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GEOLOGICAL SURVEY AND MUSEUNX,
Bxhibition Road,
South Kensington,

London, S.W. 7.
February, 1951,

Dear Thompson,

I submit herewith a brief report by Mr. Campbell on the oécun;ence of
uranium at Kllembe mine, Uganda, based on a recent visit to this property.

Wo received some samples from Kilembe in October, 1949, which assayed
frem 0.05 to 0.23 per cent U308 and which, gince Kilembe is potentially
a large-tonnage copper-cobelt mine, led us to hope that there might be
important possibilities of acquiring by-product uranium from this source.
It was later found that the uraniferous mineral submitted to us was derived
from ore-shoots of unique minerelogy and insignificent size, the
potentielities of the property for uranium production apperently being
non-existent,

Campbell's inspeotion has confirmed this last conclusien. The uranium-
bearing pockets are quite minute, and a radiometric examination of the mine
workings and mine waters has shown that no recoverable uranium is present,
General interest in the possibilities of radicactive ore being found in
this general region should not, however, be allowed to drop, since the
copper-cobalt mineralization is one in which locally workable developments of
uranium may yet be found.

Yours sincerely,

C.P. Davidson
Chief Geologist,
Atomic Energy Division.

R.A. Thompson, Esq.,
Atomic- Bnergy Secretariat,
Ministry of Supply,

Lth Floor, Shell Mex House,
Strand, %.C.2.

Distribution: 1. R.A. Thompson, Bsq.,
2. G.S.M, Files
3-6. Through P.J. Eaton, Bsq.,
7. Dr. K.A. Davies (G.S. of Uganda)
8. C.B. Campbell, Esq., (field)
pu 9. Dr. P. Dixey
10. Colenial Office
11-12, G.S.M. files
D pate SofN
Ps SEC Lor e Bouice
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SUMMARY

Kilembe mine is situated on the lower eastern slopes of Mt. Ruwenzori,
which forms the borderland between Ugande and the Belgian Congo. The
property is in a fairly advanced stage of development, the enterprise being
capitalized jointly by Probisher Ltd. and Rio Tinto Ltd.

The ore-bodies oceupy thin-banded, usually crushed, horigons in a series
of folded fine-grained metamorphic rocks (granulites and amphibolites),
probably of Pre-Cambrian age. Mineralisation is believed to be related to
a prolific series of alaskite dykes which intrude the granulites, usually
along their banding. Bxtensive faulting, as well as the emplacement of
basic dykes, has taken place following mineralizetion,

The oresbodies have been developed by means of a number of adits at
verious levels, running into the hillsides on both flenks of a valley.
So far over 11,000 feet of underground development hes teken place, as well as
" over 40,000 feet of diemond drilling, -

The ores contain about 2% copper and 0,185 cobalt, as well as a little
gold, silver and nickel. The occurrences of uranium so far found have been
confined to one or two very locel patches, usually in the form of torbernite
(copper uranium phosphate), lining cracks either as small individual crystals
or, in association with other copper minerals, as narrow fissure fillings.
Radiometric examinetion of these uraniferous cancentrations shows that
radioactivity diminishes very markedly over a small distance, both
horizontally and vertiocally. Elsewhere, the baokground readings underground
are generally extremely low and tests of mine adit drainage water and diamond
drill cores have so far yielded no encouraging results vhatever.

On present evidence this uranium occurrence is regarded as of academic
interest only, It is recommended that, as development continues, further
routine rediometric tests should be made from time to time, covering both
new extensions of the workings and new sections of drill core.

ACKNOYLEDGEMENTS

The writer is indebited to the management of Kilembe mine for access to
those records, plans and reports whioh are relevant to this investigation
and from which the following account has been freely borrowed. In eddition,
thanks are due to Dr. Rex Davies and Messrs. Bruce Gordon and ¥. Matheson,
of the Compeny's geological staff, for stimulst.ng discussions of their
structursl problems and for facilitating the writer's inspection of the
underground workings, )

INTRODUCTION

The exeminction of Kilembe copper-cobelt mine fram the aspect of its
potentielity as a producer of uranium ore ves stimulcted by the discovery,
using a G.M. Counter, of certain redicactive anomalies in some of the
underground workings. Specimens of ore and rock fregments giving high
radiometrio readings were submitted by the Geological Survey of Uganda to
the Atomic Energy Division, GCeological Survey and Museum, in October, 1949,
for assaying and minerslogicel examinztion, e

In the absence of sufficient background data cohcerning these field
occurrences, the initial specimen assay results (0.05-0.23% equ. U308) seemed
encouraging, especielly in the light of lnown associations of urenium with copper
and cobalt minerals in other parts of the world, The writer was therefore
deputed to investigete the occurrence of urenium-becring minerals in this

property, during the course of e visit to Ugende to evaluste other known
radiocaotive occurrences.
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LOCATION

Kilembe mine is situeted in Tore distriet of Western Uganda on the
eastern slopes of Mt. Ruwenszori. Fort Portal, the administrative ocentre of
Toro distriot and nearest town, lies sbout 57 miles to the N.E. Kampala,
the capital eand railhead, is 203 miles by road to the east of Fort Portal.

