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ABSTRACT
Fifteen separate works are presented on aspects of the Archaean
geology of Zimbabwe (Rhodesia) with particular reference to the
granite-greenstone terranes. Together they show an evolution from
the general acceptance of the ideas of A.1 7 . Macgregor as established
in 1951 to views held in 1980.
The first three works give the results of regional mapping of
over 5000

km

in the southern part of the craton. They cover the

Fort Victoria greenstone belt and its western extension with its
associated ancient gneisses and ultramaf Ic layered Mashaba igneous
Complex.
Works 4-7 deal with an extensive K-Ar dating programme on
granites and grieisses in the southern half of the craton including
the Fort Victoria-Mashaba area, The interpretation of these
results, in the light of field evidence available up to 1971, leads
to a craton-wide review of main events from the early Archaean up
to the emplacement of the Great Dyke and includes some events of
the early Proterozoic.
Works 8-15 embody the results of subsequent extensive RSr
age determinations on granites, gneisses and greenstone belt volcanic rocks. These results, in conjunction with available f!ald
data evaluated in terms of a Belingwe stratigraphic model allow a
reappraisal of Archaean events and of the major stratigraphy in
and its correlation across, the main greenstone belts.
In 1980, thirty years after Nacgregor's classic review, the
evidence indicates the presence of granite-greenstone terranes of
two, and possibly three, different ages. The oldest is dated about

3.5 Ga; its greenstone belts constitute the Sebakwian Group as now
defined. The main greenstone belts are younger and comprise the
Bulawayan and Shamvaian Groups, The bulk of the Bulawayan Group
together with overlying Shamvaian Group constitute a greenstone
belt sequence about 2.7 Ga old. The remaining lower part of the
Bulawayan Group may represent a further greenstone belt development associated with granites about 2.9 Ga old.
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I1TPRODUCTION
A. ThIs THEI
The thesis here presented consists of 15 works which
deal with aspects of the Archaean geology of Zimbabwe (Rhodesia)
with particular reference to the granite-g'reenstone terranes
of the Rhodesian craton.

It comprises 13 works published from

1964-1979 and two which are due to be published in 1980. They
were produced during the writer's (JFW) employment as a geologist
on what is now the Zimbabwe Geological Survey (1953-late 1967)
and as a member of staff of the Department of Geology of the now
University of Zimbabwe (late 1967-present).
In the Thesis
List of Contents the works are numbered 1-15 in the order in
which they were written, which is not everywhere the same as the
order of publication.

This list also indicates JFW's contri-

bution to works where there is co-authorship. The works fall
conveniently into three groups.
Nos 1-3
Results from detailed regional mapping by JFW of over
5000 km

2

of granite-greenstone terrane including a major

Archaean layered ultramafic intrusion, all in the southern
part of the craton.
Nos 4-7
Application of results from a K-Ar dating programme on
certain granites and gneisses in the southern half of the
craton.
Interpretation of these results in the light of documented field evidence up to 1971 and an attempt at a cratonwide review of events in space and time from the early Archaean
into the early Proterzoic (6).*

* numbers shown in brackets refer to thesis works 1-15.
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Nos 8-15
pplication of results of extensive Rb-Sr dating of
granites, gneisses and greenstone-belt volcanic rocks (various
workers). Local and regional assessments in the light of
documented field relationships and continuing field investigations
(various workers). Reappraisal of the main elements of greenstone belt stratigraphy based on relevant geochronology, field
relationships and a "Belingwe model", resulting in correlations
across greenstone belts and delineation of greenstone belts of
different ages (ii).

Review papers on these various aspects

( 11 -13).
Taken together the 15 works show the evolution from the
general acceptance of Macgregor's ideas to views currently held.
and the author's part in this evolution.

B.

HISTORICAL BACKGROUND
Alexander Miers Macgregor was born in London in 1888

A Cambridge graduate, he came to Southern Rhodesia in 1912, as
a specialist in mineralogy and petrology to the Museum in
Bulawayo. In July 1914 he accepted a post as geologist on
what was then the Southern Rhodesia Geological Survey and, save
for a break for military service during World War I, he remained with the Survey until his retirement as Director in
January 1948. He died in Bulawayo in October 1961.
Macgregor's interests were wide; and his publications
range from such diverse topics as the nature of the Precambrian
atmosphere to Stone Age man. An outstanding field geologist,
he maintained a happy balance between the 'economic' and 'academic
sides of geology, but was an 'academic' at heart. He is best
known for his work on the Precambrian and especially for his
pioneering efforts on the Southern Rhodesian Archaean. These
efforts earned him world-wide recognition and formed the
foundation on which nearly all subsequent works on the Rhodesial.
Archaean craton has been built.
In 1947 he wrote the first real outline of the
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geological history of Southern Rhodesia. This was published
S.R.G.S. Bulletin 38 and accompanied a new edition of the
1/million geological map of the country. In dealing with the
greenstone, or 'gold', belts he erected three major subdivisions
on the basis of similar lithologies and certain unconformities;
in time sequence he called these the Sebakwian, Bulawayan and
Shamvaian Systemsrespectively. His Sebakwian System consisted
of various magnesium—rich rocks, including serpentinites and
talc schists, together with certain metasediments. His type
area was in the Sebakwe River north of Que Que where a conginmerate with granitic clasts was taken as the base of the
Bulawayan System and as marking an unconformity above magnesium—
rich rocks. He correlated this unconformity with other conglomerates (such as the Wanderer conglomerate at Selukwe) and
unconformities.

The xijajor serpentinite bodies at Mashaba and

Shabani he classified as Sebakwian.
His overlying Bulawayan System consisted of a thick pile
of basaltic and, in places, andesitic lavas which formed the
major part of the greenstone belts; it also contained some
minor interbedded sedimentary rocks. His Shamvaian System was
a thick sedimentary succession characterised by arkosic and subgreywacke types with local developments of pelites.
He envisaged each System to have undergone major folding
and granite intrusion, although he was unsure as to the extent
(or indeed existence) of the post—Bulawayan but pre—Shamvaian
granite episode.
In his classic paper of 1951, which formed the basis of
his Presidential address to the Geological Society of South Africa,
he reviewed the whole Precambrian of Southern Rhodesia and
elaborated on his three—System Lrchaean subdivision. He also
attempted to relate the arcuate shape and synclinal form of the
greenstone belts to uprise of the intervening, apparently ovoid,
granitic masses which he termed gregarious batholiths. In so
doing he was, in effect, postulating a scheme of gravity controlled
vertical tectonics in the formation of the granite—greenstone
pattern.
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During the next decade, mapping of the greenstone
belts continued as part of the normal Geological Survey programme, with no apparent need for revision of the Macgregor
Indeed in the 1961 revised outline of the
scheme (of 1).
geology of Southern Rhodesia, published as S.R.G.S. Bulletin
50 edited by W.H. Swift, the account of the "Basement Complex"
granite-greenstone terrane is almost identical to Macgregor's
version. By the late nineteen sixties, however, the results
of several Survey geologists had provoked interest and controversy.
In a remapping of the Sebakwe River section near Que
Que, N.M. Harrison concluded that Macgregor's Bulawayan conglomerate, while Bulawayan and occurring low in the preserved
succession, was not basal but was of only local significance..
Harrison assigned the metavolcanic rocks stratigraphically
below this conglomerate to the Bulawayan and the major development of ultramauic rocks to the east to a later, possibly postBulawayan, intrusion. This Interpretation, in effect,
eliminated Sebakwian rocks from Macgregor's type section,
although Harrison did concede their occurrence as remnants in
the gneisses still further east. He followed Macgregor, however, in regarding certain cab-alkaline volcanic rocks west of
Que Que as an integral part of the Bulawayan. N.W. Bliss,
mapping what was an apparent northern extension of these caicalkaline rocks west of Gatooma, considered them a major volcanic association post-dating the Gatooma Shamvaian rocks.
For the first time also some real attention was being
C. W. Stowe, in the
paid to the cratonic granites and gneisses.
area south and west of Selukwe, recognised a complex pattern of
intersecting fold trends in the gneisses and, in the Selukwe
greenstone belt itself, he described the remains of a major
nappe structure. JF, working north and west of Mashaba, described various gneisses with complexly interfolded greenstone
belt remnants, the whole cut by an ultramafic layered intrusion
(originally taken as Sebakwian by Macgregor) and by mafic dyke
swarms. The layered intrusion and dykes in turn were seen to
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be cut by later massive granites (2 and 3).
Some of these results (including 3) were presented at
a meeting held in Salisbury in 1967.
Harrison's work on the
Sebakwé River section provided the original stuinulus for this
meeting, and although first conceived in the form of a discussion
for local geologists it grew to become a Symposium on the
Rhodesian Basement Complex. This, the first major gathering
organised by the Rhodesian Branch of the Geological Society of
South Africa, attracted speakers from the Republic of South
Africa and from overseas. The various papers were published
in 1968 as an Annexure to Vol. 71 of the Transactions of the
G.S.S.A.
One outcome of the meeting was the introduction of an
informal lithostratigraphic nomenclature by the Rhodesia Geological Survey for the existing chronostratigraphic greenstone-belt
triad. This was done merely by retaining the existing names but
replacing System, Series, etc, by Group, Formation etc. The
relative time relationships of Sebakwian, Bulawayan and Shamvaian,
however, remained implicit in the Survey t.sage.
There were further developments in 1968.

In Pretoria
at the Symposium on the Upper Mantle Project, N.W. Bliss and
P. A. Stidolph presented a review of Rhodesian Basement Complex.
In this they drew further attention to the work of C.W. Stowe,
who by this time had postulated that that in the area south and
west of Selukwe were the remains of Sebakwian rocks of two
different ages which he called Sebakwian I and II, as well as
yet older pre-Sebakwian iniginatites around Gwenoro Dam.

(Stowe
outlined these ideas in a paper to the Archaean Rocks Symposium
held In Perth, Australia, in 1970).
Bliss and Stidoiph also
questioned the status of various sedimentary successions which
had been assigned to the Shamvaian Group in certain areas, and
suggested that they were better considered as units interbedded
with the underlying Bulawayan volcanic pile. Also, at Pretoria
at the same meeting, R.P and N.J. Viljoen presented a series of
papers on the Barberton Mountain Land. Their work was significant for the introduction of the term komatlite and for the
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attempts to apply the Barberton Model to various shield areas of
thi; world. Its application to the Rhodesian craton, to say the
least, stimulated considerable discussion.
By 1970 9 therefore, there existed a state of some confusion and misunderstanding as regards the greenstone belt
stratigraphy of the Rhodesian craton, as well as controversy on
the question of the Barberton model as applied to Rhodesia. It
was clear that radiometric dating was needed to help rationalise
the problems.
Until about this time attempts at age determinations
had been rather haphazard with little field control. They censisted almost entirely of scattered K-Ar and Rb-Sr mineral ages,
and model lead ages from various mineral deposits. No Rb-Sr whole
rock isoohron work had been done and the D. K. Robertson's 1968
unpublished D Phil thesis, with its results on model lead ages
or galenas from various Rhodesian gold mines was not readily
available. The review of Rhodesian geochronology by J.R. Vail
and M.H. Dodson was as yet unpublished. With hindsight, it is
apparent that even with these works understanding would not have
been very much better at that stage.
Meanwhile the Rhodesian Branh of the G.S.S.A., enthused
by the success of their first symposium, prepared for a second
larger and more elaborate meeting. The theme ..f this 'Granite
71' Symposium was 'granites, goeisses and related rocks ef
Rhodesia' • As it transpired this was extended to include
papers from other parts of the world. It was held in Salisbury
in September 1971 and the papers were published in 1975 as
Special Publication No. 3 of the G.S.S.A. (see 4).
With the lack of age determinations in mind, N.M.
Harrison of the Survey and JFW, by now at the University of
Rhodesia, together made an extensive •ollection of granites and
gneisses from the southern part of the rraton for K-Ar mineral
age determination. The laboratory work was done by FJ. Fitch
and J.A. Miller at Cambridge. This sector of the craton was
chosen since mapping cover was now extensive and irrluded
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recent work by Harrison, Stowe and JFW (2 and 4). K-Ar seemed
the obvious choice for such a preliminary exercise because it
allowed rapid results; and it was assumed that the results would,
give, at least, minimum ages.
As later work showed, this was a totally wrong assumption (8 and 15). Nevertheless the results allowed certain
conclusions to be drawn and these were presented at 'Granite 71'
(5; of also 7).
In March 1972, in London, largely as an outcome of
'Granite 71', JF.J delivered a review at a Royal Society discussion meeting on the evolution of the Precambrian crust. In
this JW attempted to summarise work on the Rhodesian Archaean
since Macgregor and to trace the evolution of the craton from
the earliest Archaean up to the emplacement of the Great Dyke.
He also included some of the events of the early Proterozoic.
In effect, the paper reflects the position as JPW saw it some
20 years after Macgregor. It also refocussed attention on the
important Belingwe greenstone belt which on its north eastern
margin shows an unconfñrinity h-teen

rie-c1t rocks and

underlying older gieisses.
One very important consequence of this meeting wasarrival in Rhodesia in September 1973 of a team from Oxford
University, consisting of S. Moorbath, R.K. O'Nions and C. J.
Hawkesworth
In an intensive three-week period of collection,
organised by JFW, samples were taken for age determinations and
geichemical study from various gneisses, granites and greenstone
belt volcanic rocks over much of the cratonic area. During
1974, Rb-Sr whole-rock isochron work was started in the Oxford
laboratories. The initial results (8), which did not substantiate the K-Ar findings, established the presence of circa

3.5 Ga gneisses in the Mashaba area, and about 2.6 - 2.7 Ga as
the age tnf extrsion of the volcani.s of at least some of the
major greenstone belts.
(The ancient age of the grieisses had
been indicated already from slightly earlier but independent
work on the Mushandike granite east of Mashaba by N. Hickman
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of Leeds University).
From this start, work continued and also expanded into
related fields. Rb-Sr dating was continued at Oxford by Moorbath (9 and 10) and also later by Hawkesworth at Leeds(15).
Geochemical studies embracing major, minor and trace element
work on the volcanic rocks, with consequent publications, were
initiated at Oxford by O'Nions and Hawkesworth. At the
Lament Doherty Geophysical Observatory in New York, O'Nions and
co-workers, using the Sm-Nd method for the first time on
terrestrial material, successfully dated the mafic and ultramafic volcanics.
In Rhodesia, interest in the Archaean was maintained
with the work of several D Phil students at the University of
Rhodesia. These included P.A. Snowden (granitic terrane near
Salisbury), P. Cotterill (Selukwe greenstone belt) and A.H.
All these were
Wilson (Hartley Complex of the Great Dyke).
wholly (AHW and PC) or partly (PAS) under JFW's supervision rJ
had begun work prior to the 1973 visit of the Oxford team.
In 1974 A. Martin of the Geological Survey began
detailed mapping of the northern half of the Belingwe greenstone
belt. Soon after beginning this work Martin registered as a
D Phil student under JFTts supervision.

Early in 1975 N.J. Bickle and E.G. Nisbet, each with
a newly acquired D Phil from Oxford, began a very fruitful twoyear period of association with the Geology Department of the
University of Rhodesia. During this time they carried out
detailed mapping of selected parts of the Belingwe belt and
(MJB) of some of the adjacent ancient gneisses. Then and
subsequently they also investigated the geochemistry of the
volcanic rocks. Later in the same year, J.L. Orpen, a Special
Honours Geology graduate of the University of Rhodesia,
D Phil studies under JFI1Vs partial supervision.
registered for
Orpen subsequently mapped the important southwestern section

ef the Belingwe belt, linking up with Martin's work to the
north,
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Thus by 1975 an Archaean Crustal Study group, in cooperation with workers at Universities in U.K. particularly,
had been established at the University of Rhodesia under the
coordination of JFW. The work on the Belingwe project by the
enthusiastic four-man Belingwe team constituted the major fieldgeochemical attack. The Belingwe work in particular has
resulted in a number of significant contributions to various
international journals with details in such diverse aspects as
komatiite geochemistry and stromatolites.
In 1976 JFW attempted to reappraise, in time and space,
the major stratigraphy of the greenstone belts and the main
events of the craton (ii).

This was done on the basis of the

stratigraphic subdivisions erected for the Belingwe belt, in
conjunction with the recent age determinations and field data
from a variety of sources old and new. World politics unfortunately precluded acceptance of an invitation to present these
ideas at the International Geological Congress in Sydney in

1976.

Instead they were presented in Salisbury at the third

major Symposium to be held by the Rhodesian Branch of the
G.S.S.A., 'Netallogenesis 76 1 ; the various papers read at this
Symposium were published in 1979 as Spec. Pubi. No. 5 of the
G.S.S.A. An article to Nature in January 1978 by JFW and coworkers (12) is essentially a summary of this paper.
This reappraisal presents the case for greenstone belts
of two, and possibly three, different ages, each with associated
granites. The major subdivisions proposed have been accepted
by the Geolegical Survey in their, albeit still loose, current
usage of the terms Sebakwian, Bulawayan and Shanivaian. From
the evidence of the oldest gneisses and granites, the oldest
greenstone belts are about 3.5 Ga old, and now constitute the
Sebakwian Group. The Bulawayan and Shamvaian Groups together
constitute the more extensive main greenstone belts. The bulk
of the Bulawayan Group with the overlying Shamvaian Group are
together about 2.7 Ga old. The remaining lower part of the
Bulawayari Group, which is separated by unconformity from the
rest of the Bulawayan, may be part of a further period of
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greenstone belt development associated with granites about 2.9
Ga old.
Works 11-14 of this thesis thus present the granitegreenstone terranes of Zimbabwe (Rhodesia) as they are currently
understood, thirty years after Macgregor.
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ABSTRACT
The Mashaba Igneous Complex is a layered, predominantly ultramafic intrusion of ancient
Precambrian age. it consists of a sheeted portion and a dyke portion presumed to be the feeder of
the main part of the intrusion. The ring form of the dyke appears to be unique in ultramafIc rocks.
The Complex is briefly described together with it subsequent deformation. This is held to be due to
the emplacement of the Younger Granite of the area and has resulted in the formation of important
deposits of chrysotile asbestos.
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I INTRODUCTION

Mashaba village is situated about 160 miles south of Salisbury and about 25 miles
west of Fort Victoria (Plate 1). It lies near the western end of the belt of Basement
Schists - the Victoria Schist Belt - which extends to beyond the Bikita Tinfield
some 70 miles east of Mashaba.
With the exception of the East Dyke (which forms part of the final phase of
intrusion of the Great Dyke (Worst, 1960)) and some of the minor intrusions and
obviously later quartz veins, all of the rocks of the area under consideration belong
to the Basement Complex of Rhodesia. This comprises the Basement Schists and
associated rocks of granitic composition; the term Basement Schists is used to cover
all of these ancient rocks other than the granitic types. In A. M. Macgregor's classification (1947) the Basement Schists are separated into three major systems, viz, the
Sebakwian at the base followed by the Bulawayan and finally the Shamvaian. This
sub-division has been followed in this paper and also in the earlier accounts by the
writer of the areas around Mashaba and Fort Victoria (Wilson, 1964 and in press).
Mashaba's existence, in fact its very name, it owes to the geological peculiarities
of the area. The name in the local African tongue means "red" and refers to the
"red hills"— the conspicuous hills of the ultramafic mass of the Mashaba Igneous
Complex. The Complex is the site of important chrysotile asbestos deposits which
form the mainstay of the area's economy (Plate II).
The Mashaba Igneous Complex appears to have been emplaced after the main
phase of folding which affected the rocks of the Victoria Schist Belt, in particular
those belonging to the Shamvaian System. It is this folding which has produced the
dominant northeasterly trend to the Schist Belt.
It was, however, intruded before the emplacement of the Younger Granite of the
area which the writer has suggested (Wilson, in press) represents the late-tectonic
granite of the post-Shamvaian cycle of deformation and metamorphism. It is this
same Younger Granite which is probably the source of the pegmatites of the Bikita
Tinfield (Wilson, 1964; Martin, 1964). Rubidium-strontium age determination on
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lepidolite from Bikita quarry gave an average age result of 2,650 m.y. (Herzog el a!,
1960).
The Complex also pre-dates the Great Dyke of Rhodesia to which it is petrologically similar. Recent age determinations on the Great Dyke give an age of at
least 2,530*3 0 m.y. and possibly as great as 2,800 my. (Allsopp, 1965). The East Dyke,
it should be noted, cuts the Younger Granite (Chilimanzi Batholith, Plate I).
The Mashaba Igneous Complex is a layered predominantly ultramafic intrusion,
derived from the differentiation of hot peridotitic magma. It can be divided into a
sheeted portion and a dyke portion. The sheeted portion of the Complex is considered
to be due to four separate heaves of magma which emanated from a feeder-channel
along the arcuate fractures now represented by the ultramafic ring-dyke of the
North-East Arm, the Northern Offshoot, and the Eastern Arm in part (Plate III).
The field evidence indicates that each heave was injected under the preceding one,
with the oldest and most ultramafic pulse at the top. Each heave of magma underwent
differentiation in situ and was consolidated, but not cold, before the intrusion of the
next. Near Prince Mine the third pulse transgressed the already solid, previous pulses
to cut the overlying Basement Schists.
The topmost, highly ultramafic inflow crystallized to form a thick basal layer of
chrornite followed upwards by rhythmic alterations of narrow layers of chromite and
dunite, now serpentine. This pulse was of small lateral extent. It is this chromite which
has been exploited in the Prince Mine area. The second inflow consolidated to form
the largest sheeted unit of the Complex. Its magma was hot, mobile and of peridotitic
composition; differentiation in situ resulted in small pockets of pyroxenite and gabbroic
rock in the top-most portion. The third and fourth pulses were successively smaller
in volume and progressively poorer in the constituents of olivine than their predecessors. Each consolidated to give mafic and ultramafic fractions, with the fourth
pulse, nearest to the feeder, producing a thick pyroxenite layer grading upwards into
a thick layer of gabbroic rocks. Finally two groups of mafic dykes were emplaced;
the first along modified radial fractures and the second as inner and outer groups of
ring-dykes following the curve of the North-East Arm (Plate IV).
The various hypothetical stages of emplacement have been described elsewhere
(Wilson, in press). Briefly, however, it is thought that the successive pulses were
accompanied by subsidence about the main arcuate feeder dyke or part of it; that
the successive heaves were derived from a parent magma which itself was undergoing
differentiation in depth; and that the mafic dykes represent the intrusion of the endproducts of differentiation.
The horizontal spread of these pulses beyond the ring structure indicates the
presence of a more or less horizontal plane of weakness which intersected the ringstructure. The reason for this plane of weakness is not known. The emplacement of
the mafic end-product took place in two stages, the first giving rise to radial dykes
and the second to ring-dykes. The latter probably represent the final collapse of the
chamber. The curve of the radial dykes suggests the existence of a weak regional
stress field with a more or less horizontal P maximum, aligned roughly WNW at the
time of their emplacement (c.f. Ode, 1957).
Three related satellite intrusions - the Mashamba, Jenya, and Nyaratedsi were emplaced contemporaneously with the main Complex (Plate I).
The next major event in the geological history of the area - the emplacement
of the Younger Granite - resulted in marked deformation of the overlying rocks
and of the Mashaba Igneous Complex in particular. The northwestern and central
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portions of the Complex were subjected to compressions which resulted in crossfolding of the sheeted portion. Two overfolds were produced in the sheet-like body
and thrusting took place along the base of the upper limbs of the folds, i.e. along the
base of the sheet. This resulted in the North-West Arm as now seen (Plate V).
In the southeast the picture is much more complicated. In brief a huge wedge of
country, bounded on the northwest by the Kenilworth and Lochinvar faults and on
the south by the northern limit of the Victoria Schist Belt, was uplifted and then pushed
southwestwards (Plate VI). In the apex of this wedge lies the King Mine. Here the
deformation may be compared with conjugate-wedge tectonics, with the formation
of a primary thrust and anticlinal fold. Farther east, nearer Mushandike Dam, the
older granitic rocks and gneisses moved in a series of slices now marked by curved
shear zones.
The fractures controlling the formation of the major economic chrysotile asbestos
deposits are intimately associated with this deformation; many of the mines are close
to the major thrusts. The hydrothermal solutions necessary for the formation of the
fibre used thrusts and faults as channeiways and are considered to have been derived
from the Younger Granite.
II ROCK TYPES OF THE COMPLEX

As far as possible the olivine-pyroxene relationships of the ultramafic rocks as
used by Worst (1960) for the Great Dyke have been followed with the exception of
the term harzburgite which is used in a more limited sense. In addition the term peridotite is used to define rocks having a pyroxene content between that of harzburgite, as
here defined, and dunite.
The olivine pyroxene relationship of the ultramafic rocks of the complex are:
- up to 5 per cent orthopyroxene
Dunite
- between 5 and 20 per cent orthopyroxene
Peridotite
between 20 and 50 per cent orthopyroxene
Harzburgite
Olivine pyroxenite - between 5 and 50 per cent olivine
- up to 5 per cent olivine.
Pyroxenite
In addition picrite occurs in very limited quantity.
The mafic members of the Complex are grouped as gabbroic rocks. These include
both norite and gabbro; generally these rocks are uralitized and saussuritized. With
these may be grouped the dykes of the ring and radial groups.
The serpentines are derived almost entirely from the dunites, peridotites, and
harzburgites. All of these ultramafic rocks show some degree of serpentization.
Steatitization of the ultramafic rocks along faults and thrusts has produced talc and
talc-carbonate rocks, either massive or schistose.
Ill FORM AND EXTENT OF THE COMPLEX
A The Sheeted Portion

I. North-West Arm
This extends southeastwards from the eastern margin of the Selukwe Stock to a
few miles west of Gath's Mine. For most of its length the Arm forms a line of prominent hills reaching several hundred feet above the surrounding gneiss and granite
country.
The Arm has the form of a sheet dipping northeastwards at angles varying from
10 to 30s . The upper margin is a normal intrusive contact and cuts across the older
gneisses and Basement Schists at almost right angles.
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Compression with a P-maximum aligned NE to SW resulted in thrusting along
the base of the sheet with movement southwestwards. Folding of this sheet and
thrust, still as a result of the same compression, developed two further thrusts. A
later phase of compression aligned NW to SE resulted in a gentle warping of the
sheet and its basal thrust into relatively gentle northeasterly plunging folds. Subsequent erosion has exposed the two thrust sections as the two portions of the NorthWest Arm (Plates I and V). The southwest margins of the Arm as seen now, are
marked by wide quartz veins and talc schists.
The dominant rock type of the Arm is a brown weathered serpentine derived
from partly serpentinized dunite and, to a lesser extent, peridotite. Along the upper
margin there is a marked increase in orthopyroxene content. Frequently there is a
zone of poikilitic harzburgite up to 250 feet wide on outcrop. In places this grades
upwards in the sequence into discontinuous pockets of fresh olivine pyroxenite,
picrite, and norite.
In the southern sector of the Arm a discontinuous pyroxenite layer several
hundred feet thick occurs in the lower portion of the sheet (Plate III). This layer
dips gently NE with the Arm and occurs over a total strike of about nine miles. The
upper contact of the layer appears to be sharp against the overlying serpentinized
dunite and in places fingers into this dunite and grades into small pockets of amphibolized and saussuritized gabbro. The lower margin of the layer is ill-defined and
grades downwards into harzburgite which passes into serpentine and talc schist
against the thrust.
Two major units can therefore be recognized in this area of the North-West Arm,
viz, an upper unit which has the more ultramafic composition and the greater extent,
and a lower unit, the upper limit of which is marked by the pyroxenite layer. The
simplest explanation is that each represent a separate magma inflow - the upper
unit representing the first and the lower unit the second - each of which underwent
differentiation in situ after injection.
It is interesting to note that mining claims have been registered for chromite in
the North-West Arm. The recorded position approximates to that of the base
of the upper unit, i.e. where early-formed chromite crystals could be expected to
form if the upper unit were a separate inflow.
Near the Falls Stock of Younger Granite (Plate I) are a number of NNE-striking,
discontinuous masses of ultramafic rocks varying from peridotite to poikilitic harzburgite, and from serpentine to talc schist. These constitute offshoot dykes from the
upper sheeted unit of the Arm.
2. Central Region
This constitutes the area extending eastwards from the southern limit of the
North-West Arm to the Lochinvar Fault and to the southern extension of the Kenjiworth Fault; southwards it extends to the Jenya Fault System.
Here, particularly in the northern sector the sheeted nature of the intrusion is
clearly apparent in the field. Most of the northern sector is merely an extension of the
upper unit of the North-West Arm and the two directions of folding seen in the Arm
are reflected by a dome and basin structure. The dominant rock type is again the
brown weathered serpentine seen in the North-West Arm. Poikilitic harzburgite and,
on rare occasions, olivine pyroxenite, are present near the upper margins of the sheet.
The occurrence of an olivine-bearing pyroxenite layer - the Balmain Pyroxenite
- southeast of Gath's Mine, is somewhat puzzling. Its contacts appear to be sharp
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against both the overlying and underlying serpentinized dunite. It is suggested that
it is an offshoot from an extension of the lower unit of the North-West Arm (Plate II).
In the southern sector of the Central Region the Mashaba Igneous Complex
cuts already folded Basement Schists and many of the contacts are masked by banded
ironstone and quartzite scree. South of Mashaba village, however, the western limit
is seen as the upper margin of a westerly dipping sheet marked by poikilitic harzburgite
and locally by pyroxenite and gabbroic rocks. Away from this margin the Complex
is poorly exposed. Near major fractures such as those of the Jenya Fault System,
there is considerable development of talcose rocks, usually with carbonate.
In the southeast part of the southern sector, chromite is developed, some of
which is layered. It is equated with the chromite-rich zone of the top-most unit seen
in the Eastern Region of the Complex.
Southeast of Mushandike Dam are several areas of ultramafic rocks, some of
which contain small deposits of chromite. These areas are grouped with the Complex
and are considered to be of sheeted form originally, but whether they are to be equated
with the main chromite zone of the Complex is not clear. They have been broken and
sheared by branches of the Jenya Fault.
3. Eastern Region

This comprises the remaining sheeted portions of the Complex, i.e. the region
east and south of the Lochinvar and Kenilworth faults, excluding the North-East Arm
and including the area around the King Mine. Here again is evidence of layered units
which the writer considers best explained as separate magma pulses each of which
underwent differentiation in situ.
The lowest of these units occurs in the northern section (Plate Ill). Here is the
main development of gabbroic rocks in the Complex. These rocks show the characteristics of late-stage alteration due to the concentration of volatiles. Near the upper
margin, quartz is developed, sometimes as micropegmatite. Downwards the gabhroic
rocks grade into a pyroxenite layer, some 900 to 1,000 feet thick, which in turn passes
into serpentine derived from peridotite and dunite. Olivine is present only in the
lower portion of the pyroxenite layer; clinopyroxene appears in quantity only near
the top. This layered sequence occurs immediately above the dyke of the North-East
Arm - the presumed feeder of the Complex - indicating that it is a low horizon in
the intrusion.
Above this sequence is a second unit which on present exposures, contains less
gabbro. This second unit is best developed in the southern sector of the Eastern
Region which includes the roughly triangular area with King Mine at the apex. The
deformation suffered by the southern sector subsequent to the intrusion of the
Complex is considerable, but detailed mapping indicates that above this second unit
there is a dunite-serpentine which, at an horizon several hundred feet from the top,
contains a chromite-rich zone. The mapping and drilling results also indicate that
the intrusive pulse which gave rise to the second unit transgressed and cut through this
overlying serpentine and chromite-rich zone.
Extensive development of chromite in the Complex is virtually confined to this
chromite-rich zone which forms only a small area centred on the main workings of
the Prince Mine. I. B. Marx (1963, personal communication) has shown that the
chromite-rich zone at its best development is approximately 100 feet thick. His work
shows that this zone is marked by a layer 10 feet thick, of coarse-grained, friable
chromite. The lower margin appears to be faulted against the underlying serpentine.
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The upper margin is gradational into serpentine, and above this is a fine-scale rhythmic
alternation of serpentine and chromite layers throughout the rest of the zone. The
individual chromite layers vary from I inch and less, up to 14 to 2 inches wide: the
intervening serpentine layers, which themselves contain disseminated chromite crystals
are in general of similar thickness. Chemical analyses (Wilson. 1965, and in press)
show the mineral to have a high Cr : Fe ratio.
The writer prefers to consider the base of this chromite-rich zone as marking the
lower limit of a fourth unit in the Eastern Region, a unit formed from a separate
magma inflow (Wilson, 1965).
The writer's suggested correlation of the sheeted units of the various regions of
the Complex is given in Plate III. Thicknesses are not to scale but the maximum
total thickness of the four units is of the order of 6,000 feet.
B The Dyke Portion

This includes the North-East Arm and part of the Eastern Arm, together with its
Northern Offshoot (Plate 1). The arcuate form is considered to be original and the
whole to be an incomplete ring-dyke of which all or parts acted as feeders to the
sheeted units of the Complex. The dominant rocks are partly to completely serpentinized dunites. No pyroxenites or gabbros have been observed. The brown
weathered serpentine so typical of the North-West Arm is common also in the NorthEast Arm. Talc and talc-carbonate schists occur where shearing, faulting and associated
hydrothermal activity have been active. This applies in particular to the Eastern Arm
where there is a major development of these rocks, and to a lesser extent to the most
easterly part of the North-East Arm.
The Eastern Arm forms the northern margin of the Victoria Schist Belt between
the Basement Schists to the south and the granitic rocks to the north. It encloses
enormous xenoliths of both these types and appears to have been injected along the
pre-existing contact.
Also regarded as integral parts of the Complex are several swarms of mafic dykes
(Plate IV). These are doleritic types which have undergone amphibolization and
saussuritizatiofl. The bulk of this alteration is considered to be deuteric. These
metadolerites comprise the inner and outer groups of ring dykes, north and south
respectively of the North-East Arm, and the northern and southern groups of radial
dykes. The southern radial dykes occur south of the Jenya Fault. The northern group
cuts the North-East Arm but are themselves cut by the mafic ring-dykes.
The attitude of the various dykes of the Complex is not certain but their very
mode of occurrence in the field indicates that they are steeply dipping bodies. There is
evidence from the effects of later faulting to suggest that near the Mushandike Fault,
the North-East Arm and inner ring dykes dip north, i.e. outwards. The Eastern Arm
may be considered to dip steeply south parallel to the contact of the Basement Schists
and granitic rocks.
The ring structure suggested by the various bodies appears to be unique among
ultramafic intrusions. The only known other reference to an ultrarnafic ring is by
Miller (1953) who describes an occurrence in North Carolina. Miller, however,
regards this not as a ring-dyke but as the remnant of a deformed sheet.
IV SATELLITE INTRUSIONS

Within the area under consideration are three intrusions which on field evidence
the author considers are related to the Mashaba Igneous Complex. These are the
Tvlashamba, Jenya, and Nyaratedsi intrusions (Plate I). In the present plane of erosion
these are all almost entirely ultramafic in composition.
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The dominant rock of the Mashamba Intrusion is a serpentine derived from
peridotite. There are some talc and talc-carbonate schists developed, but there is no
evidence of differentiation. The form suggests an irregular dyke.
The Jenya Intrusion is a sheet which has been folded and faulted. The main rock
type is an actinolite-tremolite rock with varying amounts of chlorite and occasionally
talc. Massive serpentine is rare. There is evidence of gravity settling with the occur rence of a narrow intermittent gabbroic layer on the upper margin.
The Nyaratedsi Intrusion is the largest of the satellite bodies. It is sheet-like in
form with serpentinized dunite and peridotite as the main lithological types. There is
some occurrence of poikilitic harzburgite on the upper margin and, in one area, a
small development of pyroxenite.
V METAMORPHIC EFFECTS OF THE COMPLEX

The contact-metamorphism associated with the Complex is limited to those
portions least affected by the later thrusting, faulting and hydrothermal activity. Even
in these areas the effects are not widespread. Lack of exposures makes an estimation
of the width of the aureole impossible, but it is to be measured in tens of feet, rather
than in hundreds.
The temperature of intrusion and size of any igneous body are important in the
grade and extent of the thermal aureole but the heat conductivity of rocks is so low
that the chief agents for the transfer of heat into the country-rock are the gaseous
emanations of the magma (Barth, 1962, p. 262). Lack of volatiles, therefore, would
markedly limit the extent of any thermal aureole.
The grade of metamorphism exhibited in the wall-rocks of the Mashaba Igneous
Complex is high, up to pyroxene-hornfels facies (Turner and Verhoogen, 1960, p. 252),
but the extent is small. The effects then are what would be expected from a hot, dry
magma. No assimilation phenomena have been observed and the metamorphic
changes are those of recrystallization of the wall-rocks.
The best examples occur along the upper contact of the North-West Arm where
the sheet cuts the older Basement Complex rocks (Sebakwian System). it might be
noted that the lack of volatiles in the magma of the North-West Arm is indicated not
only from the metamorphic effects but by the rocks of the Arm itself. No increase in
serpentinization occurs in the ultramafic rocks along the upper margin of the sheet.
A marked increase in the extent of this process is associated with asbestos formation,
when both features are related to later faulting and fracturing. Furthermore the
gabbroic differentiates of the upper Unit 2 of the North-West Arm contain a high
proportion of fresh feldspar and pyroxene and show only a low degree of saussuritization and amphibolization. These factors indicate that there was little, and certainly
no major, concentration of volatiles towards the top of the sheet and are in keeping
with a low volatile content of the magma inflow.
Examples of the metamorphic effects of the North-West Arm are tabulated on
p. 182.
No generation of pyroxene from biotite was found in the granites, even in slides
from specimens within 30 feet of the contact on surface. A hardening effect, however,
extending up to 150 feet into the granite, is indicated in some areas from the rubble
exposures of granite. These occur only adjacent to the contact and are conspicuous
since away from the contact the granite exposures are virtually non-existent.
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Original rock

Distance from
nearest outcrop
M.I.C.

