ars Lsucocratic, are highly altered and
ars of nerivcw and often irregulsr form, One of these two types is
believed to pe confined 4o the precliucts of the olivine-bearing laysrs

of the Complex, whilst the other lies (and epparently originates) in

the Lower Contaci Zone and extends short distances into the Complex,
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VI: BUKOBAN SYSTEM.

With the exception of members of the Primitive System, the
Bukoban is the most extensively exposed System in Western Tanganyika,

It forms a broad continucus strip of country from Bukdba; on the shore
of Lake v;ctorié. (Stockley 1948a, pl3), to well south of Mpanda
(McConnell, 1950, pl5), a total disbance of over L50 miles, Thereafter
outliers occur intermittentiy %o as far south as Lake Nyasa (Stoc.ley
1948L, pl9) and into Nozthern Raodesia {Grernsey 1950, pl37), The
predorinant members of the System ave unfossiliferous, very poorly
metancrrhozed sedimen’sr, mestly sandistone and phyllitic shales,

Within the sediments is a horizca cf andesitic and amygdaloidal basal-
tic lava, at leazt 2,000 t'zet thick,

In Sovth-Westera Tanganyika the System is classified as the Ubende
and Uha Series which lies uncenrormably on the Primitive rocks and,
according to most authorities, is separated from them by a vast geolo-
gical time interwval, ¢

In the Xapalagulu vicinity the lower contact of the Bukoban System
strikes from Lake Tanganyika south-eastwards inland (plate 1), towards
Mpanda, The System covers a broad expanse to the north, A gemeral
characiteristic of the Syziem ies ity relatively undisturbed attitude
but, as foir exawple around Kapslagulu Mourtain it has suffered intense
local movement as a result of Rift Valley faulting,

Along its entiro longth the Kapalagulu Complex is capped by sub-
vertically inclinad 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 eastcrly 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 (é.g., T.S. No,

fig., ), is scarcely quartzitic,

This/oonoo
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This is accepted as convincing evidence of the contact being a sedi-
mentary cne,

Mapping seldom extended further than the top of the sandstone
ridge, but it was observed that a considerable thickness of purple to
pale lilac-coloured phiyllites and shales lie stratigraphically
above the sandstons, From a study of the aerial photographs it is
concluded that argillaceous sediments such as these completely occupy -
the broad synclinal valley horth of the ridge (plate i),

The age of the Bukoban 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 with the subject, to attempt any correlation,
but for the purpose of illustration a brief outline of scme recent data
is givon: -

in Tanganyika the general opinion is that the Bukoban is separated
from the Primitive and the Muwa-Ankolean Systems by a vast time-void
(Stockley 1950a, pl3)., Its almost undisturbed structural attitude
and the abgsnce of metamorphism certainiy suggest this, It is un-
fossilifercus and is considered pre--Karroo in age, In South-Western
Tanganj: ta 3ukoban and Karroo Systems are in 2lose proximity, but
lithologically they cen easily be differentiated, In all respects the
Bukoban System resembles the Waterberg System of Scuth Africa and is
in fact tentatively correlated with it,

The Bukoban System can be followed without a break into Northern
Rhodesia where, in the vicinity of the country's northern border it is
known as the Abercorn Sandstone (McConnell 1950, pl5), It forme pert
of the Rhodesian Flateau Series (Guernsey 1950). In Guernsey's table
of formations (pl28) the Series is classified as pre-Bwane Mkubwa Series,
but on his map it appecw: younger, From descriptions it & gathered

that field information is limited and is of a contradictory nature,

In-/aorofv
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n Tanganyika the Bukoban System rests with a sedimentary coniact
upon, and is congidered much younger than the Kate Porphycy (McConnell
1950 piL).  Tn Northern Rhodesia the same porphyry, but known as
Tuapula Porphrry is also covered by these sediments, It is reportced-
that volcanicity extended into Plateau times, and that the stratigraphi-
cal breek is therefore short (Guernsey 1950, pl37). Guernsey further-
more mentions a likelihood of the Plateau Scries bpeing older “han
Kundulungu Series (p156, pljﬁx which is also implied in the structure
north of Fort Rosebery. Herc the Plateau Seriss and the Porphyry to-
gether undergo folding which is almost isoclinal, whilst the Kundulungu
strata remain undisturbed, so forming an angular unconformity,

There is evidence that any time-bresk between the deposition of
the Kundulungu and the older Upper Bwena Mkubwa Series must necessarily
have Teen short (Guernsey pl35), If then, as implied, the Plateau
Series is pre-Kundulungu, it seems most unlikely that its great
thickness of sediments could have been deposited during this short
period, On the other hand, it sesms even more unlikely that the
Plateau Series is pre-Bwana Mkubwa, The accepted opinion is that the
fystems Bwana Mkubwa, Schisto-Dolomitique (Congo), Lumagundi (S.
Rhodesia), and Transvaal (S,Africa) are contemporaneous, The problem
remaining is to ascertain with greater certainty the relationship of the
Systems Kundulungu, Bukoban and Waterberg-Umkond> (S.A, - S.R.). 'The
present tendency is to call Bukoben post-Transvaal, and probably of

Waterberg age (inter alia Macgregor, 1945, plll),
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Alony the w»im of Nungwe Bay there are several almost perfectly
riet plaing which sometimes extend up to three miles inlénd. It is
readily otvicus that they are recent fillings of deprescions in an
clé laniscane of Basement System, The plain avpearirg on Plate I was
inspooterl on many occaslons, Unlerlying ie thiskly vegetated sur-

o

face is menotorously hemogorneous clay-2izh soil in which no evidens
of consolidation or bedding szists,

Along the plaids present shoreline the combined action of wind and
waves has built en embankment of dunes which impede <he drainage, As
a result marshes have formed and river mouths =2re periodically closed
by silting, In times of heavy rainfall, the overilowing of the rivers
which meander across the plain cause a still further submergence of lend;
a feature prefitably exploited in rics-growing by the local communiby,

The sediments can justifiably be termed lacustrine, but whether
the Lake once extended as far inland as Mgangamule Ridge, and whether
it is assoéiated with the deposition of the deep alluvium covering the
Tntrusion east of the Mugombazi River (plate 2), is conjectural on

present inrermation,

VIIT; PRTROGRAEEY OF 'WFF_INIRUZION.

Most of the zones in Kapalagulu Complex passcss certain characteris—
tic features which render them recognizable macrochPicaliy. Very
significant, but not macroscopically 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 essentinl features of the rocks forming the rones 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 tiie Intrusion, In/....o
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In addition, a series of mineral variation diagrams is included.

In classifying the rocks of the Complex, especially those con-
taining olivine, difficulty was experienced in arriving at a suitable
nomenclature, This is due to the variation caused by graditional
changes which are so common in mafic 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, pyroxzenites and other almost mono-
minerslic rocks presentsno difficulty, By universal definition they
simply contain less than 10% to 12% (volume) light minerals,

It is then light minerals (i.e, virtually felspar only) exbeed 123
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® Zone 1'% to 207 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, - olivire, o.p. -

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

Fels, > 307 and ol, < 3%%. Fels, F-3%% and ol,>3%.
ol.norite cee (o.p.) picro-norite ... (0.p.)

ol,hypersthene gab.(o.p.<c.p.) (bronzite picrite.(o,p., c.p.;

ol,.hyperite ... (o.p.>cC.D. Ehypersthene - or
ol,gabbro coe (c.p.) picrite cos C.Pe

The table above is consistent with the following universally

accepted classifications=-

Norite: o.,p. (and traces of c.p., permissible),
Hyperite : o,p. exceeds c,p.
Hypersthene gabbro: c,p. exceeds 0,p,

Gabbro: 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) Basal Zone,/.....
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(1) Basal Zone.