The mine is conneoted by road to the main highway from Fort Portal to
Mbarara, A projected extension of the railway line westward from Kampala
to the vieinity of Kilembe has been approved and this will greatly facilitate
transport of goods to and fram the coast.

TOPOGRAPHY, VEGETATION, ETC,

The eastern slopes of the Ruwenzori range are cut up into a series of
narrow ridges separated by deep V-shaped valleys, the sides of which slope
at about 30°, Flat arcas, are practically non-existent except for a few
relatively narrow banks bordering the lorger streams,

The elevation of the camp site at Kilembe is 4,500 feet, whilat the
-ore-bodies extend up to elevations of nearly 5,500 feet. The crests of the
adjacent ridges are even higher, rising to 7,000 feet. .

A denge growth of elephant grass covers the hillsides round the mine
workings, forming an almost impenetrable barrterto progress on foot except
along the mmerous native paths which hzave been cut through it. It has been
found however that this type of vegetztion does not grow where the
cupriferous gossan outcrops; in such places it is sometimes replaced by a
comparatively short grass of diffeerent type.

HISTORY

The Kilembe copper deposits were discovered about 1927 by Tangenyika
Concession Ltd. (T.C.L.), within a concession covering an area of epproximetely
250 square miles. Following the conclusion of prospecting, T.C.L. reduced
their original holding to an area of about 3,5 square miles which contained
all the known copper deposits of the regian. Thig smaller area is
identical with that now held by the present ovners under their exclusive
prospecting licence ('E.P.L.*),

T.C.L., carried out entensive development of the property between the
discovery date and 1933, During this period about 10,000 feet of trenches
were dug and about 9,000 feet of underground work was accomplished,

Between 1933 and 1536, most of the concession area was mapped topographically,
a geophysical survey made, diamond drill holes were bared, and the underground
workings were resampled.

Subsequedtly, in 1937 or 1938, Tanganyika Concessions -1id not continue
with their development of the deposits and, in consequence, they forfeited
their B,P,L. This discontinuance of exploration was due to a number of
adverse conditions, including transport difficultiee and the low price of
copper at that period. The property thereupon reverted to tne Government
and the Commissioner of Mines closed the erea to prospecting. This state
of affairs continued until lst Pebruary, 1947, when the present B.P.L. was
granted to Frobisher Explorztion Co.

During the last three years, the new company has reopened all the main
T.C.L. adits and most of the underground workings, although many are still
inaccessible due to caving, Surface trenches have been clezned out, new
ones have been dug and several new adits heve been driven. Re-mepping and
re-sempling hes been done, both at surface end underground, and roads and

buildings have been constructed. dro-eleotric power possibiliti
have been studied, By P Po es elso

/The results
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The results of this new phase of prospecting activities have been
plotted and are being interpreted by a very oocmpetent resident staff of four
geologists. A short while ago, a Ratemeter 101l was loaned to the oampany
for routine investigation of redicactive occurrences. Periodic visits to
the property hawealso been made by Messrs. Johnson and Gerrard of the
Gaological Survey of Uganda for this and other inspection purposes,

GEOLOGY

(a) General

The prinoipal rocks in the vicinity of the Kilembe ore deposits are, in
order of age =

() Granulites and amphibolites.
(ii) Alaskite and pegmatite dykes.
(ii1)Basic dvkes (diabase, etec.).

The oldest rocks (i) comprise the greater part of the rocks in the
neighbourhod of the mine and they are considered to be Pre-Cambrian in age.

The granulites which are the host rocks of the principal ore-bodies are
fine- to medium-grained metamorphic rocks, believed to be dominantly of
sedimentary origin, Called amphibole-biotite-hornfels by A.D. Combe (who
mapped the area, including the workings, in 1936), they vary considerably in
composition but consist essentizlly of quarts, felspar, sericite, biotite,
and amphibole,in vorying proportions, They vary from messive to well-
banded in structure, the banding strongly suggesting original bedding.

In pleces they are schistose, Nearly all the ore-bodies occur in and along
thinly banded horizons in the granulite.

While no positive markers have been recognized in the granulite series,
the banding and general characteristics of the host rocks are so similar
that it is suspected that all the ore-bodies occur within the same
stratigraphic horizon and may thus be segments of a single bedded depos:.t.
The areal distribution of the deposits in relation to recogm.zed folded
structures i3 also compatible with this hypothesis.