M.I.C. rock
adjacent

Result

Older Serpentine

About 20 feet

Olivine Pyroxenite

Pyroxene granulite with ohvine and orthopyroxene
redeveloped.

Older Serpentine
schist

150-200 feet

Poikilitic
Harzburgite

Still schistose; sieve-texture
of tremohite enclosing
chlorite; pleonaste.

Same body (2) as
roof-pendant in
North-West Arm

About 20 feet

Poikilitic
Harzburgite

Schistosity eliminated. Plates
of tremolite still evident
and still some chlorite but
marked recrystallization of
fresh olivine and orthopyroxene; pleonaste.

Maflc type

Small 2-3 foot xeno11th

Gabbro

Pyroxene granulite; granulitic texture, labradorite,
fresh hypersthene, some of
which shows diopsidic
lamellae indicating xenolith raised to temperature
near that of magma and
cooled with it.

VI DEFORMATION OF THE COMPLEX

With the exception of the Jenya Fault System and some of the obviously later
minor fractures the main post-emplacement deformation of the Complex is considered
to be a direct result of the physical emplacement of the Younger Granite (i.e. the
Chilimanzi Batholith, etc., see Plate I). Noble (1952) has pointed out that deformation
effects caused by forceful injection of magma "preceded the body of magma both in
space and, at a given point, in time". This, though it might seem a statement of the
obvious, is of prime importance in any postulation of the causal relationship between
the emplacement of the Younger Granite and the deformation of the Mashaba
Igneous Complex and surrounding rocks.
V
A

The Formation of the North-west Arm and Ikeformation of the northern portion of the Central Region
of the Complex

The present position and configuration of the North-West Arm, which is a sheet
dipping NE at angles from 10° to 30°, is a result of compression in two directions, a
northeasterly aligned P maximum and a later northwesterly aligned P maximum.
The northeasterly aligned compression resulted in the development of a thrust along
the base of the ultrarnafic sheet and in movement of the sheet and overlying rocks
southwestwards. Continued compression produced folds in the sheet and from these
two further overthrusts developed, which have given rise to the two portions of the
Arm, as now seen (Plate V). The northwesterly aligned compressions warped the sheet
and the basal thrust into relatively gently northeasterly plunging folds.
Two significant facts arise from a consideration of these compression directions
and the regional distribution of the Younger Granite (Plate I).
(a) The northeast P maximum was almost at right angles to the line of strike of
the southwest margin of the Chilimanzi Batholith.
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(b) The northwest P maximum was almost at right angles to the Chenoia
Stock-Falls Stock line and to the small portion of the Selukwe Stock which
has been mapped.
The available evidence (Wilson, 1965, and in press), indicates that the Mashaba
Igneous Complex post-dates the main phase of the post-Shamvaian folding and predates the massive Younger Granite. If this is so, then any deformation that the Complex
has undergone must also be later than this main phase of the post-Shamvaian folding.
In the extreme northwest of the mapped area, the Selukwe Stock cuts across the
ultramafic sheet and its basal thrust contact. Therefore, the thrusting pre-dates the
intrusion of the Stock at this point in space and time, but the thrusting at this point
and the intrusion of the granite at a lower level could have been contemporaneous,
or nearly so. What is clear is that the thrusting does not post-date the intrusion of
the Stock.
The necessary hydrothermal solutions for the chrysotile fibre formation of many
of the mines in the area have travelled along these thrust-planes. Associated with the
fibre bodies and, in some instances, contributing to a small extent to fibre formation,
are certain "acid" intrusions in the form of irregular bodies of aplite and pegmatite.
These have been noted at Gath's, Forest, and Temeraire mines (Laubscher, 1963, and
personal communication). They also occur in the thrust-zone area between Forest
and Temeraire mines. Laubscher's map (1963, Plate V) of the Forest Mine shows these
aplites, which are here desilicated to syenite, as short veins intruded along shears and
slips parallel to his main fault-zone (the present writer's thrust). Within the fault-zone,
he shows a body of microgranite from which he considers the aplites to have derived.
Here, then is evidence of granitic material using the thrust as a channel-way granitic material which can have an origin only in the Younger Granite, since there
is no other source available. Again deformation has preceded intrusion of the granite
at these points but, equally, this deformation could have taken place at these points
contemporaneously with the intrusion of granite elsewhere.
Summarizing therefore:
The two P maxima were almost at right angles to Younger Granite contacts.
Deformation of the North-East Arm and the Northern Section of the Central
Region of the Mashaba Igneous Complex preceded or was contemporaneous
with the intrusion of the Younger Granite.
Minor granitic intrusions of Younger Granite age used the thrusts as channelways.
It is difficult to accept that these facts are mere coincidence and it is, therefore.
thought that the emplacement of the Younger Granite caused the deformation.
According to this concept the intrusion of the Chilimanzi Batholith resulted in
uplift of the overlying rocks. Within these rocks, most of which are older granitic
rocks and gneisses, lay the ultramafic sheet of the Mashaba Igneous Complex. At
some stage during the uplift the sheet, together with the overlying rocks, moved southwestwards along the base of the ultramafics. Continued movement of the mass southwestwards resulted in two overfolds with subsequent thrusting along the base of the
upper limbs of these folds. Erosion has revealed these two sections of the North-West
Arm as seen at present. Plate V illustrates the envisaged sequence of events.
The small, more westerly section of the North-West Arm disappears southeastwards but the thrust can be traced into the gneisses and granitic rocks and is
marked by quartz veins, shearing and occasional lenses of talc schist. These lenses are
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taken to indicate a thinning and dying out of the original sheet. The cutting of this
thrust by the thrust along the base of the main section of the North-West Arm, southwest of Falls Stock, indicates an overriding of the one thrust by the other (Plate I).
The northwest portion of the main section of the Arm fingers off into lenses and
narrow sheets of chloritic serpentine and talc, and it is not known how far the thrust
extends from here into the older granitic rocks.
In the area about six miles SSE of the southern limit of the Falls Stock the thrusting is not limited to the base of the ultramafic sheet but extends well into the lower
unit of the Arm. The extent of the serpentinization and the numerous quartz veins
bear evidence of this.
The granites of the Chenoia Stock-Falls Stock line are taken to represent the
peaks of a hidden, elongated mass striking northeast. The Selukwe Stock, in the
extreme northwest, is possibly part of a similar concealed parallel mass. It is suggested
that the emplacement of these masses produced the warping that is seen in the NorthWest Arm, i.e. warping along a northeasterly trending fold axis. It is conceivable that
the intrusion of these masses took place after that of the main Chilimanzi Batholith
to the northeast, i.e. as a later phase of intrusion of the Younger Granite.
The northern part of the Central Region of the Complex presents the same picture.
Here a dome and basin structure, i.e. cross-folding, is evident in the sheet, with the
ultrarnafic rocks dipping under, and completely enclosing, roof-pendants of older
gneisses and Basement Schist. Folding of the basal thrust occurs south and east of
Gath's Mine. The thrust dips north at Gath's, then swings to dip east at Kilmarnock
Mine and to dip south under the Balmain workings. It appears again, dipping steeply
north at Rex, Forest, and Temeraire mines (Plate II). In this area the thrust no longer
follows the base of the ultramafic sheet. The thrust and the sheet have been folded as
a result of continued compression so that the sheet has buckled and become overfolded against the Basement Schists to the south. The thrust has steepened and cut
through the folds.
The minor "acid" intrusions can be explained by continued rise of the granite
magma into the earlier deformed rocks and the thrusts.
B Deformation of the Eastern Region of the Complex and the surrounding rocks

The area in question is roughly triangular in shape (Plate I). It is bounded on
the northwest side by the Lochinvar- Kenilworth Fault System and, on the south, by
the northern limit of the Victoria Schist Belt; the King Mine lies at the apex. Much
of the centre of the region is occupied by gneisses and granitic rocks older than the
Complex. The Mushandike Fault divides the area into two sections. a Northwestern
and Southeastern.
I. The Nort/zu'est Section
The Lochinvar- Kenilworth Fault System can be traced for about 19 miles. If
the North-East Arm of the Complex was indeed the main feeder, then there must have
been uplift on the southeast side of this fault system to elevate this zone to the same
horizon as the sheeted portion of the Complex to the northwest. Independent evidence,
however, comes from a study of the rock types on both sides of the faults. Near
Temeraire Mine, on the northwest side of the Kenilworth Fault, are numerous
xenoliths of Basement Schist, including banded ironstones, quartzite, and greenstone,
in the serpentine and serpentinized peridotite. These, together with the occurrence of
in situ differentiates of harzburgite, pyroxenite and even gabbro, indicate the roof
of the sheeted portion of the Complex. On the southeast side of the Fault, however,
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it is the metagabbro of the lowest Unit 4, or even the underlying older gneissic
granite, that is exposed (Plate H). The xenoliths in this metagabbro are of serpentine
only and represent remnants of the basal portion of Unit 3 of the Complex.
Simple uplift along the Lochinvar Fault explains the occurrence of Unit 4 on
its eastern side, but it is not sufficient to explain the distribution of this Unit, especially
the metagabbro, on each side of the Kenilworth Fault. Both areas of gabbroic rocks
are basin-like in form and their distribution can be explained only by horizontal
movement to the southwest, combined with a vertical drop of the southeast side. In
other words, the Kenilworth Fault is a wrench-fault with the net slip direction pitching
gently southwest, so that a higher horizon of the basin and, consequently, the appearance of a wider exposure on the southeast side of the Fault is found.
Towards the north the Kenilworth Fault splits into a series of parallel fractures
which cut the L.ochinvar Fault and the main dyke of the northern radial group of
metadolerites. The over-all horizontal displacement of this dyke is of the same order
as that of the metagabbro of Unit 3 farther south.
The sequence of faulting, then, was as follows:
Uplift along the eastern side of the Lochinvar Fault with probably similar
uplift on at least part of the Kenilworth fracture at the same time.
Movement to the southwest along the Kenilworth fracture.
The Mushandike Fault System comprises a number of fractures striking parallel
to the Kenilworth Fault; the total strike-length is about 14 miles. The faults of the
north two-thirds of the system are best described as normal faults with down-faulting
of blocks between them. In the final 44 miles of the southern end, shearing is considerable and there appears to have been some, possibly later, horizontal movement.
Between the Mushandike and Kenilworth Faults and parallel to both, are a
group of faults, some of which are quartz-filled and carry patchy gold mineralization.
Where dips can be measured they are steep, 70 and upwards, to the southeast.
In the area east and northeast of the King Mine the structure is in details exceedingly complex but, on the regional scale is relatively simple. A major fold and a major
thrust are developed. The thrust occurs on the southwest side of the fold and strikes
roughly northwest and parallel to the fold axis.
The fold is an anticline with Unit 3 of the Complex comprising the Southwest
limb. The unit lies directly on older granitic rocks and is capped by southwesterly
dipping metagabbro. The northeast limb of the fold is seen in the ultramafic mass
which lies some 24 miles east of the King Mine (Plate 11) and is thought to be the
trough of parallel syncline. The outcrop of this body indicates that it has also undergone folding on a northeast axis and this may be a reflection of the earlier cross-folding
of the Central Region.
The thrust has brought the basal portion of the Complex, here Unit 3, in contact with the uppermost, chromite-rich Unit 1. The thrust zone is shown as two
fault lines on Plate II. These represent the approximate limits of the area occupied
by talc an talc-carbonate rock and schist, but the zone of actual movement is not
necessarily as wide as this. Carbon dioxide-bearing solutions, using the thrusts as
channel-w, ys, have spread into the wall-rocks to produce talc-carbonate rocks over
wide areas. I. B. Marx's detailed work (personal communication, 1963) confirms this.
In the regional mapping it was found irnoossible to separate the various units of the
Complex osr any great distance but in this area it was possible to trace the pyroxenerich upper contact of Unit 3 from the edge of the gabbro, southwestwards into and
across the thrust zone. The displacement indicates that the thrust dips northeast.
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Southwest of the King Mine, the Kenilworth Fault and the faults from the
Prince Mine, meet. Again the faults shown on Plate II represent, or mark the limits
of, wide zones of talc schists or sheared serpentine. The foliation of the talc schist
in the Kenilworth Fault about two miles north of King Mine suggests a steep westerly
dip for the Fault, whereas the shear-zones of the Prince Mine area dip steeply south
under the Bulawayan metasediments. It seems likely that this corner of the triangle
has been thrust southwestwards under the sediments and ultramafic rocks.
2. The Southeast Section
The major deformation here takes the form of a large number of shear or fault
zones cutting the older granitic rocks, the Basement Schists and the Complex. In
the granitic rocks the shears are easily recognizable and are marked by zones of
quartz-mica schist which sometimes form low ridges.
In the south and west, especially around Mushandike Darn, the zones are at
their widest, up to 200 feet, but traced northwards and eastwards, they become
narrower and better defined. Quartz veins, parallel to the shear zones or cutting
obliquely across their strike, often accompany this narrowing. Gold mineralization is
associated with the shears in one area, viz, at the Margrate Neilson Mine, about
21 miles west of the Mushandike Darn.
The shears form a definite curved pattern. In the south, near the Basement
Schists, they tend to strike east or slightly north of east. In the granitic rocks, away
from the schist belt, they swing to strike northeast.
In detail the picture is not simple but, on the regional scale, the shears mark the
limits of a series of slices which have moved to the southwest. Movement of the
various slices is seldom a simple horizontal shift. North and east of Musharidike Dam
the shear zones dips northwards at angles of 65° and more. Drag-folds in the sheared
granitic rocks of the zones indicate that the northern sides of the shears have been
thrust west or southwest relative to the south sides and upwards at angles of 20° to
25° on the plane of the shear. On the south side of the Dam and on the north slopes
of hills to the west the shears, which here are wide, dip southwards at 75° and more.
The drag-folds again indicate relative westerly movement of the north sides but here
this is combined with a relative downward movement. On the north side of the Dam
the angle of pitch of the net slip is 20° to the west. Farther west this angle decreases
until the shear zones are vertical, the underthrusting of the north side dying out
westwards.
Complications arise due to the movement of the much later Jenya Fault System
which is opposite in the horizontal sense. The conflicting readings obtained in some
of the shear-zones are undoubtedly due to this later faulting following some of the
earlier shears.
Some five to six miles northeastwards from Mushandike Dam the curvature of
the shears is accentuated by their link-up with north-northwesterly striking fractures
parallel to the inner radial group of metadolerite dykes of the Complex and, in the
eastern area, by their link-up with remnants of Bulawayan sedimentary schist in the
granitic rocks. Renewed shearing has taken place in each instance.
The cross-folding of the Central Region of the Complex extends across the
Kenilworth- Lochinvar Fault System into the metagabbro and pyroxenite layers of
Unit 4. Furthermore, the Lochinvar Fault terminates the quartz-filled thrust-zone
which, westwards, becomes the basal thrust of the North-West Arm. Therefore folding,
thrusting, and at least some of the hydrothermal activity of the North-West Arm and
Central Region were effected before the uplift along the Lochinvar Fault.
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An upper age limit is obtained from the presence of an irregular granite sheet,
sometimes pegmatitic in the sheared serpentine of the Lochinvar Fault east of the
workings of the Monarch Extension Claims (Plat41). The sheet has used the Fault
as a channel-way in much the same way as have the granitic intrusions of the main
thrust in the Central Region. In the Prince Mine workings, aplites occur in the
western section of 4 and 5 levels. The only available source for these intrusions is
the Younger Granite. This, the gold mineralization in some of the shears and the
dominant northeast compression, points to a causal relationship between deformation
and intrusion of the Younger Granite, a phase of intrusion later than that which caused
the thrusting and folding of the North-West Arm and Central Region of the Complex.
To explain the deformation, a hidden extension of the Younger Granite in depth
parallel to the Chenoia Stock-Falls Stock line, is postulated, extending southwest
from the Mayo-Summerton-Heathcote line towards the King Mine and Mushandike
Dam. The sequence of events envisaged for the deformation of the Eastern Area is as
follows (Plate VI):
Stage I - Uplift. The rocks overlying this concealed Younger Granite were folded
into an elongated arch with its long axis aligned approximately northeast.
Stage II - Initial Fractures. Stretching across the arch resulted in longitudinal
fractures and down faulting.
The Mushandike Fault System developed along the crest of the arch in the
form of a longitudinal crestal graben.
Fractures parallel to this fault developed on the northwest side, and on the
southwest side.
A major break occurred on the northwest side of the uplifted area, viz, the
Lochinvar Fault, and part, at least, of the Kenilworth Fault. This brought
the feeder dyke and the lowest units of the Complex to a level roughly equal
to that of the roof of the Complex on the west side of the break. Earlier
ring-fractures might well have influenced the development of the Lochinvar
Fault which is itself curved.
Stage Ill - Southwesterly Shift. Continued uprise of the northeastern portion
of the granite caused compression which pushed the already arched and fractured rocks
southwestwards. To some extent this exemplified the movement of a conjugate wedge
(Plate VI) but pre-existing fractures and faults must have played an important part
and the P maximum was almost parallel to the Kenilworth Fault.
Major movement took place southwestwards and downwards on the south
side of the Kenilworth Fault. A similar, but smaller, horizontal movement
took place along the parallel fractures in the granitic rocks between this
fault and the Mushandike Fault. The Mushandike Fault itself seems to
have acted as the centre of the southwesterly sliding mass, with the shearing
taking place in the rocks to the northwest and southeast.
On the southeast side of the Mushandike Fault, the southwesterly moving
mass met the resistance of the easterly striking Victoria Schist Belt and the
northeasterly striking shear zones were deflected eastwards, resulting in a
series of slices thrust one over the other. Near Mushandike Dam the slices
were thrust under the Basement Schists.
In the area around King Mine similar resistance resulted in the development
of a primary anticlinal fold and a primary thrust on its southwest side. The
apex of the wedge, marked by the south end of the Lochinvar Fault and
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the Prince Mine shears, was thrust southwestwards under the Bulawayan
rocks.
A very important result of the deformation of the Mashaba Igneous Complex is
the development of chrysotile asbestos fibre on an economic scale. Plate II shows the
distribution of the asbestos mines near Mashaba and their relationship to the major
faults and thrusts. It is evident from the attitude of the fibre bodies that the stresses
which resulted in the folding, thrusting, and faulting already described, controlled
the fracture pattern necessary for fibre development. Analyses of fractures at Gath's
Mine give a P maximum of N40E and at Balmain Mine, of N41E (I. B. Marx,
personal communication, 1965). Laubscher's results for the main fibre body at King
Mine show a similar P maximum of N45E (Laubscher, 1963). These results are in
keeping with the northeasterly aligned compression deduced from regional considerations.
If it is accepted that the major deformation is a result of the emplacement of the
Younger Granite as already outlined, a ready source for solutions necessary (here
undoubtedly hydrothermal) for the fibre formation is to be found in the Younger
Granite.
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GRANITES AND CNEISSES OF THE AREA AROUND
MASHABA, RHODESIA
by
I. F. WILSON
ABSTRACT
The granites and gneisses of an area in the southern part of the Rhodesian Basement
Complex are briefly described and discussed. Two major pre-Great Dyke granitic events can
he recognised. These are separated in time by the Mashaba Igneous Complex, a predominantly
ultramafic layered intrusion. The younger event is largely adaniellitic; the older event is
largely tonalitic but includes a granodioritic phase. Evidence ofeven earlier granites, some of
which were microcline-hearing, comes from clastiesediments low in the preserved sequence of
the Victoria Greenstone Belt. there is a strong possibility that some of the gneisses of the
area represent remnants of this granitic floor.

CONTENTS
I. INTRODUCTION
II. THE MAJOR GRANITIC UNITS
The Tonalite Gneiss Complex
The Mashaha Tonalite
............
The Mushandike Granite
The Chilimanzi and Related Granites
III. DISCUSSION ............................
IV. CONCLUSIONS
REIERENCES

I. INTRODUCTION

The object of this paper is to outline the
principal features of the granites and gneisses of the
area around Mashaba and briefly to describe and
discuss their inter-relationships. The area lies vest
of the town of Fort Victoria in the southern part of
Rhodesia. Four major mappable granitic units have
been distinguished. These are (Figure 2): (a) The
Tonalite-Gneiss Complex (b) The Mashaba Tonalite
(c) The Mushandike Granite and (d) The Chilimanzi and related granites. All of these units are part
of the granite-greenstone terrain which, together with
the greenstone belts, constitutes the Rhodesian Basement Complex, and all of them pre-date the intrusion
of the Great Dyke. Within the area under consideration the East Dyke, which is part of the Great Dyke
igneous event, cuts the Tonalite Gneiss Complex and
the Mashaba Tonalite: farther north the East Dyke
cuts the northern extension of the Chilimanzi Granite
(Bliss. 1962: Wilson, 1968a'.
H. THE MAJOR GRANITIC UNITS
A. The Tonalite Gneiss Complex

This is the oldest granitic unit recognised and is
largely a sack term for a complex suite of tightly
folded rnigmatites and gneisses which are in places
cut by minor granitic intrusions of various ages and
types. Little at present is really understood about the
complicated geological history of this unit, and there
is clear need for further detailed study.
In general the gneissic suite is tonahitic in composition containing quartz and sodic plagioclase;
potash feldspar where present is late-formed microdine but is usually very scarce. The dark mineral is
normally biotite. The whole-rock chemical analyses
available show a markedly low KO/NaO ratio
(Table I).
A common rock type is a handed migmatitic
gneiss consisting of alternations of hiotite-rich and
biotite-poor bands with thicknesses ranging from a
few millimetres to several centimetres. On a gross
scale (Figure 2) this banding is parallel to the dip
and strike of infolded rocks which, in an earlier
publication (Wilson, 1968a', the author has assigned

to the Sebakwian System (now Group) . These rocks
are mainly quartz-magnetite ironstones (with or
without amphibole) , ultrainafites, amj)hihohtes and
lesser amounts of diopside quartzite and rnicaceous
schists. They are taken to represent remnants of a
supracrustal, or largely supracrustal, sequence.
The banding in the Inigluatitic gneisses is
generally best developed where these remnants are
most widespread. Away from the major occurrences
of remnants the banding in many places is more
diffuse and nebuhitic. In some exposures there is a
direct passage along strike from banded gneisses into
homogeneous gneiss which intrudes and transgresses
adjoining banding. In the southeast of the area
gneisses intrude rocks of the Bulawavan Group of
the Victoria Greenstone Belt.
B. The Mashaba Tonalite

Mineralogically and chemically the Mashaba
Tonahite is similar to the Tonalite Gneiss Complex
and consists of quartz, sodic plagioclase and biotite
with rare occurrences of late-formed microcline; the
one chemical analysis available (Table I) also shows
a low KO'Na2O ratio.
Exposures are poor and confined almost entirely to stream sections, and the limits of the
Mashaba Tonalite as depicted on Figure 2 are only
approximate. Within these limits, however, although
some diffusely handed gneisses do occur, the vast
majority of exposures are of a homogeneous rock in
which the only macrofabric discernible is a preferred orientation of biotite flakes, and even this is
absent in some places.
There is no sharp contact between the Mashaba
Tonalite and the banded Inigmatites. Instead, there
is a transition zone exposed at best, although a poor
best, on the eastern margin of the main mass. Here
this zone has a horizontal width of up to 1 km
within which masses of homogeneous gneissic tonalite
occur interspersed with other gneisses in which the
banding is more nebulitic than in the banded migmatites proper. In a few exposures the homogeneous
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Table I.

Locality No. 1
Slide No.

Chemical analye of Granites and Gneisses
2
3
4
5
6

7

8

17866

16694

17872

17882

17880

16476

17988

17991

Lab. No. 63/298

62/69

63/393

63/342

63/343

61/1231

63/307

63/394

SiO
MO:,
FeO.
FCO
MgO
CaO
NaO
K 20
H 20+
HOCO.
'FiO,
P2 0
MnO
BaO

72,99
15,14
0,50
1,24
0,37
3,34
4,70
0,97
0,08
0,10
0,09
0,17
0,07
0,01
Trace

69,88
17,23
0,50
2,56
0,33
3,21
4,73
1,00
0,41
0,03
Nil
0,15
0,09
0,02
Nil

70,84
14,89
1,21
1,19
0,75
3,50
4,65
1,19
0,46
0,18
0,07
0,01
0,19
0 1 03
Nil

70,43
15,41
0,76
1,48
0,66
3,13
3,73
3,02
0,88
0,12
0,14
0,30
0,14
0,04
Nil

71,55
15,16
0,76
0,27
2,02
3 1 95
3,83
0,72
0,10
0,50
0,17
0,09
0,01
Nil

72,60
14,07
0,24
2,60
0,38
1,53
3,35
4.36
0,17
0,10
Nil
0,20
0,12
0,03
Nil

69,09
16,02
0,74
1,58
0,83
3,73
4,03
2,91
0,12
0,14
Trace
0,33
0,13
0,06
0,06

73,39
14,06
1,02
0,73
0,33
1,40
3,82
4,30
0,42
0,18
0,14
0,01
0,07
0,04
Nil

Totals

99,77

100,14

100,16

100,26

99,77

99,75

99,97

99,91

2,64

2,65

2,70

2,67

2,66

2,56

2,70

2,56

S.G.