Into this zone fall all the occurrences in which olivine is the
predominant mineral, It is, as implied, situated at the base of the
Intrusion, and it is considered to have formed by gravitational accumu-
lation of olivine grains during the initial stages of the crystallizas
tion process of the Complex,

The olivine forms ¢losely compacted, somewhat rounded grains,
varying from lmm, to 3mm,, but usually 1,5%mn, to Zmm, in diameter,

The impression is that these grains were originally idiomorphic, were
partially 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
menner to chloritic ﬁmaterial. On relatively fresh grains the olivine
was determined as magnesium-rich; occasionally exceeding Fo9o and
probebly never being less than FO7O. The olivine is therefore ob-
viously the high temperature variety [ see F/'g 5),

Filling the interstices are the remaining minerals, which are ai-
most exclusively pycroxenes and felspar, Monoclinic and orthorhombic
pyroxenes are in greatly variable proportions, but together comprise a
fairly constant percentage, Owing to the extensive replacement of
the orthorhombic variety by the other, only limited relisww: can be
placed on their indicated relative proportions, Targe plates of
clino-pyroxene up to end exceeding lcm, are common, and poikilitically
enclose olivine and ortho-pyroxene, but nzver 1elgper, The intimate
relationship of olivine, ortho-pyroxene and clino-pyroxene is more
extensively discussed later, together with the mineral variations,

The orthorhombic pyroxene is also 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/vuss.

35Including serventine, antigorite, etc., (Winchell 1951, p381),
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Leep brown biotite is a scarce late product which is often associated
with the sulphide mineralization, Opaque oxides, presumably almost
exclusively magnetite, are present both in crystalline form and as
earthy alteration products associated with the olivine, and to a
lesser extcat, the pyroxenes,
The following conclusions regarding mineral concentrations in thé

Basalﬁhelanocratiq)Zone are drawn:-

Olivine: Usually 40%-80% (voi.), most commonly 60%-707,

" very occasionally ewxceeds 90% {peridotite)

Pyroxenes: Usually 10%-40%, most commonly 19%-2%L. Ratio
0.p.:c,p. varies radizally,

Felspar: Usually 10%-30%, most commonly 15-20%,

Mafic minerals together therefore commonly attain 80% 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 important diagnostic features are the over-
whelming abundance of olivine, and the interstitial nature of the fel-

spar, both being readily noticeable with the naked eyse,

(2) Intermediate Zone.

This zone follows upon the Basal Zone, The nature of the boun~
dary is not always clear, but for the most part appeacs transitiopnd
over a width varying from a few feet to, in rare instances, as much as
100 feet.

The zone encompasses ali the olivine-bearing rocks which contain
felspar which is not wholely interstitial. It differs in this manner
from the previous zone, and also in that the proportion of olivine is
considerably lower; with a complimentary increase in plagiociase,

As previously, the olivine grains are rounded and embayed, and
coronas of pyroxene are particularly common (fig. No, ). Alteration

to chloritic matter is less intense, but remains ubiquitous,

In/ooooc
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In these‘respects it is similar to that in the Basal Zcne, The
cnly noteworthy difference is that the olivine is generally slightly
ticher in iron, irdicating a lower temperature of crystallization,
The sodium content of the ovthopyroxene increases similarily,

It is in this zone that plagioclase first exhibits a tendency to-
wards euheldrism ., I erystaliized at least contemporsneously with
orthorvhombic pyroxene and in neny instonces, ss evidenced by a weekly

poikilitic relationship, even precedel it,

. . -

In 211 minverals. the degree of alueration is oo "dzeably reduced,
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but remains of a similar nature Lo thet in th

that shearing too, iz far more subdued is considered as evidence that

D)

the greater part of thc alteration ig largeiy the result of dyremic
metamorphism, most intense towards the bass of the intrusion,
Distinctive of this zone is the remerkable developemcnt of igreous
layering, It is imnediately evident that this is caused by alternatin
concentrations of Llight and daryk minerals, These bands vary in width
from a few millimederys to several feet, Liflecential weathering serves
to accentrvate this phenomernon end also causes exposed surfaces to btecoms

deeply pitted, Further details are given in a separate chapter devotsd

to ths origin of *he layering,

As with the Intermediate Zene, the naturs o the lower boundary
cruinot be ascerbained with certainty, The paucity of fresh cutcrops
prevented the ccllzction of satisfumicry laboratory specimens, The
matter remeins inconclusive, but £ield appearences favour a neryrow
transiticnal bels,

Ignoring a very small proportion of rocks which will be described
shortly, and whose differences ave ascribed to their clope proximity
to the contacts, the zone is remarkably unifcorm in appetisence, Even
typical specimens from both above and below the intervening anortho-
site band are indistinguishable,

The rocks have the typical textural features of a norite O evune
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hyperite., Plagioclase and pyroxene are the only minerals of quan’i-
tative importance and are in monotonously regular proportions(Figs 5,6)- To-
wards the base the amount of pyroxene sometimes increases slightly.
Widely separated vecvtical traverses may shew minor differsnces in
mineral propertics, but along the greater length of enr singls tra-
verse the constancy is readily obvious, Specimens from a traverse in
the vicinity of Mugombazi River contain on average of 607 felspar and
LO% pyroxene. The monoclinic variely of uyroxene is very subordinate
to almost absent,

Throughout the zone, the monoclinic pyroxencs messured fell within
the augite field (Winchell 1951, p408). In the lower horizons the
composition closely approaches that of diopside and becomes progressively
richer in iron towards the upper part of the Intrusion,

The minerals are of high crystallization temperature (e.g., En,
and An, 78%-80%) - somewhat higher than usual for typical hyperite,
norite cor gabbro, The term eucrite is sometimes given to rock-iypes
containing plagioclase with a composition approaching anorthite (Shand
1949, ph}é; Rice 1950). Thg?gggﬁrrences at Kapalagulu are also un-
usual in that the dominant pyroxene is orthorhombic rather than monc-
clinic,

Iying within the zone are several small, isolated occurrences of
rocks of anomalous coryusition and form,  They are particularily
prevaleni. just ubove the Anocthosite Band, There is, for example
a concentraticn of felspathic hypersthenite rubble immediately above
the anorthosite, approximately % mile southeast of Mvugombazi River,
Similar material also forms a lenticular outcrop about 1,200 feect in
the cpposite direction from the river, and there is another immediately
above the anorthosite on section-line ZF (plate 2),

fhe pyroxcne in these exwnples Iorms e.ongated, but otherwise
anhcdral grains, commonly 1.5mm., and ocecasionally as much as 4, 5mm, in
length,

I/eeee.
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In most of the srecimens collected, the long sxmes of the pyroxenes lie
roughly in a common plane, but rarely exhibit a directional teniency,
In some of the normal-looking specimens from immediately ecowve

the ancrthosite, monociinic pyroxene was found in umisually high con-
centrations, while the proportion of pyroxene to felspar remained vir-
tually unchanged, The fact that the specimens with abundant pyroxene
all lie approximately along the same stratigraphic horizon pamely iin-
mediately above the anorthosite, is of possible significance in determin-
in which it

ing the age of the anorthosite volative to thes Mein Zone

<

J

lies, .

