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GEOMCRPHOLOGY

The geomorphology of the Mombezhi Dome is represertative of
much of Zambja and znalogies may be drawn equelly well with the
Lusaka area or the Copperbelt.

| Dixey (1955) describes the Lusaka area as having an easily

identifiable Miocene (mid—Tertiary) surface at an altitude of 4,200
feet, and a late-Cretaceous surface recognizeble as numercus larger
and smaller residuals standing up to a few hundred feet above it. In
the broader valleys and depressions the end-Terxtiary group of surfaces
are reccgnizable.

Garlick in "The Geology of the Northern Rhodesian Copperbelt!
(Ed. F. Mendelsohn 1961) gives the elevations of three land surfaces

ag followss-

Late~Tertiary 4,000 feet
Africen or Mid-Tertiary 4,200 feet
Gondwana or Late~Cretaceous 4,50C feet

Although levels may differ, the topography west of the Copperbelt
as far as, and beyond the Mombezhi Dome is of such similar type to
that on the Copperbelt that correlation of land surfaces, without
actually tracing the surfaces between different areas, is warranted.
In Zambia both the mid-Tertiary and Cretaceous surfaces are considered
by Dixey {1955) to have been subjected to warping, and the mid-
Tertiary surface is also thought to be inclined toward the Kalahari
to the svuthwest as a result of basin margin elevation along the
Zambezi-Gongo divide. He considered the elevation of this divide to
date back probably at least to Jurassic times. King (1951) considers
the Zambezi~Congo watershed to be relatively young and regards the
African surface as being tilted to the south as a result of gentle
deformation on an east~west axis.

In the vicinity of the Lumwana Prospect the most distinctive
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feature is a surface partially cut by later erosion cycles with
resultant development of gently rolling topography. This surface is
well preserved on resistant formations which form ridges of concordant
elevation and give rise to a monotonous skyline, broken only by the
occasional steeply sloping inselberg, This surface has an elevation
of 4,400 feet and although this is some 200 feet higher than at the
Gopperbelt or at Lusaka, the similarity of physical features suggests
that it is the mid-Tertiary peneplain,

Little remains of the early Gondwana surface (Fig., 3) which is
preserved some 350 feet higher than the African surface on bevelled
inselbergs of resistant Lower Roan quartzite. These range from
Kitungulu, a ridge on the northern flank of the dome fifteen miles
northeast of the Lwmwana Prospect, at an elevation of 5,159 feet, to
Mosa Hill twelve miles west of the prospect at an elevation of 4,756
feet, and Chipimpa Hill fifteen miles southwest of the prospect at an
elevation of 4,623 feet.

The late-Tertiary surface is not discernible within the Mombezhi
Dome, but has developed at an altitude of 3,900 feet over the less-
resigtant Jiundu limestone northwest of the dome.

The nortleastern lobe of the Mombezhi Dome forms a drainage basin
from which the Lumwana River rises and flows southeast. The tributary
streams in the basin rise close against the dividing ridge of resistant
Lower Roan quartzite, and in general converge inwards from the dome
boundary. Locally streams are known to follow the strike of infolded
schists, and to be controlled by joint and fracture patterns in the
underlying rocks. (See Plate 1:F-fault; Jl and J, - joint directions;

S~ strike of mineralized beds with "copper clearings'.)

Over formations younger than the Lower Roan quartzite dambos
(grassy treeless areas with the water table at, or very near the
surface) are best developed over the deeply weathered dolomites and
limestones, and streams show a tendency to follow these beds. Despite

local variations of drainage, he major streams all flow to the south
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or southwest, and are pzart of the Zambezi River syst

It is intcresting to note that both Dixey (1955
draw attention to the gentle tilting of the African
general southward directicn from ithe Zambezi-~Congo w
fact is borne out by the drainage pattern superimpos
surface, but it is surprising that the altitude of t
same at the Copperbelt and ot Lusaka., The fact that
200 feet higher at the Lumwana Prospect than at Lusa
confirmation of the southward tilt, while suggesting
cnigmatic ezxstward tiit toward the Copperbelt.