0,64

Analyst: B. J. Radclyffe.
Locality No. as on Figure 2.
Slide No. refers to slide in Rhodesia Geological Survey slide collection, Salisbury.
Lab. No. refers to analysis number in Rhodesia Geological Survey files, Salisbury.
Localities:
No. 1. Gneiss, Chengwena Dam, Chilimanzi Tribal Trust Land.
No. 2. Gneiss 2,1 km south of north beacon, Miltonia Farm.
No. 3. Mashaba Tonalite, Mutorohuku Dam, Mashaba Tribal Trust Land.
No. 4. Mushandike Granite, 2,8 km west of northeast beacon, Mushandike National Park.
No. 5. Mushandike Granite, quarry 200 m south of Mushandike Dam wall.
No. 6. Chilimanzi Granite, Victoria Quarry, Glyn Tor Farm.
No. 7. Chilimanzi Granite (biotite-rich granodiorite), 2.4 km north-northeast of homestead,
Mayo Farm.
No. 8. Chenoia Stock, 400 m northeast of Chenoia Trigonometrical Beacon.

onalite is slightly transgressive to this nebulitic
anding.
On a gross scale the banding in this transition
one and adjacent migmatites is concordant with the
Iargins of the Mashaba Tonalite and parallel to the
neissocity within it. On the eastern margin of the
lain mass the banding in the migmatite dips steeply
astwards away from the Mashaba Tonalite; on the
est side it dips steeply eastwards towards it.
In many respects the Mashaba Tonalite re
mhles the Sornabula Tonalite as described by Stowe
1968a) in the country west of Selukwe. For
lapping purposes Stowe took the limits of this mass
s the line beyond which no foliation. pegmatites or
cognisable schist remnants were observed.
egmatites are locally abundant in a few areas of the
fashaba Tonalite but on the whole they are scarce:
o Sehakwian-tvpe remnants occur as in the Tonalite
neiss Complex.
The Mushandike Granite

Mineralogically the Mushandike Granite consts of quartz, sodic plagioclase and late-formed
icrocline: the dark mineral is biotite which in many
laces is altered to chlorite. Petrologically it is very
.rgely a medium-grained massive granodiorite. but
te microcline distribution is not uniform and the
Wk types range in composition from potash-rich
anodiori te to microclirie-bearing tonal i te. Two
ernical analyses are listed in Table I. The KO

content is markedly higher than that of the analysed
samples of gneiss and Mashaba Tonalite.
Much of the northern and central parts of the
main mass of the Mushandike Granite is well jointed
and gives rise to impressive castle koppies. On the
northern margin there is a topographically lower
zone, about 0,5 km wide on outcrop, where the main
rock type is a biotite-rich granodiorite with conspicuous randomly orientated megacrysts of microdine up to 4,0 cm long. Porphyritic varieties occur
also near parts of the southern margin. Subsequent
to its emplacement, particularly in its southern and
western parts, the main mass has suffered considerable shearing and faulting now marked by zones of
sheared granite and quartz-sericite schists (Wilson,
l968a, b) .
The Mushandike Granite is intrusive into the
Tonalite Gneiss Complex. Within its central part
xenoliths of banded migmatite, homogeneous gneissic
tonalite and amphibolite all occur. In an earlier
account the author (Wilson, 1968a) has described
the northern margin of the main mass as gradational
into the adjoining gneisses. Recent work, however,
has shown that this contact is clearl y intrusive. In
the western sector of this contact area exposures in a
new quarry and in road cuttings for the new road
from Fort Victoria to Mashaba show xenoliths of
various gneisses within the Mushandike Granite. In
the eastern sector the banding of the adjacent
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gneisses strikes roughly eastwards parallel to the
contact (Figure 2) and dips southwards towards it
at from 30 0 to 45°. In parts of this sector there is a
lit-par-lit contact zone with tongues of the porphyritic Mushandike Granite penetrating the gneisses
parallel to the banding with transgressive relationships in places. In some exposures the biotite in
these tongues shows an alignment parallel to the
gneissic banding, but the orientation of the microclime megacrysts is still random indicating very late
formation. In a few examples microcline megacrysts
are developed in the adjacent gneisses.
In the extreme south, in spite of the subsequent
deformation, the Mushandike Granite can be seen to
cut sedimentary rocks assigned to the Bulawayan
Group of the area (Wilson. 1968a). Within these
rocks contact metamorphic effects are also evident,
with the occurrence of andalusite, cordierite and
anthophyllite in rocks of suitable composition.
Andalusite is also present in chioritic schist xenoliths
occurring in the eastern part of the granite.
D. The Chilinianzi and Related Granites
These granites are collectively the youngest
major granitic unit in the area. Their distribution is
depicted in Figure 2. The largest mass is the Chilimanzi Granite which is part of the Chilimanzi batholith. This is developed much more extensively north
of the area considered here (Wilson. 1968a. h: Phaup,
this volume; Wilson and Harrison this volume). In
the south is the northern tip of the Chihi batholith
which extends west-southwestwards to beyond the
Great D yke (Robertson, this volume'. The nearby
Chitonje stock can be regarded as an integral part of
the Chihi hatholith. The full extent of the Selukwe
stock in the extreme northwest has not been mapped
in detail.
Mineralogically these granites consist of quartz,
sodic plagioclase and late-formed microcline. The
dark mineral is normally biotite which is in many
instances completely altered to chlorite. Muscovite
in addition to chloritized biotite is present in some
occurrences.
Within the Chilimanzi Granite a biotite-rich
massive granodiorite occurs locally, in some instances
near mafic xenoliths, but the typical rock of this
mass and all the other occurrences is a grey,
leucocratic, medium- to coarse-grained, massive
adamellite. In some of the intrusions such as the
Chenoia, Falls and Southern stocks the microcline
is pale pink, and in the Southern stock it occurs as
prominent megacrvsts. Two chemical analyses of the
leucocratic variety and one from the "contaminated"
granodiorite are given in Table I.
With the exception of one part of the Chilimanzi Granite margin, it is often possible, where outcrops permit, to delineate the contacts of the granites
with the surrounding rocks to within a matter of
metres. Where actual contacts are exposed in such
areas, the granites have a sharp intrusive relationship with the older rocks. On the outcrop scale and
on the regional scale these granites clearly truncate
the structures of the gneisses. At these contacts the
granites are still massive with no discernible macrofabric and show no decrease in grain size. West of
Fort Victoria the Chiliman7i Granite cuts across the
eastern tip of the Mushandike Granite although no
actual contacts are exposed.
The exception mentioned above occurs along the
north westerlv- trend in margin of the Chilimanzi
Granite depicted in the extreme northeastern corner

of Figure 2. Here the contact is roughly parallel to
the banding of the migmatitic gneisses. In the
southern and central portions of this sector there is
a passage westwards from the normal leucocratic
medium- to coarse-grained adamellite into a finegrained variety which in places contains dykes and
irregular sheets of pegmatite Farther west still, th
number of pegmatites increases and there is a transition into a zone in which pegmatite exposures Sc
predominate that the host rock is barely visible. Jr
some places this host is the fine-grained adamellite:
in others it is rnigrnatitic gneiss. In the central portior
of the contact particularly, these pegmatite-rich zones
extend into the gneisses to the west. Beryl and columbite-tantalite are known to occur in some of thes
pegmatites which are clearly a late phase of the
Chilirnanzi Granite.
Southwest of this margin the east-northeasterly.
trending contact of the Chilimanzi Granite cun
clearly across the complex folding of the gneisses at
high angle. Near this sharp contact and southward!
from it for several kilometres, xenoliths of Tonalit
Gneiss Complex occur within the granite. North.
wards from the contact thermal metamorphic effect!
of the intrusion of the Chilimanzi Granite are evident
in some of the Sehakwian remnants within th
Tonalite Gneiss Complex, with the occurrence ol
andalusite, cordierite and anthophvllite. Some of the
almandine garnet is also possibly of this origin.
The granite of the various stocks is the medium.
to coarse-grained massive leucocratic variety. The
stocks are monotonously homogeneous and free from
obvious gneissic xenoliths; pegmatites are of rare
occurrence. The northern part of the Chibi batho.
lith occurrence contains numerous xenoliths of gneis1
near the contact: these range from small inclusion5
up to large blocks l() metres long.
III. DISCUSSION
In the author's earlier description of this are
(Wilson, 1968a) the Mushandike Granite, and what
are here called the Tonalite Gneiss Complex and th
Mashaba Tonalite, were collectively termed the
Older "Granites": the Chilimanzi and related
granites were called the Younger Granite. The subdivision into two major groups is still valid. The twc
groups are separated in time by the Mashabii
Igneous Complex which represents a period of mantle
activity with intrusion and brittle fracturing in the
crust.
As now exposed, the Mashaha Igneous Comple
is largely a layered, predominantly ultramafic intrusion. Its sill-like portion contains olivine and
orthopyroxene cumulates similar to the lower part ol
the Great Dyke: one area shows well-developed finescale layering of chromite and serpentinized olivine
Part of the Complex is an ultramafic dyke which, to.
gether with mafic dykes, forms a crude ring pattern
a modified radial pattern of mafic dykes is also present
(Figure 1). The ring dyke distribution is roughly
centred on the Mushandike Granite which suggesn
that this granite may have exercised some control in
its development.
All phases of the Mashaba Igneous Comples
clearly intrude the Tonalite Gneiss Complex. The
ultrarnaflc arm stretching northwestwards from
Mashaha cuts across the banding of the migmatitic
gneisses and infolded Sehakwian rocks at a higF
angle: it also intrudes the Mashaba Tonalite (Figure
2) and is itself truncated by the Selukwe stock. Thb
arm consists of ultramafic cumulates forming a sheet
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dipping gently northeastwards. Ring and radial dykes
:ut the Mushandjke Granite but not the Chilimanzi
Granite. One of the major dykes of the northern
radial swarm clearly intrudes the Mushandike
Granite, but northwards is itself cut by the Chilirnanzi Granite and penetrated by pegmatites from it.
The Chibi batholith proper, and even more so the
Ghitonje stock, clearly cut mafic dykes of the southrn radial swarm (Figure 1). In the southwest of
the area the Southern stock intrudes a metadolerite
heet and an ultraniafic sheet; this ultramafic sheet has
)een termed the Nyaratedsi Intrusion and is assigned
:o the Mashaha Igneous Complex event (Wilson,
[968a). Both these sill-like bodies are themselves
ntrusive into the gneisses and the Mashaba Tonalite
outh of the jenva Fault.
There is clear field evidence, therefore, which
listinguishes the Chilimanzi and related granites as
'epresentatives of granitic activity distinct from the
)ther granite units of the area.
From the contact relationships. the emplacement
)f these "Younger Granites" at the levels now exlosed, appears to have been passive, with stoping and
ragmentation of the older rocks. The regional
)iCture, however, suggests a more complex story and
he author has attributed the deformation of the
fashaba Igneous Complex and surrounding area,
md the consequent development of the chrysotile
tsbestos deposits, largely to the intrusion of these
çranites. The several stages of major deformation
uggest several heaves of intrusion of the Chilimanzi
atholith.
The details are given elsewhere (Wilson, 1968a,
), but briefly the broad picture is one of a southvesterly slide, on a grand scale, of roof rocks off the
ising dome of the Chilimanzi batholith to the northast, with further buckling and passive injection into
he deformed structures. The arm of the Mashaba
gneous Complex which stretches northwest from
vlashaha has acted as the major lubricating zone in
his southwesterly movement: its lower contact with
he older rocks is a thrust which can he traced southastwards to where it is truncated by the Kenilworthochinvar fault system. To the east a huge wedge of
ountry bounded by this fault system and by the
itramafic rocks on the northern margin of the
reenstone belt south of the Mushandike Granite has
een uplifted and has also moved southwestwards.
'he sinistral movement on parts of the Jenva Fault
Figure 2) as opposed to the post-East Dyke dextral
lovement, was probably also effected at this time,
erhaps by the intrusion of the Chilimanzi hatholith
the north and of the Chibi batholith to the south.
Of the granitic units older than the Mashaha
neous Complex, the Mashaba Tonalite seems best
garded as a regional example of the local, but
idespread, homogenization to tonalite seen within
ie Tonalite Gneiss Complex. The field evidence
iggests that some, if not all, of these homogeneous
cks were derived from partial melting of the Tonate Gneiss Complex, largely in place. The Mushanke Granite, on the other hand, is intrusive into
Le Tonalite Gneiss Complex and among its conmed xenoliths are types similar to the homogeneous
nalite. Nevertheless it seems reasonable to regard
.e Mushandike Granite as representing a later, more
)tash-rich phase of the same activity which produced
e tonalites. a phase that has moved farther from its
netic setting. If these correlations are accepted.
en wit
hin the "Older Granites" is a major granitic

83

episode which post-dates the Bulawayan Group rocks
of the Victoria Greenstone Belt.
There remains the question of whether rocks
older than the Victoria Greenstone Belt, and which
may have formed a floor to it, are preserved within
the Tonalite Gneiss Complex.
Evidence that granitic and ultramnafic rocks were
exposed, and were undergoing erosion early in the
history of the greenstone belt comes from south of
Mashaba. Here, the western extension of the sedimnents intruded and metamorphosed by the Mushandike Granite contains rocks derived in part from a
granitic source. Arkoses occur containing clastic
grains both of sodic and potash feldspar; some of the
intraformational conglomerates contain small ciasts
of microcline-bearing granite. Detrital chromite also
occurs in some of the rocks (P. Cotterill, personal
communication) indicating a derivation from ultramafic rocks. This sedimentary formation is assigned
to the lower part of the Bulawayan Group of the
Mashaha area (Wilson, 1968a).
Some 60 km southwest of Mashaha, near
Shabani, there is direct evidence of the deposition of
part of a greenstone belt succession on a floor of Tonalite Gneiss Complex. Here, a sedimentary formation
assigned to the Bulawayan Group of the Shabani
Greenstone Belt rests with clear unconformity on
various gneisses (Macgregor, 1951: Oldham. 1970),
although the time equivalence of the Bulawayan
rocks at Mashaba and Shabani cannot be assumed.
Some 70 to 80 km northwest of Mashaba, in the
country south and west of Selukwe, Stowe's detailed
work on the Tonalite Gneiss Complex shows a long
and complicated geological history (Stowe. 1968h
and this volume). He presents evidence to show that
there exist remnants of a basement to the main greenstone belt cover sequence of the area.
Around Mashaha the Sebakwian rocks infolded
with the Tonalite Gneiss Complex are clearly the
remains of what must have been a much more widespread development of this Group. The parallelism
of the gneissic banding to the trends of these remnants
has led the author to suggest (Wilson. 1968a) that the
migmatitic gneisses themselves might largely represent
metamorphosed and granitized equivalents of stratified Sebakwian rocks both sedimentary and igneous,
with the gneissic banding perhaps reflecting a supracrustal stratification or a feature controlled by such a
stratification. This is undoubtedly a grossly oversimplified concept since the tight folding that the
gneisses and Sehakwian rocks have undergone could
have obliterated any angular difference between them
and account for the present concordance. Nevertheless the idea that the Sehakwian remnants together
with some of the gneisses represent part of something
older than, and a basement to. the Victoria Greenstone Belt is not inconsistent with the evidence from
Mashaba, nor with the regional picture, and seems a
distinct possibility Wilson, 1973).
IV. CONCLUSIONS
Two major granitic events can be recognised in
the Mashaba area. Both pre-date the intrusion of the
Great Dvke and are themselves separated in time by
the mafic-ultramafic plutonism of the Mashaba
Igneous Complex.
The younger event is largely adamellitic and
comprises the Chilimanzi and related granites.
The older event involves the widespread homogenization of the Tonalite Gneiss Complex both on a
local and regional scale; the regional scale is
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exemplified by the Mashaba Tonalite. This older
granitic event also includes the intrusion of a granodioritic phase seen as the Mushandike Granite.
Evidence of granites even earlier than these two
events is found in a sedimentary formation occurring
low in the preserved Bulawayan Group succession of
the area, and points to a granitic floor to at least
part of the Victoria Greenstone Belt sequence. The
clastic fragments indicate that some of these earliest
granites were microcline-hearing. There is the strong
possibility that remains of this granite floor are
preserved within the Tonalite Gneiss Complex and
that the infolded rocks assigned to the Sebakwian
Group are an integral part of this earlier basement.
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RECENT K-Ar AGE DETERMINATIONS ON

SOME RHODESIAN GRANITES
by
J. F. WILSON AND N. M. HARRISON
ABSTRACT
Forty-two new K-Ar age determinations from the southern part of the Rhodesian
Archaean (Basement Complex) Craton are presented and discussed. Thirty-nine of these
determinations are on samples of granitic rocks. The results show concentrations at approximately 2 900 and 2 600 m.y.. These may be regarded as the minimum ages of intrusion for
two widespread but separate pre-Great Dyke granitic events. These events are equated with
the two granitic episodes evident from field relationships in the Mashaha-Fort Victoria area.

CONTENTS
I.
TI.

III.
IV.

V.
VI.

Page
INTRODUCTION
............................................................
69
REGIONAL FIELD DATA .....................................................69
Bulawayo area
......................................................69
Fort Rixon - Shangani - Selukwe area
..............................71
Shahani — Mashaha — Fort Victoria area ..............................71
ANALYTICAL METHODS AND RESULTS ...................................71
DISCUSSION AND INTERPRETATION
...................................71
c 3 300 my. result ............... ...
... - ...............................71
'1000 - 2 400 my. results ................................................75
C.<2 400 m.y. results ......................................................75
SUMMARY AND CONCLUSIONS
.....................................
75
ACKNOWLEDGEMENTS
......................................................76
APPENDIX ......
......
......
... ... ...... ...... - .................................
76
REFERENCES..................................................................7

I. INTRODUCTION

In this paper forty-two new K-Ar age deterainations from the southern part of the granite.
reenstone terrain which constitutes the Rhodesian
rchaean Craton (Figure 1) are presented and
.iscussed. Thirty-nine of the determinations are on
irnples from granitic rocks.
This southern region was selected for study
ecause it has been largely covered by regional
eological mapping, much of which has been cornleted in the past decade. In the west around
ulawayo a major greenstone belt is intruded by
ranites; in the central part of the region granites
trude a largely migmatite-gneiss terrain: in the
ast is a combination of the features of these two
reas with the possible further complications of the
ifluence of the nearby Limpopo Mobile Belt. In
us eastern area also, the granitic rocks may be
ivided on field relationships into two major groups
oth of which pre-date the Great Dyke. These are
parated in time by the Mashaba Igneous Complex,
predominantly ultramafic layered intrusion pe tmgically similar to the Great Dyke.
The Great Dyke cuts across the Rhodesian
rchaean Craton for about 500 km and transgresses
I the major Basement Complex structures. Tother with its associated intrusions it represents a
riod of crustal stability and brittle fracture later
an that indicated by the Mashaba Igneous Complex
d clearly on a regional scale. The most recent age
terminations on the Great Dvke give 2 532-89
.v. (Davies et al., 1970) which is in good agreement
ith Allsopp's earlier minimum value of 2 530±30
.v. (Allsopp, 1965'). Both results were determined by
h-Sr isochron. Mineral ages of less than 2 51)0 m.v.

have been recorded from some of the granitic rocks
of the craton (Harrison, 1970) but there is no field
evidence of major granitic intrusion into rocks of
Great Dyke age.
In the eastern and northeastern parts of the
Rhodesian Craton and extending into the sampled
area are extensive sill-like intrusions known as the
Mashonaland Dolerites. These have been dated at
1 883±21 my. from recent total-rock and mineral
isochron work on the Enkeldoorn sill and five other
sills (Compston and McElhinny in preparation;
M. W. McElhinny, personal communication).
Equating roughly in time with this doleritic intrusion
into the craton is what appears to have been a
regional reheating which produced the ±2 000 m.y.
ages recorded from Van Breemen's Rb-Sr isochron
work in the Limpopo Mobile Belt (Van Breemen,
1968). Some of these ages are from the Northern
Marginal Zone, the deformation and high-grade
metamorphism of which is clearly older than
satellite intrusions of the Great Dyke dated at 2 600
±120 m.v. (Robertson and Van Breemen, 1970).
All Rb-Sr results quoted have been calculated
using the smaller decay constant (1,39).
H. REGIONAL FIELD DATA
A. Bulawayo Area

The geology of the Bulawa yo Greenstone Belt
and the surrounding area has been described by
Amm (1940'). The oldest granitic rocks are gneisses
and have not been sampled in this investigation. In
the west the Bulawayan Group volcanic rocks are
intruded by the Bulawayo Porphyritic Granite which
is granodioritic to adamellitic (sites 3 and 4); this
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Figure 1. Sample sites and average apparent K-Ar ages
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is in turn cut by the granodioritic mass of the Bulawayo Fine-grained Granite (sites 1 and 2). To the
east, the Heany and Essexv ale tonalites (sites 6 and
7) also intrude the Bulawayan Group volcanics and
deform both these volcanics and a thick, unconformably overlying, sedimentary sequence. This
sedimentary sequence is assigned to the Bulawayan
Group on the latest geological map of Rhodesia
published by the Rhodesia Geological Survey in
1971: Macgregor (1947 and 1951) assigned it to his
Shamvaian System. The Hillside Syenite (site 5)
intrudes folded volcanic rocks of the Bulawayan
Group and also rocks of this sedimentary sequence.
Amm (1940) suggested a correlation between this
syenite and the Bulawayo Porphyritic Granite on
petrological grounds.
Fort Rixon-Shangani-Selukwe area

Harrison (1969) and Stowe (1968a. b and this
volume) have described the regional geology of much
of this area, the granites and gneisses of which constitute Macgregor's Shangan I Batholi th (Macgregor.
1951).
The oldest granitic rocks are gneisses and miginatites and are largely tonalitic. The best documented migmatite area is Stowe's account of the
G'enoro Dam spillway exposures (site 21) which
form part of the larger Gwenoro migmatite belt.
This belt together with its contained supracrustal
remnants are described as "pre-Sehakwian" by Stowe
and represent the oldest rocks of the area. It is
possible that the rnigmatites (site 17) occurring
northeast of Shangani are a northwesterly continution of what Stowe has called the Ingezi fold belt.
The Somahula Tonalite (site 19) is a poorly
exposed homogeneous body which grades marginally
into gneisses. The Western Granite (sites 9 and 10)
is also largely tonalitic with gradational transition
into surrounding gneisses in the south. Northwards,
however, it becomes richer in potash feldspar and is
itself apparently cut by the Mamba Granite (adamellite. site 11) . Farther north still are the Mtangala
Granite (adamellite, site 12) and a large, as yet
unnamed. tonalitic mass (site 14) : both intrude
neisses (D. Edwards. personal communication).
In the centre of the area, the Nalatale Granite
(adainellite. site 15) almost severs the Shangani-Fort
Rixon Greenstone Belt (Bulawavan Group). Farther
west the coarse-grained Formona Granite (adamell ite,
site 8) intrudes the volcanic rocks of the northern
extension of the Bulawavo Greenstone Belt (Macregor et al., 1937). Southeast of the Nalatale Granite
the Mpopoti and Three Fingers (site 16) porphvritic
ranites (granodiorite-adamellite) intrude older
neisses. The Mpopoti Porphvritic Granite (site 20)
is intrusive into the Mpopoti Massive Granite and
both are cut by the Umvimeela Dyke which is part
f the Great Dyke igneous event.
Shabani-MasImba-Fort Victoria area

Geology pertinent to this area has been described
y Catherall (this volume), Keep (1929. Oldham
(1968). Robertson (this volume) and Wilson (1964.
1968a. b and this volume).
The oldest rocks are a complex of migmatites
md gneisses largely of tonalitic composition. At the
outhwestern end of the Victoria Greenstone Belt.
pmeisses are intrusive into Bulawayan Group volcanic
ocks. West of Shabani, however, a sedimentary
ormation assigned to the Bulawavan Group of this
mrea rests with clear unconformity on gneisses. North
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of Shabani, the Shabani Younger Granite (adamellite, site 22) intrudes gneisses and rocks of the
Bulawayan Group.
The Mashaba Tonalite (site 23) is similar to
the Somabula Tonalite and passes, apparently by
gradational transition, into the gneisses on its margins: it is intruded by the Chenoia stock (adamellite,
site 24). The Mushandike Granite (sites 28 and 29)
is mostly granodioritic and intrudes gneisses as well
as rocks of the Bulawayan Group of the Victoria
Greenstone Belt.
The Mashaha Tonalite, the nearby migmatites
and gneisses and the Mushandike Granite are all cut
by the Mashaba Igneous Complex (sites 25 and 26).
The Mashaba Igneous Complex is in turn intruded
by the Chilinianzi batholith (largely adarnellite,
sites 30. 31 and 33) and both are cut by the East
Dyke which, like the Umvimeela Dyke, is part of the
Great Dyke igneous event. Near Enkeldoorn the
Chilimanzi batholith is cut by a Mashonaland
Dolerite sheet.
At its northern end the Chibi hatholith (adarnellite. site 27) cuts mafic dykes of presumed Mashaha
Igneous Complex age, and at its southern end it is
intruded by the Great Dyke.
South of the Victoria Greenstone Belt the micro
('line-rich Victoria Porphvritic Granite (site 32) cuts
a fine-grained adamellite (here termed the Victoria
Fine-grained Granite, site 34). Both are intrusive
into the Shamvaian Group rocks of the area. The
relationship of the Zimbabwe hatholith (adamellite,
site 35) to the Victoria Porphyritic Granite is not
clear. These three last-mentioned granites and the
Chibi batholith lie on the southern margin of the
cratonic Basement Complex close to the Northern
Marginal Zone of the Limpopo Mobile Belt.
III. ANALYTICAL METHODS AND RESULTS

The analyses were carried out by F. J. Fitch
and J. A. Miller at Cambridge, England. Potassium
oxide contents were determined by flame photometry.
Argon was extracted and purified as described by
Miller and Brown (1964). Argon isotope ratios were
measured using an omegatron-type mass spectrometer (Grasty and Miller. 1965). The analytical
error in millions of years associated with each individual age determination was calculated according
to the method set out b': Miller and Fitch (1964) . The
decay constants used in the age calculations were
4,72 >< 10.10 year' and A e = 0.584)< 10 -10
year'. The results are listed in Table I.
IV. DISCUSSION AND INTERPRETATION

A. c. 3 300 m.y. Result
Three ages around 3 300 ni.\'. are quoted by Vail
and Dodson (I 96Q) from the earlier work of Poldervaart near Que Que about 100 km north of Gwenoro
Dam. In the present investigation the oldest age, by
about 200 m.v.. is the 3 282 in.'. result obtained from
a microgranite dike (*10953) in the Gwenoro Dam
spillway exposures. This dyke cuts across the complex migmatites and is clearly a late event. The first
interpretation of this result, as presented at the
Granite 71 technical sessions, was to accept it as a
minimum value for the age of this dyke, which thus
set a minimum age for the upper limit of the preSehaks'ian" rocks of this area. Subsequent to the
Granite 71 technical sessions the biotite concentrate
' 6

*University of Rhodesia, Geology Dept. Collection number.
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TABLE I. POTASSIUM-ARGON ANALYTICAL DATA

..CoIlec.
Site
No. No.
10910

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

17

18

18

19

10906

10913

10907

10937

10909

10912

10908

10918

10921

10911

10938

10917

10939

10905

10958

10915

10916

10919

10920

10914

Rock

Mineral

K0%

AtruosphericAr
contamination
per cent

Bulawayo Finegrained Granite

Chl,,riti7ed
hiotite

1.92
1.92
1,92

4,47
4.98
4.56

Bulawayo Finegra:ned Granite

Chloritized
hiotite

0,61
0.61
0.61

17.29
24,85
16,40

Bulawayo
Porphyritic
Granite

llornhleiide

0,73
0.73
0.73

Bulawayo
Porphyritic
Granite

1Iornhlende

Hillside
Syenite

Horiihlcnde

V

Apparent
age M.Y.

Average
apparent
age my.

2.490 x 10- 1
2.481 x 101
2,485 x 10- 1

2121±64
2116±63
211871- 64

2118 ± 64

5,42
4.68
5,20

x 10-2
x 10-2
x 10-2

1670±50
1512±45
1625±49

1602

7.82
7,81
8,37

1,606 x 10- 1
1,621 x 10.1
1,582 x 10 1

2847±85
2861±86
2825±85

2844±85

1,26
1.26
1,26

4,69
5.02
5.70

2.868 x 10.1
2,870 x 10- 1
21870 x 10- 1

2898±87
2899±87
2899±87

2899±87

0,98
0,98
0.98

6,97
5,47
7,58

1,81
1,77
1,88

2596±78
2564±77
2650±80

2603±78

8.57
8,57
8.57

0,93
1.13
1,10

2.038
2,035
2,035

2963±59
2961 ±59
2961 ±59

2962 ± 59

x 10. 1
x 10- 1

x 10-1

48

Heany
'I'onalitr'

Biotite

Essex-vale
'I'onalite

Partly
chloritized
hiotite

7,67
7,67
7.67

2,47
1,63
2,02

1.7 15
1.660
1,691

2871 ±57
2823 ± 56
28517!- 57

2848

Forniona
Granite

Chloritized
hjotjtc

1,52
1.52
1.52

7,30
6.35
7,01

2,410 x 10- 1
2,555 x 10- 1
2,531 x 10 -1

2385±47
2462±49
2452±49

2413

Western
Granite

Biotite

9,07
9,07
9,07

0,53
0,90
0,89

1,715
1,788
1,780

2629±79
2688±81
2682±80

2666 *80

Western
Granite

Partly
chloritizcd
biotite

7,41
7,41
7,41

1,18
1,19
1 1 18

1,322
1,311
1.305

2547±77
2535± 76
2529±76

2537 -4- 16

Mamba
Granite

Cliloritizecl
biotite

1,40
1,40
1.40

5,78
5,73
5,86

2,048 x 10. 1
2,026 x 10- 1
2,013 x 10 1

2277±68
2262±68
2254±68

2264±68

Mtangala
Granite

Cliloritized
h:oti'

0,36
0.36
0136

3,08
3,30
3,21

1629±49
1705±51
1674±50

1669±50

\Vessels
Block
Tonalite

Biotite

9,56
9,56
1,56

0,79
0.72
0.72

1,824
1.800
1,801

2642 ±80
2623±79
2624±79

2630±79

lonalite

Partly
chloritized
biotite

7,45
7,45
7,45

1,94
1,65
1,77

1.294
1.329
1.314

2509 ± 75
2547±77
2531 ± 76

2529±76

Nalatale
Granite

Chloritized
hiotite

0,74
0,74
0.74

11,84
11,06
10,70

1556± 109
1597±112
1621±113

1591 ± III

Fliree Fingers
Porphvriiic
Granite

Partly
cliloriti-zed
hiotite

7,30
7,30
7,30

1,32
1.31
0,76

1,596
1,588
1,540

2838-L85
2831 ±85
2786±84

2818 ± 85

Gneissic
'I'onalite

Biotite

8,53
8,53
8,53

1,50
1,01
2,01

1,958
1.942
1,970

2910± 58
2898±58
2919±58

2909±58

Microgranite

Biotite

9,17
9,17
9,17

1,13
0.75
0.96

1.958
1,985
1.967

2804±84
2824±85
2810±84

2813±84

9,43
9,43
9,43

0,69
0,65
0,66

1,636
1.672
1.669

2508 ± 75
2538±7:)
2536±75

2a27±76

9,54
9,54
9,54

0,88
0,87
0.90

1,647
1,636
1,665

2501±75
2492:L 75
2516±75

2503 ± 75

8,16
8,16
8,16

2,10
1,65
1,77

1,803
1,750
1,782

2854±57
2810±56
2837±57

2834*57

Fine-grained
Gneiss

Biotite

Tonalitic
Gneiss

Biotite

Sontabtila
']'onaflte

Biotite

35,9
30,9
34,2

5,92
6,15
6,29

x 10-2
x 10.2
x 10-2

x 10-2
x 10-2
x 10- 2

-

48

ERRATA - In Table 1 the data for site 34 have been omitted.
are as follows Site No. 34
Collection No. - 10934
Rook - Victoria Fine—grained Granite
Mineral - Chioritized. Biotit.
V/
K20iu
Apparent
Atmospheric
N
age n.y.
Contamination
7,70
7970
7.70

1991
2 9 65
2.12

1 9 00
905 x 10
1100

2123 + 64
2116 + 64
2123 + 64

These

Average
Apparent
Age n.y.

2121

±

64
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NAME

No.
I
2
3
4
5
6
7
8
9
10
II
42
13
14
45
16
47
17
18
48
19
20
21
21
21
22
23
23
24
27
28
29
30
31
32
33
34
35

Bulawayo Fine-grained
Bulawayo Fine-grained
Bulawayo Porphyritic
Bulawayo Porphgr'tic
Hillside
lleariy
Essexvale
Formona
Western
Western
Mamba
Mtangala
Wessels
Tonal,te
Nalatale
Three Fingers Porphyritic
Gneissic tonalute
Microgranite
Fine-grained gneiss
Tonalitic gneiss
Somabula
Mpopoti Porphyrutc
banded gneiss
Grey gneiss
Dark grey tonalite
Shabani
Mashaba
Mucrogranite
Chenoua
Chibi
Mushandike
Mushandike
Chilirnanzu
Chilumanzi
Victoria Porphyritic
Chilimanzi
Victoria Fine-grained
Zimbabwe

ROCKS

Apparent
Age rn.g.
2118 ±64
1602 ±48
2844 ±85
2899 ± 87
2603 ±78
2962 ± 59
2848 t 57
2433 ±48
2666 ±80
2537 ± 76
2264+68
1669 ± 50
2630 ± 79
2529 ± 76
1591 ± 111
2818 ± 85
2909 I 58
2843 ± 84
2527 ± 76
2503 ± 75
2834 ± 57
2734 ± 82
2944 ± 88
2916 ± 88
2945 ± 88
2136 ± 43
2906 ± 58
2867 1 57
1803 ± 54
#869 ± 56
2602 ± 52
2038±41
2259 ± 68
2479 ± 74
1796 ± 54
1884 ± 56
2121 ± 64
1774 ± 53

1
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Site No. Collec.

Rock

No.

Mineral

K20%

v

Apparent

Average
apparent

1,693
1,695
1,688

2735±82
2737±82
2731±82

2734±82

3082±93
3082±93
3076±92

3080±93

Atrnospher~ c Ar
percent

20

10957

Mpopoti
Porphyritic
Granite

Partly
chloritized
1,iotite

8,31
8,31
8,31

1,48
1,48
1,46

21

10949

Amphiholite

Hornblende

1,01
1,01
1 1 01

4,13
4,01
4,62

21

10953

Banded

Partly
hloritized
lm,tite

851
8.31
8, .r) 1

0,85
1.01
1,02

1,986
2,000
2,010

2934±88
2945:1- 88
2952±89

2944 ± 88

Gneiss

2,60
2,60
2.59

x 10-1
x 10-'
x 10-'

21

10950

Grey Gneiss

Partly
chloritized
hiotite

7,97
7,97
7,97

1.36
1.72
1,70

1,770
1.878
1,865

2861±86
2949±89
2938±88

2916±86

21

10952

Dark grey
Tonalite

Partly
chloritized
biotite

8,96
8,96
8,96

1,10
1,37
0,93

2,104
2,085
2,130

2943±88
2930±88
29627!- 89

2945:88

21

10953

Microgranite

Partly
ehioritized

1,38
0,82
0,94

1,964
1,977
1,970

3277±98
3287±99
3281±98

3282±98

hiotite

6,72
6.72
6,72

2153±43
2137±43
2119±42

2136±43

5,68
5,61
5,53

x 10- 1
x 10- 1
x 10-

22

10928

Shahani
Younger
Granite

Quartz
and
feldspar

4,27
4,27
4,27

1,84
1,87
2,00

23

10924

Mashaba
lonalite

Biotite

9,54
934
9,54

1,80
1,33
1 1 77

2,153
2,210
2 1 191

2885±58
2923±59
2910±58

2906±58

23

10931

Microgranite

Biotite

9,56
9,56
956

1,88
1 9:3
2,03
,

2,164
2,132
2:0 1 1

2889±58
2867 ±57
2845±57

2867±57

0,35
0,35
0,35

26,65
28,45
43,78

3,502 x 10-2
3,500 x 10-2
3.489 x 10-2

1804 -4- 54
1804±54
1800±54

1803±54

24

25

26

Chenoia

Chloritized

Stock

hiotite

Feldspathic
Websterite

Whole
rock

0,22
0,22
0,22

17,96
19,93
19,96

3,53
3,59
3,60

x 10-2
x 30
x 10- 2

2408±120
2424± 121
2428± 121

2420± 121

Mafic

Chlorite and
amphibole

0,10
0,10
0,10

66,75
56,71
66,72

7,65
7,48
7,62

x 10-3
x 10-3
x 10-3

1509± 302
14867t297
1505±301

1500±300

Batliolitli

Chloritized
biotite

1,22
1,22
1,22

10,63
8,68
8,70

1,36
1,25
1,26

x 10-1
x 10- 1
x 10- 1

1933±58
1833±55
1842±55

1869±56

10925

Mushatidike
Granite

Chloritized
hiotite

3,24
3,24
3,24

2,99
3,34
3,14

6,075 x 10- 1
5,965 x 10- 1
6,002 x 10- 1

2616±52
2591±52
2599±52

2602±52

10926

Mushandike
Granite

Chloritized
biotite

3,19
3,19
3,19

3,00
2,90
2,91

3,80
3,86
3,97

x 10-1
x 10- 1
x 10-1

2014±40
2033±44
2068±41

20387L41

10923

Chilimauzi
Batholith

Chloritized
hiotite

0,44
0,44
0,44

17,47
22,00
21,97

6 12
647
6,46

x 10- 2
x 10- 2
x 10-2

2211±66
2284±69
2282±68

2259±68

10922

Chilimarizi
Batholith

Chloritized
biotite

1,87
1,87
1,87

3,84
3,16
3,52

3,21
3,15
3,18

x 10- 1
x 10- 1
x 10- 1

2389 -75
2467±74
2480±74

2479±74

Victoria
Porphyritic
Granite

Biotite

8,07
8,07
8,07

2,58
2,61
2,60

7,99
8,06
8,00

x 10- 1
x 10- 1
x 10- 1

1792±54
1803±54
1794±54

1796±54

10927

10930

10929

pegmat i te

27

28

29

30

31

32

10936

Chihi

10932
•

,

33

10935

Chilimanzi
Batholith

Chloritized
biotite

1,33
1,33
1,33

7,62
7,93
12,22

1,42
1,42
1,43

x 10- 1
x 10- 1
x 10- 1

1881±56
1881±56
1890±57

1884±56

35

10933

Zimbabwe
Granite

Biotite

8,81
8,81
8,81

2,61
2,65
2,65

8,59
8,61
8,55

x 10- 1
x 10- 1
x 10- 1

1775±53
1770±53
1770±53

1774±53

Collection No. is number in rock collection at Geology Department, University of Rhodesia, Salisbury.
v/mvolume of radiogenic 4OAr (mm3 ) N.T.P. per weight of sample (g).