Towzirds <he upper quarfer, or iess, ot' the exposed area of the
Intrusicn the relative proportions of the constituents commence a
gradual, but decisive change, The pyrcxene ratio (vol.% o,py;: total
vol.% py.) decreases rapidly and gabbro ensues, Quaxrtz makes an un-
cbtrusive entry and in soﬁe instances reaches as much as lg before
monoclinic pyroxene becomes the domirnant pyrorene, Initiall

guartz is visible oniy as a groncphyric intergrowth, accompanied by a

s 3 ./.J-. - AL i Mmoer L,- o."'xl.‘.L i PRROA S \,._ g g : .o S e pod 24 .
sympathetic decrease in concentrerron of pwuve felspar grains Howewsr,

[el)
-
I

for the most part, gelbbro free of quartz (except‘intimatély associated
with felspar), extends to the contact between the Intrusion and the
Bulzoban System,

Similarly, towards the upper contact of the Intrusicn, the concen--
tration of orthopyrorene decisases and eventually oniy clinopjroxene
iz present, The xatio Mg: P2 iu the orthopyroxene decrsases sympatheti-
cally and the last remnants of the mineral have a compsotion approaching
Engy.  The anorthite content of the plagioclase too, decreases form
approximate}y.An75 to near~pure albite, Extensive suasuritization in
these pavrts prevents accurate determinations, but the presence of
granophyric structures and resemblances of perthite suggest that the
plagioclasge present is sodium-rich, This is further substentisted by
rough neasurensnts of the maximws sxtinction angles cof albite twins

in the relatively fresh grains,

The/oteo.
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The tsxture in quartz-rich specimens is generally hypidiomorphic,
nwck of the cugite snd pure felspar shewing a tendency towards defiiite
crystal shapes, The remaining voiume is occupied by completely an-
hedral quartz and granophyric material. In these specimens the augite
has a rusty tint and is finely peppered by an sbundsnce of iron oxide.
Cleavages, cspecially the prismatic cnes, are strongly aceentuated by
fillings of this matter, "Herringbone" +{wing are also very comuon,
which is dis¥inct from the pyroxenes in the rest of the Intrusion, which
dc not exhibit twirning at all.

It is obvious from the bending snd unduleiory extinction of grairs
that there arc perte noar the upper contact which have been gubiected

to cousiderable strain and even chearing.

[

ies there are avnovmally hLigh ccn-

13,

)
Q
Q
W)

in scme of the upper ]
centrations of moganetite, Tre impression gained is that {the concentro.-
tions are paichy and of very limited extent. Tre magnectite forms sub--

hedral a3 well as intsrgtitial grains, The latter bezome otill more

2

irregular by corroding deeply into the carlier-formed minerals, es-

pecially augite. This, and the fact tha’ these concentrations arc
confined %o the upper known reaches of theg¥ntrusion suggest thet
at least parts of them are of late magmatic formation (Shand 1947,

Bateman 1942, 1951),

(1) Anorthosite,

Iying within the Main Zone is a poorly exposed horizon which is
best described as anorthosite. Microscopic investizations confirmed
the impression that this dull white rocik is highly altered, In al-
most all the thin sections examined, alteration of the primary con-
stituegts is virtually corplete, and in such cases identification is
tased largely on psendomorphous aund similar structures, {n the slopes
of Mt, Kapalagulu one unusually fresh specimen (fig./4 ).
was obtained, and considerable attention was devoted to determining
the composition of its felspar. By force of circumstance it is
assumed that their composition, namely4An85 is representative of the

zone,

It/uen,
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Tt is ncteworthy that this figure iz similar to that obtained for the
greater part of the Mein Zone,

Mcre then 90% of this section consists of closely packed subhe-
dral plagicclase grains which shew only very little sign of strain or
crushing, Alteration of thefelspar differs from that in most of the
Intrusion in that fine clearly defined patches and sub~parallel veinlets
of epidote are plentiful, Occasional mottling is caused by a minefal
of poikilitic form, but which is otherwise irrecognisably altered,

It is presumed to have been pyrozene, Thne alteration product is a
virtually isotropic varicty of chlorite (n 1.62), jdentified as Dia-

. g ~re T s A . 4 . Y
bantite (accordivg to Winciell's classification cf chlowites),

Sitvated sone 2,000 feet north-west of Mugeombazi River jg an ocounw
repce of ancrthosite, of which the pesulier shepe and location have al-
ready besi. desciibed (chapier V). it is fuzthermors unusuval in that

it is still ir a remarkably fresh state (fig. /5 ), In hand specimens
the black motiling is distinctive, as are signs of preferred oriente
tion or igneous lamination, The following are averages of a series of
volumetric analyses

Plagioclase €9,
Seussurite, epidote etc, 15.¢

K

g N

8. 67

S

Augite 1.80) ., -
I o U, J%
hloritic matter 12, 5%

Ore nna othexs 1.17

.
R R e
e

= s
100, 0%

The ferme of the ilndivideal felspars vary irvom completely ilazers
stisial te aimost euhedrel, Suphedral grains preaominate, Generally,
the betiar developeld the crystal shape, the lurger the grains,
many atvaining lsngins of over O, Jmm, Ls may be expected with such
a hign concentraticn of felspar, the grains are closely packed, leaving
very 1itllc interswsitial volume, wiiich is filled oitlher by the irreguhar
felspnar, or by augite in eaikilitic relationship.

14
[{ Py
LG/ o 6o e
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The anorthite content was calculated as 85% and cursory observa-

tions indicate little or no difference of optical properties bstwece:

3

the well~shaped =nd irrsguiar grains,
From one speeimen three thin sections were cut at right angles
to one another., They siew textural and volumetric diffccences, which
suggest the presence of flow structures, Polysynthstic albﬁte tvinning
is dlusufficiently common tc cneble & rapid detailed petrofebric anulysis,
Alteration of telspar is in the form of paichy saussurite ani

and N kS o~ D ~8 . P celt T - . [ T 2 e
minuve but easlily recogulisablie grains of cepidoubs o chiiorite snd fins

opague matber, probably magustite,

(5) Minersi Vuriation,

It is contended that the Kepalagulu Inirusion is a Complex formed
meirly as a resull of the grains crystallizing from the imegma end bteing
effectively separated and accumuiated by gravity; that is, fracticnal

crystellization. The mores obwvious stpncrting evideonce, such s
pudih < 3

T

zonirg and textural leatures, has slready Leen given, Furtherimore,

3

e [/ .~

the rattern of mineral varia’ion ir. Kapalagulu Is so convincing (figsz,

)

[}

5, 6 end 7), thet it cuite overshadows other possibilitiss,

“

In fig, 7 it is immediately noticed that, in progressing upwards
s ; , : _ - . , ~
from the lower contect o the Mincraliizel Zone, there is a steady de-
cline in the conceutration of oliviie, and a complimentary iucrease

in felepar contaaint. There Ls also an snalogous dccoreass in +tlie con-

centraticons cf fnrsterite, enstatite arld annstaite in ths olivine, or-

thorhomoic pyrozene and plagioclase respestivaly.