Tilting of thc African surface of course means
the earlier Gondwana surface. The elevations of the
inselbergs on the Monbezhi Uome indicate a very dist
component of tilt of the Gondwana surface, This til
marked than that of the African surface and it 1is co
scuthward tilting of the Gondwana surface cccurred b
tilting of it and the African surface. This suggest
tilting occurred in the samc southward direction (or
of the Zawbezi-Congo watershed}, and implies confirm
this watershed postulated by Dixey (1943).

There is evidence of warping of the African sur
Mombezhi Domec but insufficien* local data to support
statement by Dixey (1955) concerning the late Cretac
"The late Cretaceous surface i1 lentra’® 5frica was s
gentle warping with the result that it r--- actually
succeeding Miocene surface (which) is slso thrown in
on the lines of earlier movements". The warping of -
surface occurs on roug.ly east-west axes as can be s
Stream incision is marked on the up-warps, in conira
development of dambos and meanders on the down-warps
ward cant is also implied by the westward shift of b

and Mombezhi Rivers where they enter the southern-mo
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up~warping in Figure 3, a shift that apparently is not controlled by
any structural feature in the underlying grenitic rocks. Warping
may explain the c¢oincident elevations of the African surface at the
Copperbelt and Lusaka, as Dixey (1955) quotes Cahen and Lepersonne
(1955) as regarding the Lusaka 4,200 feet ridge as an up-warp.

Whereas the mid-Tertiary and late-Crotaceous surfaces are distinct
and well developed on the Mombezhi Dome, the third major surface of
Zambia, the late-Tertiary surface is absent. Its absence may be
explained simply by the resistance to erosion of rocks within the dome
relative to those surrounding it; recent doming however, may have
occurred giving rise to rejuvenation of the late~Tertiary erosion
cycle rendering it indistinguishable from subsecquent cycles. Moreover,
while the Cretaceous and mid-Tertiary surfaces are regarded by Dixey
(1955) as true cyclic surfaces eroded with respect to sea-level as base,
the late-Tertiary surface is simply the best development of a number of
Tertiary and later surfaces which are mainly dependent on local bases,
and correspond only approximately from one region to another.

The group of surfaces which includes the late~Tertiary one have
resulted from a number of erosion cycles none of which has reached
completion. Evidence for this is found in examination of stream and
dambo profiles, typical exmamples of which can be found on the Mombezhi
Dome. Characterigtically a dambo is.broad and concave in cross-section
at the head, while down-stream it narrows and the valley sides become
convex, and finally it terminates in a lnick-point. Further down-strean
a second or third dambo may develop and terminate in a lmick-point as
before.

Sheet-wash erosion today far exceeds stream-wash erosion even
though much of Zambia has a thick vegetation cover, and it is likely
that this relationship has been maintained during the more recent
erosion cycles. These minor cycles, in the opinion of the writer have
rosulted in a number of pediplanes, and the topography in gencral may

be regarded as having developed along the lines of King's "Pediplanation
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STRUCTURE

LITRODUCTION

The Lumwana Prospect lies very close to the centre of the
Lufilian Arc, and good cxposures, combined with extensive diamond
drilling have enabled a picture to be drawn of the local structures.
These structures are significant in the understanding of the structural
history of Zambia and Katanga, and these regional aspects are discussed
after description of the local structures.

In literature on structural geology various writers often use the
sane terms in different senses, and thus most common terms have been
variously defined. Other terms which at least have a common verbal
usage, appear to be undefined. It is remarkable that such widely used
terms as "fold axis" and "axial plane" have no standard simple definit-
ion. This deficiency in the literature is explained largely by
improved understanding of the geometry of folds with time, which
necessitates strict definition of terms which are used to describe this
geometry, and also by a tendency for some writers to alter the usage of
terms,

The early definitions of fold axis are typified by that given by
Lahec (1931): "folds are bodies of thrce di'mensions, that is, they have
height, breadth and length .......The crest line of an anticline and
trough of a syncline are called the axes of these folds respectively.'
Modern tendency is however to define the crest as the highest point of
a fold (Hills, 1963), a point which need not lie on the axis, and Hills,
perhaps as a result,does not succeed in finding suitable definitions of
fold axis and axial plane,

The definition quoted from Lahee becomes somewhat clumsy when
altered to comply with modern terminology but in the absence of anything
more sultable is favoured by the writer, and may be stated as follows:
considering that any fold has length, height and breadth, the fold axis
is a line in a surface of a particular bed which traverses the length

of the fold and contains the points where curvature is greatest in
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(1962a), (sce Figure 13). Although the occurrence of compound folds
complicates the examination of the form and orientution of the elements
of the first folds, the ncar isoclinal Z fold forw is characteristic,
and there is no difficulty in recognizing the first folds provided that
adjacent anticlines and synclines are present.