The amphibolites are somewhat different in charecter to the granulites.
Also banded, they are composed essentially of amphiboles, tremolite,
biotite ,and plagloclase felsper, and gometimes a little quertz. Some
exposures suggest a tuffaceous origin,

Both granulites and emphibolites are cut by prolific alaskite dykes
which ere of'ten pegm-titic. They are composed of coarse, uneven-grained
aggregetes of quertz end alkali felspers. Biotite, tourmaline, garmet,
microcline,and chalcopyrite,sometimes occur as accessory minerals.

In places usuelly neer their mergins, they contein sufficient chalcopyrite

to constitute ‘ore. Most commonly the alaskites follow the bending of the
granulites but sometimes they cut across it. They are, in every case,
closely mssocisted with the known ore-bodies and often form one, or sometimes
both walls, - - In-size and-habit they range from.-very-small lenses to.large
continuous dykes, heving lengths of up to 700 feet end widths up to 60 feet,
Bven lerger dykes probably occur.

The alaskites appear to have been emplaced in a highly squeous condition
and have not appreciably disturbed the invaded rocks. In many cases,
contacts fade imperceptibly from alaskite into granulite. They are regerded

as pre-mincralization in age but are probably genetically relsted to the
mineralization.

/Three
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Three late post-mineralisaticn besic dykes hcve been recognized.
Locally called diesbese, they cut 2cross ell the cbove form:tions and the cre-
bodies. They range in width fram e few feet to perhcps as much as 200 feet.

(b) Structure

The granulites end amphibolites h~ve been subjected to mejor folding
along N.E.=S.¥, trending cxes. Cross folding snd secondary drag folding
is also suggested. Several enticlinal cnd synclinel axes haove been
recognized but their mutual relationship is still being determined in the
light of eccumulating borehole d~ta end struotural mapping.

Peulting has been observed in a number of the underground workings.
The trend of movement is north-easterly, meking a small angle with the
strike direetion of the country rocks. A1l the faults dip nearly verticelly
and, of the three in the northern pert of the deposits, two displece the
ore-body. These faults are undoubtedly of post-mincralization age but
whether movement continued along them after the intrusion of the diebese dykes,
is not known. Where the feults cross the rocks bounding the ore-bodies
much crushing and gouge is developed over widtha of 10 to 20 feet or even
more, but in the more competent ore zone the frults are tighter and
oontract to widths of from 2 to 4 feet.

Strong shearing and crushing occurs in all the ore-bodiegs that occupy
thinly bedded granulite horiszons. This shearing is not to be confused with
the faulting described above, It is esséntially pre-mineralin age and
the affacted zones are commonly impregnated by heavy sulphide mineralization.
Often, where this shearing has been particularly intense, replacement by
sulphides is almost complete. It is suggzested that the crushing occurred
contemporaneously with regional folding and it selected the thin-bedded
granulite horizon because of its relative incompetence es compared with the
more massive beds which surrounded it. This crushing ond shearing is

. regarded as having been an extremely important foctor in providing channel-
ways for the access of minerclizing solutions,

MINEFERALIZATTION

(a) Copper and Cobalt

At surface, the ore-bodies are merked by gossen float or by outcrops
of isolated oceurrence, since a very large proportion of the area is covered
by overburden, sometimes to a decpth of 20 feet or more. Oxidation is most
verieble in depth but does not eppecer to extend to levels more than 125 to
200 feet below outcrop, although malachite (the dominant oxidized mincral),
chrysocolla and other oxidized copper minerels occur sporedically in chennels
open to percolating waters., Outcrops of the ore-bodies vary from masses
of red or yello: ochre to granulites containing disseminated or messive
aggregates of melechite.

Mineralization in the sulphide zone consists essentially of
chalcopyrite, pyrite and, subordinately, the cobalt mineral, linnaeite.
The sulphides occur within the granulite horizon as massive impregnatioms,
lenses, veins, stringers,and disseminstions. - = Aleng zones of heavy
crushing, impregnation and replacement by sulphides is often nearly complete,
resulting in the development of massive sulphide ores, ranging in width
from 5 to more than 30 feet. The intensity of mineralization decreeses
as crushing and shattering diminish, so thzt outwerd fram the main crush
zone it is ocommon to pass through first, a zone contzining lenses snd scams
of sulphides, and then into uncrushed bonded gronulites in which the
sulphides ere more evenly dissemincted.

No well-defined zone of secondary enrichment has been rzcognized in any
of the Kilembe ore-bodies. Chalcocite occurs, but it is not abundant in
the oxidized and pertially oxidized horizons. On the levels where pre-
dominant sulphide ore occurs, the dominant copper mineral is chaloopyrite,
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Chaleocite and native oepper have been recognized on some of these levels
but only in very small amcunts and in isolated occurrences.