On reaching the mineralized zere both the propertions and the
compositions of the mirnerals aiter radically, AT the m1nera~s revert
to their high tsuperature varietics end, ét the top of tnis zone the

volume of olivine is particularily lerge, Thexealter the variaiion-

pattern is a wepetivion of that upwards from the 1 ower contach of the
Intrusion,

During fisldwork it was anticipated that the orebody developed by

the settling of sulphides con becoming immiscible (vide chapter TX),

¥The Mineralized Zone is The/.....
,the namg given to a definite

‘horizon within the Bagal Zone, and

along which sulphides are concentrated-
the ore-body,
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The difficulty was to acccunt for their noncentration at an slevoiion
econgiderably abore the floor of the Inbrusion, From the minexal

UL R I 2 U N £ . . . P s - . SR . AN -
variavicn ouhlined, Lt now appsars very likely that the svlphlides s¢

R L o g . . - s . - I
woh formed at an early stage In the erystallizaiion

hisuvory of the ITntrusicon, The formaticn of the olape could amonget
others, te asoribad B0 a larze influx of mazma, and s conassgusnt Sn.

srease in ovarall tomperature and a changs of compositicn oP bne wystenm,
Wibh the recosmoneement of Lrystellization thore was o repstitior of
the original process,
Thowgh not strictly appiicable, the foilowing rougn celoulabicn
is useful: Ficm a pure melt of oiivine, crystals cimilar to those of
O s} (o]

Kapalagulu weuld form over e rangze orf 1750 to 1600 = 180 C, in a
milticomponent syster the temperature renge is generally reduce:
It is obvious therefore that, under suitable conditions, a relacively

small temperature incrzase can lead to considerable minerel variabio:n,

In the Intermediate Zone the clivine ccntent decicaces repidiy to

mineral in the rest of the Intrusion, The gore represents thes sbags
whers the last of the olivine precipitated, leaving a magma much en-
riched ia salic ccomponsents,

As illusiratel in diagram 6, ths anorthite content of the fslspa

in the Invermcdicte Zone, unerpectealy, is iuigher than that in the

felepar or the Bagal Zone, It therefowre appoar che
felspar in the Basal Zcne was not the first felgpar to crysiuslilize,

The following is a possible explanation of this ancmaly: The felscar
from

in the Baszal Zone crystalliyg /Sdljc magaa trapped in a mosh of cllvx

crystals, Being in the Basal Zone, it mist necescarly have been tiap-

ped during the early stages of crystallization in the Complex, Tt

m.si therefore be more soda-rich then the felspar in the Intaamedisztie

Tore, es LS omwn he cleser in conposition to the potential [oleoper—

forming constituents of the original msgxa (i.e, the magwa pricr to

the removal of snorthite-rich crvstals by crysial fractionation),

In,/ncoal
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VARIATION OF MINEEAL PROPERTIES IN wAPALAGULU INTRUSION,

Figure 5

Traverse parallel to Mugombazi River,

Figure 6:

Traverse half a mile west of Kapalagulu Mountain,

Figure 7:

Basal Zone of the traverse featured in figure 6,
scale considerably enlarged,

Traverses approximately norral to the hasal
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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FIG, SA: __ OPTICAL PROPERTIES OF MINERALS APPEARING IN FIGURE 5

4
i

SECTION
NO,

e — A o T2 o P . T e M . TV 1 el . W KM BN

12700

12-650

12-60C

12-46C
M5
Ml
I

IM

ORTHOEYRONENE,

Na1,6R5, 2

- oy R :O’ .
NI'LQOB D, ZVK'IL s+ En

OLIVINE, PLAGIOCLASE,

Ny «1,683, 2v89°.c0%: To

8.

O .
N 1.700, 2v.,607 s Fu
1100, By i

N,1.559,
7 :

G C
63%06% Eny
A\ ) e

(of o

o4,

— P ——— e -

87.
N, =1,703, 2¢X86°—88°; Fogy
P Bgg, Ny=1.703, Z,04°-36% Fo
N1,57%, EVXBOO; Ang,
70%-71% Bgo,  Nyl.703, 2VX§3O*85O= Fo s ge  EL.5T3, 27x79o‘829= .

- ov 81°_87°.
Ny1.573, 2¥,81°-83": An

Ny1.570, ZV.847, ATb,Tw,An_, Roc.Tw.An_g: An..

" ~ 00_ o,
NyLo573, £7,82°-86%; Ang

4S Y

- C O
1 o — h ar b .
N1 572, LVX83 8% s Alb T ,An75 An76c

Abbreviations: >
=

Alb,Tw,
Roe,Tw,
C.Tw,

: Slightly exceeds figure following the sign,

: Slightly less than figure following the sign.
: Albite twins (follcwed by An-value),

: koc, Tourne twins (followed by An-value),

: Carlsbad twins (followed by An-value),



1Z0Z ‘euojeld Jo AjIsIaAlun ‘uoiewloul 0} sseooe uado Jjo poddns ul seoinies Aleiqi Jo Juswipedsq ayy Aq pesnibig

FIG, Gis CETICAYL PRCPERFTHS CF MINERALS APLEARING IN FIGS,&R7,

SIECTION

NO, ORTHOFYROXENE, OLIVINE, PLAGIOCIASE,

e o, . 6o mr 8q°. T 58 o 0_88°. A;

L-550  Ny1,680, 2V,8L°: Bng, oo Ny1.620, Z7,89": Fogy g5 Ny 1,558, 27,86°-88": An..
- ! [ T Om O.

1+ l“'so Ny’} 10.1653 ZIXB9 90 . AI]—70-720

. 0 0a0. -
4130 . NY<1.685, 2VX88 -837¢ Eagg a¢.

4390 Ny1.680, zvX86°: En

Ny1.685, 20, 84°-87% Fo N« 1,568, 2v..90°, A1b, Tw, Ang,: bnog

76-82, Y-
by 4 Ou
Ny1.568, 2V,88%: kn...

Ny1.669, 27,86%: To

84"86' 93.
4300 N.1,678, 27,82°% Engs Ny Lo6hie, N,1,670, 2V,88°: Fog;  Nyl.568, 27, 8,°-88°: An 5
o} . - e v 210, T o 90,
4~-50 NZ:L.682, 2vx89 (poor): Engs NYL,66O) 2"}(8‘* t Fooe gs Ny= 1,568, 2v, 87" Ang
: ~an® z . 0, . 20,

%-705  K,1.683, N,1.675, V50 Engs, so. N1,683, 27,897 Fog) gu N 1.572, 2V,857: Ange o0

T o . , paC. . - . A0,
L-706  N,1.686, 2,857 Eng, o N,1,686, 27,83": Fogy g4 Nyl,576, 2, 80" Ang,

Ly O 3 O [ []

4707 Ny1.571, 2V,82°-85°, C,Tw, Ang, gt An.

4-708  N,1,690, 2V, 65°: En,_ Ny1.572, 2V,83°, Roc, Tw, Angy: An




In the Intermediate Zons pisgioclase - BEEEEEEE@éEﬂ% exhibizs idio-

morphic tendenclies Tor the first time, end maay of ihe graing cbvicusly

even rreceded pvroxenc in crysbailization, rom the layewiry; it is
envisaged that thore were showers of .a-vich felgpar, orthorhoslic py-

roxene and olivine greins,

After the disappearance of oiivine the greater part o “he Intoc-
sion consists of granular hyperite, . Virtually the only wwo rdrersls
are plagioclase and pyroxcne, and they are remarkebly consient in cone-
positior and concentralion, though the ratic o.p,:c.p., i3 varieskle,

In the upper reacncs +here is a graduel change tc the lower somjeratursz
varievies of the minerals, and micropegmatite mekes its first apypeareonce,
The crtho-pyroxene content dwindles to nothing and in places, free
quarsz may de present along the upper boundary ci the Intrusion.

There is no readily cbvious ezplanation for the presence of the
ancrthogits band vithin the Main Zone, but it is significant tc rncote

thet patches of melanocrabtic hyperite, and even felspathic hypersthonite

D

were found immediastely sbove it, Lliso, the ancorthits contens ¢f iue
plegioclese does not differ materially from that of the surrowciny

hyperite~-norite,

(6) Determinative Methods,

Whenever possible, the vefractive ind*ces of the minerais were
determined, A Pederow universal stage was cxtensively u3ed, end provsd
especially useful, for example, in determining opf_u axial angles cf
ortho-pyroxene and olivine; twinning relationships in felspars;'and
relationships of intergrowths or reaction structuresz of olivine -
ortho-pyroxene - clino-pyroxene, Except whei'e otherwise stated identi-
ficaticns are based on the data supplied bty Winchell (1951), A point
counter of ths Glagoler type {(Chayes 19L49) was cmployed for ca

o

volumetri~ propowiions, and proved rrpid and admirably suit catle.
Briefly, as regards individual minersls, the following nethods

were tround most satisfactory: - :

Olivine: ~rarticular attention was paid to refractive indices,

beoausq/.....
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of their useful range, but alteration often limited accuracy., The
nature of the alteration is typical: Chloritic minerals and irea
oxides fill numerous wide fracture planes and cleavages end extend in-
wards so that usually only small cores of olivine remain in a large
grain consisting mostly of alteration products. Even when finely
powdered, it is difficult to find grains which are not coated by this
matter,

The optic axial angles of olivine form en alimcit rectilinear funce
tion over Loo(i.e. oW = 55 to 95°). An error of 1 in rwesvremen’ of
2V is therefore equivalent to en error of 2%/ in the ¥o-Fa content.