The determination of the orientation of the elements by averaging
measurements taken on a large number of folds 1s not practiceble because
of the rarity of good examples, and the method adopted therefore was to
use the schistosity and not the bedding in the follcwing manner,

The arca mapped was sub-divided into five smaller areas in a north-
south direction so that if any ezst-west warping (fourth folds) had
occurred it could be detected. The poles of all the schistositics were
plotted on equal area nets and contoured using a 2% circle and graticule.
Contours werc made at intervals of 2%%, 5%, 10% and 20% and the naximum
marked., In each sub-area the effects of later folding were found to
be inconspicuous in the pattern i.e., the schistosity has a single
maximur which dominates the pattern and other maxima arc suggested only
by the expansion of contours in the planes of later folds.

The sitereograms opposite these pages are pantographed reductions

of the original equal area nets and represent the following sub-areas.

Figure Sub-Area. Number of meagurements,
l4a Sheet 150 70
14b Shect 172 171
152 Sheet 194, lines 6 to 20 362
15b Sheet 194, lines O 10 5 272
16a Sheet 216 131

& comparison of these five stereograms shows thet they are remarkably
similar and that the maxima are almost coincident. When one considers
that these schigtosity measurements were made on the inverted limb

of a great  recumbent fold, the similarity is so remarkable that it

is concluded that the schistosity must be related to the major fold.
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are formed which slide upon each other from the areas of thinning to
those of thickening,

The form of the second folds is so characteristic of the Lumwana
Prospect that it is thought that this form is the logical outcome of
folding of beds containing a previous schistosity. Concentric chear
parallel to the previous schistosity must be of great importance in the
development of these folds, although similar shear is unlikely to be
absent.

Figure 11 shows the central part of the Lumwana Prospect where
drilling has been concentrated. Stratum contours have been drawn of the
quartzite-mineraliigod schist contact in the various drill-holes and at
surface, with modifications based on the plunge of lineation and dip
and strike of schistosities, The iineation ig inadvertently close to
the fold axes which have the greatest effect on the bedding, although
the bedding itself is largely obscured by the well developed schistosity,
and dips and strikes are so doubtful that they have been disregarded.
The spacing of drill-holes over much of the area is suck that contouring
is largely a matter of personal choice, and the result is an idealized
drawing which combines factual data with data inferred from schistositles
and folds which cannot be seen to affect the contact plane directly, yet
neglects details of overturning which cause intersection of contours
and distort the overall characteristics apparent from the drawing.

The general structural pattern shown in Figure 11 is that of the
major second folds., This pattern consists of folds striking roughly
north-south, with axial planes dipping to the west and a tendency
toward overturning, The plunge is to the south at angles varying
from 33° in the central part to 14° in the southeast., Superimposed on
the pattern of second folds are the more distinct of the third folds
and zones of third folding., These later folds, which have axes striking
at variable large angles across the main trend, cause displacement of
second fold contours primarily to the east, and reversals of plunge,

and are described fully later in the chapter.
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to the other. The lineation and its general plunge has proved
invaluable in the orientation of drill-cores and subsequently in the
unravelling of the structure, particularly as the plunge of the
lineation approximates very closely to the overall plunge of the beds
as shown by the stratum contours in Figure 11.

It should be borne in mind that the methods of examination of the
first and second folds are dictated by the absence of.bedding, and the
analysis does not permit accurate definition of the geometry of the
bedding after first and second folding. However since the first folds
are nearly isoclinal the overall dip of the bedding is likely to be
generally inclined to the west at only a few degrees less than the first
schlstosity. For most practical purposes the bedding is assumed to be
parallel to the schistosity until accurate data on stratigraphic contacts

is obtained,

Third Folds.