RECENT K-Ar AGE DETERMINATION ON SOME RHODESIAN GRANITES

rom 10953 was subjected to 40Ar/ 39Ar spectrum
tudy. The results indicate that this microgranite
tyke was intruded and cooled around 2 635±15 m y .
F. J. Fitch and J.A. Miller, Cambridge, personal
:omrnunication) and the 3 282 m.y. age is now reuctantly rejected as an anomalous result due to
xcess argon.
3 000.2 400 m.y. Results

Thirty-eight of the 42 results listed in Table I
ire plotted in Figure 2. The four results omitted are
he samples from the non-granitic specimens (10949,
10929 and 10930) and the microgranite (10953)
siready discussed. Twenty-four of the results are
reater than 2400 my. and when plotted as a histogram (Figure 2) show peaks close to 2 900 and 2 600
n.y.. These are interpreted as representing the effects
Df two pre-Great Dyke granitic episodes which will
e referred to as the 2 900 and 2 600 m.y. granitic
vents respectively. These are equated with the two
major periods of granitic intrusion seen in the
Mashaha-Fort Victoria area.
Granites assigned directly to the 2 900 my. event
on the basis of the apparent K-Ar ages are the
Bulawayo, Mpopoti and Three Fingers porphyritic
granites, and the Heany. Essexvale, Somabula and
Mashaba tonalites. The data from near Bulawayo
put an upper limit of 3 000 m.y. on the rocks of the
Bulawayan Group and perhaps of the Shamvaian
Group in this area.
The niigmatites near Shangani which are possibly the extension of the Ingezi fold belt, and those
of the Gwenoro spillway all show ±2 900 m.y. ages.
The "pre-Sebakwian" amphiholite of the Gwenoro
spillway exposures gives an apparent age of 3 080
m.y.. This result and all those from these two migmatite areas are interpreted as largely due to overprinting of something older by the 2 900 in.y. granitic
episode although some of the units of the inigmatites
may be directly related.
Ten of the results in Figure 2 lie between 2 700
and 2 400 nix. these are equated with the 2 600 m.y.
event. From these results intrusions assigned directly
to this event are the Hillside Svenite and the Chilimanzi batholith. The Cwenoro spillway micrograni te
dvke (10953) with its 2 635 mv. age
Ar/ 39Ar) and
the Formona Granite are also included. An unpublished Rb-Sr age of 2 670±110 mv. (Bernard Price
Institute. Johannesburg) is more likely to be nearer
the true age of intrusion of the Formona Granite than
the 2 433 mv, result by conventional K-Ar on altered
biotite.
The 2 602 m.y. result from the Mushandike
Granite is interpreted as an overprinting effect of
the intrusion of the Chilimanzi hatholith. The
Mushandike Granite is pre-Mashaba Igneous Complex and thus regarded as one of the 2 900 m.y. group.
The 2 420 my. result from the Mashaha Igneous
Complex, which pre-dates the Chilimanzi batho]ith
and the Great Dyke, is dearly anomalously young.
The composition and field characteristics of the
Western Granite. the tonalitic mass to the north
(site 14. Figure 1) and the Wessels Block tonalite
suggest to us that the near 2 600 m.y. results from
these bodies represents a 2 600 rn.y. overprinting of
2 900 mv. granites rather than 2 600 m.y. granites
proper. The results of 2 303 and 2 527 m.y. from the
gneisses on Welgevonden Farm (site 18, Figure 1)
are also interpreted as overprinted ages.
( 40
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C. <2400 m.y. Results

The results <2 400 m.y. show little in the way
of a significant distribution pattern although the
small peak that is observed is near 1 830 m.y. (Figure
2).
That the Mashonaland Dolerites have contributed to the results in the <2 400 my. bracket is clear
from the 1 884 m.y. age obtained from the Chilimanzi
batholith north of Enkeldoorn. This result is in
remarkable agreement with C o m p s t o n and
McElhinnv's Rb-Sr date for the nearby dolerite sill.
Nearby dolerite sheets of possible Mashonaland age
are likely largely responsible for the 1 669 in.y. age
from the Mtangala granite and for the 2 259 m.y.
result on the (liilimanzi batholith site north of Fort
Victoria.
Geographically, however, most of the results in
the <2 400 my. bracket occur in the eastern part of
the sampled area with four results in the approximate 1 800-2 100 range occurring in the extreme
southeast. These four results are from the Chibi,
Zimbabwe, Victoria Porphyritic and Victoria Finegrained granites. The 1 869 rn.y. result from the preGreat Dyke, Chilli batholith is clearly too young for
the age of intrusion. These four results are interpreted as an extension of the ±2 000 m.y. thermal
event of the Northern Marginal Zone into the
southern margin of the craton. This may also he the
explanation for the 1 803 my. and 2 131 my. result
obtained from the Chenoia stock and Shangani
Younger granites respectively, although dolerites of S
possible Mashonaland age occur about 9 km south
of the Chenoia stock sample site. The field relationships and petrology of these six granites suggest that
they are all overprinted granites of the 2 600 m.y.
event.
From their petrology, field relationships and
from the regional picture. the Mamba and Nalatale
granites are also interpreted as intrusions of the 2 600
m.v. episode which have suffered argon loss. They are
however far removed from the Limpopo Mobile Belt
and no dolerite sheets are known near the areas of
the sample sites.
The Bulawayo Fine-grained Granite could belong to either the 2 600 my. event or to a phase of the
2 900 m.y. episode later than the Bulawayo Porphyritic Granite, although its petrological characteristics
favour the 2 600 m.v. group.
The 1 500 m.y. result from the Mashaba Igneous
Complex is clearly too low. The large error of ±300
is probably partly due to potassium inhomogeneity
in the analysed sample.
V. SUMMARY AND CONCLUSIONS

The K-Ar results show concentrations at
approximately 2 900 and 2 600 m.v.. These may be
regarded as marking the minimum ages of intrusion
for two widespread but separate pre-Great Dyke
granitic episodes which are termed the 2 900 and
2 600 mn.y. granitic events respectively. These events
correspond to the two granitic episodes evident from
field relationships in the Mashaha-Fort Victoria area.
The K-Ar results in themselves afford good
evidence for the 2 900 mv. event and can be directly
related to granites throughout the area sampled.
These granites are largely tonalitic but also include
granodiorites and adamellites. The results from near
Bulawayo show that the Bulawayan Group in this

76

SYMPOSIUM ON GRANITES, GNEISSES AND RELATED ROCKS

area, and perhaps even the Shamvaian Group, must
be at least 3 000 m.y. old.
The 2 600 m.y. granites are largely adarnellitic
and are assigned to this event more indirectly by a
combination of the K-Ar results and field data.
The reheating of the Limpopo Mobile Belt to
produce the ±2 000 m.y. dates recorded by Van
Breemen (1968) has also affected the southeastern
part of the cratonic area. In other parts of the
craton the intrusion of the Mashonaland Dolerites at
1 900-1 850 m.y. has resulted in thermal overprinting
of older granites.
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APPENDIX
SPECIMEN LOCALITIES AND DESCRIPTIONS

Site No. 1. Bulawayo Fine-grained Granite.
Specimen 10910.
Lat. 20 0 09'00" S.
Long.
28 0 22'10" E.
A fine-grained granodiorite. Extensive sericitization
of plagioclase. Fresh microcline. Biotite largely
altered to chlorite. Quartz strained.

At

Site No. 2. Bulawayo Fine-grained Granite,
Specimen 10906.
Lat. 20 0 08'25" S.
Long.
28 0 25 125" E. (Khami Ruins).
A fine-grained granodiorite. Extensive sericitization
of plagioclase and chloritization of biotite. Quartz
strained.

Site No. 3. Bulawayo Porphyritic Granite.
Specimen
10913.
Lat. 20 0 09'25" S.
Long.
28 0 30'45" E. (Bulawayo Stone Quarry).
A hornblende-biotite granodiorite to adamellite with
±30 mm) megacrysts of perthitic microcline. Extensive sericitization of plagioclase. Strained quartz.
Hornblende relatively fresh but some intergrowth
with hiotite altering to chlorite. Minor epidote,
sphene, apatite and iron ore.

Site No. 4. Bulawayo Porphyritic Granite.
Specimen 10907.
Lat. 20 0 08'30" S.
Long.
28 0 31 145" E. (Davis Quarry).
A hornblende-hiotite granodiorite to adamellite.
Alignment of feldspar megacrysts (plagioclase and
microcline). Sericitization of plagioclase. Quartz
strained. Hornblende largely fresh, some intergrowth
with biotite altering to chlorite. Minor sphene,
epidote and iron ore.

Site No. 5. Hillside Syenite.
Specimen 10937.
Lat. 20 0 12'00" S.
Long.
28 0 37'50" E.
A hornblende-quartz syenite. Fresh microcline.
Some sericitization of plagioclase cores. Hornblende
fresh. Minor clinopyroxene, apatite, epidote, iron
ore and quartz. Slight strain in quartz.

Site No. 6. Heany Tonalite.
Specimen 10909.
Lat. 20 0 02'15" S.
Long.
28 11 50'15" E.
A biotite tonalite. Sericitization of plagioclase in
zones and cores. Strained quartz. Biotite slightly
strained but fresh with only very slight chloritization.
Minor apatite and iron ore. Very minor microcline.

Site No. 7. Essexvale Tonalite.
Specimen 10912.
Lat. 20 0 16'45" S.
Long.
28 0 54'10" E.
(Drill core.) A hornblende-hiotite tonalite. Slight
sericitization of plagioclase. Strained quartz. Biotite
showing slight chioritization. Fresh hornblende.
Minor epidote and apatite. Microcline absent.

Site No. 8. Formona Granite.

Specimen 10908.
Lat. 19 0 48'15" S.
Lonj
280 56'45" E.
A coarse-grained adamellite. Microcline fresl
Plagioclase extensively sericitized. Some alteration
biotite to chlorite and green biotite. Quartz yes
strained. Some strain effects in feldspars.

Site No. 9. Western Granite.

Specimen 10918.
Lat. 19 0 58'00" S.
LonI
28 0 58'30" E.
A slightly gneissic hornblende-biotite tonalite. Soni
sericitization of plagioclase cores. Strained quarts
Biotite fresh. Minor fresh hornblende and epidot
Very minor microcline.

Site No. JO. Western Granite
Specimen 10921.
Lat.
19 0 43'35" S.
Lon
28 0 59150" E.
A biotite tonalite to granodiorite. Microcline fresi
Zonal sericitization of plagioclase and in core
Quartz strained. Some chloritization of biotits
Epidote.

Site No. 11. Mamba Granite.

Specimen 10911.
Lat. 19 0 30'45" S.
Lone
2904'15" E.
An adamellite. Microcline microperthite. Extensiv
sericitization of plagioclase. Quartz strained. Biotit
almost completely chioritized.

Site No. 12. Mtangala Granite.

Specimen 10938.
Lat. 19 0 15'50" S.
Long
29 0 05'40" E.
An adamellite. Microcline microperthite. Extensiv
sericitization of plagioclase and almost completi
chloritization of biotite. Quartz strained. Epidote.

Site No. 13. Wessels Block Tonalite.

Specimen 10917.
Lat. 20 0 00'50" S.
Long
29 0 08'10" E.
(About 2,0 km south of the Western Granite; con
tabs mafic xenoliths: small outcrop area; includec
as a unit of the older gneisses, N.M.H.) A gneissi
biotite tonalite. Only very slight sericitization 01
plagioclase. Biotite fresh. Quartz strained. Minom
microcline, epidote and allanite.

Site No. 14. Tonalite.
Specimen 10939.

29O9 105" E.

Lat. 19 0 2100" S.

Long

A biotite tonalite. Plagioclase extensively sericitized,
Some alteration of biotite to chlorite. Quartz strained,
Epidote. Microcline absent.

Site No. 15. Nalatale Granite.

Specimen 10905.
Lat. 19 0 57'20" S.
Long.
29 0 19'00" E.
An adamellite. Microcline microperthite. Moderate
sericitization of plagioclase. Biotite largely altered
to chlorite. Minor muscovite and epidote. Quarts
strained. Some strain effects in feldspar.

Site No. 16. Three Fingers Porphyritic Granite

Specimen 10958.
Lat. 20 0 I1'00" S.
Long.
29 0 26'25" E.
A hornblende-lsiotjte adamellite with scattered
(±30 mm) megacrysts of microcline perthite. Sen.
citization of plagioclase largely zonal and in cores.
Partial chloritization of biotite. Quartz strained.
Minor hornblende. sphene and epidote.

Site No. 17. Migmatites.
Lat. 19 0 44'48" S. Long. 29 0 27'00" E.
Stream exposure next to main Bulawayo-Gwelo
road. Main sequence of events: (1) banded gneiss
(2) intrusion of gneissic tonalite (10915) (3) pegmatites (4) microgranite dyke (10916) (5) various
ages of pegmatites (6) narrow mafic dyke and
shearing.
Specimen 10915. A gneissic hornblende-biotite
tonalite. Only slight sericitization of plagioclase.
Hornblende and biotite fresh. Quartz strained.
Minor microcline, epidote, sphene, apatite and
allanite.
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Specimen 10916. A slightly gneissic fine-grained
biotite tonalite. Plagioclase fresh with minor sericitization. Biotite fresh. Some strain in quartz.
Minor microcline.
Site No. 18. Gneisses.
Lat. 20 0 06'20" S. Long. 29 0 29'20" E. Welgevonden Farm.
Fine-grained grey nebulitic gneiss (10919) is intruded by coarse-grained grey gneiss (10920)
Specimen 10919. A fine-grained biotite tonalite
gneiss. Some sericitization of plagioclase. Biotite
fresh. Quartz strained. Minor muscovite, chlorite,
epidote, iron ore and allanite. Microcline absent.
Specimen 10920. A biotite tonalite gneiss. Slight
sericitization of plagioclase. Biotite fresh with only
very slight chioritization. Minor sphene, epidote,
allanite and iron ore. Quartz strained. Very minor
microcline.
Site No. 19. Somahula Tonalite.
Specimen 10914.
Lat. 19 0 42'35" S.
Long.
29°30'40" E.
A slightly gneissic biotite tonalite. Some zonal sericitization of plagioclase and in cores. Biotite only
slightly altered to chlorite. Quartz strained. Minor
microcline and iron ore.

Site No. 24. Chenoia Stock.
Specimen 10927. Lat. 20 0 03'35" S. Long. 30 0 201 10"
E. An adamellite. Microcline fresh. Plagioclase extensively sericitized. Biotite completely altered to
chlorite. Quartz strained. Minor muscovite and
epidote.
Site No. 25. Feldspathic Websterite.
Specimen
10930 . Lat. 19 0 54'25"
S.
Long.
30 0 26'00" E.
Fine-grained local roof phase of Mashaba Igneous
Complex. Microphenocrysts of orthopyroxene (±3
mm) with numerous smaller clinopyroxene crystals
all poikilitically enclosed in labradorite. Small (± 10
mm) scattered "wet pockets" of hornblende, hiotite
and quartz.
Site No. 26. Mafic Pegmatite.
Specimen 10929.
Lat. 19 0 5815"
S.
Long.
3 0 30'2 5" E.
Minor dioritic pegmatite phase in local gahbroic
roof phase of Mashaha Igneous Complex. Plagioclase extensively altered to sericite and epidote.
Hornblende extensively altered to chlorite and
secondary amphibole. Minor calcite.

Site No. 20. Mpopoti Porphyritic Granite.
Specimen
10957.
Lat.
20 0 13'30" S.
Long.
29 0 41'35" E.
A biotite granodiorite with scattered (:L30 mm)
megacrysts of microcline perthite. Zonal sericitization of plagioclase and in cores. Slight alteration of
biotite to chlorite. Quartz strained and recrystallized.
Minor sphene and iron ore.

Site No. 27. Chibi Batholith.
Specimen
10936.
I,at, 20 0 26'30"
S.
Long.
30 0 32'25" E.
A fine-grained adamellite. Extensive sericitization
of plagioclase, microcline relatively fresh. Complete
ehioritization of biotite. Muscovite and minor
epidote. Quartz strained.

Site No. 21. Migmatites.
Lat. 19 0 46'05" S. Long. 29 0 52'25" E. (Gwenoro
Dam spillway).
Relative ages, from field observations, of rocks dated:
(1) Amphibolite (2) Banded Gneiss (3) Grey
Gneiss (4) Dark grey tonalite dyke and microgranite dyke; relative ages uncertain but both clearly
transgress (1), (2) and (3).
Specimen 10949. Amphibolite. A fine-grained schistose amphibolite. Fresh hornblende. Slightly sericitized plagioclase. Minor biotite, quartz and sphene.
Specimen 10955. Banded gneiss. A hiotite tonalite
gneiss. Slight sericitization of plagioclase and
scarcity of twinning. Some chloritization of biotite.
Quartz strained, granular in places. Minor epidote.
Very minor microcline.
Specimen 10950. Grey Gneiss. A hiotite tonalite
gneiss. Slight sericitization of plagioclase and
scarcity of twinning. Biotite slightly chioritized.
Quartz markedly strained, granular in places. Minor
epidote. Very minor microcline.
Specimen 10952. Dark Grey Tonalite. A gneissic
hiotite-rich tonalite. Partial sericitization of plagioclase. Slight chloritization of biotite. Quartz strained,
granular in part. Minor epidote, allanite and iron
ore.
Specimen 10953. Microgranite ..A fine-grained biotite
granodiorite. Microcline fresh. Some sericitization
of plagioclase. Partial chloritization of biotite.
Quartz strained. Minor muscovite, epidote, microdine, allanite and iron ore.

Site No. 28. Mushandike Granite.
Long.
Specimen 10925. Lat. 20 0 05'00"
S.
30°38'15" E.
A granodiorite. Extensive sericitization of plagioclase and slight alteration of microcline. Complete
chloritization of biotite. Minor muscovite, epidote,
sphene and iron ore. Quartz strained and recrystallised to a mosaic. Strain effects in feldspars.

Site No. 22. Shabani Younger Granite.
Specimen
10928. Lat.
20 0 15'50" S. Long.
30 0 00'20" E. (Sihoza Quarry).
A very leucocratic adamellite. Microcline fresh.
Some sericitization of plagioclase. Quartz strained.
Minor epidote and chlorite. No biotite.
Site No. 23. Mashaha Tonalite.
Specimen
10924. Lat.
20 0 03'10"
S.
Long.
3015 120" E. (Mutorohuku Dam).
A slightly gneissic biotite tonalite. Plagioclase fresh
with minimal alteration. Biotite fresh. Quartz
strained. Minor muscovite, epidote; very minor
mnicrocli ne.
Specimen 10931. Microgranite. (Dyke cutting
Mashaba Tonalite at Site 23.)
A fine-grained muscovite-biotite tonalite to granodiorite. Microcline fresh. Some sericitization of
plagioclase. Biotite fresh. Quartz strained. Minor
muscovite and epidote.

Site No. 29. Mushandike Granite.
S.
Long.
Lat.
20 0 05'15"
Specimen 10926.
30 0 38'45" E.
A granodiorite. Extensive sericitization of plagioclase
and some alteration of microcline. Complete
chioritization of biotite. Minor epidote, muscovite,
apatite and iron ore. Quartz strained and recrystallized to a mosaic. Strain and fracturing of feldspar.
Site No. 30. Chilimnanzi Batholith,
Lat. 19 0 50'05"
Long.
Specimen 10923.
S.
30 0 44'30" E.
An adamellite. Marked sericitization of plagioclase.
Microcline fresh. Almost complete chloritization of
hiotite. Minor epidote and muscovite. Quartz
strained.
Site No. 31. Chilimanzi Batholith.
Specimen 10922.
Lat. 20 0 03'35"
S.
Long.
30 0 46'40" E. (Victoria Quarry).
An adamellite. Marked sericitization of plagioclase.
Microcline fresh. Considerable chloritization of
biotite. Minor epidote. Quartz strained.
Site No. 32. Victoria Porphyritic Granite.
Lat. 20 0 16'45"
S.
Specimen 10932.
Long.
30°56'l0" E.
Coarse-grained granite with large rnegacrysts of
microcline perthite. Plagioclase partly sericitized.
Biotite showing slight alteration to green mica.
Quartz very strained and recrystallized. Feldspars
fractured and strained. Minor epidote, allanite,
sphene and iron ore.
Site No. 33. Chilimanzi Batholith.
Specimen 10935.
Lat. 18 0 59'00"
S.
Long.
30 0 54'25" E.
An adamellite. Microcline fresh. Extensive sericitization of plagioclase. Biotite largely chioritized.
Minor epidote and iron ore. Quartz strained.
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Site No. 34. Victoria Fine-grained Granite.
Lat. 20012'15" S.
Specimen 10934.
Long.
30 0 59'00" E.
A fine-grained adamellite. Moderate sericitization
of plagioclase. Fresh microcline. Some chloritization of biotite. Minor epidote. Strained quartz.
Site No. 35. Zimbabwe Granite.
Specimen 10933.
Lat. 2015'20" S.
Long.
31 0 02'15" E.
A hiotite adamellite. Microcljne fresh. Some sericitization of plagioclase. Biotite fresh. Quartz very
strained and recrystallized to a mosaic. Strain effects
in feldspars. Minor allanite and iron ore.
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INTRODUCTION

The Rhodesian Archaean craton is a portion of the crystalline shield of southern Africa. It consists largely of a granite and gneiss terrain incorporating early Precambrian greenstone belts
(figure 2). This assemblage constitutes the Rhodesian basement complex. The craton is bounded
by mobile belts. To the north and northwest is the Zambezi belt; to the east is the Moçambique
belt, and to the south is the Limpopo belt. All of these mobile belts are polymetamorphic with
the last metamorphic events dated at between 400 and 650 Ma in the north and east (Vail &
Dodson 1969). In the northwest the craton and the Zambezi belt are largely obscured by later
cover, partly Proterozoic and partly Mesozoic to Recent in age.
The Limpopo mobile belt separates the Rhodesian craton from the Kaapvaal craton to the
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south (Anhacusser, Mason, Viljocn & Viljoen 1969). It can he divided broadly into a northern
marginal zone, a central zone and a southern marginal zone. With the exception of the Messina
formation of the central zone the rocks of the Limpopo mobile belt consist of reworked cratonic
granite-greenstone terrain (Robertson 1968; Worst 1962a; Mason 1970). The passage southwards from the craton into the granulite facies assemblages of the northern marginal zone is
gradational (Robertson 1968) and the mobile belt boundary is taken arbitrarily as the
northern limit of granulite facies development (figures 1 and 2).
Cutting across the basement complex in a direction slightly east of north is the Great Dyke of
Rhodesia. South of the Great Dyke proper several related satellite intrusions cut the folded
high-grade metamorphic rocks of the northern marginal zone of the mobile belt. Dating of the
Great Dyke and one of these satellites gives an age of approximately 2500 Ma, thus setting an
upper age limit on the basement complex structures and on the deformation and metamorphism
in the northern marginal zone.
The earliest attempt at a synthesis of the Rhodesian Precambrian was the classic review by
Macgregor in 1951. In dealing with the basement complex he drew attention to the characteristic synclinal structure of the greenstone belts and elaborated on the idea, first suggested
by Maufc (Maufe, Lightfoot & Zeallcy 1919), of a causal connexion between the structures in
the greenstone belts and the upward rise of the intervening ovoid granitic masses. Macgregor
termed these ovoids gregarious batholiths. Also, based on unconformities and similar lithologies
Macgregor (1947, 195 i) recognized three major systems in the greenstone belts, the Sebakwian
followed by the Bulawayan and finally the Shamvaian. This tripartite subdivision is still
retained by the Rhodesia Geological Survey with the modification that the lithostratigraphic
term 'group' is used in place of 'system' for the major unit of subdivision.
In the past twenty years much new work has been done on the basement complex, largely
in the central and southern parts of the craton, although it is only in the past decade that any
serious attempt has been made to map the granites and gneisses in detail. The individual
accounts of these areas are contained in various bulletins of the Rhodesia Geological Survey
published since 1951.
Regional aspects of the basement complex have been dealt with in several recent publications. Viewing (1968) has reviewed the geochemistry; Bliss (1969) proposed a preliminary
classification of the granites; Bliss & Stidolph (1969) reviewed the basement complex as a whole;
Stowe (1971) has outlined the tectonic development, and Phaup (in press) has summarized the
information available up to 1970 on the granites and gneisses and has produced a new map of
the granitic rocks of the craton.
In Salisbury, in 1967, the Rhodesian branch of the Geological Society of South Africa held
a symposium on the Rhodesian basement complex (Visser 1968) and in 1971 held a complementary symposium dealing largely with the granites and gneisses. The papers presented
at this second symposium are to he published as Special Publication No. 3 of the Geological
Society of South Africa.
This paper is not meant to be a comprehensive account of the basement complex, but is an
attempt to review some of the more important points arising from the work since Macgregor's
day and to summarize the main stages in the evolution of the Rhodesian craton, as the author
sees them, from the earliest Archaean to the intrusion of the Great Dyke and to some of the events
of the early Proterozoic. For the purposes of this paper the upper limit of the Rhodesian
Archaean is taken at 2500 Ma. Discussion of the Deweras, Lomagundi and Piriwiri groups is
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beyond the scope of this paper, and the problem of the Messina formation, which is an integral
part of the central zone of the Limpopo mobile belt, is ignored.
All Rb—Sr ages quoted have been calculated using the smaller decay constant (1.39).

2. THE GREENSTONE BELTS

(a) The succession
The broad succession found in the Rhodesian greenstone belts is similar to that found in
greenstone belts in other parts of the world (Anhaeusser et at. 1969). There is an essentially
volcanic phase succeeded in the larger belts by an essentially sedimentary phase. A low grade
of metamorphism is a feature over the major parts of the belts.
The sedimentary phase is called the Sbamvaian group (figure 2) and in several areas this
contains some volcanic rocks. Andesitic to felsic types, often pyroclastic, have been recorded
from areas around Sipolilo (Wiles 1965, 1968) and Hartley (Wiles 1957); basaltic and felsic
types have been described from the Victoria belt (Wilson 1964). Sediments, however,
markedly predominate, and in all areas several unconformable formations are usually distinguishable. Bliss & Stidolph (1969) have briefly reviewed the sedimentary associations in the
greenstone belts and they see no clear-cut distinction between the sediments of the Shamvaian
group and those intercalated with the underlying volcanic phase. Their work emphasizes the
need for sedimentological studies to obtain a clearer understanding of the patterns of sedimentation and volcanicity during the evolution of the greenstone belt depositories.
The sedimentary phase of the greenstone belts, however, marked the cessation of major
volcanism. Shallow water sediments became the norm and rapid erosion of volcanic and
granitic terrains is indicated by the prominent, poorly sorted subgreywacke and arkosic suites
represented. The conglomerates are characterized by the extreme polyrnict nature of the
boulders, cobbles and pebbles. Granite pebbles are characteristic and sometimes, although no
means always, predominate (Bliss & Stidolph 1969). Stowe (ii) has suggested a general
progression from low-energy environment phyllitic rocks to high-energy rapidly deposited
arenites derived from gneiss. This, however, is an over-simplification in view of the thick developments of phyllites in the upper parts of the sequences near Bulawayo (Amm 1940;
Macgregor 1951) and Fort Victoria (Wilson 1964).
The underlying volcanic phase (figure 2) is made up largely of the Bulawayan group. The
local sedimentary intercalations are usually of the banded ironstone—phyllite association of
Bliss & Stidolph (1969). In the west, from Gatooma to Bulawayo, the upper part of this volcanic phase is characterized by a thick development of andesites and felsites often with thick
agglomerates (Harrison 1970; Macgregor 1928; Macgregor, Ferguson & Arnm 1937; Amm
1940). Cyclic volcanicity on various scales has been recognized in some of this region (Lower
Gwclo - D. Edwards, personal communication). The Umniati group (Bliss 1970) west of
Gatooma consisting largely of andesites and dacites with pyroclastics is in this paper considered
as part of this upper sequence.
The rocks underlying this western andesite-felsite unit and making up the bulk of the volcanic
phase in the larger greenstone belts away from it are mostly basalts which in some areas show
pillow structures; andesites are poorly developed and felsites are largely absent. These areas
include the Gwelo (Tyndale-Biscoe 1949), Shangani—Fort Rixon (Harrison 1969) and Victoria
belts (Wilson 1964).
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In the lowest preserved parts of the greenstone belts below this main basaltic sequence there
are often the remains of an earlier unit in which ultramafic rocks, both intrusive and extrusive,
are conspicuous, with mafic and sedimentary types in varying amounts. Some of the narrower
belts such as Umtali—Odzi (Phaup 1937; Swift 1956), Umvuma—Felixburg (Bliss 1962),
Mweza (Worst 1962 a), Antelope and Lower Gwanda (Phaup 1932, 193 3) are composed almost
entirely of this assemblage which lithologically is comparable to the lower part of the
Onverwacht group of the Barberton belt in the Transvaal (Anhaeusser el al. 1969; Viljocn &
Viljoen 1969). It is recognizable also in areas such as the eastern part of the Gwanda belt
(Tyndale-Biscoe 1940; R. E. P. Fripp, personal communication), the southern part of the
Mwancsi belt (Worst 1962b) and the western end of the Victoria belt (Wilson 1968a).
At the western end of the Victoria belt in the Mashaha area the lowest preserved unit is
a sedimentary formation which includes banded ironstones, limestone and elastic sediments.
These rocks are interbedded with, and succeeded by, greenstones largely tremolite chlorite
schists. Westwards, on the southern margin of the Gwelo belt, volcanic and sedimentary rocks
constitute the lowest assemblage (Amin 1946; Macgregor 1937; Tyndale-Biscoe 1949). The
sediments comprise banded ironstone, phyllites, micaceous quartzites and siliceous granulitic
types, and in some areas predominate over the volcanics which are largely amphibolite (Macgregor 1937). Serpentinite and derived schists occur in this assemblage and in the lower parts
of the overlying greenstone sequence. To the west and south a similar sequence is recognizable
skirting Macgregor's Shangani batholith from east of the Lonely Mine (Macgregor 1928,
1947) along the eastern margin of the Shangani—Fort Rixon greenstone belts (Harrison 1969)
to Filabusi. In these areas also the dominant types are igneous rocks, often ultramafic, with
sedimentary rocks in varying amounts reaching a considerable thickness in the Shangani area
(Harrison 1969). Feldspathic tuffs are recognized in the sequence east of the Lonely Mine
(D. Muirhead, personal communication).