In cach specimen analysed, not less than five individual grains -yere
measured and checked, By applying their average values, togethszsr

with the refractive indices, the error is minimized to probably less

b

than X% either way, There are minor differences in the oplic propeérty

tables supplied by various authors so, for uniformity, the results figui-

ing in this work are based on the tables of Kennedy (1947).

Plagioclase: The factors contributing to error are similar o
those of olivine, but the error is rendered still greater by the amall
range in refractive indices and the poor diagnostic valuve of optic
axial angles, As checks, determinations were often also made on

twinning, using Dupare and Reinhard migration curves.

Pyroxene: Orthorhombic pyrossenes are relatively fresh 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, pL08), and generally closs to
its diopside boundary, Because of their poor condition, determinations,
even in a single thin section shewed fairly large divengehces in optical
properties, It can nevertheless be stated with assuransce that thers
is a definite variation from Ca-rich towards I'e-rich augite in progress-
ing upwards in the Intrusion. With regard to the compostion-relation-
ship of the orthorhombic and monoqlinic varieties, an extension of

their/.....
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Jein in a triangular Wo-En-Fs diagram seemed closer to the wollastonite
epex than to the Vo-g Enyg suggested by Hess (1941) as being most com-

mon in mafic magmas,

IX: THE SULPHIDE OIiv AND ITS GENI3LS.

Osually up “o tvo hwadrsd fect clove the lower contact of the
Baszl Zone there occurs a narrow conformable zcne in which sulphides
are in relatively high conscentration, It is readily evident that
virtually all the sulphide material is intersh®itial 1o the silicates
cf early formation, In this Ore Zone olivine commonly constitutss
5%, or mcre of ‘he silicates, and «~thorhembic pyroxene ebow: 108,

The remaining 390 is formed by felsapr, monoclinic pyroxenc and minor
amounts of biotite, which is a late reaction product,

Volumetrically, felspar and sulphide shew a distinct antipathetic
relationship, and it may be reliably stated that in the Ore Zoue zul .
phices occupy interspaces which vould otherwise have been occipied by
felspar,

Particular attentvion was paid to “he Mehaviovr >f these two minerals
with respsct to features such as replacement or magmetis corrosicrn when

in contact with one another, There is cervainly no eviderce of large-

w

scale hydrothermal action, Their relatiouship is morz vhat or ninsral
which, if minor deuteric actuion is ignored, crystallized in a staie of
equilibrium. In this zone there is cfficient packing of olivins graing
end tc a lesser cxltent orthorhombic wyroxene, so that the interstitial
volume is in the form of numerous 1ittle compartments which zve {1113
individually by either sulphide or felspar, bul rarely Dy uoun. in
the highly mineralized portions felspar is almoust absent, the other

-

cases necsive sulthicde

=
@

silicates are less closely packed, and in cxure

results,

BY/.....

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



- 48 -

By far the greater proportion of the sulphide consists of pyrrhotiie
and also verying 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 melanocratic Basal Zone, On some occasions half-inch to three-
inch pieces of drillcore consisted entirely of magnetite, but the mégneu
tite;rapparenfly favoured no particular 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 sulphide 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 the magma, Prior to
determining the variation of properties of the silicates, there was
one pa?ticular stumbling block in the interpretation, namely the Zoco-
tion of the ore-body some distance above the floor of the Intrusion.

The abrupt mineral variation (See pA?%) around this horizon is however
beyond coincidenca, It is possible that a iarge second influx of
magma took place, which completely interrupted and stopped furthsr
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 having settled along
the plane dividing the two generations of silicate crystals,

The theory of magmatic segregation was pioneered by Vogt around
the turn of the century, Suliphides are only very slightly soluble in
a magma and it is envisaged that through fractionation of early silicates
saturation in respect to sulphide is soon achieved. As a resuls,
minute globules form, could coalesce, sink and concentrate at the baze
of an Intrusion, Similar conditions are known to prevail in certain

industrial slags,

It/...e..
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It is conceivable that these droplets of high density could per-
meate through the silicate crystal mesh to form an interstitial liquid
near the base of the Intrusion, If in sufficient quantily, a sulphide
layer could form by displacing the more bugrart silicates, Should
dilferential pressure arise, the sulphide melt may wsli dewelcp an
intrusive attitude (Bateman 1942, 1947).

When sulphides reach the base of a crystal mech they naturally
digplace the already-present interstitial liquid. In the case of
Keapalagulu Complex this liquid is believed to have solidified beflora
the sulphides, and formed, amongst others, interstitial feispar anid
some of the monoclinic pyroxene,

The interstitial silicate liquid must necessarly have been trapped
ip the high-temperature silicate mesh at a very early stage in the
formation of the Complex, The liquid would therefore not be in pav-
fect equilibrium with the crystals forming the mesh, It is pictaesd
that, as cooling progressed, not only resorption, but, resulting from
the release of fugitive constituents, even hydrothermal or deuteric
alteration of the primary crystal differentiate could have taksn place,

Simjlarily, it is reasonable to assume that the ore would weleace

T

e
=2

fugitive constituents on solidifying and these too, would react w
the silicates, including felspar, The effect would includs suwall-

scale hydrothermal action such as sericitization of felspanr and the

formeticn of biotite,
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X: MECHANIEM OF INTRUSION AND DIFFERENTIATION,

It is unfortunate that the upper contact of Kapalagulu Intrusion
is a sedimentary one, as this phenomenon prevents an estimation cof the
original volume and composition of the body, It is quite p0531513
for instance, that a large quartz-bearing fraction wasz eroded away in
pre-Bukcoban times, It cannot even be estimated with certainty at
what depth, if any, the magma intruded. Members of the Basement System.
which are predominantly gneissic, are the only intruded rocks exposed
at present, Most of the features of Kapalagulu Complex (including
a distinctly lopolithic base) favour a magma chanmber deeply situst:d
in the Bascment Cystem,

Assuming this to be the case, it is pictured that there were at
least two injections of magma, As cooling proceeded after the firstv
injection, olivine commenced to crystallize and the grains were effec-
tively removed by gravity to form the olivine-rich Basal Zone,
Separating this zone from typical Basement System is?relatively

leucocratic zone of mixed basic types, namely the Contact Zone,

The following agencies are believed to have been instrumental in tas
formation of the Basal Contact Zone: chilling of magma, hybridization
and meobiligation, The zone may even have resulted partly from
granitization of the Basement System, Basic rocks constitute buffers
or "resisters" to granitizing emanations and consequently intensa
metasomatism takes place along their boundaries,

Ther< are two reasons for belic-ing th-t there was a second in-
jection of magma, namely the variation in composition and concen“iaticn
of minerals and the elevated position of the Ore Zone, The second
influx temporarily halted crystallization  (during which time much of
the existing crystal-mesh may have compacted and cven consolidated),
and then brought about a repetition of the initial process,

At a certain critical stage the depletion of silicate materisl
by crystal fractionation resulted in a saturation with respect %o =sul-

phides in the magma, These sulphides percolated downwards through
the/.....
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megh of mafic crystals and occupied wmich of the interstitial volume
vowerds the base of the crystal mesh formed by the second influx of
megma, The first interstitial mineral to crystallize was felspaxr,
followed some time later by the sulphides, The latter's relecsne  of
fugitive constituents caused cmzll-scale hydrothermal alteraticn of the
silicates,

It is reasonable to suppose that structural disturbances tock

L2
>

place before the complete consolicdation of the Intrusion, surge
of mzlanocratic crystal-mush into cavities formed in {he Basment {cobe
wall would explain the ancmalous structure in the vicini’y of cection-
lire EF, plate 2.