At the northern end of the Lumwana Prospect where the ILower Roan
quartzites are well exposed, a third set of folds is found to be well
developed. In contrast to the vieinity of the Lumwana Clearing where
second folds are dominant, here the second folds are beginning to die
out and are replaced by crosscutting S folds. In Figure 11 it can be
seen that the cross-folds do affect the formations as far south as the
north-~central part of sheet 194, but on the whole are confined to well
defined zones in which the stratum contours of the westward dipping
quartzite are displaced to the east. These folds are clearly later
than the first and second folds as the lineation formed by the inter-
section of the axial plane schistosities of the early folds is deformed,
and plunges generally to the north instead of to the south.

A superficial examination of the folds reveals that the trend
of the axes varies from approximately 400 to approximately 120° truc
bearing, and that the axes and axial planes are frequently curved. The
plunge is generally to the west and the axial planes have a shallow dip

which generally has a southward component, In the well exposed
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axes of the third folds are orientated similarly elsewhere on the dome,
and in fact this is not the case. In a similar manner to the schistosity
of the Copperbelt described by de Swardt (1962), the axial planes of the
third folds dip quaquaversally off the dome at steeper angles to the
bedding in the south, and shallower angles to the north (see Figure 22).
Furthermore the b axis plunges west on the western side of the dome, and
to the east on the eastern side of the dome. This clearly indicates

that at least part of the doming has occurred after the third folds.

The writer (McGregor 1960) previously drew attention to the
thinning of the Upper Roan formation towards the margins of the domes
indicating an early start to doming, and also to the geomorphological
evidence which indicates late doming movements, It is the opinion of
the writer that doming has a long history commencing possibly as early
as during deposition of the Roan succession, and continuing at wvarious

stages until post-Tertiary times.

As outlined in the chapter on gecomorphology, a fourth set of folds,
or rather warps, has been superimposed on most of Zambia. These warps,
the most conspicuous of which is the Zambezi~-Congo divide, are on
east-west axes. Their effect at the Lumwana Prospeet is not noticeable
although steepening of the plunge of the lineation to the south of the

Lumwana Clearing may be explained by these movements.

FAULTING AND JOINTING.

Faulting and jointing on the Mombezhi Dome are considsred together
as they appear to be mutually related., They fall broadly into two
sub~divigions namely those that were formed during or immediately after
folding, and those that are unrelated to Lufilian folding.

First folding was accompanied by extensive thrust faulting (See
Figure 12). The largest of these thrusts at the Lumwana Prospect
separates the overturned limb of the great rscumbent fold from the
lower limb over most of the known strike. At the northern end it dies

out together with the fold and at the southern end it is split into, and
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PETROLOGY

BASEMENT GRANITE.

The granite at the Lumwana Prospect is a pale pink, coarse-
grained alkali granite.

In hand specimens the feldspar (oligoclase and pink microcline)
and guartz are seen to be coarsely crystalline, the latter frequently
being transparent. The average grain size is 3mm. but both quartz
and feldspar tend to form clusters of minerals often more than 5Smm.
in size. Accessory biotite flakes are generally aligned in a common
plane giving the rock a gneissic texture, but books up to 4mm. in
size are scattered thr. gh the rock. In thin sections the microcline
is strikingly twinned and ususlly conatitutes most of the rock, The
plagioclase is also twinned, and whereas the microcline is fresh, the
plagioclase is partly sausuritized. Accessory minerals muscovite,
chlorite and apatite are generally present together with minor amounts
of magnetite or limonite, and tourmaline, hornblende, epidote and
zlrcon may occur.

Coarse guartz-feldspar veins are common in both the granite and
the Basement schists, cutti | through schists and granite without
truncation, These veins range in size fram stringers to pegmatites
several feet across. Quartz and feldspar are coarse and books of mica
may reach 6 cm, in diameter. JIdiomorphic tourmaline and rutile have
been observed and coarse sulphide mineralization is sometimes present.
Pyrite is thd4 most common sulphide occuéing in cubes up to 3 cm. in
size, and chalcopyrite and bornite have been observed.

The term "alkeli granite" is preferred to the simple term "granite"
in the description of this rock as can be seen from the following

tabulated alkali analyses.
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LOWER ROAN MINERALIZED SCHISTS.