(b) The Sebakwian confusion
The simplest interpretation of this lowest assemblage and the one adopted for the purposes
of this paper (figure 2) is that it forms an early but integral part of the main greenstone belt
succession.
On the latest official geological map of Rhodesia, issued by the Rhodesia Geological Survey
in 1971, all occurrences have been assigned to the Bulawayan group except those skirting the
Shangani hatholith which have been assigned largely to the Sebakwian group. The evidence
for the existence of this western Sehakwian assemblage as a unit separate from the Bulawayan
group is based on the recognition of an unconformity between it and the overlying, more
obviously Bulawayan type volcanics northwest and southeast of Gwelo. Differences in structural
elements and metamorphic grade have been described across this unconformity (Macgregor
1937; Amin 1946; Tyndale-Biscoe 1949). While there may well be an unconformity the author
is not convinced that the published evidence in itself is conclusive of a break of major significance. The area requires re-investigation and it remains to be seen, as noted by Bliss &
Stidolph (1969), whether these features are the products of disharmonic folding and metamorphism resulting from the intrusion of the later granites.
What is regarded by Tyndale-Biscoe (i) and Phaup (1968) as the same unconformity is
recognized in the Selukwe area between the base of the Wanderer sedimentary formation and
the stratigraphically underlying eroded surface of the chromite-bearing Selukwe ultramafic
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complex. Pebbles of the ultramafic rocks and chromite occur in the basal conglomerate. Structurally the sequence is inverted and forms part of the imbricated lower limb of the Selukwe
Nappe (Stowe 1968a, b; Cotter-ill 1969).
Stowe (1968b) describes the nappe as having slid northwards from a zone of origin now
marked by the Ingezi fold belt. This is a belt of migmatites which he regards as the root zone of
a greenstonc belt, although the migmatites involved may largely represent something older
still. It lies within the area of the Shangani batholith, parallel to and about 50 km southwest
of the main Gwelo greenstone belt. Stowe has offered two interpretations of the timing of the
nappe emplacement. In his earlier work (1968 a) lie, like Tyndale-Biscoe, equates the Wanderer
formation with the base of the Gwelo Bulawayan group and describes the nappe tectonics as
post-Bulawayan. In an alternative interpretation (ri) he assigns all of the rocks within the
nappe to the Sebakwian group and suggests emplacement of the nappe before the deposition
of the Gwelo Bulawayan volcanic sequence, thus invoking a major tectonic episode between this
Sebakwian unit and the Gwelo Bulawayan group.
The term Sebakwian has also been used to describe supracrustal remnants in gneisses wherever
it was thought that these remnants were older than the Bulawayan group volcanic rocks, such
as east of Que Que (Harrison 1970), southwest of Selukwe (Stowe 1968 a) and north and west
of Mashaba (Wilson 1968 a). Some of these remnants (see § 3) are possibly relics of even earlier
greenstone belts which together with granitic rocks formed a basement to the subsequent main
greenstone belt cover.
Facing this problem in the area south and west of Selukwe, Stowe (197 1) and Bliss & Stidolph
(1969) introduced as a provisional nomenclature the terms Sebakwian I for the supracrustal
remnants of this possible earlier basement and Sebakwian II for those rocks already assigned
to the Sebakwian group around the margins of the Shangani hatholith, in particular those
northwest and southeast of Gwelo and (Stowe 1971) to all of the rocks of the Selukwe Nappe.

3.

THE 'SOMETHING OLDER'

The problem of the 'something older' which may have been the floor to the main greelistone
belt deposition is one fraught with difficulties since subsequent granite episodes have largely
obliterated any basement-cover relationships. Indisputable evidence that part of a greenstone
belt succession was laid down on an older gneissic basement comes from the Belingwe belt west
of Shabani where there is clearly an uiiconformity (Macgregor 1951; Oldham 1970'). There is
the possibility, however, that this sequence is not part of the main greenstone belt development
but something later still (see § 6).
Narrow remnants of 'Sebakwian' supracrustal rocks occur in gneissic and migmatitic areas
in the central part of the craton (figure 2). These, although usually at a higher metamorphic
grade, are similar to the lowest assemblage found in the main greenstone belts and the problem
is to decide which, if any, are part of the 'something older'. Viljoen & Viljoen (1969) would
regard all these supracrustals as fragments of this lowest assemblage, and the gneisses as essentially younger than the greenstone belts which they surround. Stowe (1971), however, considers several areas in the central part of the country as part of the 'something older' which he
calls the central protocraton.
In the area southwest of Selukwe Stowe (1968b, 1971) recognizes something older than
his Scbakwian assemblage. Irrespective of which interpretation of the timing of the nappe
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development is accepted, the folding equated by Stowe with the nappe generation in the northwesterly trending Ingezi belt refolds the northerly trending line of the Ghoko sequence of
supracrustal rocks. These rocks are developed in a zone about 40 km long and about 2 km wide
and form the eastern limb of a large synform the west rim of which is marked by relics in
gneiss. The rocks include banded ironstones, serpentinites and tremolite schists. The Ghoko
sequence Stowe (1971) has provisionally called Sebakwian I and considers it as probable basement to his Sebakwian II cover. On the basis of higher metamorphic grade and what appears
to be an unconformity he recognizes relics of an even older basement to his Sebakwian I cover,
and has called these oldest relics pre-Sebakwian.
Within the Selukwe Nappe itself are two sedimentary sequences, the Wanderer formation
stratigraphically overlying the Selukwe ultramafic complex with marked erosional unconformity, and the Mont d'Or formation stratigraphically underlying the ultramafic complex
and partly intruded by it (Stowe 1968 a, b). The basal member of the Wanderer formation
consists of arkoses and sericitic grits with interbedded and basal conglomerates. Clastic grains
include sugary quartzite, jaspilite, chlorite schist, ultramafic rocks, chromite, pegmatite, granophyre and gneissic granodiorite. Well rounded boulders of gneissic granodiorite up to 50 cm
in diameter are recorded. The rocks of the Mont d'Or formation are largely rapidly deposited
grits with a chlorite-sericite or sericite matrix. Feldspar grains are now mostly altered to
sericite but some ofoligoclase and perthite are recognizable as well as grains of detrital chromite
and a few rounded zircons.
Northwards, in the Rhodesdale batholith, the possible extension of the northerly trending
Ghoko sequence occurs in the north-northwesterly quartzite and ultramafic remnants seen in
the gneisses east of Que Que as described by Harrison (1970). To the north of Que Que, in
the Sebakwe River, a conglomerate is exposed near the base of the preserved greenstone belt
succession. This conglomerate contains boulders of pegmatite, granite and gneiss. Some of the
pegmatites and granites are muscovite-bearing. Harrison (I 97o) also describes pebbles of quartzite similar to those quartzites occurring as remnants in the gneisses to the east.
Macgregor (1932) considered this conglomerate to mark the base of his Bulawayan System
and to be resting unconformably on his Magnesian series to the east, later to he included as
part of his Sebakwian System (Macgregor 1947, 1951). Harrison (1968, 1970) has shown that
this is not a basal conglomerate but a locally developed intraformational bed low in the preserved lava sequence. The main ultramafic mass to the east, which he has renamed the Que Que
ultramafic complex, he regards as a later intrusion. All that Harrison now assigns to the
'Sebakwian' group are the supracrustal remnants in the gneisses to the east.
Farther east still, north of Umvuma, Bliss (1962) has mapped pre-Bulawayan' rocks occurring as remnants in a northerly trending zone between the Umvuma and Mwanezi greenstone
belts. The rocks comprise garnetiferous amphibolites, quartz-grunerite ironstone, quartzdiopside rocks and quartz-mica schists - a largely sedimentary sequence - all occurring in and
intruded by a gneissic granodiorite which forms part of the Rhodesdale batholith. He concludes
that all the evidence indicates that these rocks, including the gneissic granodiorite, are older
than and formed a basement to the rocks of the Mwanesi and Umvuma greenstone belts.
To the south, in the country north and west of Mashaba are abundant northerly trending
'Sebakwian' supracrustal remnants in gneisses and migmatites (Wilson 1968a). They include
quartz-magnetite ironstones, diopside quartzites, amphibolites, garnetiferous biotite schists
and ultramafic rocks, some of which contain chromite. Later granites and the intrusion of the
34
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Mashaba igneous complex have obscured relationships between these rocks and the sedimentary
formation, near Mashaba, which forms the lowest part of the preserved succession in the main
greenstone belt, but again the impression is that the remnants and at least some of the gneisses
are part of the 'something older'. The sedimentary formation contains some clastic sediments
derived in part from a granitic source. Arkoses contain grains both ofsodic plagioclase and potash
feldspar, and some of the conglomerates also contain small clasts of microcline-bearing granite.
Detrital chromite has also been recognized in some of the sediments (P. Cotterill, personal communication).
The field evidence, therefore, from several areas, clearly shows that granite and gneiss were
exposed on surface and were being eroded at the time of deposition of sedimentary rocks
which now occur low in the preserved succession of the main greenstone belts in the central
part of the craton, and indicates an earlier sialic basement to at least some of this cover. It also
shows that this early granitic terrain was not entirely sodic and also that it contained supracrustal rocks similar to those now preserved in the lowest assemblages of the main belts. It strongly
suggests that some of this terrain with these supracrustals infolded on an early northerly trend
is preserved in the central part of the craton (figure 2) as proposed by Stowe (xcyi'i).

4. THE GEOCHRONOLOGY

It is convenient now to consider the period in time represented by the main greenstone belts.
(a) Potassium—argon ages
The lower limit of the main greenstone belts is still based on the scanty data from the
Sebakwe River conglomerate north of Que Que and the nearby Piper Moss Mine (Vail &
Dodson 1969; Harrison 1970). Muscovite from a granite boulder in the conglomerate gave an
apparent age of 3295 ± 100 Ma; muscovite from a pegmatite from the Piper Moss Mine gave
3300 ± 99 Ma and 3440 ± 103 Ma on two determinations, averaging 3370 Ma. These deterrninations were carried out by Kuip at Lamont.
The setting of the Sebakwe River conglomerate has already been described (§ 3). Bliss &
Stidolph (1969) describe the Piper Moss date of 3370 Ma from 'muscovite in a pegmatite vein
cutting Sebakwian I inclusions in the Rhodesdale Gneiss'. From the available data in the technical files of the Rhodesia Geological Survey, this is incorrect (A. E. Phaup, personal communication). The Piper Moss Mine lies in the Que Que gneiss, a unit of the Rhodesdale batholith
as described by Harrison (1970). In the mine workings this gneiss is cut by pegmatites and by
mafic dykes. These mafic dykes also apparently cut the pegmatites. The mineralization is later
than all these events. Within the mine, pegmatites with mica crystals up to 100 mm across are
known from one area only and it was material similar to this but taken from the mine dumps
which was used in the determination. At that time (1959) underground access was impossible
and still is.
These data, however, indicate a granitic event around 3300 Ma which tentatively can be
equated with the intrusion of the Que Que gneiss to give a minimum lower limit for the
deposition of the main greenstone belt sequence to the west and a maximum upper limit for
the earlier basement.
Wilson & Harrison (in press) recognize two later granitic events with apparent ages of about
2900 and 2600 Ma. Their K—Ar determinations were carried out by Fitch & Miller of Cambridge
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on samples from granites and gneisses in the south and central parts of the craton from Bulawayo
eastwards to Fort Victoria. In the Bulawayo area in particular the diapiric-like Hearty and
Essexvale tonalites, dated at 2962 and 2848 Ma respectively, clearly intrude rocks of the volcanic phase of the greenstone belt including andesites of the upper part of the sequence. They
also deform these volcanics and a thick sedimentary phase which unconformably overlies them.
These sediments are assigned to the Bulawayan group on the latest official geological map of
Rhodesia issued by the Rhodesia Geological Survey in 1971. Macgregor (1947, 1951) assigned
them to his Shamvaian system. From his and Amm's descriptions (Amm 1940) these sediments,
in particular the lower sequence with its thick arkoses and conglomerate beds containing
granite pebbles, are typical of the sedimentary phase marking the end of major volcanism in
the greenstone belts. They have been regarded as such in this paper (figure 2).
These data therefore give a maximum upper limit of about 2900 Ma to the deformation
of the sedimentary phase in the Bulawayo greenstone belt. Wilson & Harrison (in press) recognize the 2900 and 2600 Ma granite events in the sampled area between Bulawayo and Fort
Victoria and northwards to south of Selukwe. In the Rhodesdale batholith east of Que Que Harrison (1970) records several other K—Ar results which suggest the presence of both these events in
this region also. The 2600 Ma granite event is something distinct from the 2900 Ma (see § 7).
The K—Ar results from the granites around Bulawayo now mean that the Bulawayan group of
this area, in particular the primitive life forms represented by the well-preserved algal stroma-.
tolites of the Huntsman limestone quarry about 60 km north-northeast of Bulawayo (Macgregor 1941), must be at least 3000 Ma old.
(b) Model lead ages

Vail & Dodson (1969), in their review of Rhodesian geochronology, list 60 lead isotope ages
from the Rhodesian cratomi, done by various laboratories at various times. Of these 37 give
model ages greater than 2600 Ma of which eight give ages in the range 3000 to 3200 Ma. All but
one of these eight lie in a narrow strip, less than 100 km wide, straddling the Great Dyke south
of Que Que.
The recent work of Robertson (1969) is much more significant in that he presents results of
new isotopic analysis of about 80 Rhodesian galena samples. These were collected from mines
occurring in most of the main greenstone belts and adjacent granites and gneisses. The areas
covered include Gatooma, Quc Que, Bulawayo, Filabusi, Gwanda, Belingwe, Mashaba and
Umtali. Robertson recognizes two groups of leads, the Que Que type and Bulawayo type, which
have had different isotopic histories. His simplest interpretation of the pattern is that both types
were emplaced by a major mineralizing event at about 2750 to 2900 Ma. The figure 2900 Ma
occurs frequently in his descriptions of each area. The Que Que leads however show evidence
of an earlier event at 3340 to 3500 Ma. These two events equate well with the 2900 and 3300
Ma minimum K—Ar ages dating the granitic episodes.
Robertson's two types of lead have also different geological distributions. His Que Que leads
occur in gneissic and migmatite areas largely in the central part of the craton and in rocks of
the lowest assemblage of the main greenstone belts, that is, broadly speaking, in areas where
relics of the earlier basement are indicated from field evidence, and in the lowest cover sequences. His oldest model lead ages of 3200 Ma are from the Texas and Cambrian mines which
were both workings on quartz veins cutting migmatites and gneisses in the older basement a few
kilometres west of Mashaba. His Bulawayan type leads occur higher in the main volcanic phase
34-2
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of the greenstone belts in the more typical 'Bulawayan' rocks, and in granite stocks close to or
cutting these rocks, i.e. spatially farther from the older basement.
The geochronological evidence therefore also indicates the existence of the 'something older'
and allows the placing of the main greenstone belt deposition and deformation between the
3300 and 2900 Ma granitic events. Both these must be regarded as minimum ages, the
3300 Ma being a maximum upper limit for the earlier basement.

5. DiscussioN—EvOLuTIoN

OF THE CRATON

(a) Time: ? to 3300 Ma
Little can he said about the evolution of the earlier pre-3300 Ma basement without further
detailed mapping and more application of sophisticated dating techniques. The apparent
northerly trend seen in the supracrustal relics and the gneisses in the central part of the craton
approximates to the trend of the later cover sequence from Bulawayo to Sipolilo. The preserved
supracrustals are rneta-sedimentary and meta-igneous types largely similar to those of the
lowest preserved assemblages of the later main greenstone belts, suggesting they are remnants
of similar earlier structures eroded to a much deeper level. Ferruginous, mafic and ultramafic
types predominate —the 'resister' rocks in any granitization process. Whether clastic sediments
were a prominent part of this early basement is not known. None is preserved but some may be
represented in the gneisses. The granitic phenoclasts and feldspar grains found in the lowest
sediments of the main greenstone belt cover indicate that the granites of this early phase were
not entirely sodic but included microcline-bearing types. Stowe's detailed work (1968b) south
and west of Selukwe shows that the story is not a simple one but little is to be gained from overspeculation at this stage.
(b) Time: 3300 to 2900 Ma
This approximate time-span covers the initiation and infihling of the main greenstone belt
depositories, their deformation and granite intrusion, and the development of the main greenstone belt pattern, a pattern subsequently modified, particularly in the east and south of the
country, by the 2600 Ma granites. Although complex deformation resulted from the 2900 Ma
granites the synclinal structure and early deformation still seems best regarded as gravity
induced, as pointed out long ago by Maufe & Macgregor and amplified greatly in the Barberton
model (Anhaeusser et at. 1969). Nappe tectonics as described by Stowe (1968 a, b) in the Selakwe
area are an unusual feature not only of Rhodesian belts but of the world's greenstone belts in
general. Sutton ( 1 971) has suggested that this may not be a unique occurrence. Pretorius (in
Stowe 1968 b, discussion) has called for a re-examination of greenstone belts with this point in
mind and has dra'wn attention to the great predominance of synclines over anticlines in the
Barberton belt of the Transvaal suggesting that some kind of nappe tectonics might be
a possible explanation.
(i) The greenstone belt depositories
Stowe (1971) has summarized his ideas on the development of the Rhodesian craton. His
primary phase is the formation of the early basement and he takes this to constitute his central
protocraton, consisting of the Rhodesdale, Shangani and Chilimanzi nuclei. These correspond
approximately to the Shangani and Rhodesdale hatholiths and some of the country to the east.
His next phase 'was marked by the development of small, Bulawayan eugeosynclines on either
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side of, and across the central protocraton'. He envisages 'the growth of the protocratonic centre
by eugeosyncines and orogenesis around its margins'. Implicit in his ideas is the concept of
crustal growth largely by lateral accretion.
Others among recent authors (Anhaeusser et al. 1969; Windley & Bridgwater 1971) have
tended to think in terms of mantle-tapping fractures in an early unstable, and probably thinner,
sialic crust as the factors controlling greenstone belt depositories. \Vindley & Bridgwater suggest
that the outcrops now seen give a reasonable impression of the size of the narrow elongate
basins. To the writer it seems that not only can the distribution of Rhodesian greenstone belts
be explained by such fractures, whatever might have caused them, but it indicates a definite
fracture pattern controlling the depositories. Three trends are evident in the present configuration of the main greenstone belts, north-northeast, northwest and east-northeast (figure 2).
One of these directions approximates to the tend of the supracrustal rocks of the earlier basement, and the three thereafter form an 'eternal triangle' in Rhodesian geology in that one or
other of these directions is evident throughout all of the subsequent geological history of the
country.
The north-northeast trend is seen in the largest of the greenstone belts from Bulawayo to
Sipolilo. Although partly masked by a cover of Proterozoic and younger rocks, this belt has
a length of over 500 km and widths of up to 50 km near the Lonely Mine and perhaps 80 km
southwest of Gatooma. The same trend is seen again in the smaller Mwanesi belt south of
Salisbury. The northwest trend is evident in the Gwelo belt and from Filabusi to Bulawayo.
The east-northeast trend is dominant in the Umvuma—Felixburg, Umtali—Odzi, Victoria and
Mweza belts over a distar of about 450 km, and is seen again to the south in the Kaapvaal
craton in the Muriison and Barberton belts. The northerly trending Shangani—Fort Rixon
belt is bt regarded as part of the sequence to the west, separated from it by later granitic
intrusion. The picture is more complex in the northeast of the country but the Salisbury belt
has suffered later deformation by the Chinamora bathohith, whereas the belts in the extreme
northeast have been modified by the later Zambezi episodes of metamorphism and tectonism.
The writer therefore prefers to think of the early basement as a much larger crustal fragment
than Stowe's central protocraton with the greenstone belt depositories developing on it, not
around it, on sites controlled by this suggested fracture pattern. What was later to become the
Limpopo mobile belt is also thought to have been the site of such depositories at this stage,
probably with a dominant east-northeast trend. Apart from the Messina formation of the
central zone, the rocks of the Limpopo mobile belt consist of reworked granite—greenstone
terrain (Worst 1962a; Robertson 1968; Mason 1970).
The infihling of the depositories began with sedimentary and volcanic rocks of the early
ultramafic assemblage. The granite debris in these early sediments, although limited, indicates
that there was not a complete volcanic-rock cover between the depositories at this stage.
With further development of the volcanic phase it is possible that a thin such cover did exist
later. Intercalated sediments occur at any horizon in the sequence of the volcanic phase. Some
are chemically induced but others indicate limited erosion and uplift of the volcanic pile. No
granite debris is recorded from these sediments. Although the broad chain of events in the
greenstone belts is similar, there is no reason to suppose that everywhere their evolution was
strictly contemporaneous. Downsagging and early deformation would be dependent on the
volume and local thickness of eruptives. Unconformities are to he expected and do not necessarily indicate regional tectonic events. Subsequent general uplift is indicated, however,
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towards the close of the volcanic phase resulting in the deposition of the volcanic and granitic
debris of the Shamvaian group sediments. These sediments were probably deposited in isolated
basins, although again it does not follow that everywhere this uplift started at the same time.
But, apart from the problem of the timing of the Selukwe nappe, there is so far nothing to indicate that depositories on any one trend evolved to any great extent before those on any other
trend or, that one direction of the postulated fractures developed before any other.
(ii) The 2900 Ma granites

Accepting the synclinal structure of the greenstone belts as largely a gravity response to
extruded heavier mantle material sinking into a less dense sialic substratum, then the interface
between basement and cover becomes important in the control of any granitic magmas
generated from the partial melting of this downsagged sialic crust (Windley & Bridgwater
1971). Water from the early sediments could influence the temperature of development and
the rise of such magmas but mobility sufficient to produce at least an intrusive gneissic migmatitic zone on this interface could be expected. Farther from the interface the conditions would be
more favourable for the development of hotter, drier magmas which could rise and further
deform the cover. The diapiric-like tonalites of the Hearty and Essexvale masses fall into this
latter category. The arcuate intrusive margins of the large ovoids such as the Shangani and
Rhodesdale batholiths become explicable as remobilized and modified basement-cover
interface zones.
The minimum age of 2900 Ma has been taken conveniently as the date for the granitic event
marking the upper limit of the main greenstone belt development. Even accepting this as a true
age, granite magmas must have been forming over a considerable time. The felsitic lavas and
pyroclasts of some of the Shamvaian group sequences can he regarded as surface expressions
of granitic plutonism. The thick development of andesites and felsitcs in the upper sequence of
the main volcanic phase in the west could indicate sialic contamination of basaltic magma
together with some even earlier crustal melting. This major andesite belt is confined to the northwestern part of the craton and it could he argued that it indicates the proximity of a continental
margin. It may, however, merely be a fortuitous erosion feature due in part to later uplift by the
2600 Ma granites in the eastern half of the craton thus exposing only the lowest assemblages in
most of these belts. Another possibility is that this western belt represents one in which greater
volumes of basic magma were erupted with consequent greater and faster downsagging, and
more crustal contamination, if andesitic magmas are indeed generated in this way.
The distinct granites so far recognized in this 2900 Ma group, as opposed to the approximate
2900 Ma overprinting in the earlier gneisses, are largely tonalites but include some porphyritic
granodiorites and adamellites (Wilson & Harrison, in press). Some of these tonalites such as
Somabula (Stowe 1968a) and Mashaba (Wilson 1968a) masses show largely gradational
margins with the surrounding gneisses. Others such as the Heany and Essexvale bodies are
clearly intrusive, as are the more potash-rich types of this event. More field data and age
determinations, however, are required before conclusions can be reached as to any possible
pattern to the sequence of intrusions of the various granitic types. Whether all of the granites of
this 2900 Ma group are to be explained by partial melting of downsagged crust or whether
addition to and progressive thickening of the sialic crust is also to be invoked at this stage is not
clear. What is apparent, however, is that after this 2900 Ma event the craton, at least in the
south, became stabilized and sufficiently rigid to allow brittle fracturing on a major scale.
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6. THE MASHABA IGNEOUS COMPLEX

No reliable age determinations are available, but the Mashaba igneous complex represents
a period of mantle activity with intrusion and brittle fracturing in the crust between the 2900
and 2600 Ma granite events of Wilson & Harrison (in press). Its nearest time equivalent in the
Kaapvaal craton is perhaps the Usushwana complex of Swaziland dated at 2874 ± 30 Ma
(Davies, Allsopp, Erlank & Manton 1970).
The Mashaba complex occurs at the western end of the Victoria greenstone belt (figure 1).
In its present plane of erosion it is largely a layered, predominantly ultramafic intrusion (Wilson
1968a, b). The sill-like portion contains macro-units of olivine and orthopyroxene cumulates
similar to the lower portions of the Great Dyke; one unit shows well-developed, fine-scale
rhythmic layering of chromite and serpentinized olivine. There is a deficiency of gabbro.
Ultramafic rocks are preserved for a distance of over 50 km in contact with roof rocks (gneisses'),
largely in an arm of the complex extending northwest from Mashaba as a northeasterly dipping
sheet. Part of the complex is an ultramafic dyke which, together with mafic dykes, forms a ring
pattern cutting, and roughly centred on, the earlier Mushandike granite (Wilson 1968a).
A modified radial pattern of mafic dykes is also present, part of it extending westwards towards
Shabani and southwards (I. D. M. Robertson, personal communication) towards the later
Chibi batholith. The whole complex is best regarded as an 'open system' and the remains of
a gigantic magma chamber under a major volcanic centre.
The writer would equate several other ultramafic, or largely ultramafic, intrusions in the
southern part of the craton with this Mashaba event. These include (figure 1) the several silllike bodies cutting the gneisses between Mashaba and Shabani (Wilson 1968 a, b) including the
large differentiated body of the Shabani intrusion (Keep 1929; Laubscher 1968). Farther west
still is the Gurumba Tumba serpentinite which clearly cuts at a high angle the folded rocks of
the lower part of the Bclingwe greenstone belt on the west, and extends to the Great Dyke and
possibly beyond (Worst 1956; Oldham 1970). Other likely correlatives are the small serpentinite
intrusions in the Victoria Shamvaian group on the south side of the greenstone belt (Wilson
1968a, h) and possibly the several serpentinite bodies at the east end of the Victoria belt
(Wilson 1964) and the serpentinite mass south of Umtali (Phaup 197). Several other ultramafic
intrusions have been described as 'post-Bulawayan' in recent years (Bliss & Stidolph 1969).
Later work may show that some of these are also assignable to the Mashaba complex event but
for the moment they are best regarded as part of the main greenstone belt evolution.
The possibility of the deposition of a greenstone belt succession, with its early phase contemporaneous with the Mashaba complex event, arises from the work of Oldham (1968, 1970) in
the Belingwe area. In the Belingwe greenstone belt, occupying a north-trending central syncline, is an upper sequence consisting of a volcanic unit, with intercalated sediments, capped
unconformably by a sedimentary unit. Oldham estimates a total thickness of about 1.5 km in
the volcanic unit in the north, increasing to about 6 km in the south. The base of this lower unit
is a sedimentary formation with conglomerates, in part basal and in part intraformational.
These sediments rest unconform ably on the underlying rocks of the greenstone belt and overstep
to rest with marked unconformity on the gneisses on the east side of the belt. West of Shabani
this unconformity can be traced for over 20 km in contact with the gneisses with little variation
in thickness of the sedimentary formation. Some of the conglomerates contain granitic pebbles.
This unconformity is also described by Macgregor ('951) from the earlier work of Keep (1929).
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In the few exposures of the contact in this sector there is no doubt of an unconformity and a preserved relationship between basement and cover. The problem is what is the cover and what is
the basement.
It is possible that this is an upper sequence of the main greenstone belt development fortuitously preserved on the earlier basement. It is also possible that it represents a later greenstone-belt type of deposition on a 2900 Ma basement. The rocks are intruded north of Shabani
by a younger granite; to the south the whole belt is truncated by the pre-Great Dyke Chibi
Batholith. Both these granites are assigned to the 2600 Ma granite event by Wilson & Harrison
(in press).
Oldham's interpretation of the area favours the second possibility. He argues (1970) for the
intrusion of the Shabani ultramafic sill during the early stages of deposition of the volcanic
unit. The deposition of the later sequence as a whole he records (1968) as post-dating the
granite intrusion and folding on an east-northeasterly trend of the rocks below the unconforrnity. This folding he equates (1970) with the major east-northeasterly plunging synform
mapped by Worst (1956) in the south part of the Belingwe belt. This interpretation from Worst's
map is not conclusive since, from the map data alone, the structure at the south end of the
Belingwe belt is explicable also as an interference pattern with the east-northeasterly trend as
a late event. Farther east, however, in the Victoria belt Wilson (1968 a, b) times the intrusion of
the Mashaba complex as after the main phase of folding which imparted the east-northeasterly
trend to the Victoria greenstone belt including the Victoria Shamvaian group, although this
deformation was probably further accentuated by the subsequent emplacement of the 2600 Ma
granites to the south (see § 7).
It is apparent, therefore, that the answer will come only from detailed structural work in this
southern part of the craton and in the adjacent northern marginal zone of the Limpopo mobile
belt. But for the moment there is the intriguing possibility of a greenstone belt cover sequence
later than the development of the main greenstone belts and equating roughly in time with the
plutonism of the Mashaba igneous complex and related intrusions.

7. THE 2600

Ma GRANITES

The recent K—Ar dating programme of Wilson & Harrison does not in itself clearly establish
this granitic event at 2600 Ma but their results taken in conjunction with field data and other
age determinations show evidence of major granitic intrusion into the craton about this time
and pre-dating the Great Dyke (Wilson & Harrison, in press).
The granites assigned to this event are often medium rather than coarse grained, generally
massive rocks with some porphyritic varieties. They are intrusive into the older rocks and in the
mapped areas clearly truncate earlier structures. As understood at the moment they are largely
adamellitic and some are associated with Be—Li pegmatite mineralization. Most of the analysed
samples from the south half of the craton have K 20:Na2O ratios between 1.0 and 1.5, but a
few in the extreme south fall into the granite sensu stricto category of Harpum (1963) with this
ratio greater than 1.5 (Bliss & Stidoiph 1969). Whether the granodioritic Bulawayo finegrained granite is part of this event is not clear. West of Bulawayo this cuts the earlier porphyritic granite dated by K—Ar at 2899 Ma (Amm 1940; Wilson & Harrison, in press).
The granites are developed as large masses in the southern part of the craton (figure 1). They
are best known, from recent mapping, in the intrusions of the Chilimanzi, Chibi and Zimbabwe
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batholiths (Wilson 1964, 1968a; Worst 1956, 1962a; Robertson, in press) and appear to occupy
much of the eastern part of the country (Phaup, in press), although mapping in this area is far
from complete. North of Salisbury the major part of the Chinamora batholith is probably
related to this 2600 Ma event.
Westwards the granites are smaller. The Nalatale granite (Harrison 1969; Stowe 1968a)
almost severs the Fort Rixon—Shangani greenstone belt. The Formona granite (Macgregor
et al. 1937) farther east is a coarse-grained intrusion; the Hillside syen.ite (Amm 1940) is a stock
cutting the Shamvaian group rocks of Bulawayo. Several stocks also occur in the country between Shabani and Mashaba (Catherall, in press; Wilson 1968a).
On the regional scale the granites show an east-northeasterly trend (figure 1) which is
very marked in the Chibi batholith but evident also from the northwest tip of the Chilimanzi
batholith to the Nalatale granite and beyond. On a larger scale trends are also seen in and
between the smaller granite masses between Mashaba and Shabani (Catherall, in press; Wilson
i968a,b).
In some areas the granites show gneissic margins (Bliss & Stidolph 1969), but in the author's
experience in the south and central part of the craton most of the granites are even-grained and
unfoliated right up to their sharp contacts with the older rocks. They display some thermal
metamorphism with the local development of andalusite and cordicrite in rocks of suitable
composition (Wilson 1968a). Their final emplacement at the levels now exposed appears to
have been passive, with stoping and fragmentation of country rock forming xenoliths.
The regional scale, however, presents a different story. North of Shabani Oldham (1970)
suggests the emplacement of the Shabani younger granite caused updoming and late buckling
of the synclinal structure of the Belingwe greenstone belt. Wilson (19680, b) has attributed the
deformation of the Mashaba igneous complex and surrounding area largely to the intrusion of
these granites. Here the broad picture is one of the southwesterly slide on a grand scale of roof
rocks off the rising dome of the Chulimanzi batholith to the northeast, with further buckling and
final passive granite injection into the deformed structures. The major lubricants for the southwesterly slide were the ultramafic rocks of the Mashaha complex. The several stages of major
deformation suggest several heaves of intrusion to the Chilimanzi batholith.
The Chibi batholith to the south is also probably, at least in part, responsible for the arcuation
of the southwest margin of the Victoria greenstone belt.
The Zimbabwe batholith south of the Victoria belt probably tightened the earlier folds of
the main greenstone belt deformation. Over the whole length of the southern part of this belt
axial planes are overturned to dip steeply southwards towards this granite (Wilson 1964). The
same feature is seen in the i\iweza greenstone belt to the southwest (Worst 1962a). Here,
however, as in the southern part of the Victoria belt, there is the added problem of the, as
yet undetermined, effects on the craton of the nearby deformation in the northern marginal
zone of the Limpopo mobile belt. The boundary of the mobile belt on figures 1 and 2
and on the latest official geological map of Rhodesia published in 1971 is the granulte facies
limit.
Robertson (in press) suggests that the Chibi and Zimbabwe batholiths and perhaps even the
Chilimanzi, are late stage derivatives of the granulite metamorphism of the mobile belt.
A further, rather distinctive, porphyritic granite (figure 1) occurs cutting the granulite facies
rocks in the northern marginal zone south of the Mweza grecnstonc belt (Worst 1962a).
A similar porphyritic granite is described cutting the lower facies rocks of the craton on the
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south side of the Victoria belt (Wilson 1964). Robertson relates these intrusions also to the
mobile belt suggesting that they are later than the Chibi and Zimbabwe granites and derived
from the dying stages of the metamorphism.
In this respect van Breeman's (1969) study of the geochronology of the Limpopo mobile
belt is significant. For the Bulai and Singelele granites near Messina in the central zone he
obtained a Rb-Sr isochron date of 2690 ± 60 Ma. Bah.neniann (in Morrison & Wilson 1971)
considers the Singelele granite in particular to be remobilized and melted 'basement gneiss'
and thinks this remelting took place during the peak of the metamorphism and deformation.
He would regard this 2690 Ma age as dating the emplacement of the Bulai and Singelele
granites, and the deformation and the high-grade metamorphism in the central zone (in van
Breeman 1969).
8. THE GREAT DYKE

The next major event in the craton was the emplacement of the Great Dyke and its associated
satellites. Davies et al. (1970) have dated this intrusion at 2532 ± 89 Ma which is in good agreement with Allsopp's earlier minimum age of 2530 ± 30 Ma (Allsopp 1965). In both instances
the results are from the Rb-Sr isochron method.
The Great Dyke is well documented (Worst 1958, 1960; Jackson 1970; Hughes 1970;
Podmore 1970). Briefly it is an elongated mass of mafic and ultramafic rocks extending for
nearly 500 km across the craton in a direction slightly east of north. Its maximum width is
about 11 km. It is not a true dyke but the remains of four lopolithic intrusions arranged in
a straight line and downfaulted into a graben-like structure (Worst 1958, 1960). The rocks
are igneous cumulates with ultramafic types predominant in the present plane of erosion. All
four complexes are similar in structure and component rock types and show marked layered
sequences indicative of differentiation and crystallization in a stable environment.
To the east and west the Great Dyke is flanked by true dykes of quartz gabhro termed the
east and Umvimeela dykes respectively. South of the Great Dyke are several satellite intrusions
which are also true dykes but are all largely olivine-bearing melanorites (Robertson & van
Brceman 1970). The largest of these, the main swarm, extends from the craton into and across
the folded high grade metamorphic rocks of the northern margin zone of the Limpopo mobile
belt. Dykes of this swarm have been dated by Rb-Sr isochron at 2600 ± 120 Ma (van Brecman
1968). Two narrower, north-northwesterly trending sets of dykes, the Crystal Springs and Bubi
swarms respectively, are also assigned to the Great Dyke intrusive event (Robertson & van
Breeman 1970). These occur entirely within the northern marginal zone and one of the smaller
dykes of the Bubi swarm shows a chilled margin against the metamorphic rocks.
East of Fort Victoria the Popoteke and associated faults (Wilson 1964) cut the Victoria greenstone belt and extend northwards through the Umvuma greenstone belt and beyond (Bliss 1962).
In places these faults are filled with quartz gabbro similar to that of the east dyke. They also
show a marked sinistral displacement, part of which at least appears to pre-date the gabhro
intrusion. In the Chinamora batholith northeast of Salisbury similar faults, some of which
also contain a gahbro, are known (P. Snowden, personal communication). No petrological
study has yet been made of this gabbro but the faults are likely to be a continuation of the
Popoteke fault pattern.
No such sinistral movement can be recognized in the Great Dyke itself, although this would
be difficult to detect, nor in the main swarm satellite at the south end which possibly represents
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a feeder to a Great Dyke type of layered complex (Robertson & van Breeman 1970). Nor is
any such displacement reflected in the east and Umvimeela dykes. Their fractures possibly
represent marginal hinge lines formed during the downsagging and downfaulting of the Great
Dyke itself (Worst 1960).
Bliss & Stidoiph (1969) describe other possibly related fractures, and they and Robertson
(Robertson & van Breeman 1970) discuss the various hypotheses put forward to explain the
Great Dyke fracture pattern. All three conclude that the Great Dyke occupies a dilation fracture. Although the fracture pattern cuts across the basement complex structures it is not a new
trend but one seen in the major greenstone belts to the west between Sipolilo and Bulawayo,
and is also apparent even in the earlier basement relics in the central part of the craton.