Cverlying the Basal Zone is a thick developement of an irtenscly

leyered Intermediate Zone, comprised chicefly of olivine hyperite,

It is believed to be the stage where the last of the cliwvine crystallized

bt

acconmpanied by showers of orthorhcmbic pyroxene and plagicclace crystals,
Mary of the olivine grains exhibit large reaction rims, wlich incicates
that imperfect chemicel equilibrium once existed, Trhe ovrthorhentic
pyroxene and plagioclase too, are partially rounded by resoiption,
Compared with the Baszl Zone, the crystal mesh of the Intermediate Zone
is far more open textured, the crystals being elmcst in suspension in a
mere viseous magma, with which they rescted ©o a small extent.

The majority of ths ortho~pyremens end felsper grains lie wiilh

their longest morphological axes in random direciicn, bubt pavelicl Lo

PO P h= —~ B T S - i B S N da ./1"‘ - 2 0. 1 R - 3
e bass of ths zone, FTrom this platy flow gimuctire 446 is dstucsed
+hat culostant conditions wera prevaloens
LAS VO S20NT CONCGLTLONS waela VO Culv,

ry AL, ’ EAPNE N - - .0 BT e C e A . N £ 2 T

Taz Muin Zone Tollows vpon the olivins-beesring rocks of the Intoi-

siocn, In distinction to the lower zones, it hos a relatively cranitic
texture, from which it is concluded that its major coasbiftusnitz, pyroxend

C

and felspar are of approximately contemporanecous crystallization,
It represents attainment of the stage where the eirking of crysteis

ceased to play an important role, and it is sigrificant bhasd <

constitutes the greatsr portion of the Complex,

Irl/anoco
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In its upper reaches there are small quartz-bearing paris, and in othow
parts there arc small occurrences rich in mafic minerals, If these
are ignored, the zcne is of remarkably uniform composition, It was
previously stated that it iz uncertain whether the present erxposure cf
the Intrusion represents a complets cross-section of the originel body,
If it does, then the composition of the quartz-bearing part is that of
the last remmants of the Intrusion to crystallize,

Situated apvroximately in the middle of the Main Zone is the

Anorthosite Band, 90% 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 of

anorthosite has received much attention in recent years and comprehen-
sive outlines are obtainable by referring to the textboéks of, amongst
others, Shand (1949, p282), Barth (1952, p226) and Turner (1951, p25é).

From this literature it is obvious that intrusive anorthosites
are rare occurrences, which form only under very special circumstences,
The anorthosite of Kapalagulu Complex has the form of a narrow
"conformable" layer which extends virtually throughout the lengih of
the Complex., In thin sections the felspar grains are obviously rcunded
euhedral grains which have suffered very little bending or crushing
These factors favour an origin in crystal fractionation rather ‘han
in separate Intrusion,

- If the Kapalagulu anorthosite is assumed to have form=d in situ
by crystal fractionation in a practically stagnant megma, thnea tho
following aspects must be considered:-

Tor crystals to have congregated, they must either have suniz o
risen in the magma, It secms doubtful that such a light layer ouild
have formed alcne by the sinking of crystals in a magme of relatively
high specific gravity, and morcover to a horizon approximatzly iu the
middle of the Main Zone rather than near the base of the Intrusina,
The fact that some smll accumulations of heavy minerals (e.g. in
felspathic hypersthenite), lie immediately ebove 1% rerders th2 tneory

still less tenable,

If/oooo-
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If ths crystels rose, then a reason must be sought for theiyr rre-
sent elevation, This could be ascribed to a rise of the early-fermzd
plagioclase crystals to an elevation where they reached densitv-equili--
brium, Crys“sals formed at lesser depths could similarily sink to
this level, t is questionable however whether the incrcase of den-
sity with depth is sufficient to cause such effective conceniration,

The =znorthosite layer, naturally, could not remein in chemical
eguilitrium with the magma for an indefinite period, This could ac-
count for both the large-scele resorption of crystals end the intence
alteraticn present in the anorthosite,

Tt is not intended to favour any cne theory to the exclusion cf
all others, = Importance, however, is attached to the fact that a drift
and accwmilatior of crystals in a siagnant magma as cutlined above,
fits best into the dirferentiation-pattern of the Intrusion. as -a viole,
Tt is +therefore considered rather unlilkely that the Anorthosite Band
intruded into the Main Zone,

Near ITralaba Steam is the only relatively largé dvke situateld
within the Complex, It is doleritic and contains grancphyric intew--
growths, It thereforc closely approximates the composition of <he
quertz~bearing fraction of the Main Zone, It does not seem impossibie
that tle Mein Zone may have been the source of the dyke-material,

Gwing to the paveily of outcrops howsver, s conciusive field evidence

Thare are several small dykes and sills of iapersistent length
and breadth, which are confined to the precincts of the Contact Zone,
Bazal Zone ernd ths lower horizons of the Intermediate Zone, The
following ihesories are cuggested for the origin of #uese snall

: (1)

Cn compacticn of the wesh of high {emperature minsral grains, scme

o

r3
(0]

cceurrence me Dasal Zone was Tormed by gravity-differesatialicn,

w

of the interstitisl liquid which was expelled found its way along cilw

nels, wiich now appear as gmell dykes and sills,

I:l/oe.ea
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In the Basal Zone, plagicclase is the ndneral with the lowest tempersa-
Ctuce of orystaliszation (always intorstitisl), and consequently the
intrusions are lgucocratic, In the Intermediate Zone pyroxene ard

plagicclase are of contemporaneous crystallization (2lso evident

tts

n
the texture), so that an expslled melt would be rich in both of these
minerals, The resulting dyke is therefore doleritic,

(2) Ancther possibility is that during the stage when saturated
magma overlaid the Basal Zone, cracks, such as caused by movement,

. o

were injected with this liquid, (3) These small occurrences may be

a consicderably later stage of Intrusion. () Scme of the small
Intrusions appear to extend from the Basal Zone into the Basal Contact
Zone, vherc they carmot be distinguished from tbe leucocratic contact

rocks, This feature is suggestive of hybridization, mobilizaticn and

eventually Intrusion near the basal contact of the Complex,
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ZT1: CRIGIN OF IAVERING,

(1) Bxisting hypotheses,

Hypotheéses based on crystal fractionation, for the origin of
primary banding ia basic plutonic rocks have periodically appeared in
technical journels sirce the turn of the century, Hess (1938, p26L)
sutmarizes the features of layering as follows:-

1) Thickness: From a fraction of an inch, two or three crystals
thick, to a number of feet, .