The formations between the Basement wnconformity and the
distinctive overlying epidote and kyanite schists differ locally in
lithology but display overall characteristics which enable them to be
grouped into & single unit,

The thickness of the mineralized schists varies from 80 to 420
feet in the holes drilled at the Lumwana Prospect., In other areas on
the Mombezhi Dome it is absent, while elsewhere, notably east of the
Lumwana Prospect, it is over 1000 feet thick.

Stimulated by the economic interest, these formations have
received special attention, and a separate chapter is included on the
special features related to the ore minerals., It 1s however, impossible
to divorce the special features from the more general description of
this formation, and the following summary is included for clarity.

In the mineralized schists there are three main sulphide-~bearing
horizons separated by low grade mineralization or barren rock. Each
overlaps upon another so that only rarely are all three found in the
same drill-hole. Where drilling is widely spaced, correlation between
drill-holes is sometimes doubtful, but in sections where investigation
has been more detailed (e.g. Figure 27) the relationshipsbetween the
different ore-horizons can be drawn with more certainty. It is found
that distribution of the sulphides is zonal and systematic and that it
is related to the thickness of the mineralized schist és a whole, Since
the thickness is thought to have been determined by the topography prior
to deposition of these schists, the distribution of the sulphides is
thought to have been determined by the depth of the part of the basin
in which deposition took place., Similar relationships are postulated
for distribution of the uranium and cobalt minerals. '

For deseriptive purposes the ore-bearing schists are subdivided

in the following pages into unmineralized and mineralized facies.
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necessary to revise conclusion (B) yet again to read "that soda
content in sediments other than evaporites depends on the content of
detrital soda minerals, the content of eclay minerals that contain or
adsorb sodium, and the content of connate waters at the time of
metamorphism, "

It remains only to establish .. composition of sediments poor
in alkalies and the average of 253 sandstones (Clarke quoted by Shand
1952) included 0,45% soda, 1.32% potash and 4.,78% alumina. Using the
same basis as before,the composition is albite 5%,orthoclase 5%, mica
4%, kaolin 4%,and quartz + heavy minerals + minor constituents 82%.

In the case of the Lumwana orebody,soda is normally 0.53% of the
rock, a figure only slightly higher than that of the average sandstore.

finy local high soda could occur int

(1) evaporites or
(2) detrital accumulations,or

A

(3) dlay concentrations, or thin sandstones between clay
rich beds.

In the preceding section the lower barren schists were described
as goda-rich arkoses and conglomerates, and in addition,barren rock
occurring between orebodies was regarded as similar in origin to the
lower barren schists. It seems likely therefore that a tendency existed
for at least one repetition of a cycle of arkesic sediments followed by
ore-bearing sediments, the latter being soda-poor. The alternative
view that the scdic sediments were derived from evaporites is untenable
because of the lack of any typical evaporite minerals, {gypsum and
anhydrite are well preserved elsewhere in the succession), while
aluminous minerals tend to be associated with copper ore rather than
with barren or low grade rock.

In Figure 29 the vertical distribution of the alkalies can b
compared with that of copper in six drill-holes. In each, consecutive

samples were made up into three composites which were blended and
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than normal where copper is also low and soda is high,
A metasomatic origin for the high soda in the low- grade zones is
unlikely because of the limited distribution,and the writer prefers a

detrital origin for the following reasons.

(1) The lower barren arkosic schists and the barren schists which
occur between orebodies are essentially similar, and are therefore
likely to have been formed in a similar manner,

(2) The barren schists in (1) grade vertically and laterally into
ores This gradation takes place in such a manner that where soda
feldspar is abundant copper mineralization is sparse, and copper grades
reach 1% or more wherc soda feldspar in turn is rare.

(3) There is slight inverse variation between potash and soda
in these samples. This variation is expected if the sediments were
derived from the Basementy the breakdown of soda feldspar and soda loss
into solution would result in relative enriclment of each of the
remaining censtituents.

(4) Other considerations lead to the conclusion that the copper
mineralization is syngenetic and any systematic variation between soda
and copper implies a similar origin.

(5) Any exceptions from the normal can be explained logically on

sedimentological grounds.