9. DISCUSSION —EVOLUTION OF THE CRATON

Time:

2900

to

2500

Ma

During this approximate time-span it is possible to trace major events both in the craton and
in the Limpopo mobile belt. The Mashaba igneous complex separates in time, at least in the
southern part of the craton, the 2900 Ma granites from the 2600 Ma granites. In the mobile
belt remelting and the peak of metamorphism and deformation is indicated at about 2700 Ma
in the Messina area of the central zone. At about 2500 Ma the Great Dyke and its satellites
were intruded into the craton and northern marginal zone of the mobile belt (figure 1).
Robertson (in press) has suggested that the intrusion of the Great Dyke magma, the intrusion
of the 2600 Ma granites and the development of the Limpopo mobile belt may all be different
manifestations of the same mantle process. To these events can now be added the intrusion of
the earlier Mashaba igneous complex suite.
In a general discussion on crustal evolution, Sutton (1971) describes the development of the
earliest, long-lived, rigid blocks, some of which have survived to the present, as somewhere
between 2700 and 2400 Ma. In these blocks he notes several features of which one is the
development of major ultramafic and mafic intrusions, including dyke swarms. These intrusions occupy regular systems of fractures indicating formation during regional stress. He suggests the possibility that they represent magma intruded into fracture systems developed in
large segments of rigid crust when movements were taking place in adjoining mobile belts.
Pretorius (in Sutton 1971) makes the likely suggestion that the Great Dyke originated as the
Rhodesian craton failed during such deformation. The Mashaha igneous complex suite of
intrusions probably had a similar but earlier origin during the early phases of development of
the Limpopo mobile belt.
The picture that emerges is of a large crustal fragment of granite—greenstone terrain which in
Rhodesia had already been subjected to the 2900 Ma granite event. Heat, generated by some
mantle process, penetrated this crustal fragment along a linear east-northeasterly trending
zone between what are now the Rhodesian and Kaapvaal cratons. In this zone the cratonic
granite—greenstone terrain, in which an earlier east-northeasterly trend may have already been
dominant, was reworked to produce the complex deformation and high grade metamorphism
of the Limpopo mobile belt.
Early in the development of this mobile belt fracturing occurred in the still brittle cratonic
crust on the northern foreland, and mantle activity, in response to the heat flow, resulted in the
emplacement of the Mashaba igneous complex and related intrusions. Surface manifestations
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on the craton at this time were the possible development of greenstone belt depositories as at
Belingwe.
In the main and later stages of the mobile belt activity granites were produced. These were
emplaced in the southern part of the craton where some are perhaps derived directly from
partial melting in the mobile belt. Similar granites, however, were also intruded well into the
craton and apparently throughout the craton at about the same time, and indicate the extension of heat at this stage into the lower parts of the cratonic crust to produce widespread
partial melting. The trends of the resultant granites suggest a linear distribution of these
cratonic thermal highs sympathetic to the thermal high of the mobile belt.
After the emplacement of these granites stability of the cratonic and mobile belt crust was
restored sufficiently to allow the development of the Great Dyke fracture pattern. Mantle
response to the waning heat flow was, however, still enough to produce the Great Dyke magma.

10. THE MASHONALAND DOLERITES AND THE
TIME-SPAN 2000 TO 1800

Ma

The next dated igneous phase in the craton is the intrusion of the Mashonaland dolerites
(figure 2). In the northeastern half of the craton these occur as extensive undulating sheets in
the granites. They extend west and southwest to cut the Great Dyke and beyond. Earlier K—Ar
dates give a minimum age of 1600 Ma (McElhinny & Opdyke 1964), but recent total rock and
mineral Rb—Sr isochron work on the Enkeldoorn sill and from five other sills has given an age
of 1883 ± 21 Ma (Compston & McElhinny, in preparation; M. W. McElhinny, personal
communication).
The Mashonaland dolerites have a well-established palaeomagnetic pole position (McElhinny
& Opdyke 1964). Preliminary work on the Sebanga Poort dyke, a prominent north-northwesterly trending intrusive east of Shabani (Stowe 1968a; Wilson 1968a) has suggested a near
Mashonaland pole (D. L. Jones, personal communication). This dyke is one of several described
by Stowe in the country west of Selukwe. In this paper the writer has tentatively equated all
these dykes and others to the west as part of the Mashonaland dolerite suite (figure 2).
The Mashonaland dolerites equate roughly in time with the event which produced the ages
around 2000 Ma recorded by van Breeman (1968) from the Limpopo mobile belt. Mason
(1970) describes this event as a further period of granulite metamorphism virtually confined to
the central zone. The northern marginal zone is largely unaffected except for a reheating which
also extended into the southern half of the craton and explains the K—Ar ages around 1800 Ma
recorded from the Chibi, Zimbabwe and other granites in this southern area (Wilson & Harrison, in press). Palaeomagnetic results on the Great Dyke satellites (D. L. Jones, personal communication) can also be explained by such a reheating. The palaeomagnetic pole position of
the Great Dyke is well established (McElhinny, Briden, Jones & Brock 1968) from sites along
its length. The east and Umvimeela dykes also give the same pole positions along their lengths
in the craton. In the northern marginal zone of the mobile belt, however, on the extensions of
the cast and Urnvimeela dykes, the poles tend to occupy positions nearer that of the Mashonaland dolerites. The main swarm satellite dykes also give a normal Great Dyke pole position
in the craton but again farther south, where these intrusions cut the metamorphic rocks of
the mobile belt, there is the same tendency for their palaeomagnetic poles to plot nearer the
Mashonaland dolerite position.
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Granite rocks well into the craton have suffered a thermal overprint from the Mashonaland
dolerites (Wilson & Harrison, in press) which makes necessary a reappraisal of earlier data (Vail
& Dodson 1969; Bliss & Stidolph 1969; Bliss 1969) giving apparent ages younger than that of
the Great Dyke for some of the granitic rocks of the craton.

11. SUMMARY AND CONCLUSIONS

The author's main conclusions on the evolution of the Rhodesian Archaean craton are
summarized in table 1. It must he emphasized that the ages 3300 and 2900 Ma are minimum
limits only, based on apparent ages from K—Ar determinations. The value 3300 Ma in particular is from scanty data from the Que Que area in the central part of the craton.
There is evidence that relics of a basement (> 3300 Ma) to the main greenstone belt cover
sequence are preserved in the central parts of the Rhodesian craton. Little is known of its early
history. But these relics, together with evidence from the elastic sediments now occurring low
in the preserved sequence of the main greenstone belts, indicate that by the time of deposition
of these sediments, this early basement already existed as a granite—gneiss terrain incorporating
there mains of what appear to have been earlier greenstone belts, and that it was undergoing
erosion. These cover sediments also indicate that the granitic rocks of this early basement were
not entirely sodic plagioclase varieties but included microcline-bearing types.
It is suggested that the depositories of the main greenstone belts evolved on this early basement
on sites controlled by mantle-tapping fractures, and that the pattern of these fractures and the
broad trend of the depositories are now reflected in the prominent north-northeast, eastnortheast and northwest alinements seen in the present configuration of the main belts. It is
further suggested that these depositories extended south of the present cratonic region, into and
beyond the area that later became the Limpopo mobile belt.
The succession in the main greenstone belts is largely a progressive evolution involving an
essentially volcanic phase followed by an essentially sedimentary phase which marks the end
of major volcanism. The volcanic phase shows an initial assemblage in which ultramafic rocks
are conspicuous. This is followed by a mafic to felsic assemblage. There is no reason to suppose
that the evolution of the depositories was everywhere strictly contemporaneous, but the main
greenstone belts are broadly contemporaneous in the sense that they were developed during
the approximate time-span 3300 to 2900 Ma.
The structure and deformation of the main belts seem best regarded as largely gravity
induced involving progressive downsagging of the volcanic and volcanic-sedimentary piles and
the upwelling of granitic masses as described and discussed by various authors (Macgregor
1951; Anhaeusser et al. 1969). The downsagging initiated partial melting of the underlying
sialic basement and produced granitic magmas which modified, and largely obliterated, any
original basement—cover relationships. The granitic activity culminated in major intrusion at
about 2900 Ma. The granitic types involved were tonalites with some granodiorites and
adamellites. Whether addition to and progressive thickening of the sialic crust also occurred
at this time is not clear, but after the intrusion of these 2900 Ma granites, the craton, at least
in the south, became stable and sufficiently rigid to allow brittle fracture on a regional scale.
During the approximate time-span 2900 to 2500 Ma events can be traced in the craton and
in the Limpopo mobile belt. In the craton events began and ended with the mafic-ultramafic
plutonism of the Mashaba igneous complex and Great Dyke respectively. Separating these in

TABLE 1. SUMMARY OF THE MAIN EVENTS IN THE EVOLUTION OF THE RHODESIAN ARCHAEAN CRATON

approximate
age in Ma
main events
2000 to 1800

Limpopo mobile
belt area

cratonic area
grccnstonc belt units

present group nomenclature of grccnstone belts in the various area'

Mashonaland
dolerites and
reheating in
south margin
of craton

2500

Great Dyke

2700 to 2600

granites

0

main events

reheating in
northern
marginal zone
Great Dyke
satellites

(Belingwc area)
?

greenstone

belt(s)

sedimentary phase
volcanic phase

Shamvaian

activation of the

Bulawavan

mobile belt;
granulite
metamorphism

Mashaba igneous
complex
t-4

2900
(minimum age)

granites
(most areas)
Shamvaian

> 2900

C
2

(southwest of Selukwe)

,------..

-------

main
greenstone
belts

(Shangani
ha tholith
area)
Shamvaian

in
enstone

sedimentary phase

AS

Nappe tectonics
volcanic phase

malic and felsic
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Bulawayan

Bulawavtii

ultramafic ± sedat

Bulawayan

Scbakwian

Sehakwian II

OR
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Sebakwiaii II
-

3300
(minimum age)
> 3300

2

granite(s)
? earliest
greenstone
belts
7

(Que Quc, Mashaba,
Shangani hatliolith areas)
supracrustal remnants similar to
lowest part of main greenstonc belts
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2

Seds = se liments.

- = unconformity.
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time was the major granitic plutonism, largely adamellitic, of the '2600 Ma granites' possibly
between 2700 and 2600 Ma.
In the Limpopo mobile belt the peak of metamorphism and deformation is indicated at
about 2700 Ma from the Messina area of the central zone. By about 2500 Ma, at least the
northern marginal zone was sufficiently rigid to allow fracture and the intrusion of the Great
Dyke satellites.
It is suggested that the three plutonic episodes of the craton and the activation of the Limpopo mobile belt during this time-span are all manifestations of a changing heat flow patternf
It is possible that the intrusion of the Mashaba igneous complex suite was contemporaneous
with the early stages of further greenstone belt deposition, such as in the Belingwe area, but this
requires further study.
At approximately 1900 to 1850 Ma the extensive suite of dolerites, comprising the Mashonaland dolerites, was intruded into the craton. Their intrusion equates roughly in time with
a reheating which affected the northern marginal zone of the Limpopo mobile belt and at least.
the southern part of the craton, resulting in mineral ages in the 2000 to 1800 Ma range. A reappraisal is therefore necessary of earlier data giving apparent ages younger than that of the
Great Dyke (± 2500 Ma) for some of the granitic rocks of the craton.
It is apparent that the subdivision of the Rhodesian basement complex into a threefold
sequence of Sebakwian, Bulawayan and Shamvaian systems each separated by granitic intrusion and orogenic movements, which imparted specific regional fold trends (Swift 1961) is no
longer a realistic approach.
The present lithostratigraphic nomenclature retains these names with the substitution of the
term 'group' for 'system' as the main unit of sub-division. Broadly, the Shamvaian group is
the sedimentary phase of the greenstone belts and the Bulawayan group is the volcanic phase.
The Sebakwian group is largely a sack term for supracrustal rocks regarded as older than the
Bulawayan group.
This present terminology is still unsatisfactory and is confusing. Not enough attention has
been paid to the detailed stratigraphy of the main belts and none of these groups is sufficiently
defined in terms of stratotypes. In particular the Sebakwian group needs redefinition if any
sensible use of the term is to emerge.
There is need and ample scope for further work on the rocks of the Rhodesian Archaean
craton and of the Limpopo mobile belt. The areas of the 'something older' constituting the
early basement need detailed investigation. The 'Sebakwian' assemblages of the Shangani
batholith area, their stratigraphy, deformation and their relation to the Selukwe Nappe tectonics all need further work. Comprehensive chemical data on the granites and on the volcanic
phase of the main greenstone belts, in particular on the lowest (ultramafic) assemblage, is still
lacking. The structural elements from the craton into the Limpopo mobile belt are virtually
unknown. The present geochronological knowledge is very inadequate.
The author would like to thank the Director of the Rhodesia Geological Survey for his
cooperation in the drafting of the text-figures. He would also like to thank Mr Phaup and Mr
Harrison of the Geological Survey and Professor Bond and Dr Stowe of the University of
Rhodesia for their critical reading of this paper. Financial support from the University of
Rhodesia and the Royal Society is gratefully acknowledged.
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Age of the Huntsman Limestone
(Bulawayan) Stromatolites
Huntsman limestone stromatolites were originally
described by Macgregor'. Recent work (refs 2-5 and
T. Hoering (personal communication)) has established
their organic origin beyond reasonable doubt, and shown
that macro, micro and chemofossils occur together in the
Huntsman limestone. Far less attention has been paid
to the stratigraphic and absolute age relations of the
limestone in which they occur. As a result of recent
detailed field work in and around the quarries, and a
comprehensive attack on the ages of granitic events in
the southern half of Rhodesia, we can now give a revised
estimate of the age of these ancient organisms.
Cloud' crystallized doubts on the true age of the Huntsman fossils when he wrote ". . . the pegmatitic rocks which
have been used to place this minimum age (2.6 aeons)
on the Bulawayan, occur over 500 kilometres from the
stromatolitic structures and there is, therefore, at least a
little room for reservation about their age. .....A further
cause for doubt is introduced by the seemingly low grade
of metamorphism of the limestone. This suggests the
possibility that it is a much younger rock, introduced into
the area tectonically.
The regional geology was mapped and described by
Macgregor, Ferguson and Amm 6. The Huntsman limestone was included without question in the lower part of
the "Zwankendaba Group" of the Lower Series of the
Volcanic Greenstone System, which later became the
Bulawayan System (now Group). Lenticular limestone is
associated with more persistent Banded Ironstones, and
outcrops at intervals for several miles along strike. Limestone has been quarried only at Huntsman, and fossils are
not known from the other limestone occurrences.
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Very detailed mapping was undertaken by one of us
(N. J. W.) around the Huntsman quarries. This has shown
that the stromatolitic limestone is interbedded in normal
sequence with typical Bulawayan rock types. The succession in descending order is:
Greenstone
(dolerite sill)
Greenstone
Upper limestone
Banded ironstone
Lower limestone (with stromatolites)
Quartz sericite schist
The field relations are shown in Fig. 1.
The tectonic style conforms to the general regional
pattern of the Bulawayan rocks in the district. The area
is faulted, but there is no sign of the important structures
which would be necessary to implant a slice of much
younger rock in the area.

The metamorphic grade of the limestone could not be
determined directly as no impure carbonate rock with
caic-silicate minerals could be found. But X-ray diffraction
on the insoluble residue shows that some of the carbon
is present as graphite ; scattered sulphide minerals also
occur in the limestone. It can be said, therefore, that
structurally, strati graphically and in metamorphic grade the
succession which includes the Huntsman limestone is part
of the Bulawayan Group in the type area, and lies low
down in the succession.
The age quoted by Cloud depended upon the age of
the Bikita pegmatite 500 km to the east, which is intrusive
into what appear to be typical Bulawayan greenstones.
But lithological correlations of such ancient rocks over
such a distance must be treated with caution.
Wilson' obtained three conventional K-Ar age determinations for each of thirty-nine samples from a variety of
granitic rocks in the southern part of Rhodesia. Some of
these are in the Bulawayo region, and the relevant sample
sites, with their ages, are shown in Fig. 2. Two other
ages which have become known recently are included on
the map. We list the available information in Table 1.
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Table 1

Summary of Available Data

Intrusive rock
Bulawayo porphyritic granite
Bulawayo porphyritic granite
Essexvale granite
Heany granite
Hillside syenite
Formona granite

Age (m.y.)
2,844± 85
2,899 ± 871
2,848± 57
2,962± 59 I
2,603± 78J
2,670±110

K-Ar
conventiona1
method
Rb-Sr

There are, therefore, representatives of both Wilson's
2.9x 101 yr and 2.6x 10 yr events7 . Because the outcrop
of the Bulawayan Group is continuous throughout the
area, and the Heany, Essexvale and Bulawayo granites are
intrusive into those rocks, we conclude that the age of
the Huntsman limestone and its fossils must exceed 2,900
m.y., and is probably greater than 3,000 my. This is
considerably older than the 2,600 m.y. minimum age
previously assigned to these fossils, and would make them
the olaest occurrence of combined macro, micro and chemofossils known.
It also makes the statement by Molyneux 8 in 1901 that
• • some of the ancient Rhodesian schists are of sedimentary origin and are worth searching for microfossils..
sound almost prophetic.
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Whole-rock Rh—Sr age measurements on rocks from the Rhodesian Archaean craton of Southern Africa demonstrate that (a) the Mashaba area gneisses, which are typical of the Rhodesian Basement Complex, are approximately
3600 my. old, (b) volcanic rocks from the main greenstone belts, assigned to the Bulawayan Group, were extruded
approximately 2600-2700 my. ago, (c) a cross-cutting pluton, the Sesombi tonalite, was emplaced 2690 ± 70 my.
ago, (d) the Gwenoro Dam migmatites, which field evidence suggests could be older than the main greenstone belts,
were emplaced 2780 ± 30 my. ago.
The initial 87Sr/ 86 Sr ratios of most of the rock units of groups b, c and d are in close agreement at about 0.701,
suggesting that the later granitic (sensu lato) and andesitic rocks so far analysed were not produced by remelting of,
or contamination with, ancient gneissic basement.

I. Introduction
The Archaean craton of Rhodesia consists of a
granite (sensu lato) and gneiss terrain associated with
extensive greenstone belts, which together constitute
the Basement Complex. The greenstone belts characteristically consist of an earlier volcanic sequence followed by a predominantly sedimentary sequence. The
volcanic units are usually assigned to the Bulawayan
Group, whereas the sedimentary units are assigned to
the Sharnvaian Group. Various meta-supracrustal and
ultramafic rocks which are considered to be older
than the Bulawayan Group are usually combined as
the Sebakwian Group (see Wilson [1]).
Mobile belts bound the craton on at least three
sides. To the north and northwest is the Zambezi
belt, to the east is the Mozambique belt, and to the
south is the Limpopo belt (Fig. 1). There is a gradual
passage southwards from the Rhodesian ciaton into

the granulite facies terrain of the nothern margin of
the Limpopo belt. Consequently the boundary between the Rhodesian craton and Limpopo mobile
belt indicated in Fig. I is somewhat arbitrary and cor responds to the northernmost limit of granulite facies
assemblages. Extensive accounts of the Rhodesian
craton and the Limpopo mobile belt have been published recently [1 —8] and the reader is referred to
this literature for more detailed geological information.
The age relationships between the greenstone belts,
and the surrounding granite and gneiss terrain are currently a subject of controversy in the Rhodesian craton, as indeed it is in Kaapvaal craton south of the
Limpopo mobile belt. Two recent review papers [1,31
argue for an older gneissic basement to the main Bulawayan greenstone belts in Rhodesia, whereas other
authors [9] suggest that all the granite and gneiss terrain is younger. In the Shabani area (Fig. I), an uncon-
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Fig. 1. Geological sketch map of part of the Rhodesian craton, showing areas discussed in the text and sample localities.

formity is exposed between sediments assigned to the
Bulawayan Group, and a tonalitic gneiss basement
[1, 10, 11]. However, Anhaeusser [91 refutes that this
evidence proves an older sialic basement to the main
greenstone belts. The published geoch ronological data
fail to clarify this situation. A minimum for the age
of the granite-greenstone terrain is provided by the
date of 2532 ± 89 m.y. obtained by Davies et al. [12]

on the Great Dyke. The Great Dyke (Fig. I) intrudes
the Bulawayan and Shamvaian Groups, whilst its satellites in the south post-date the major metamorphic
and deformational events in the northern marginal
zone of the Limpopo mobile belt. The oldest reliable
date obtained so far from the Rhodesian craton is the
whole-rock Rb—Sr isochron date of 3520 ± 130 m.y.
(I a) from the Mushandike granite reported by
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Hickman [13]. This granite occurs west of Fort
Victoria (Fig. 1) and is claimed by Wilson [8, 14] to
post-date a sedimentary formation which is part of the
Fort Victoria greenstone belt. The date is therefore
particularly significant because it demonstrates the
antiquity of the Rhodesian craton, and suggests that
> 3500-m.y. greenstone belts may exist on the Rhodesian craton. Previous attempts to date the greenstone belts have been indirect, based largely on conventional K—Ar mineral dates on various granites,
gneisses and pegmatites, and on model lead ages of
galenas [1,6,15,16]. Wilson [1] concluded from the
then available data that the main greenstone belts
were developed at some time within the period
3300-2900 rn.y. ago.
The present project has been undertaken to attempt to clarify the temporal relationships between
the greenstone belts and the intervening granite-gneiss
terrain. The initial work reported here includes wholerock Rb—Sr data volcanics from the main greenstone
belts (Bulawayan) in the vicinities of Que Que, Bulawayo, Fort Victoria and Shabani (Fig. 1). In addition,
whole-rock Rb—Sr data are reported on gneisses from
the Mashaba and Gwenoro areas, and on samples of a
post-Bulawayan tonalite (Fig. 1).

2. Analytical methods
Rb/Sr ratios were determined on pressed-powder
pellets using a Phillips 1410 X-ray fluorescence spectrometer. Details of the procedures, and a comparison
of the precision and accuracy of the method with isotope dilution, have been published by Pankhurst and
O'Nions [17]. Sr was extracted from samples using
conventional dissolution and cation exchange techniques and isotopically analysed on either the Oxford
12" mass spectrometer or a V.G. Microniass 30. Details of the mass spectrometric techniques employed
have been given elsewhere [17, 181. Both of the above
mass spectrometers are equipped with Keithley 640
amplifiers with 1010 ohm Victoreen resistors. The results obtained on the Eimer and Amend SrCO 3 on the
two instruments are indistinguishable, averaging
0.70808 ± 2 (1 a). All 87Sr/ 86Sr ratios reported here
have been normalised to a value of 0.7080 for the
Eimer and Amend SrCO 3 .
The Rb—Sr data reported in this paper (except for

the Gwenoro Dam migmatites) do not define perfect
isochrons, i.e., within analytical error. Consequently,
the quoted errors on the age have been increased in
order to reflect the geological uncertainty in these
ages. All regression errors in this paper are quoted at
the I a level. The decay constant for 87 Rb is taken
asl.39X 10-11 yr-1 .

3. Results

3.1. The greenstone belt volcanics
Rb—Sr whole rock data have been obtained on volcanic and metavolcanic rocks from five distinct areas.
Compositionally the volcanics range from basalt to
andesite and differ considerably in their degree of preservation. The volcanics from the Que Que and Bulawayo areas are generally the best preserved (some
samples having suffered virtually no alteration at all),
whereas those from the Shabani, and especially the
Fort Victoria, areas show more alteration. Most of the
samples from the Fort Victoria belt have no residual
mineralogy, whereas relict clinopyroxene and igneous
textures are still present in those from the Shabani
area.
In the Que Que area (Fig. 1) Harrison [19] divided
the Bulawayan Group into three units which from
oldest to youngest are the Mafic, Maliyami and Felsic
formations respectively. Two samples from Harrison's
Mafic formation (Rh-73-149 and 166) together with
samples from southwest of Que Que (Rh-73-140 to
148), which Harrison (personal communication) now
considers to be equivalent in age, are grouped together
as Lower Bulawayan (Table I). Rb/Sr and 87Sr/ 86 Sr
ratios for these Lower Bulawayan samples are presented in Table 1 and plotted on an isochron diagram in
Fig. 2. The age obtained is 2530 ± 140 my. (la) with
an initial 87Sr/ 86Sr ratio of 0.7034 ± 6 (l a).
Samples from the Maliyami formation in the Que
Que area are predominantly andesites, except for
samples Rh-73-153 and 154 which are intrusive microgabbros (Table 1). The data for these samples are
presented in Table I and shown on an isochron diagram in Fig. 3. A regression line through the andesites
alone yields an age of 2720 ± 70 m.y. and an initial
ratio of 0.7010 ± 2. The two microgabbro samples
plot slightly above this best fit line. Assuming an age

TABLE 1
Greenstone belt volcanics
Sample

Rock type/locality

Sha ban: area (flelingwe greenstone belt)
Rh-73-64
Basaltic greenstone. Igneous texture. Plag partially
saussuritised, relict cpx. chi, oxides (080466/
2029B4)
Rh-73-65
Basaltic greenstone. Similar to 64 (08046612029114)
Rh-73-67
Basaltic greenstone. Similar to 64 (080466/2029B4)
Rh-73-68
Basaltic greenstone. Similar to 64. but plag more saussuritised (074458/2029B4)
Rh-73-69
Basaltic greenstone. Similar to 64 (074458/2029B4)
11103-70
Basaltic greenstone. Similar to 64, but cross-cutting
veinlets of chi, and most cpx chloritised (074458/
2029134)
Rh-73-71
Basaltic greenstone. Similar to 64 (074458/2029B4)
Rh-73-73
Basaltic greenstone. Similar to 64 (074458/2029B4)
Fort Victoria area
Rh-73-124
Greenstone. Trem-act., ep, chi, sodic plag (667697/
2030B 2)
Rh-73-125
Greenstone. rrem-act., ep, chi, plag (667697/2030B2)
Rh-73-129
Greenstonc. Trem-act., ep, chl, sodic plag (654688/
203 OB 2)
R11-73-131
Greenstone. Trem-act., chi, ep. plag (626672/2030B1)
Rh-73-132
Basaltic greenstonc. Ophitic texture. Plag laths partially altered, relict cpx, chl, carb., oxides (6 76609/
2030132)
R11-73-133
Basaltic greenstone. Similar to 132 but finer grained
(676609/2030B2)
Rh-73-134
Basaltic greenstone. Plag laths in fibrous trem-act. matrix (676609/2030B2)
Rh-73-135
Aniygdaloidal greenstone. Trem-act., plag, chi, ep
(69964 1 /2030112)
Rh-73-136
Greenstone. Trem-act sheaves in matrix of chi, plag, ep
and carb (708662/2030132)
Rh-73-137
Greenstone. Similar to 136 (70866 2/2030B2)
Rh-73-138
Greenstone. Similar to 136 (708662/2030B2)
Que-Que area (Lower Bulawai'an)
Rh-73-140
Amygdaloidal andesite. Flow features preserved. Plag,
chl, carh (923996/1 829134)
Rh-73-141
Amygdaloidal andesite. Similar to 140 (923996/
1 829D4)
Rh-73-142
Andesite. ('hi pseudomorphs after cpx. Plag, chi, carb,
sericite (923996/I 829D4)
Rh-73-143
Agglomerate. Andesitic fragments in felsic matrix.
Plag, carb, sericite (908973/1829134)
*
Rh-73-144
Andesite. Plag largely sericitised. Mafics altered to chl,
aggregates. Some carb (908973/1829D4)
Rh-73-146
Andesite. Plag phenocrysts in fine-grained groundmass.
Some carb. alteration (912025/1829D4)
Rh-73-147
Andesite. Primary porphyritic texture. Carb. alteration (912025/1829D4)
Rh-73-148
R11-73-149

Andesite. Plag phenocrysts, chi, carb (912025/
1829134)
Basalt. Plag laths, and interstitial cpx locally quite
fresh. Carb (867002/1829D3)

Rb 2

Sr2

(ppm)

(ppm)

87 Rb/ 86 Sr 3

31
22
23

173
152
94

0.522
0.417
0.717

± 6

28
22

148
72

0.548
0.876

± 6

18
19
19

102
81
114

0.528
0.679
0.484

± 9

12
16

55
69

0.609
0.710

± 12

± 6
± 9

± 12

± 9

±6

81 Sr/ 86 Sr4

0.72241 ± 7
0.71932 ± 5
0.73140 ± 17
0.72323 ± 6
0.73513±6

0.72349 ± 4
0.72734 ± 5
0.72097± 5

± 15

0.72299 ± 8
0L72423 ± 5

2.3
(0.99)

105
(102.0)

0.062 ± 2
(0.0282 ± 3)

0.70483 ± 6
0.70298 ± 5

(0.497)

(

89.7)

(0.0160 ± 2)

0. 70134 ± 6

(0.76)

(110.0)

(0.0200 ± 2)

0.70180 ± 6

0.6

77

0.023

± 6

0.70179 ± 6

1.3

38

0.101

±6

0.70593±6

2.5
3.9
4.5

83
66
64

0.087
0.168
0.206

± 3

±6
± 6

0.70566 ± 6
0.70783±10
0.70862 ± 5

11

233

0.132

± 3

0.70836 ± 4

21

195

0.316

± 3

0.71498 ± 5

24

172

0.414

±6

0.71750±4

39

210

0.539

± 6

0.72133 ± 4

39

110

1.027

± 12

0.73628± 8

32

265

0.353

± 3

0.71618 ± 4

28

330

0.243

±3

0.71093±4

48

202

0.673

± 6

0.72825 ± 5

121

0.174

±4

0.70942±9

73

PASI
TABLE I (continued)
Sample

Rock type/locality'

Rh-73-166

Basaltic greenstone. Igneous texture discernible. Plag,
chi, carb(920115/1829D4)

Rb 2
(ppm)

Sr2
(ppm)

87 Rb/ 86 Sr3

8.6

154

0.160 ±3

0.71030±11

7.4

118

0.177 ± 4

0.70816 ± 8

8.4

364

0.066

2

0.70378 ± 7

14
7.5

220
174

0.179 ± 4
0.122 ± 2

0.70877 ± 5
0.70629 ± 5

9.7

270

0.110 ± 2

0.70475± 6

15

368

0.119

2

0.70517 ± 9

13

242

0.152 ± 3

0.70674 ± 7

23
13

253
178

0.257 ± 4
0.203 ± 4

0.71018 ± 8
0.70874 ± 8

41

203

0.586

±

6

0.72405 ± 10

(0.023

±

3)

0.70255 ± 5

254

0.207

±

4

0.70940 ± 10

133

0.080 ± 2

0.70435 ± 5

371
402

0.319 ± 3
0.214 ± 2

0.71254 ± 4
0.70920 ± 4

87 Sr/ 86 Sr4 '

Quc-Que area (Mallyami formation)

Amygdaloidal andesite. Highly altered. Chi, carb, sericite (774113/1829D3)
Rh-73-151
Andesite. Plag and cpx phenocrysts largely altered to
chi and carb (747126/1829133)
Rh73.153* Quartz microgabbro. Plag largely saussuritised, cpx
fairly fresh. Chi, oxides (746119/1829133)
Rh-73-1 54* Quartz microgabbro. Similar to 153 (744117/1829D3)
Rh-73-155
Andesite. Largely fresh cpx phenocrysts, but groundmass fairly altered; plag, chi, oxides (703 139/
1829D3)
Rh-73-156
Andesitic tuff. Patchy relicts of cpx + plag in chi matrix (657166/1829D3)
Rh-73-157
Andesitic greenstone. Relict cpx + plag, groundmass
of chi + feldsp (654157/1829D3)
1th-73-158 Andesite. Fresh cpx phenocrysts. Plag phenocrysts
saussuritised. Occasional qz microphenocrysts.
Groundmass altered to plag and chi (654136/
1829D3)
Rh-73-159
Basaltic andesite. Similar to 158 (653108/1829D3)
Rh-73-160 Andesitic greenstone. Zoned plag and cpx relicts. Chi,
carb (639098/1829D3)
Rh-73-150

±

±

Bulawayo area

Rh-73-203
Rh-73-204
Rh-73-205
Rh-73-206
Rh-73-207
Rh-73-210
Rh-73-21 1

Rh-73-212
Rh-73-213
Rh-73-214
I)

Andesitic tuff. Anhedral to subhedral plag, carb, chi.
Sheared (702698/2028B 1)
Andesitic tuff. Plag laths in aphanitic groundmass.
Carb, chi. Some shearing (713695/2028131)
Andesite. Sericitised plag phenocrysts in fine-grained
groundmass. Ep, chi, carb (836618/2028B2)
Andesitic tuff. Sericitised plag and carb (805594/
2028133)
Andesitic tuff. Similar to 206 (805594/2028B3)
Basaltic greenstone. Some primary plag laths, chi
(638608/2028B1)
Porphyritic felsite. Alkali feldspar and qz phenocrysts
in felsic groundmass. Sericite, chi, bi, carb (588518/
2028133)
Hornblende andesite. Acicular hb in fine-grained felsicamphibolitic groundmass (492476/2028A4)
Quartz andesite tuff. Chi, bi, qz, plag (492476/2028A4)
Basaltic greenstone. Trem-act., plag, ep (487498/
2028A4)

(1.31)
18
3.7
41
30
(4.88)

(163.0)

(129.8)

(0.109

±

1)

0.70456 ± 6

3

0.71687 ± 4

1
±9

0.70170 ± 6
0.72912 ± 5

3

0.70712 ± 8

40

286

0.408

±

0.5
59

352
234

0.003
0.731

±

14

248

0.156

±

Grid reference/map number given in brackets.
Rb and Sr contents are only accurate to approximately 5% (see Pankhurst and O'Nions [171).
Errors on 87Rb/ 6 Sr ratios (lo) are estimated from Pankhurst and O'Nions 1171. Numbers in brackets are isotope dilution values.
Quoted errors on 87Sr/ 86 Sr ratios are 2°m Values are relative to 0.70800 for Elmer and Amend SrCO3.
*
Omitted from isochron calculation.
For abbreviations, see table 2.
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Fig. 2. Rb—Sr isochron diagram for volcanics from the Mafic
formation of the Bulawayan Group in the Que Que area.