2) Length: Bands can rarely be traced along the strike for more than
a couple of hundred times their thiékness,

3)  Attitude: Approximately parallel to the floor of the intrusive,

k) Contacts: May be sharp or gradational; crystals interlock across

5) Relations between bands: They never crosg-cut each cther as dykes

thouch they commorily lens out along the sirike or may divide to form
two cr more individual bands,

&) Mineral variation across bands: The plagioclase and pyroxene majr.

tain the same composition across tiie whol. series, regardless of the
. . ®
proportions of the two constituents present’

7) Orientation of the grains: The plagioclases are generally tabular

and pyroxenes are more or less elongated parallel to their c-axes,
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, The elongéte graing {wit_
rare exceptions) show no linear orientation in the plane of bandirg,

2) Dereity gradations: A very common type of band is one which hes
sharp boundaries and grades from pyroxens-rich at the base to ancr-
thosite at the top, This feature, which may be compared to gradational

bedding in sediments, makes it possible to tell top from bobtom in Lany

banded outcrops,

Bands/,....
#The present viiter wishes to add that a vory
gradual variation in composition does exist in at
least some intrusives, The variation is generally
evident in variation-diagrams,
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ands which show little or no gradation are also commcn, and even a
few with reversed specific-gravity gradation can be found,

9) Hegularity of bends: Most btands are remerkebly straigh’ ard re-

gular, but cases of disturbances of bands preswmbly during a crysbel-

migh state moey occasicnally he found, These irregulari 3, though
unsommon, serve to throw some light cn conditions during the formetion

of bandingz,

Assuming the specific gravity of the magma to bekslighﬁly less
than that of the crystals forming from it, Coates (1936, $407) enviséges
the following: If two sorts of crystals are forﬁing, both will settle
towards the bottom, and under suitable conditions the sinking of the

3

heavier ones will tend to displace the adjacent fluid vpwards, Because

of the viscosity of the liquid and the slow rate of settling o the ligh-
ter crystals, they are displaced upward and a layer richer in this cone
stituent is formed, There is thus a partial scparotion of the light and
heavy rinerals, Waen the lighter layver becouss sufticilently thick i1 ie
bie to support the neriy formed dark crystals and a repetition of zhe
process takss place,

In cxperiments, a layering effect was cbiained from a seittling of
labradorite and hedenbergite in a mixture of bromoform and alcohol,
Although doubtless possible, it is debatable whether large-scale ig-
necus banding is commonly formed in this manner, Factors whiczh arec
not taken into account in such experimsnts are viscosity ard the ract
that in magmas the grains crystallize from a melt with which they have
to rsmain in equilibrium

Hess (op. cit,) offers a solution which depends upon magma-chaiber
conditions similar to those of Coates, but in which the state of
guiescence is periodically disturbed by short epochs of mild and irre-
gular turbulence, These are believed to be sufficient to tempcrarily
delay sinking of the lighter crystals,

J.3,. van Z3i (1950, p72) independently evolved a mechauism similam
in several respects to those of Coates and Hess, but he assumes the

magme. to have =z specific gravity between 'lose of the crysvallizin

]

minerals
. The/

) es00e
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The lighter minerals would therefore tend to rise in the megma, He
states: "If the magma is relatively viscous, the crystals numerous and ° .
the rate of movement slow, it moy be visuelized that the crystals would
mtually interfere with each other in the process of moving up and down
respectively, In this marner planes of relative stagnancy may arise
through mutual interference, forming a netwerk of crystals, pertly
impanetrable to crystals moving veriically, A% this stage thers is a very

delicate balance which may be eacily disturbed by magma flow, However,

)

o
o

b3

1ic constituents continuing to accumulate from bslow and femics being
continvously added from sbove would serve to stabilize such a zone and

£ .
{

would form a dark band above and a light one below the initiasl zone cf
relative impermesbility, Then between any two such stabilized zones
the process may be repeated.......®

Laly (1933, p35h) states that a slow basining of ths floor of the
chamber is a possible cause of rythmic layering, The basining would -~ .
have the effect of oscillating the magma~temperature, resulting in
successive showers of crystals,

In the case of Skaergaard, Wager and Deer (1939, pp 39, 120, 125,172,
etc. ) ascribe the near-perfect banding of its Layered Series to the
presence of currents (primerily of convection), and rylhmic variation

-

LS

[ ad

in their velocity, Strong stresmz would meintain the light crysta n
suspension, wherafter any reduction of flow would lead to a shower very
rich in these minerals, The conditions which prevailed are therefore
different to those envisaged in such intrusions as Stillwater, Palisadss,
Insizwa, Garbh Eilean in the Shiant Isles, or Kapalagulu, where stagaant
magmas are postulated,

Schwellnus (1939) very briefly draws attention to the close simi-
larity between banding in basic plutons (including the repetitiocn of
chromitite seams in the Bushveld Complex), and the effecis of the
. Leisegang phenomenon, His work is unpublished and to the kncwledge
of the present writer, a possible association of the “wo phenomena hes
not been entertained elsewhere, On its phsical-chemical aspects Van
Hook (1944, p513) states: "The general conclusion of the prodigious
amount of work following Liesegang's original anrouncement is that the

phenomenon is not speéific, but scems to be general for any/o...,
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deposition of matter under constrained conditions.“ "Almost all
precipitate reactions, crystals formed from melts or solvents (McMasters
1935), and solids settling from suspension (Ungerer 1921, Menderhall
1923, Mason 1923), are liable to periodic development, giving rise to,

amongst other things, banded structures,

V2P _ ~a g .
(2) Metastabie Conditions,

.

For the origin of banded structures in intrusives, it is intended
shortly to submit a hypothesis which depends on metastable conditions
vravailing during crystallization of a magma,

The temoerature at which the solfd phase of a substance changes
to a liguid phase should be the came as that for the converse process,
In practice however, this is seldom the case, It is more general for
a melt to cnol to telow the temperature at which crystallization should
cormence, before the particular component actually does start crystalli-
zing, The theory of this phenomenon of super-ocooling in substances
which do not form sn isomorphous (continuous) series has regeived
considerable attention, and is comprehensively described by, amongst
others, Eitel (1952, p559), Glasstone (1948, p747), and Wahlstrom
(1950, p187) . To the knowledge of the prssent writer, very little
data pertaining to super-~cooling in isomorphouz systems is available,

An attempt will now be made to follow a possible course of events
Qurirg super-cooling cf an isomorphous mixture. It is very likely
that several factors, not necessarily favourable towards the hypothesis
either, have been overlooked, If only serious consideration is given
to the matter, even if it amounts to disproving its possibility, then
it will 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—cooling
continues to temperature T1 say, whereafter there 1s an almost sponte-
neous reversion towards equilibrium, which is attained at Tp, The
cecmposition of the first crystal to form is presumably Ci, As ibe
formation of srystals following super-cooling is an almost spcentanecus

process/ oo
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Supercoolmg m a b[nary tsomorphous system.
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it is very rulikely that any resorption of crystals will teke place,
It is pictured rather, imt retrogressively zoned crystals form, witk

cores of conpcsition ¢

42

0. surfacss of composition Co,
It is exfremely difficuliti to picture the effect of super=cooling

in a mogma in which several isomorphous minerals crystallize similtas

nesusly, In the Intérmcdiate Zone of Kapalagulu Complex, for example,

there is evidence that plagioclase, pyrorene =nd olvine are of zimil-
taneous. = arystallizavion, Imporcance also, is attached to the fact

that in all Jayered igueous rocks, the aiternation in concentration

?

2 n

cf minerals of isomcrplous series is respongible for the layering effsct.