So far four, and possibly five, major ore occurrences heve been
discovered and partially developed at Kilembe, all within a radius of half a
mile, These are referred to as the Northern, Stream, Southern,and
Eastern deposits. The orebodies have been developed by means of 14 edits
as well as minor prospecting trenches. The drives extend intermittently
over about 3,400 feet along the directien of strike and, in them, underground
chambers have been eonstructed for diamond drilling. In the vertical
direction, the orebodies have been developed underground over a range of
600 feet on both sides of the Nyalusegi Creek.

The results obtained from this extensive development work and from
surface and underground drilling up to September, 1950, are summarised as
follows:~ '

Ore Reserves

Classificatien - Tonnage gou.  BCo.
Class A Partially developed 6,080,000 2.3 0.18
"Class B Strongly indiocated 1,180,600 2.0 0.17
Class C Indicated by drilling 2,510,000
Class D Possible, projected 4,260,000
Class B Theoreticel or geological 11,000,000

In the developed perts, the overall avereage grades of about 2{ Copper
end 0,180 cobalt extend over an cverage horizontal width of 45-50 feet
and over a total length of about 2,700 feet,

(b) Uranium

By comparison with the tonnages of sopper and cobalt present in the
orebodies, the occurrence of uranium appears to be merely of academic interest.
So far only two recognigable and isolated localities have been found where
uranium minerals, in the form of torbernite or metatorbernite, are visible.

One is in "M" level, the uppermost working in the Northern deposit (elev.
5,167 ft.), and the other is in "A3" level in the Ecstern deposit (elev,
4,582 £t.), these two places lie on opposite sides of the Myalusegi Creek,
about 3,000 feet horizontally and nearly 700 feet vertically epert.

The "M" level oceurrenee is the richep, The urenium is here confined
to a selvage of supergene mineral and oxidi :d copper ore lining a fissure at
a point where a strike fault gone approaches e very wide diabase dyke.

The superficial area of this thin film, or what remains of it on the side
of the crossout, appears to be no more than two square feet.

The other occurrence in the crosscut from the entrance to "A3" level, .
is of similar type but even more restricted in extent. . —

Other parts of the workings seem to be virtually berren of these loeal
supergene occurrences, although a few patches having a slightly higher degree
of radioactivity than everage were encountered in "39" level (this working.
lies on the same side of the Nyalusegi Creek as "M" level, but at an elevation
of ebout 4,820 feet), These occurrences do not show any visible uranium
minerals and they apoear, from their wider ereal extent, to be associated with
percolation channels in or adjoining fault sones. Their disposition is
along the same fault zone as thet essociated with the richest pocket in "M"
level, end below it, in the dip direction of the fault.
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RADIOMETRIC INVESTIGATIONS

A Ratemeter 1011 was used to investigate the degree of radicactivity in
urderground workings and of the diamond drill cores stored in the core shed
at the mine, In general, the background readings obtained in most parts
of the workings were about 5 to 9 on C range, using sensitive 5B tubes.
Drainage leats at the entrance to adits also gave similar low readings.

In the immediate neighbourhood of the rich pocket in "M" level, readings
rose rapidly from 11-13 (C) to a maximum of 15 on A range, when the probe
was placed in the centre of the pocket. On either gide and above ard below,
a marked fall-off in degree of radiocactivity was observed over distances of
a few feet. In "A3" adit, a small patch on the wall of the entrance
crosscut gave a maximum reading of 25 on B range; in "39" level (below end
to the N.E. of "M" level) local maximm readings of 32(C), 26(r') and 18(C)
were found at different interseotions of the same hult zane, The results -
of drill core investigations were of a similar low order as the rest of the
underground workings.

CONCLUSIONS

The few patches of supergene uranium minerals found in the fairly
extensive workings of this mine are, if Anything, of amaller and less
frequent occurrence than might be expeoded in a Copper-Cobalt-Nickel/
Sulphide mineralization having such a A slocated structure, Those
sccurrences that have so far been encouatered appear to be associated with
fault gones trending almost parallel tu the strike of the folds and
orebodies and, perhaps, they ere of greater frequency near the margin of a
transverse basic dyke. Such apparent esssociations between uranium
mineralization and dyke or feult structure follow a pattern which is
frequently observed in other fields.

Present prospects of obtaining any appreciable quantities of uranium
ore as by-production from this copper-cobalt mine are negligible,
However, 1t is recommended that routine checks should be made from time to
time to discover the extent and grade of possible uranium occurrences in
newly developed ground end from the evidence of diamond drill cores.
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