Fig. 4. Rb—Sr isochron diagram for volcanics from the Hulawayan Group in the Bulawayo area.

of 2700 m.y., then model initial ratios of 0.7021 and
0.7017 are obtained for Rh-73-153 and 154, respectively.
In the Bulawayo area as in the Que Que area (Fig.
1), the greenstone belt volcanic rocks are frequently
very well preserved. A general geological description
and map of the area have been published by Amm
[20]. However, samples Rh-73-206 and 207 (Table I)
are from a unit designated as a sedimentary unit by
Amin [20] and later assigned to the Shamvaian Group
by Macgregor [21,22] and Wilson [I]. Recent work

by the Geological Survey of Rhodesia indicates that
these rocks are volcanic and part of the Bulawayan
Group. They have been regarded as such in this paper.
Rb/Sr and Sr isotope data for samples ranging from
basalt to andesite are presented in Table I and plotted
of an isochron diagram in Fig. 4. A regression line
through the data yields an age of 2540 ± 90 m.y.(lu)
and an initial ratio of 0.7015 ± 2 (hi).
Samples have also been analysed from the Shabani
and Fort Victoria areas from volcanics which are
much less well preserved than those in the Que Que
and Bulawayo areas. Samples from the Shabani area
(Belingwe greenstone belt) are from a volcanic succession which is underlain by a sedimentary formation. This sedimentary formation rests with clear unconformity on older gneisses El, 11]. The greenstone
belt volcanics from the Fort Victoria area are dominantly a series of basalts with subordinate andesites
which have undergone low-grade regional metamorphism [23]. Rb/Sr and Sr-isotope data for samples
from these two areas are presented in Table 1. In
neither case do the data yield useful geochronological
information and isochron diagrams are not presented.
An indication of the non-conformity of these data is
provided by model age calculations. Assuming an initial 87 Sr/ 86 Sr ratio of 0.701, model ages for Shabani
area volcanics range from 3160 to 2790 m.y. and for
Fort Victoria area volcanics from 4440 to 2350 in.y.
It is possible that the metamorphic event at ca. 2000
m.y. recorded in the Limpopo belt by Van Breemen

OUE OUE AREA
MALIVAMI FORMATION

Ag.

270 70'y
OIO'2

'Rb/ 'Sr

5

Fig. 3. Rb—Sr isochron diagram for volcanics from the Maliyami formation of the l3ulawayan Group in the Que Que area.
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TABLE 2
Basement gneisses and Sesombi tonalite
Sample

Rock type/locality'

Rh 2

/ 86 Sr 3

Sr 2
(ppm)

87 Rb

(PP-)

64

210

0.902

±

9

0.73607

±

10

71

339

0.603

±

6

0.72513

±

7

53

394

0.391

±4

0.71700±7

32

396

0.233

±2

0.71041

53

137

0.815

±9

0.76201±6

22

429

0.1502

±

15

0.70701 ± 8

14

367

0.113

±

1

0.70545

98

278

1.019

±

12

0.74 173 ± 7

48

440

0.316

±

3

0.71367±5

60

122

1425 ± 15

0.75652

85

302

0.815

±9

0.73134± 14

34

325

0.307

±

3

0.71819

48

332

0.420

±

4

0.72154 ± 4

26

328

0.229

±

2

0.71323

39

266

0.426

±4

28

324

0.249

±

2

0.71392

70

222

0.912

±

9

0.74918±5

56

304

0.534

±

5

0.72941

±

6

93

416

0.650

±

6

0.73234

±

6

30

347

0.249

±

2

0.71585

±

6

34

347

0.284

±

3

0.71592

±

4

52

360

0.417 ± 4

8

Sr/ 86 Sr 4

Gwenoro area

Rh-73-3

Rh-73-8
Rh-73-9
Rh-73-10
Rh-73-1 I *
Rh-73-12
Rh-73-14
Rh-73-16
Rh-73-17
Rh-73-19
Rh-73-20

Granodioritic gneiss. Anhedral qz, plag, microcline, bi,
some sericitisation of feldspars, oxides (0 14 118/
19291)4)
Homogeneous tonalite gneiss. Plag, qz, bi, ap, oxides.
Local sericitisation of plag (014118/19291)4)
Coarse tonalite gneiss. Plag, qz, bi, sph, oxides
(014118/19291)4)
Banded tonalite gneiss. Plag, qz, minor bi, oxides
(014118/19291)4)
line-grained melanocratic gneiss. Plag, qz, bi, oxides
(014118/19291)4)
Banded tonalite gneiss. Similar to 10 with small
amounts of plag sericilisation (014118/19291)4)
Leucocratic gneiss. Plag, qz, minor bi, oxides (014118/
1929134)
Homogeneous tonalite gneiss. Plag, qz, bi, hb. Some
sericitisa(ion of feldspar (014118/19291)4)
Homogeneous granodiorite gneiss. Qz, plag, microcline,
myrm,bi(014118/1929D4)
Granodiorite gneiss. Qz, plag, microcline, minor bi,
chi (014118/1929D4)
Homogeneous granodiorite gneiss. Plag, qz, minor microcline,hb,bi(014118/1929D4)

±

±

±

4

5

4

MasJiaba area

Strongly banded tonalite gneiss. Pla, (partly sericite).
qz, chi, ep, all, trace microcline (316782/2030A2)
Banded tonalite gneiss. Plag, qz, hi, chi, ep, all, ap
Rh-73-106
(316782/2030A2)
Rh-73-107A Banded quartz diorite gneiss. Plag, qz, hb, chi, ep, ap
(316782/2030A2)
Rh-73-107B Melanocratic gneiss. Hb, plag, qz, chi, ep, ap (316782/
2030A2)
Banded tonalite gneiss. Plag, qz, bi, ep, all, ap, trace
PJ73 108
microcline (316782/2030A2)
Banded granodiorite gneiss Microcline, plag (partly
Rh-73-1 10
sericite), qz, myrm, minor bi, chi, ep (326770/
2030A2)
Strongly banded tonalite gneiss. Plag (partly sericite),
Rh-73-111
qz, bi, ep, all (326770/2030A3)
Rh-73-112 Weakly banded tonalite gneiss. Plag, qz, minor microdine and myrm, ep, all (326770/2030A2)
Strongly banded tonalite gneiss. Similar to 111
Rh-73-113
(318843/2030A2)
Banded tonalite gneiss. Plag, qz, hi, ep, all, mu, ap
Rh-73-114
(318843/2030A2)
lth-73-105

±

±

6

4

0.72162±6
±

6

Sesombi tonalite

Rh-73-172 Coarse-grained tonalite. Homogeneous. Qz, plag (partly sericite), bi laths, secondary chi, oxides (8 14214/
1829D3)

0.71709 ± 5
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TABLE 2 (continued)
Sample

Rock type/locality 1

Rh-73-174

Coarse-grained tonalite. Similar to 172 (800220/
1829133)
Coarse-grained tonalite. Similar to 172 (723271/
1829D1)
Coarse-grained tonalite. Similar to 172 (767305!
1829131)
Coarse-grained tonalite. Similar to 172 (713342/
1829131)
Coarse-grained tonalite. Similar to 172 (678437/
1829D1)

Rh-73-175
Rh-73-178
Rh-73-179
Rh-73-182

Rb2
(ppm)

Sr2
(ppm)

87Rb/ 86 Sr 3

87Srf86Sr4

53

331

0.466

±

5

0.71844

±

6

47

375

0.362

±

4

0.71468

±

7

35

405

0.249

±

3

0.71022

±

6

60

318

0.548 ±5

0.72123±4

41

405

0.295

0.71205

±

3

±

5

For explanation of notes, see table 1.
Abbreviations for both tables: plag = plagioclase; cpx = cinopyroxene; chi = chlorite; oxides = opaque iron oxide minerals; tremact = tremolite-actmolite; ep = epidote; carb = carbonate; qz = quartz; bi = biotite; all = allanite; ap = apatite; lib = hornblende;
myrm = myrmekite; mu = muscovite; sph = sphene.

and Dodson [24] is responsible for the scatter of
data obtained from these two areas.
3.2. The Mashaba area glieisses

Field evidence in several parts of Rhodesia indicates
that gneisses and granitic rocks were undergoing erosion at the time of deposition of the sedimentary
rocks occurring low in the preserved volcanic successions of the main greenstone belts [1]. In an attempt
to determine the time interval between the development of possible basement rocks and the greenstone
belts, Rb/Sr and 87 Sr/ 86Sr ratios (Table 2) have been
determined on a suite of gneisses from the Tokwe
and Shashe river exposures near Mashaba. These
gneisses are characteristically highly banded, and are
tonalitic in composition [14]. A regression analysis of
the data in Fig. 5 yields a poorly defined age of 3580
± 200 m.y. This age is very similar to but less precise
than, the age reported by Hickman [13] for the adjacent Mushandike granite. The scatter of the data
may be attributed either to heterogeneity in initial
87 Sr/ 86 Sr, or to lack of closed system behaviour
during later tectonothermal events.
3.3. The Gwenoro Dam rnigmatites

The migmatites at Gwenoro Dam, near Selukwe
(Fig. 1), are part of a belt lying between the Ghoko

and Selukwe greenstone belts. The samples studied
here (Table 2) are predominantly granodioritic gneisses,
but relics of magnetite-quartz-almandine rocks and
pyroxene-bearing granular rocks have been described
from the migmatites by Stowe [251. The Rb/Sr and
87 Sr/ 86 Sr data define a good isochron (Fig. 6) yielding
an age of 2780 ± 30 m.y. and an initial ratio of
0.7011 ± 1. This age is in reasonable agreement with
the 40Ar/ 39 Ar biotite date of 2635 ± 15 m.y. report-

PA

'Rb/Sr

Fig. 5. Rb—Sr diagram for basement gneisses in the Mashaba
area. Regression analysis yields a best fit line of 3580 ± 200
M.Y. with an initial 87Sr/ 86Sr ratio of 0.702 ± I.
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Fig, 6. Rb—Sr isochron diagram for the Gwenoro Darn migmatites, near Selukwe.

ed by Wilson and Harrison ! 161 from the same locality
It is clearly lower than the age obtained from the
Mashaba area gneisses, but indistinguishable from the
ages of the greenstone belt volcanics.

3.4. The Sesombi tonalite
The Sesombi tonalite (Fig. 1) intrudes and metamorphoses the Maliyami formation. Harrison [191 described the tonalite as a homogeneous, coarse-grained

'Rb/Sr
Fig. 7. Rb—Sr isochron diagram for the Sesombi tonalite

which intrudes the Maliyami formation near Que Que.

mass for the main part, but notes the occurrence of
small outcrops of a fine-grained variety. Six samples
of tonalite have been analysed (Table 2) and the resuits are shown on an isochron diagram in Fig. 7. The
isochron defines an age of 2690 ± 70 rn.y. and an
initial 87Srf86Sr ratio of 0.7008 ± 4. This age is not
significantly different from that obtained for the Maliyami formation.

4. Discussion and conclusions
The above results of Rb—Sr age measurements on
volcanic suites from the main greenstone belts and
from typical basement gneisses confirm the stratigraphic evidence (at Shabani) for the existence of
"granitic" crust which is older than rocks of the main
greenstone belts. The isochron ages (Figs. 2-4) obtained on three separate volcanic suites from the Que
Que and Bulawayo areas are all within the regression
errors and average about 2600 my. Consideration of
the essentially primary nature of the rocks, the low
initial 87 Sr/ 86 Sr, as well as the internal age consistency
between different rock units, leaves little doubt that
this is the approximate time of extrusion of the volcanics. The age is similar to the value of 2570 ± 70 my.
obtained by Van Breemen and Dodson [241 for the
Selkirk Volcanics in the Tati Schist Belt of Botswana,
suggesting possible contemporaneity of greenstone
belt development in these two areas. The age of the
main greenstone belts is much younger than the Ca.
3600 m.y. age of tonalitic gneisses from the Mashaba
area (Fig. 5), and the ca. 3520 m.y. age from the
Mushandike granite 1131. Although there is evidence
at Shabani for unconformable deposition of sediments
on a gneissic basement, the extent to which the volcanics were deposited in a continental, rather than
oceanic, environment is not yet clear.
Stowe [3, 25, 261 has stated that the Gwenoro
Dam migmatites are probably older than the main
greenstone belts. The isochron age of 2780 ± 30 m.y.
obtained on these migmatites (Fig. 6) neither confirms
nor disproves this statement. None of the mafic components of the migmatites described by Stowe has
yet been analysed, and the possibility remains that
they are older. The low initial 87 Sr/ 86 Sr of 0.7011 ± 1
suggests that the Gwenoro migmatites are not "reworked" equivalents of rocks similar in age and
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average Rb/Sr ratio to the Mashaba area gneisses.
The latter would already have had an average 87 SrI
86 Sr ratio of Ca. 0.707 at 2800 m.y. ago.
Not much Can be said at this stage about the initial
87 Sr/ 86Sr ratio of 0.702 ± 1 of the Mashaba gneisses,
since it is too imprecisely determined due to the
scatter of points on the isochron plot (Fig. 6). Within
the limits of uncertainty it is identical to the initial
ratio obtained by Hickman [131 on the Mushandike
granite, although no value is given in her paper. The
initial ratio is similar to that of the few known sialic
rocks in this age range, such as the 3700.m.y. old
Amitsoq gneisses of West Greenland [27].
Volcanic suites from the Que Que area (Maliyami
formation) and from the Bulawayo area have initial
87 Sr/ 86Sr ratios of 0.7010 ± 2 and 0.7015 ± 2 respectively (Figs. 2, 3). These initial ratios are very similar
to those measured from other Archaean volcanic
suites of similar age by Hart and Brooks [28] and
Brooks and Hart [29], who have discussed this observation in terms of possible non-linear 87 Sr/ 86 Sr
evolution of upper mantle source regions. In contrast,
lower Bulawayan volcanics from Que Que have a significantly higher initial ratio of 0.7034 ± 6(Fig. 2). The
petrogenetic significance of these differences cannot
be fully assessed at the present time, but could reflect
the development of heterogeneous strontium isotope
source regions by 2700 m.y. ago.
Altered volcanics from the Shabani area (Belingwe
greenstone belt) as well as from the Fort Victoria
greenstone belt have not yielded useful geochronological information. The rocks from both areas are much
more altered than those from further north, and in
the case of the Fort Victoria greenstone belt nearly
all the samples are completely metamorphosed. The
high degree of alteration and the failure of the samples
to yield consistent age data are thought to reflect the
Ca. 2000-m.y. metamorphic event in the nearby Limpopo belt [24].
The post-Bulawayan Sesombi tonalite, which intrudes and metamorphoses the Maliyami formation
west of Que Que (Fig. 1), yields an age of 2690 ± 70
m.y. and an initial 87 Sr/ 86Sr ratio of 0.7008 ± 4 (Fig.
7). These values are analytically indistinguishable from
those of the Maliyarni formation itself. This tonalite
certainly forms part of the same major magmatic episode which produced the Maliyami formation volcanics
The low initial ratio precludes derivation of the Se.

sombi tonalite by melting of older basement gneisses
similar to those at Mashaba.
Two of the most striking conclusions from this
study are that the development of the main greenstone belts, the Gwenoro migmatites and the Sesombi
tonalite (as well as the emplacement of the Great
Dyke, cf. ref. [12]) occurred within a period of ca.
200 m.y. or less, and that the late granitic (sensu lato)
rocks were not produced by remelting of the ancient
gneissic basement. Closely analogous sequences of
geological events of similar age (except for the recognition of more ancient basement rocks) and with
essentially identical initial 87 Sr/ 86Sr ratios have been
reported from the Minnesota—Ontario border region
[30,311, as well as from the Yellowknife area of
Canada [32]. For the latter area, Green and Baadsgaard
suggest that the basalt.dacite volcanic association is
probably the early extrusive expression of the subcrustal processes which led to the intrusion of caicalkaline batholiths into the deforming volcanic sedimentary pile. A similar situation is postulated here
for the main greenstone belts of Rhodesia and the
post -grecnstone intrusives, although much more data
are required for confirmation.
Of possible regional tectonic significance in Rhodesia is the close contemporaneity of the ca. 2600-2800.
m.y. events described above with the metamorphic and
deformational maximum in the Limpopo mobile belt
[241. The latter might well represent a level of the crust
deeper than any seen in the bordering cratons to the
north and south.
The present work strongly supports the findings of
Robertson [61 who, on the basis of a detailed study of
common leads, postulated two major events within
the Rhodesian craton at Ca. 3500 m.y. and Ca. 2700
m.y. respectively. The earlier event was associated
with the formation of granitic crustal segments as
well as with pre-Bulawayan lavas. The latter event
was related to production of the main greenstone
belts and associated "granitic" intrusives.
Elsewhere in southern Africa, rocks older than
3000 m.y. have been found in the Barberton Mountain Land of Swaziland. A whole-rock Rb—Sr isochron
of 3375 ± 70 m.y. has been reported from the Middle
Marker Horizon of the Onverwacht Group [33]. A
basaltic komatiite from the Lower Onverwacht Group
has yielded a Rb—Sr mineral isochron age of 3500 ±
200 m.y., with an initial 87 Sr/ 86Sr of 0.70048 ± 5
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[34]. It appears, therefore, that at least the lower parts
of the Barberton succession are older than the main
greenstone belts in Rhodesia. They could, however,
be broadly equivalent to pre-Bulawayan (Sebakwian)
meta-supra-crustal rocks, as was suggested by Anhaeusser et al. [351. Work is currently in progress to
determine to what extent greenstone belt rocks of
>3500 m.y. might exist in Rhodesia. This involves
the dating of supracrustal rocks regarded as Sebakwian, in particular those which could be older than
the ca. 3500-m.y. old Mushandike granite in the
Fort Victoria area.
No reliable age evidence has yet been published on
the Ancient Gneiss Complex of Swaziland. In the
meantime, the controversy regarding the relative
ages of the Barberton volcanic—sedimentary sequence
and the Ancient Gneiss Complex continues unabated
[1,9,36]. The overall geological situation in Rhodesia appears to be somewhat analogous to that in the
Godthaab—lsua area of West Greenland, where two
metavolcanic—metasedimentary successions of greenstone belt type have been recognised [37,381, namely
the Isua supracrustals, dated at 3760 ± 70 my. [39],
and the Malene supracrustals, which are probably not
much older than ca. 3000 m.y. (Oxford unpublished
work). For the time being, the present authors prefer
to regard any differences mainly as the consequence
of overall difference in level of exposure in the two
regions, and not necessarily as a primary and fundamental distinction between "high-grade" and "lowgrade" terrains, such as that recently postulated by
Bridgwater et al. [38].
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Early Archaean age for the
Sebakwian group at Selukwe, Rhodesia
Wt present here the results of a Rb-Sr age and isotope
study of granite (about 70% Sift) from the north-eastern
sector of the Mont d'Or formation in the central part of
the Rhodesian Archaean craton (Fig. I). A nine-point RbSr whole rock isochron (Fig. 2. Table 1) yields an age of
3.420±60 Myr. with an initial Sr/'Sr ratio of 0.711 ±0.001
(both errors at I r). We regard this as the age of intrusion.
The current nomenclature for the subdivisions of Rhodesian greenstone belts invokes three informal lithostratigraphic 'group ,,', the Sehakwian, Bulawa an and Shanivaian.
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Fig. I Geological sketch map of part of the Rhodesian Archaean
craton, showing locality of Mont d'Or granite.
The Sehakwian is the oldest, with the younger Bulawayan
and Shamvaian groups together constituting the main greenstone belts'. Age measurements on volcanic rocks from the
Bulawayan group indicate an age of eruption of about
2,700 Myr (ref. 2). The Selukwe greenstone belt is assigned
to the Sehakwian group on the latest (1971) edition of the
geological map of Rhodesia issued by the Rhodesia Geological Survey. The Seiukwe area is unique in that the succession is inverted and forms part of the lower limb of a
large recumbent fold' - ". This structure is called the Selukwe
nappe.

Table 1
Sample no.

Rb-Sr analytical data for Mont d'Or granite
87

Rb/Sr+

1.167
.204
1,223
1.249
1.263
2.123
2.974
3,692
3,724

2.04
1.97
1.55
2.88
1.85
2.27
3.68
0.659
0.951

Sr

Sr

0.8083 I
0.8010 2
0.7873 I
0.8514 I
0.7982 .1
0.8218. I
0.8949 I
0.7431
I
0.7561
I
-

.

Rb(p.p.m.)

Sr(p.p.m.)±

71
66
51
100
96
110
65
42
53

101
97
95
102
151
142
52
185
162

S636, depths in feet.
Determuncd by X-ray fluorescence"'; average precision - I
Mass absorption coefficients estimated from background;
concentration data 7 5 '.
* From borehole

' Rb "'Sr
Fig. 2 Rb-Sr whole rock isochron plot for Mont d'Or granite
samples. Errors are quoted at the la level. Error factor required
to achieve perfect least squares fit is 2.5. Decay constant for
Rb is 1.39 . 10'' yr.
The Mont d'Or formation consists largely of quartzofeldspathic rocks containing chlorite and sericite. The sericitised nature of many of the rocks has led to dispute concerning the original nature of the formation. Stowe
favours a largely sedimentary origin and regards the Mont
d'Or formation as the lowest (oldest) stratigraphic unit in
the nappe structure, but describes the presence of later,
small, irregular intrusive bodies of granite. Cotterili, on the
other hand, considers that the greater part of the formation
consists of a granite which is intrusive into the nappe structure. He recognises meta-sedimentary enclaves within the
granite, but regards them as lateral equivalents of the
Wanderer formation, the major sedimentary unit within the
nappe succession (Table 2).

Table 2 Main stratigraphic units of the Selukwe greenstone belt,
youngest formation at the top
After Stowe
Small bodies of late granite
Nappe tectonics
Upper G reenstone formation
Wanderer formation

Linconformity
Lower Greenstonc formation
(with serpentinites)

After Cotterill 7
Mont d'Or formation (dominantly
granite) with intrusive contact
Nappe tectonics
Tibi I ikwe formation (nietabasalt
with minor banded iron
formation)
Wanderer formation
(conglomerate and grit, overlain
by banded iron formation)
Unconformity
Selukwe Greenstone formation
intruded by Selukwe ultramafic
formation

Mont d'Or formation
(dominantly meta-arenites)

The difference in interpretation is, in effect, largely one
of amount of later granite present. Our samples come from
a deep borehole (S636) from the northern part of the area
underlain by Mont d'Or formation where both authors
agree to the presence of later granite. Thin sections of our

samples show quartz, potash feldspar. sodic plagioclase, a
small amount of chloritised hiotite. and variable sericitisation of the feldspars.
Our results demonstrate a pre-3.400 Myr age not only
for the Selukwe greenstone belt (Sehakwian group), but also
for the nappe structure itself.
The eastern side of the Selukwe greenstone belt is cut by
the Great Dyke (-2.500 Myr). East of the Great Dyke, the
metasupracrustals and chromite-hearing ultramaflc rocks of
the extension of the Selukwe greenstone belt occur tightly
infolded with northerly trending handed gneisses and migma:ites. Very similar rocks, again assigned to the Sehakwian
group, and also tightly infolded with gneisscs on a distinct
northerly trend, occur farther east in the Mashaba area' , '.
Gneisses from the Tokwe and Shashe rivers near Mashaba
have yielded a rather poorly defined age of 3,580±200 Myr
(ref. 2). East of Mashaha, the Mushandike granite, which
intrudes similar gneisses, gave an age of 3,520± 130 Myr
(ref. 9).
Thus our results from the Mont d'Or formation granite
are in keeping with the regional picture of a 3,500-3.600
Myr granite-gneiss terrain between Selukwe and Mashaba.
In addition, they provide confirmation of the inference by
Hawkesworth et al. 2 that the greenstone belt remnants
within this terrain are also 3.500-3.600 Myr old. The
Selukwe greenstone belt is thus the largest preserved belt
of this age known in Rhodesia. The possibility also arises
that the Selukwe nappe structure is related to the tectonism
which produced the prominent northerly trends in the
gneisses between the Great Dyke and Mashaha.
The initial 17 Sr/Sr ratio of 0.711+0.001 of the Mont
d'Or granite is, as far as we know, the highest value yet
recorded for such an ancient granite. The initial ' -'Sr/"Sr
ratios for the 3,500-3,600 Myr gneisses mentioned above
are within the range 0.701-0.702. We provisionally interpret
the high initial ratio of the Mont d'Or granite as indicating
partial melting of earlier sialic crust, which need not neces-

sarily he very much older. Thus. 3,600-Myr-old gneisses
from the Shahani area, some 70km S of Selukwe, have
sufficiently high Rb/Sr ratios for their average mSr/Sr
ratio to increase by about 0.005 to 0.010 in as little as
200-30() Mr (SM. and J.F.W.. unpublished). It is possible
that the Selukwe area is also underlain by ancient, high
Rh/Sr crust of this type.
There is clear evidence for earlier granitic rocks in the
pre-Mont d'Or Wanderer formation. Stowe' and Cotterill record boulders and pebbles of various types of
granite and gneiss in the conglomerate of this formation.
These could have been derived by erosion of 3.500-3,600Myr-old basement similar to that exposed further to the
south and east.
We thank R. Goodwin and M. Humm for technical
assistance.
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ABSTRACT
Moorbath, S., Wilson, J.F., Goodwin, R. and Humm, M., 1977. Further Rb-Sr age and
isotope data on Early and Late Archaean rocks from the Rhodesian craton. Precambrian
Res., 5: 229-239.
Whole-rock Rb-Sr age measurements are presented which supplement and extend
published data from the Rhodesian Archaean craton of southern Africa and demonstrate
that (a) the Shabani area gneisses, which form the basement to the ca. 2700-2800 Ma-old
Belingwe greenstone belt succession, give an age of 3570 ± 60 Ma with an initial "Sr/"Sr
ratio of 0.7000 ± 0.0005; (b) a suite of gneisses from the so-called Rhodesdale Batholith
northeast of Que Que gives an age of 2760 ± 40 Ma with an initial ratio of 0.7015 ± 0.0002;
(c) the Somahula tonalite pluton, which intrudes gneisses east of Shangani, gives an age
of 2650 ± 40 Ma, with an initial ratio of 0.7012±0.0001 (all errors at 1 a).
The initial"Sr/"Sr ratios again demonstrate that Late Archaean granitic (sensu lato)
rocks were not produced by reworking of similar rocks of Early Archaean age.

INTRODUCTION

The results recorded here are part of a follow-up investigation to previously
published work (Hawkesworth et al., 1975), to which the reader is referred for
more detailed geological information. The primary aim was to establish temporal
relationships between the greenstone belts and intervening granite-gneiss terrain
of the Rhodesian Archaean (> 2500 Ma) craton. Results so far (Hawkesworth
et al., 1975; Moorbath et al., 1976) are consistent with "granite —greenstorie"
terrains of two widely different ages, one at ca. 2700 Ma and the other at Ca.
3500 Ma. The results presented below are further whole-rock Rb-Sr age
measurements on gneisses from the Shabani area, as well as gneisses from
northeast of Que Que within the area of the so-called Rhodesdale Batholith.
Samples from the Somabula tonalite pluton west of Selukwe have also been
analysed.
The Shahani area is of particular interest since there is clear evidence that
the Archaean sedimentary and volcanic pile which forms the main part of the
Belingwe greenstone belt was deposited directly on granitic crust (Bickle et al.,
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1975). Jahn and Condie (1975) report an age of 2770 ± 70 Ma from the
Belingwe greenstone belt. Our Shabani area sample sites (Table I, Fig. 1) are
close to this unconformity, which occurs on the eastern (Shabani) side of the
belt. At the exposed section of the unconformity (see Bickle et al., 1975)
the gneissic basement, here a homogeneous tonalitic variety, is too weathered
for reliable age measurements.
No published accounts are yet available of the geology near our Que Que
area sample sites (Table 1, Fig. 1). This central part of the Rhodesdale Batholith
has been covered only by preliminary reconnaissance mapping (C.W. Stowe,
pers. comm.). Banded gneisses farther west have been described by Harrison
(1970) and Robertson (1977).
The Somabula tonalite is a massive, occasionally slightly foliated pluton
emplaced into the gneiss terrain west of Selukwe. The body has been described
by Stowe (1968, 1973) and Harrison (1969).
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ANALYTICAL METHODS

Rh/Sr ratios were determined on pressed-powder pellets with a Philips
1410 X-ray fluorescence spectrometer. Full details of the procedures, and a
comparison of the precision and accuracy of the method with isotope dilution
have been published by Pankhurst and O'Nions (1973). For the reported
analyses the average precision of the Rb/Sr ratios is ± 1%. The Rb and Sr
contents were estimated semi quantitatively assuming background intensities
to be inversely proportional to mass absorption coefficients. The concentration
data are only accurate to approximately 5%.
Sr was extracted from samples using conventional dissolution and cationexchange techniques and isotopically analysed on a V.G. Micromass 30 mass
spectrometer. Full details of the technique have been described elsewhere
(O'Nions and Pankhurst, 1973). The results obtained on the Eimer and Amend
SrCO 3 during the course of this work average at 0.70808 ± 2. The errors for
individual "Sr/"Sr determinations are shown in Table I.
The Rb-Sr data reported in this paper for the gneisses from the Shabani area
and from northeast of Que Que do not define perfect isochrons, i.e., within
analytical error. Consequently, the quoted errors have been increased in order
to reflect the geological uncertainty in these ages. All regression errors in
this paper are quoted at the 1-a level. The decay constant for 87 Rb is taken as
1.39 10" a 1
.