Such features lzad the viiter to woader if super-cooling of one isomoxe
pnous series and the conesequent fluctuation of temperature (Tl to Ty
in rig, 8) could not disturb, and even halt, the crystallization’of
another isomorphous series in the magma, Super=-cooling in the second
series, in turn, could interfere with the crystallization —.process of
the séries which originally undsrwent super-cooling, In this manner
super=cooiing, alternaticiy in one and then in the other, could have
numerous repetitionz, The effect of layering would result from altere
rating showers of the individusl minerals,

The variation of temperature during super-cooling (To-T1) in
figure 8, has been made large for convenience of &éscription. In
a magma the difference would probably be very small, Furthermore i
is unlikely that the temperatiure T2 will again be reached in a complex
magma, az the hoat generated by the comparitively small system AB would
be largely abscrbed by the magma as a whole, Inztead of crystals vary-
ing in composition from € to Cp, a relatively large volume of crystals
of a composition approximating to ClL will be formed in an extremely
short space of time,

Another factor to be teken into consideration is that after one of
these sudden surées of crystallization, the free ions which combine te

form the mineral AyBy are widely dispersed in a magma which is rich in

other ions.

If/oooaa
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If the diffusion of the ions through the magms is greatly retarded

(by their reletively low concentration, by the viscosity of the negma,

.

58S, ), the rnumber or crystal ¥ancleil® will bs low, and further oy~

stallizmation will also be retardeld, so that super-cooling may again

e

intervena, The Liszegeug effect is often obtainsd under similar

circunitances In chnomical itel 1952, pLEO),

3
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I the tending in intiusives owes its origin to super-cooling

as so far outlined, then the following possibilities ney be entertained:~

L) Super-cooling commencss in the magme at a temperature where the

iy

B -

first urysials would normally form, In kapelagulu Complex the 3asal
Zone conlains =g iruch as 0% olivine, Tne remaining minerals are
intarstitial in nature ard obviously erystallized in situ at a much
lower temperaturs than the olivine, Intermittent showers of olivine

-

grains oniy, will not lead to a noticoable banding effect, it is
likely then, that the mecharniem leading to banding is more common then
was originally suspected, but that banding is only noticeszble wanen
eccentuated by elternations of lignt and dark mimerais.

) Super-cooling may intervens alfter a large number of crystals
have already feormed, To iritiate super-cocling it woulld be nezessary
for the magmo 1o be frec of crystals, Thie is possible through an

consequent rise in temperazture ¢’ the

for]
[3:]

additional irtlux of magma e
rain body of the intrusive,

BPanding in the Kapalagwiu Intrusive is develcped to Dearwpurfeu5101

in the Intermediate Zone, I+ is in this zone that minerals other than

olivinz exhibit idicmorphic tendencies,  In ctrer WOfd;’ at this stage
in the cooling of the Intrusicn, these winerals crystallimed in a manne®
erelogous to that of olivine, and were olso able to sink towards the
bass ﬁf the Intrusicn, The major minerals of the Zone are plagiaclasq
crtherhonmbic pyroxene and olivine, The 1ight bands consis®t almost
exclusively of felspar, and the dark ones, of pyroxene and clivine,

The specific gravity of the felspar iz 2,74 (in conformity * with its

3 2.

optical properties)g wharaas those of olivine and pyroxene are in the
vicinity of 3.4

*Ihe/ co
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The minerals concentrated by gravity-fractionation are therefore 207

heavier in the dark bands, than in the light ones,

(3) Aonlication of Hypotheses to Kapalagulu Intrusive,

—

ot

If the specific gravity of the magma in the Intrusive was lcwer
than that of felspar (ca, 2.74), then hypotheses of Hess, Coates, Schwell-

nus and the present writer may be considered, It is regquired that the

crystals sank in the magme, but the varicus authors differ in opinion
regarding the mechanism responsible for the rythmic arrangement of the

felspars and the mafic minersls,

-
-8

z) If tae speciiic gravity or the magma was greater than that of
the felspar, then the conditions existing were suitabld for the process
suggested by J.3. van Zyl, The formation of 3northosite at a high ele-
vation can also Tte visualized if such conditions prevailed, The hypo-
thesis of the present writer is also applicable in that felspar crysials
formed near the base of the magma body, may have been prevented from
rising by successive showersof mefic crystals, whilst those which were
freely suspended were ether rsscrbed, or drifted upwards,

Unfortunately, no estimate of the specific gravity of the parent
magma of Kepalaguiu Intrusive can be made, The original provortion

of the quartz-bearing rocks is conjectural, as the present upper contact

of the Intrusion is of sedimentary origin,

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



- 62 -

¥IT: TECTONICS GF THE AREA.

The zoning of the Intrusive is believed to beadirect result of
gravity=-accumulations of minerals of early fcecrmation. It is therefore
obvious that the whole Intrusive was subsequently tilted through approxi-
mately 90°, Both the Bascment and Bukoban Systems of the area studied
are similarily displaced.

Except for the tilt, the North-western Sector of the Intrusive is
relatively undisturbed. North of Mugombazi River evidence of minor dip-
fatitirg was found., The exposures are poor and their exact nature could
not be determined,

L borehole alongside the Mguje Stream brought to light normal strike
faulting with the downthrow on the south-wastern side (plate 2,) Scant
evidence of similar faulting was traced by driliing cperations for some
2,000 feet further southwards. Likewise, in the area traversed by
section-line AB, distinet thrust faulting was recvesled, as is illustrate
in the section. These faults are all tentatively ascribed to a single
fault-zone of the siissors - type, with its fulerum between 1,000 and
3,000 feel north of the section-line,

The precence of thrust faulting is also evidenced by: (1) the
narrowness of the Basal Zone, (2) the juxiesposition of the Basal Zone
and the Main 7Zone, and (3) information gained from boreholes close
to Ibalaba Stream.

Both the tilting of the Intrusive and the thrust faulting mentioned,
indicate compressional, rather than tensional forces ha.ing played the
major structurzl rcle in the aren maoped. It is difficult however to
reconcile this with the regional structure-~pattern of Western Tangamnyika,
McComellts maps (1950) indicate several normal (tension) faults of great
magnitude. At least one of these faults skims narrowly past the south-
eastern side of the Intrusion (plate 1.). ’

In the aerial photograpnns the geographical features suggest é pessi
ble connection between the fauli at the foot of Kekungu Mountain and the
disturbance around Tbalaba Stream. The writer will pressntly indicate
that the Kakungu Fault may possess the elements of a tear fault, and
that its M"upthrow" (eastern) portion was not only moved vertically, but

also northwards by lateral pressure.

A/:.nrloa
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A structural interpretation of the Ibaleba Area is given in a series
of block diagrams, Figure 12 illustrates in a simple manner the effect
of “ransverse movermant, In this particuler instance the vertical com-
porent is of no consequence, as the stratification of the Intrusion Is
elso vertical, The alrealdy-mentioned scissors fault is also shewn.

Figuresl’ A to D are of the Ibalaba area, which covers the most
faulted vortion of the Intrusions

A) The strata are in the initial stages of latersl folding as
a result of pressure from the south,
B) The Besal Zone is extremely distorted, but is mot entirely

dislccated, Serpentinized oiivine-rich rocks are gensrally p 1iable

and woveover there is mich chearing parallel to the stiike of tne plancs
of igneous Laminatiocn, The movement may be likensd to the benﬁing of

a peok of playing cards, The BRukchan sandstore azd the remaining zones
of the Tatrusion are relatively brittle and, instead of berndirg, have
favlted by tearing laterally (feult 1), The plene cucﬁlng across ‘ha
hlock and represented by broken lipes is the incipient thrust fault,

C) TFaults 1 and 2 are in advance stsges of development, ani
faults 3 and 4 have formed prici to waning of the pressure, Around the
latter two fualis the Basal Zone is completely cver-folded,

D) Tis diagram is the same as the previous one, except that
the surface is plened down %o a ccmmon level to illustrate approzimately
the present exposures of the vairicus formations,

Tt is significant to note from the conlours in plate 2, that tn

()

Norih-sastern Seotor is considerably more elevated than the North-western
Sector, despite the ravagss of erosion, The Norih-westorn Sector liss

on the downthrown side of Rakungu FPeulth,
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