In Figures 3Q and 31 copper from the composite samples 1s plotted
against soda in the one case and potash in the other, These samples
include those with low copper and soda in addition to the particular
cases described where low copper 1s associated with high soda content,
but nevertheless a trend is apparent wherein the soda content is high
where copper is low. In two cases both copper and soda are sufficiently
high to constitute exceptions (see (5) above) for which explanations
can be found elther in local rapid transportation of soda feldspar to
the environment of copper deposition, perhaps due to greater relief in

certain localities; or alternatively in local reworking of separate
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nines, and similar circumstances may be cperative at Lumwana. Cther
explanations are that the pyrite is detrital or diagenetic, or
alternatively the abundance of soda feldspar may represent a climatic
change to extremely arid conditions in which wind blown feldspar
fragments were deposited well away from the shore.

Perhaps the most significant graph in the understanding of the
distribution of the alkalies at Lumwana is that in the lower half of
Figure 33, where the spread of potash content is greatest where the
copper sulphur ratio is greatest: as the ratio decreases the spread
decreases. 3ince the high copper sulphur ratio is thought to indicate
shallow water conditions of chalcocite-bornite deposition, the large
potash spread will be the result of poor sorting of detrital minerals.
In deeper water corresponding to the lower copper:sulphur ratios
sorting of detrital minerals will be more complete and clay minerals
with adsorbed potassium will be more abundant. In the case of the
Lumwana orebody, sediments in progressively deeper water were such that
as potash from detrital sources decreased, potash adsorbed on clay
minerals increased so that the total tends tc increase to about 4.75%
potash (average 4.53%).

The two exceptions in Figure 33,where low potash is associated with
pyritic sediments,contain the lowest copper of all the samples analysed.
They confirm that in addition to the normal deep water deposition,
pyritic sediments are deposited in shallow water.

In the lower part of Figure 34 the distribution of sulphur is
shown to be completely unrelated to potash, The factors which control
the distribution of potash dc not therefore control the distributiocn
of sulphur,

The salient conclusions concerning the petrology of the Lumwana

ore~bearing schists ares

(1) There are three main ore-bearing horizons which may be contiguous

or separated by low-grade mineralization or barren rocks
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believes that any accumulation of uranium may be the result of several
cycles of deposivion, oxidation, migration, reprecipitation and
probably enrichment. Swanson (1961) believes that the sedimentary
origin is unrelated to living organisms, but precipitation is
accomplished by acids and phosphates of biogenic origin, while

Rankama and Szhama (1950) on the other hand set great importance on
detrital concentration,

There is doubt as to the actual method of deposition of uranium
minerals, but there is no doubt that concentration of uranium oxides
has occurred in the footwall tc the Chibuluma orebody - copper
following uranium in normal transgression, and that uranium in the
barren gaps at Nkana occurs in shallow water or littoral deposits.

At the Lumwana Prospect the distribution of uranium is not at
first glance analogous to that of the Copperbelt, as its occurrence
is characteristically stratigraphically above the orebedies, It is
also very speradic in occurrence so that uranium found over several
feet in one drill-hole is absent in the stratigraphically equivalent
beds in all the surrounding drill-hcles,

The vertical distribution of uranium at Lumwana iz illustrated
by two drill-holes in Fipgure 36. In MMB 15/ the uranium zone is
stratigraphically above the second orebody, but is very close to it
and approaches econcmic grades, MMB 151, on the other hand, inter-
sected a thick succession in which uranium occurs sporadically with
copper stratigraphically above the lower orebody, which itself contains
peoT conper mineralizatiocn,

The Lumwane copper-~ore occurs in three main and several minor
horizons which may be contiguous or separated by barren rocl. The
orebedy, considered as a whole, is zoned vertically so that copper~
rich sulphides are separated by copper-lean suiphides (see later chapter
on sulphide zoning). It is interpreted that copper deposition was
initiated during transgression and halted during regreassion, and

intercalated barren arkosic or comglomeratic schists indicate that
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sericite and talc is suggestive of subaqueous rather than
terrestrial cond. ions of deposition.

At Lumwana the quartzite consists of the same essential minerals
throughout its width, There are no distinctive horizons or trends
of variation in compositiﬁn. Where intersected in drill-hcles there
ig no footwall conglomerate, but west of the prospect, on the
northwest flank of the dome a footwall conglomerate has been mapped
in some localities, Various thin conglomerates, pebble beds and
isolated pebbles cur in the quartzite but are not consistently
present along strike., A1l the pebbles found are composed of
qua -z or quartzite, and are usually deformed into augen or lenses
parallel to the first schistosity.

In addition to quartz pebbles there are abundant quartz veins in
the rock which vary in size from stringers to veins up to six feet in
thickness. The quartz in these veins ig often fractured, and while
some of the thinner veins are folded, others exhibit boudinage, and
still others cut across folds, and are themselves neither folded nor
fractured, It is clear therefore that som veins were present prior
to folding while ¢ hers were emplaced after folding.

The term "qu tzite" has been widely used to describe this
formation in order to differentiate it from the Basement and the
other older schists, but more correctly it should be called variously
quartz-sericite, quartz-tale or quartz schist. The rock always
consists of a high proportion of quartz with varying amounts of
sericite, muscovite, chlorite; serpentine, talc and biotite. Iron
and titanium oxides are always present, mainly specularite with
subordinate magnetite and ilmenite, while rutile and sphene appear
to be of metamorphic origin., There is often separation intc bands
rich in specularite and those rich in light coloured minerals.

These bands are useful in determimation of attitude of bedding in
outcrops with eross-cutting cleavage or schistosity, as the bands

are usually differentially weathered, Other minor constituents are









parts of the vertical succession, or simply to change of facies
round what is now the nose of the recumbent syneline. (See Table 4).
4 fourth hole, MMB 234, was drilled into Upper Roan rocks and halted.

The maximum true thickness of the Upper Roan-Mwashia, (excluding
gabbro) investigated by drilling is probably of the order of 320 feet,
but may be considerably less as there is constant doubt as to the
amount . ... of repetition of these formations by thrusting,
especially in drill-hole MMB 226, There are no marker horizons, and
the rocks in the succession vary widely in dolomite content so that
they have behaved variously during orogenegis and metamorphism., In
general the more dolomitic rocks have become wholly or partly
recrystal .zed while the cherty parts of the succession are less
deformed and retain banding which may represent original bedding. In
addition these rocks have been intruded by gabbro and various dolomite-
amphibole-biotite-scapolite (hybrid rocks) may be related rathe. to
gabbro intrusion than to regional metamorphism. Since all the
knowlewge of the Upper Roan has been obtained from widely spaced
drill-holes, and the lateral diste e at any depth to the nearest
gabbro mass is unknown, little can be done to determine the true
relationships of these hybrid rocks to the normal rocks in the
succeacion. There is however some indication that the hybrid rocks
are related to gabbro as, whereas the dolomite and impure dolomite are
conspicuously schistose, the hybrid rocks contain coarse clusters of
unorientated mica and amphibole and an impression is present that any
schistosity inherited from folding has been destroyed, This can be
most easily explained by hydrothermal alteration of impure dolomitie
rocks during poste~orogenic igneous activity.

The Upper Roan-Mwashia of the Copperbelt is from 1700 to over
4000 feet thick (Mendelsohn 1962),and a similar thickness may be
present north of Lumwana on the northwest flank of the Mombezhi Dome.
On the north and east flanks of the dome however, the width of the

Upper Roan-Mwashia is thought to be less than 1000 feet, and this is
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THE GABBRO,

The gabbros of Zambia have long been a scurce of interest to
Copperbelt geologists and discussions as tc age, origin and relationships
to ore genesis are common in the literature,

At the Lumwana Prospect the evidence favours late or post-orogenic
emplacement of the gabbros ag they have not been folded, and appear to
be related to post-crogenic faulting, The ore minerals were present
before folding and metemorphism occurred, and therefore no relaticn-
ships exist between ore genesis and gabbro emplacement in the manner
ascribed by Sales (1962).

Mendelschn (1961) regards the gabbros as magmatic and intrusive
but suggests that they may be a product of metamorphism of sediments.
The writer believes that there is truth in both views but although
metamorphosed Upper Hoan impure dolomites may resemble the gabbro in
chemical and mineralogical composition, such rocks differ from the
intrusive gabbros in texture., The gabbros vary greatly in grain size
and compositicn, and there ig evidence for considerable contamination
of the gabbro by lime and pogsibly magnesia, with accompanying
scapolitization, albitization and possibly ferruginization of country
rock, It is likely therefore that a variation exists which may permit

rocks v gabbroic chemical composition to be classified as follows.

(1) Gabbroic rocks with typical interlocking texture.

(2) Contaminated gabbroic rocks which exhibit interlocking texture,
(3) Hybridized sediments in which sedimentary or tectonic foliaticn

is destroyed by recrystallization, but which contain ccarse clusters of
metamorphic minerals not typical of the intrusive rocks.

(L) Metesomatized sedim-—ts which exhibit foliation and possible

mimetic recrystellizetion in the follation planes.

Discusgion in this chapter is confined mainly to those rocks
“hich are classified in (1) and (2) above, as those clasgified in (3)

and (4) have been diseussed in the previous section., They are typically
































































































- 141 -

THE _OPAQUE MINERALS

In the chapter on petrology, opaque minerals in the various
horizons were mentioned briefly. These include iron and titanium
oxides which are found in all rock types, minor occurrences of
sulphides in the Upper Roan-l" ishia and the gabbro, and the major
occcurrences of sulphidew in the Lower Roan mineralized horizon,.
Throughout this thesis the investigations have been centred around the
mineralized horizon, and examination of the other formations has been
made only to ensure that factors concerning the history of the
mineralized horizon have not een overlooked. In the examination of
the opaque minerals the same approach was adopted,so that,whereas the
sulphides of the mineralized orizon have been examined in detail,
only one polished section of Upper Roan sulphide mineralization was
prepared.

Fifty-four samples from the various drill-holes were concentrated
by flotetion after crushing in o laberatory ball-mill, mounted and
polished, and examined under the microscope, Dr. H. Meyer of R.3.T.
Mine Services conducted a grain-count analysis of these samples, and
head, concentrate and tail samples were assayed for copper, cobalt,
total iron and sulphur, partly because the method of flotation
included suppression of pyrite. The preparation and analyses of these
gsamples were done by the R.S.T. Mine Services Research Laboratory as
part of the investigation of the Lumwana Prospect, The writer examined
the polished specimens of the sulphide concentrates, and in addition
prepared polished sections of rock speeimens in ozder to study textures.

The description of the sulphide minerals falls into two parts:

(1) the description of the minerals themselves, their mutual
relationships, and their reclationships to mebamorphism, and, (2) the
description of the distribution of the sulphides within the area of the
Lumvana Prospect, and their relationships within the stratigraphic

succession. Following the descriptive seetions a disvussion {(3) is
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The relationships cited above depend on homogeneity of composition
being roached in the grains prior to cooling, and because complete
homogeneity is often not attained in metamorphism, replacement textures
are common. Consider the coalescence of wo grains of different
compesition, If the conditions of metamorphism are sustained, a single
grain of uvniform composition will result, but if these conditions are
not istained, residuals of the original grains may be found enclosed in
& grain of composition between that of the two original grains. The
result is that combinaticns of exsolution and replacement textures are
sometimes found in the same grain, and since replacement textures are
varl le and complex, copper-rich material may appear to replace and
envelop copper-poor material as often as the reverse., [inally, in
regions of polymetamorphism such as Lumwana, textures of early phases
of mehamorphism are usvally destroyed by : bsequent phases, but they
are preserved in some grains, especially where the later phase is of
lower grade than the preceding one.

In the chalcocite~bornitc ore at Lumwana lattice intergrowths
of chalcocite-digenite and digenite~covellite are normal, though
ocecasgionally grains of the pure minerals are found., Bladed triangular
lattices of digenite in bornite are wuncommon, aad gimilar enclosures
of bornite in digenite are of rare occurrence., Although common as
large uniform grains, bornite is normally found enclosing wide tapering
laths of chalcopyrite, and in some cases fine lattice intergrowths of
chalcopyrité. These textures include examples of exsclution and
indicate that the temperature of mztamorphism exceeded 225°C.

Covellite is of interest as in addition to its normal ocecurrence
as exsolution lamellae in digenite, it is quite often found as small
intersecting plates with parallel orientation in chalcopyrite and
bornite, It is likely that these plates have unmixed from the host
minerals which, at the temperature of metamorphism, were probably

able to contain a 1little more copper than normal.
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