RESULTS

The analytical data for all samples are presented in Table I.
Twenty samples from the Shabani area are plotted on an isochron diagram
in Fig. 2. The age obtained is 3570 ± 60 Ma, with an inital "Sr/"'Sr ratio
of 0.7000 ± 0.0005. A further six samples from the area, mostly with extremely
high Rb/Sr ratios (data not given in Table I or Fig. 2), fall well below the isochron
and indicate failure of closed-system behaviour of some of the older gneisses
at about 2700 Ma, during a regional thermal event.
The thirteen gneiss samples from northeast of Que Que in the "Rhodesdale
Batholith" define an isochron (Fig. 3) with an age of 2760 ± 40 Ma, with an
nitial 87Sr/ 86 Sr ratio of 0.7015 ± 0.0002.
Eight samples of the Somabula tonalite yield an isochron age (Fig. 4) of
2650 ± 40 Ma, with an initial 87 Sr/ 6Sr ratio of 0.7012 ± 0.0002.
DISCUSS. N AND CONCLUSION

The present results confirm the earlier work indicating granite-gneiss
terrain of two widely different ages in the Rhodesian Archaean craton
(Hickman, 1974; Hawkesworth et al., 1975; Moorbath et al., 1976) and allow
recognition of the further extent of these two terrains.
The Mashaba area gneisses (Hawkesworth et al., 1975) gave a rather poorly

ND

TABLE I

tID

Rb-Sr analytical data
Sample

Rock type and locality*'

Rb
(ppm)* 2

Sr
(ppm)* 2

87Rb/R6S r *3

0.534

0.73172

B7S r /a6Sr *4

Shabani area gneisses
Rh-73-52

Medium-grained, homogeneous, altered, tonalitic gneiss.
Sericitised plag, qz, partly chioritised bi, minor Kf, musc, ep,
ore. Shabi river, 948457/2030A3.

60

328

Medium-grained, homogeneous, rather altered, granodioritic
gneiss. Sericitised plag, Kf, qz, chioritised bi, minor ep, musc,
ap, ore. Locality as 52.

193

84

6.82

1.0501

±

2

Rh-73-54

Similar to 53. Locality as 52.

179

89

6.02

1.0138

±

2

Rh-73-56

Similar to 52. 125541/2029B4.

67

196

0.999

0.74982

±

8

Rh-73-57

Similar to 52. Locality as 56.

116

186

1.64

0.78311

±

8

Rh-73-87

Medium-grained, banded, foliated, tonalitic gneiss. Flag, qz,
bi, minor Kf, ep, chl, ap. 020597/2030A1.

66

189

1.02

0.75533

Medium-grained, strongly banded, foliated, dioritic gneiss.
Partly sericitised plag, hb, bi, qz, gt, ore, minor Kf, chi, ep,
all, ap. 030722/2030A1.

34

170

0.580

0.72865

Rh-73-91

Medium-grained, homogeneous, tonalitic gneiss. Flag, qz,
partly chloritised bi, minor ep, ap. Locality as 88.

34

406

0.243

0.71323

Rh-73-95

Medium-grained, granular, homogeneous, tonalitic gneiss.
Flag, qz, bi, minor ep, ore, ap. 991807/2030A1.

41

420

0.284

0.71385

±

8

Rh-73-98

Similar to 95. 986823/2030A1.

53

437

0.350

0.71734

±

6

Rh-73-99

Coarse-grained, weakly banded, tonalitic gneiss. Plag, qz, bi,
minor chi, ep, ap, ore. Locality as 98.

37

414

0.261

0.71289

±

12

Coarse-grained, homogeneous, tonalitic gneiss. Plag, qz, bi,
ep, minor ore, all, ap. 987843/2030A1.

44

412

0.313

0.71514

±

8

Rh-73-53

Rh-73-88

Rh-73-101

12

10

±

8
5

Shabani Mine gneisses, Shabani
Rh-226A

Fine-grained, homogeneous, dioritic gneiss. Sericitised plag,
hb, qz, minor sph, ep, ore. 18-level shaft crosscut.

47
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0.589

0.72832

±

10

Rh-226B

Medium-grained, patchy, weakly banded, altered, tonalitic
gneiss. Sericitised plag, qz, chloritised bi, minor Kf, ep, ore
muse. 18-level shaft crosscut.

97

224

1.26

0.76216

±

10

Rh-226C

Similar to 226B. 18-level shaft crosscut.

85

119

2.08

0.80808

±

20

Rh-226D

Fine-grained, homogeneous, granodioritic gneiss. Sericitised
plag, qz, Kf, minor bi, chl, muse, ep. 18-level shaft crosscut.

110

90

3.57

0.87872

±

18

99

Rh-2271)

Medium-grained, homogeneous, granodioritic gneiss. Sericitised
plag, qz, cloudy Kf. Ventilation shaft.

81

3.61

0.87839

±

7

Rh-228A

Similar to 227D. Ventilation shaft.

121

92

3.87

0.88647

±

8

Rh-228B

Similar to 227D, plus minor chloritised bi. Ventilation shaft.

117

102

3.37

0.87034

±

12

Rh-228D

Similar to 228B. Ventilation shaft.

129

99

3.83

0.88633

±

12

Rhodesdale batholith gneisses, Que Que area
Rh-73-190

Medium-grained, homogeneous, tonalitic gneiss. Plag, qz, bi,
minor ep, ore. 017373/1830C1.

34

520

0.191

0.70871

±

12

Rh-73-191

Ditto. Plag, qz, bi, minor ep, all, ore, ap. Locality as 190.

32

519

0.180

0.70840

±

12

Rh-73-192

Ditto. Plag, qz, bi, minor ep, ore, ap. Locality as 190.

35

511

0.203

0.70904

±

12

Rh-73-193

Medium-grained, homogeneous, tonatitic gneiss. Plag, qz,
minor bi, ore. Umniati river, 968278/1830C1.

13

467

0.084

0.70481

±

9

Rh-73-194

Coarse-grained, banded, tonalitic gneiss. Plag, qz, bi, minor ep,
ore, ap. Locality as 193,

70

435

0.469

0.71924

±

8

Similar to 193. Locality as 193.

26

411

0.185

0.70882

±

6

Rh-73-195

NO
CID

co

TABLE I (continued)
Sr
(pp m )*z

87Rb/Sr* 3

87Sr/ 6 Sr* 4

50

421

0.342

0.71477

±

7

Coarse-grained, weakly banded, tonalitic gneiss. Plag, qz, bi,
minor chi, ep, all, ap. Locality as 193.

44

419

0.304

0.71350

±

6

Medium-grained, weakly banded, tonalitic gneiss. Plag, qz, hi,
minor ep, ap, ore. Locality as 193.

54

427

0.371

0.71601

±

6

Coarse-grained, homogeneous, tonalitic gneiss. Plag, qz, bi,
minor ep, chi, ore, ap. Locality as 193.

36

429

0.240

0.71131

±

9

Fine-grained, patchy, tonalitic gneiss. Plag, qz, bi, minor ep,
ap, ore. Locality as 193.

42

528

0.229

0.71086

±

5

113

389

0.856

0.73446

±

10

87

412

0.612

0.72563

±

4

Coarse-grained tonalite. Plag, qa, bi, minor ep, muse.
836153/1929D1.

24

339

0.205

0.70901

±

8

Medium-grained tonalite. Plag, qz, bi, minor ep, muse, Kf.
Locality as 31.

28

313

0.255

0.71094

±

6

Medium-grained tonalite. Plag, qz, bi, hb, minor ep, muse,
ore. Locality as 31.

19

413

0.136

0.70658

±

9

Coarse-grained tonalite. Plag, qz, bi, minor ep, muse, ore,
Locality as 31.

25

341

0.217

0.70927

±

8

Fine-grained tonalitic dyke. Partly sericitised plag, qz, chloritised
bi, minor ep, muse, ore. Locality as 31.

21

510

0.119

0.70559

±

8

Sample

Rock type and locality*'

Rh-73-196

Medium-grained, homogeneous, tonalitic gneiss. Plag, qz, hi,
Locality as 193.

Rh-73-197
Rh-73-198
Rh-73-199
Rh-73-200
Rh-73-201
Rh-73-202

Coarse-grained, homogeneous, tonalitic gneiss. Plag, hi, qz,
minor ep, ap, ore. Locality as 193.
Similar to 201. Locality as 193.

Rb
(ppm )*2

Somabula tonalite plu ton
Rh-73-31
Rh-73-32
Rh-73-33
Rh-73-34
Rh-73-36

Rh-73-37

Coarse-grained tonalite. Plag, qz, bi, minor ep, muse, ore.
Locality as 31.

22

330

0.191

0.70851 ± 9

Rh-73-38

Medium-grained tonalite. Plag, qz, hi, minor ep, muse, ore.
635190/199D1.

32

399

0.234

0.70989 ± 6

Ditto.

28

413

0.197

0.70830 ± 9

Rh-73-39
*1

With grid reference and map number.
Rb and Sr contents only accurate to Ca. 5%.
Average error on "Rb/"Sr ratios Ca. 1%.
*4 Quoted errors on "Sr/"Sr are 2 a.
Abbreviations: plag = plagioclase, qz = quartz, bi = biotite, Kf = potash feldspar, muse = muscovite, ep = epidote, ap = apatite, all =
allanite, chl = chlorite, hb = hornblende, gt = garnet, sph = sphene, ore = opaque iron oxide.
*2

cJ
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Fig. 2. Whole-rock Rb-Sr isochron diagram for gneisses from the Shabani area.
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Fig. 3. Whole-rock Rb-Sr isochron diagram for gneisses from the "Rhodesdale Batholith"
northeast of Que Que.

defined age of 3580 ± 200 Ma, whilst the Mushandike granite (Hickman, 1974)
yielded an age of 3520 ± 130 Ma. The initial ratios in both cases are rather
imprecisely determined at about 0.701-0.702. The new isochron from the
gneisses of the Shabani area is more precise and confirms a ca. 3500-3600 Ma
gneissic basement on the eastern side of the Belingwe greenstone belt. The
available field and geochronological data now permit the recognition of a
roughly triangular ca. 3500--3600 Ma-old crustal segment with Fort Victoria,
Selukwe and Shabani at the corners. This segment consists largely of granitegneiss terrain, but also incorporates the remains of Ca. 3500 Ma-old greenstone
belts (assigned to the Sebakwian group), with the largest remnant being the
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Fig. 4. Whole-rock Rb-Sr isochron diagram for the Somahula tonalite pluton.

Selukwe greenstone belt itself (Moorhath et al., 1976).
The results from the gneisses northeast of Que Que and from the
Somabula tonalite define a further geographic extension of the complex ca.
2700 Ma-old crust-forming event. The low initial ratio in each case precludes
any significant previous crustal history and demonstrates that these rocks are
not "reworked" ca. 3500-3600 Ma-old gneisses. The result from the gneisses
northeast of Que Que is indistinguishable from that of the migmatitic gneisses
of Gwenoro Dam (age 2780 ± 30 Ma, initial "Sr/"Sr 0.7011 ± 0.0001). Similarly,
the Somabula tonalite result is indistinguishable from that of the Sesombi
tonalite (age 2690 ± 70 Ma, initial "'Sr/"Sr 0.7008 ± 0.0004)which cuts the
greenstone belt rocks west of Que Que (Hawkesworth et al., 1975).
One of the principal problems that remains is whether the 3500-3600 Ma-old
crustal segment that we have defined also contains gneissic rocks equivalent
in age (ca. 2800 Ma) to those from Gwenoro Dam and northeast of Que Que,
or whether there is simply a localised thermal overprint due to emplacement
of younger granitoids. At present we prefer the latter hypothesis. At the
locality of samples 56 and 57 near Shabani (Fig. 1), the migmatitic gneisses
are cut by an amphibolite dyke, whilst the gneisses and the dyke are in turn
intruded by a younger adamellite. The latter is related to a much larger body
of granite (sensu lato) intruded into the extreme northern part of the Belingwe
greenstone belt (A. Martin, pers. comm.). This younger granite pre-dates the
Great Dyke of Rhodesia (age ca. 2500 Ma). It can be equated with the Chilimanzi,
Zimbabwe and Victoria porphyritic granites to the east (Wilson, 1973). Samples
from the three granites define a good isochron at 2630 ± 30 Ma (Hickman,
1976).
Another tantalising problem which still remains unanswered is the age
relationship between ca. 2700-2800 Ma-old gneisses such as those from
Gwenoro Dam and northeast of Que Que and the ca. 2700-2800 Ma-old
greenstone belts of the Bulawayan group.
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Fig. 5 is a strontium isotope evolution diagram for all Rhodesian rock
units so far analysed by the Rb-Sr whole rock method in the present work and
in published studies (Hickman, 1974; Hawkesworth et al., 1975; Moorbath
et al., 1976). The individual "'Sr/"Sr growth lines are proportional to the
measured mean Rb/Sr ratios for each rock unit. It appears that none of the
ca. 2600-2800 Ma-old granite-gneisses and greenstone belt volcanics are
produced by reworking of 3500-3600 Ma-old si3ii4.c basement rocks. Only
the 3420 ± 60 Ma-old Mont d'Or granite (sensu t-r-kto ) of Selukwe, with its
high initial"'Sr/"Sr ratio of 0.711 ± 0.001 (Moorhath et al., 1976) could
have been produced by partial melting of somewhat older, high-Rh/Sr, sialic
basement. The situation for Rhodesia is thus closely analogous with that for
Greenland (Moorbath and Pankhurst, 1976) and North America (see summaries
by Moorhath, 1975, 1976). It demonstrates again the widespread, major
production of continental crust from mafic lithosphere or upper mantle at
discrete, widely separated times during the Archaean, when continental
accretion greatly predominated over continental reworking.
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A PRELIMINARY REAPPRAISAL OF THE RHODESIAN BASEMENT COMPLEX
by
J. F. WILSON

ABSTRACT
A review of available held and geochronological data allows the recognition of granite-greenstone
terrane of different ages within the Basement Complex of the Rhodesian Archaean craton. A terrane
about 3 500 my. old occurs in the southern and central parts. Its greenstone belt remnants equate
largely with the Sebakwian Group of the Rhodesia Geological Survey. Nappe tectonics were a feature
of this terrane and sialic crust was present at an early stage. The main greenstone belts are younger and
can be divided into the widespread Upper Greenstones and the problematical Lower Greenstones
which together correspond largely to the Bulawayan Group of the Rhodesia Geological Survey. The
Lower Greenstones were deformed and eroded prior to the deposition of the Upper Greenstones: their
age is not known but they may he part of it terrane incorporating tonalites approximately 3 000 my. old.
The Upper Greenstones are about 2 700 my. old, and in the west and south-east are unconformably
overlain by the sedimentary Shamvaian Group.
Starting from the Belingwe greenstone belt major stratigraphic units of the main greenstone belts can
be correlated over the large central region of the craton.
The lower Greenstones are most fully developed at Belingwe as the remains of possibly two major
ultramafic/mahic-felsic bimodal sequences.. Elements of these units can be recognised forming the lowest parts of some of the main greenstone belts particularly around the Shangani hatholith.
The volcanism of the Upper Greenstones began with a widespread thick tholeiitic pile which included
high-magnesium spinifex textured flows. Peridotitic flows occur near the base in some areas. In the east
this thick basaltic pile is overlain by fine-grained shallow water sedimentary rocks succeeded by, and in
pan interbedded with, a further but thinner development of tholelitic lavas. In the west it passes upwards into bimodal volcanism on different scales in which tholeiitic and, in places, high-magnesium
flows alternate with felsic flows and pyroclasts together with sediments derived from the felsic rocks.
This total western succession is the time equivalent of, and can be traced laterally into, the eastern sedimentary unit and its overlying basalts. The western bimodal assemblage is succeeded by an andesitedominant calc-alkaline suite which was not developed in the east.
Two suites of post-Upper Greenstones granite can be recognised. The Sesombi Suite of tonalites
occurs in the west parallel to the north-north-east-trending line of the western succession. The later
Chilimanzi Suite of adamellites, the last major granite event predating the 2 500 my. old Great "Dyke"
occurs both in the east and west with the largest masses in the east. The intrusions of this suite display an
east-north-easterly trend parallel to the Limpopo mobile belt.
The five known occurrences of Rhodesian Archaean stromatolites all occur in the Upper Greenstones.
Nickel mineralisation is apparently also confined to the Upper Greenstones,
The Upper Greenstones constitute the remains of a widespread cover sequence deposited on a basement which consisted of the circa 3 500 ni., granite-greenstone terrane. the Lower Greenstones tonalite
intruded at about 3 000 my. and possibly gneisses dated at 2 800 my. The extent of this basement is
largely delineated by the Mashaba Ultramauic Suite of layered intrusions and sills, and by the MashabaChibi dyke swarms which together are regarded as the time equivalents of the lower part of the Upper
Greenstones.
An origin for the Upper Greenstones in north-north-easterly-trending rifting within this earlier basement is postulated. The rifting was initiated by intracratonic block movements between the mobile belts
to the north and south. The Great "Dyke" of Rhodesia may be a last abortive attempt at a Rhodesian
greenstone belt.
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I. ITTRODUC11ON
The Rhodesian Basement Complex comprises the sedimentary and volcanic piles of the greenstone belts, the
associated granites (.ce,cu laro) and gneisses together with
certain ultramafic layered intrusions and mafic dyke
swarms. This total assemblage, together with the Great
"Dyke", constitutes the Rhodesian Archaean craton
(Bliss and Stidolph. 1969: Wilson. 1973b). The Great
"Dyke" cuts across the Basement Complex, and its age of
approximately 2 500 my. puts an upper limit to the
Archaean in Rhodesia. The craton is bounded on at least
three sides by mobile belts. In the south the Limpopo
mobile belt, of which Basement Complex rocks form part,
separates the Rhodesian craton from the Kaapvaal craton.
The boundary of the Limpopo belt has been arbitrarily
taken as the northern limit of granulite facies development
(Robertson, 1973a, b and Fig. 2) but deformation of Limpopo age clearly affects the cratonic rocks (Coward, el al.,
1976).
The stratigraphic nomenclature at present employed for
the greenstone belts of the cratonic Basement Complex is
based on the work of Macgregor (1947. 1951) who, on the
evidence of similar lithologies and certain unconformities,
divided the greenstone belts into three systems - the
Sebakwian, followed by the Bulawayan and finally the
Shamvaian. The current nomenclature of the Rhodesia
Geological Survey retains these names for the major subdivisions with the substitution of "Group" for "System" as
a lithostratigraphic terminology which retains the relative
time connotations of Macgregor's scheme. Except for recent attempts to define formation stratotypes in the
Belingwe greenstone belt (e.g. Nisbët et al., 1977) the
nomenclature is entirely informal. Broadly the Shamvaian
Group is the final major sedimentary unit of certain of the
larger greenstone belts, whereas the much more widespread Bulawayan Group is the underlying volcanic pile
together with some sedimentary rocks. The Sebakwian
Group has really become a sack term for supracrustal
rocks together with other mafic and ultraniafic rocks, all
at various metamorphic grades, which are regarded as
older than the Bulawayan Group. Considerable differences of opinion exist on what should be assigned to the
Sebakwian Group and hence also to the Bulawayan Group
(e.g. Bliss and Stidolph. 1969: Wilson, 1973b: Anhaeusser.
1976: Viljoen et al.. 1976; Viljoen and Bernasconi, this
volume).
Investigations in the Barberton area of the I ransvaal
have led to the production of a stratigraphic model which
has been applied to greenstone belts in southern Africa
and other parts of the world (e.g. Viljoen and Viljoen.
1969). As a working hypothesis the Barberton model has
served well, but based as it is on a single greenstone belt.
albeit one well-exposed and by southern African standards
large. the model has definite limitations in the Rhodesian
context. Field work (e.g. Bickle et al.. 1975: Coward ci al..
1976) and recent age determinations (e.g. Fig. I) are consistent with gran ite-greenstone terrane of at least two different ages in Rhodesia, one circa 2 700 my. old and one
circa 3 500 my. old. The circa 2 700 my. old greenstone
belts have not been recognised on the Kaapvaal craton.
On present dates these circa 2 700 my. greenstone belts
correspond largely to the main greenstone belts of Rhodesia. i.e. those designated Bulawayan-Shamvaian (Wiles,
1971). The circa 3 500 my. greenstone belts and remnants
of them are more restricted and correspond largely to
those areas designated Sebakwian Group by Wiles. A
complication, however, arises within the main greenstone
belts. In the Belingwe belt a lower greenstone assemblage.
best developed on the west, is separated by an unconfor mity from an upper sequence on the east. Lithologies sumlar to this lower assemblage are recognisable in the lowest
preserved sequence in several greenstone belts in the

south-west of the country. In these areas these rocks have
been variously assigned to the Bulawayan and Sebakwian
groups by previous workers.
In this paper an attempt is made to reappraise in time
and space the stratigraphy and major events of the cratonic Basement Complex of Rhodesia. In view of the confusion in Bulawayan-Sebakwian terminology the lower assemblage mentioned above is loosely termed the Lower
Greenstones. and the circa 2 700 my. greenstone belts
proper are termed the Upper Greenstones. This nomenclature extends, regionally, that used by Martin (in preparation and Martin ci aL, in press) in the Belingwe belt
and, in describing and discussing these assemblages, the
Belingwe greenstone belt is taken as a model but it is clear
that the Belingwe succession does not give the full story.
The known and presumed circa 3 500 my. events are
treated separately.
This nomenclature clearly does not conform to any stratigraphic code, but it is felt that in the present state of transition no real purpose would be served by redefinition of
existing terms, already variously defined, or by the introduction of new Group names. Effectively the Lower
Greenstones constitute a Sub-Group of Wiles's (1971)
Bulawayan Group, and they may well come to be viewed
as a separate Group within a Bulawayan Supergroup.
In the Rhodesian context more chemical data are
needed, particularly with regard to the time correlations
proposed here, to evaluate the komatiitic rocks. Such data
that are available indicate that many of the basaltic rocks
of koniatiitic affinity have CaO/A1 2 03 ratios less than the
1,0 required by the Brooks and Hart (1974) definition, a
feature not confined to Rhodesia (cf. Nesbitt and Shen-Su
Sun, 1976). Thus, where rocks of komatiitic affinity are implied in this paper they are prefixed by "high-magnesium"
or "magnesium-rich"; where peridotitic, this is stated if
the context requires it. In the few, places where the term
komatiite is used the definition of Brooks and Hart is
adopted. The terms granite and granitic are used .ce,i.c,i lab
throughout.
Although aspects of the structure form a necessary part
of this paper, a reappraisal of the overall structure and tectonic history of the Basement Complex is beyond its
scope. However, the history of events as here presented
coupled with recent studies in the southern half of the craton and in the Limpopo mobile belt and elsewhere show
that the concept of "gregarious batholiths" (Macgregor,
1951) does not satisfactorily explain the present configuration of Rhodesian greenstone belts. For details of recent
structural ideas the reader is referred to the work of Coward
ci al. (1976), Coward and James (1974). and Snowden and
Bickle (1976).

II. RELEVANT GEOCHRONOLOGY
Recent geochronological studies have embraced conventional K-Ar on biotites. and some hornblendes, from
various granites and gneisses (Wilson and Harrison. 1973);
model lead ages on galenas from various mines (Robertson, 1973): and Rb-Sr whole-rock isochron work on granites. gneisses and the volcanic rocks of the greenstone
belts themselves by several workers.
The K-Ar results (Wilson and Harrison. 1973) show concentrations at approximately 2 900 my. and 2 600 my. and
were interpreted as representing the minimum ages of intrusion of two widespread pre-Great "Dyke" granite events.
Wilson (1973b) further concluded that the 2900 m.y. granite event marked the minimum age for the upper limit of
the main greenstone belts. The Rb-Sr results, however,
have not upheld this conclusion, and there is no consistency of age among intrusions previously assigned to
this granite event and subsequently dated by Rb-Sr. Only
the Mashaba tonalite (Rh-Sr 2 970 ± 160 my.: K-Ar 2 906
± 60 my.) shows agreement between the two dating
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methods, and with an initial 'Sri 6 Sr ratio of 0,701 2 ±
0.000 8 the Rb-Sr result is taken to reflect the age of intrusion (Hawkesworth and Bickle. 1976). At this stage the
K-Ar results must be considered unreliable due to some
as yet unexplained redistribution of argon on local and
regional scales.

Robertson (1973), on the basis of his lead work, postulated two major events within the Rhodesian craton at
3 500 m.y. and 2 700 my. respectively. The earlier event
he associated with the formation of granitic crustal segments and "pre-Bulawayan" lavas. The later event he
related to the formation of the main greenstone belts and
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associated granitic intrusions. His conclusions are strongly
supported by the recent Rb-Sr work.
Figure I lists these Rb-Sr results from the various workers. The data from greenstone belts. granites and gneisses
give a bimodal distribution and taken in conjunction with
the field evidence are consistent with granite-greenstone
terranes approximately 2 700 my, old and 3 500 m.y. old
respectively.
The precision of some of the Rb-Sr results from the volcanic rocks is not high but on the other hand the known
field relations help in their evaluation. Two datum points
are available. The first is the Great "Dyke" which puts an
upper age limit on the Basement Complex since there is no
field evidence for major granite events in the Basement
Complex post-dating the Great "Dvke" (Wilson, 1973b).
The high precision whole rock and mineral isochrori date
of 2 514 ± 16 ni.. (Hamilton. 1977) is quoted in Fig. I; it is
statistically indistinguishable from earlier results (Allsopp.
1965: Davies et al., 1970). The second datum involves the
last major granitic event recognised in the Basement Complex. In this paper these intrusions are collectively referred to as the Chilimanzi Suite. Results are available
from three major representatives of this suite (Fig. I,
Nos. 2. 3, 4) which, when plotted together. yield a good isochron of 2625 ± 25 m.y. (Fig. I, No. 5).
The low initial 87 Srfl6 Sr ratios of around 0,701 of three of
the volcanic suites dated is taken to indicate that the ages
obtained, within the limits of error, are close to the age of
eruption (Hawkesworth el al.. 1975); all the samples are
from the Upper Greenstones. The three other volcanic
suites show initial ratios higher than 0.701 (Fig. I. Nos. 9,
12, 13). The first of these from the "Lower Bulawayan"
near Que Que represents samples taken almost entirely
from rocks which on field evidence are assigned to the
Lower Greenstones in this paper: the second, from the
Belingwe greenstorie belt, involves samples both from
Upper and Lower Greenstones: the third is taken entirely
from the Lower Greenstones (Hokonui Formation) of the
Belingwe belt. These data are discussed later in this paper.
Jahn and Condie (1976) have offered an age of 3 080 ±
60 my. for the Bulawayo—Que Que greenstone belt. They
plot 50 isotopic data points from this belt, of which 30 are
from Hawkesworth el al., (1975), and from a consideration
of all of these resolve two "isochrons" one of which, with
12 points, gives the 3 080 m.y. result. Although elsewhere
in the present paper it is suggested that the Lower Greenstones possibly form part of a third granite-greenstone terrane
circa 3 000 m.y. old, the author can place no geological significance on this 3 080 my. result. Geographically,
the 12 points involve a spread of 200 km and stratigraphically a spread from the Lower Greenstones to the upper
part of the Upper Greenstones. Jahn and Condie's selection of the 12 points moreover appears somewhat arbitrary
(cf. also Hawkesworth and Bickle, 1976).
Further aspects of the geochronology are dealt with in
the later sections of this paper.

III. THE CIRCA 3500 m.y. GRANITE-GREENSTONE
TERRANE
Available field and geochronological data allow the recognition of a roughly triangular crustal segment, containing a large proportion of circa 3 500 m.y. rocks, with Fort
Victoria, Shabani and Selukwe near the approximate corners (Fig. 2 and Moorbath et al., 1977). The full extent to
which the rocks of this segment have been affected by
younger events, either thermally or by later addition of
granitic material or both, is not clear. Intrusions of the
Chilimanzi Suite cut the segment. The Mashaba tonalite
(Wilson, 1973a: Martin, in preparation) a northerly-trending largely homogeneous gneissic mass occupies a roughly
central position (Fig. 5). Samples from the circa

3 500-3 600 my. gneissic area north-east of Shabani show
features explicable by a later thermal overprint (Moorbath
el al.. 1977).
The circa 3 500 m.y. rocks of the segment are dominantly tonalitic to granodioritic (Wilson, 1973a: Martin, in
press). The gneisses range from the highly flattened
banded migmatitic varieties of the Tokwe River exposures
west of Mashaba to simpler homogeneous foliated types.
The known intrusive phases (Fig. 5) include the Mushandike granite and the granite (sen.cu law) of the Mont d'Or
Formation. Petrologically the Mushandike mass is largely
a granodioritc and the Mont d'Or Formation "granite" is
dominantly tonalitic (Cotterill, 1976).
Greenstone belt rocks are a smaller but important feature of the segment. particularly in the northern half. In
general they occur as narrow remnants tightly infolded
and concordant with the gneisses. The two largest areas of
greenstone belt rocks occur in the Selukwe and Mashaba
areas.
A. l'be Selukwe Area
The Seluke greenstone belt is unique in that the succession is inverted and forms part of the lower limb of a
large recumbent fold which is called the Selukwe Nappe.
The area has been the subject of intense study by Stowe
(1968a, 1968h. 1973 and 1974) and Cotterill (1969, 1976
and this volume). Table I shows the stratigraphic succession with the omission of the problematical Mont d'Or
Formation. This formation consists largely of quartzofeldspathic rocks containing chlorite and sericite. Many of
the rocks of this unit are highly sericitized and this has led
to dispute as to their original nature. Stowe favours a
largely sedimentary origin from a granitic provenance and
places the formation as the lowest (oldest) stratigraphic
unit in the nappe structure. Fie does, however, describe
the presence of irregular intrusive bodies of granite (sensu
law) within the formation. Cotterill, on the other hand,
considers that the greater part of the formation is a tonalite which is intrusive into the nappe structure. He recognises metasedimentary enclaves within this granite but regards them as lateral equivalents of the Wanderer Formation. The difference in interpretation is largely one of
amount of later granite present. In the northern sector
Cotterill's view is supported by recent deep drilling.
Samples of granite from one such deep borehole, where
both authors agree to the presence of later granite, have
been dated at 3 420 ± 120 m.y. Thus, on either interpreta(ion, the nappe structure is part of the circa 3 500 my.
events (Moorbath et al., 1976).
Complex tectonic and granitic events predated the inversion of the Selukwe greenstone belt succession. The
Selukwe Ultramaflc Complex was deformed, with the formation of chromitite boudins. and in part metasomatised
prior to the deposition of the Wanderer Formation.
Among the boulders and pebbles of the Wanderer Formation basal conglomerates are chromitite and silicified talccarbonate rocks derived from the stratigraphically underlying (now structurally overlying) Selukwe Ultramafic
Complex. The boulders and pebbles also embrace tonalite
and granodiorite (including gneissic varieties of both)
adamellite and pegmatite, indicating granitic events,
which were not confined to sodic plutonism, predating the
unconformity. The phenoclasts could have been derived,
prior to the "nappe tectonics", from erosion of
3 500-3 600 my. old granite-gneiss terrane similar to that
seen to the south and east (Moorbath et al., 1977).
Whether these early granitic events also predate the
Selukwe Greenstone Formation is not clear. Stowe's interpretation of the Mont d'Ot Formation, however, implies
the existence of earlier granitic terrane: Cotterill's interpretation leaves the matter not proven, but the metapelites
of his Selukwe Greenstone Formation do contain some
quartz grains.
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TABLE
Stratigraphic Succession in Selukwe Area (right way up ) Simplified after (otterill (1976)
and Stose (1974. Mont cl'Or 1-ormation Omitted

Tholeiitic metabasalt flows
metadolerite sills; minor banded
iron-formation
Banded iron-formation and
ferruginous metapelites
Conglomerates, grits. quartzite.
metapelite: rapid tEtcies variation
Unconformity
Ultramafic intrusions, some with
chromitite

Magnesium-rich metahasalt flows:
metadolerites. Minor interbedded metapelite and handed
iron-formation

I

(Xx) m
()O m

Nomenclature Cotterill (1976)

Nomenclature Stowe (1974)

Tibilikwe Formation

Upper Greenstone Formation

Wanderer Formation

Wanderer Formation

0-500 mJ
Selukwe Ultramalic
Formation (including I
Selukwe Ultramafic I
Complex)
-

0-800 m

Selukwe
Sequence

Lower Greenstone Formation
(with serpenhinites)

Selukwe Gru_nstone
Formation
0-00 ni

On the east the Selukwe greenstone belt is cut by the
Great Dyke" east of which the extension of the greenstone belt, including chromitite-bearing ultramafic rocks,
occurs as remnants infolded with various banded gneisses.
Similar rocks occur in the Mashaba area east of the northerly-trending Mashaba tonalite (Figs. 2 and 5).
B. The Mashaba Area
Here Wilson (1968a, 1973a) has described an assemblage consisting mainly of ultramafites (some chromititebearing), quartz-magnetite iron-formations. amphibolites
and lesser amounts of diopside quartzites and micaceous
schists, all of which he assigned to the "Sebakwian". This
assemblage occurs as a vast number of remnants tightly infolded with gneisses, such as those of the Tokwe River
(Fig. I. No. 20). The banding of the gneisses and the strike
and dip of the remnants are concordant, and the dominant
trend is slightly east of north. The widest single development - several kilometres of ultramafic rocks and
iron-formations, with a grade of metamorphism lower than
that of the smaller remnants in the gneisses - lies close to
Mashaha village where the geology is further complicated
by the later intrusion of the Mashaba Igneous Complex.
South-east of Mashaha is a dominantly elastic sedimentary unit with some interbedded iron-formation horizons.
Arkoses within the unit contain elastic grains both of sodic
and potash feldspar whereas some of the intraformational
conglomerates contain small clasts of microcline-bearing
granite. Wilson (1968a: 1973a). in describing this formation.
did not assign it to the older "Sebakwian" assemblage but
placed it as the lowest part of the Fort Victoria "Bulawayan" greenstone belt succession to the east.
Cotter-ill (1976), in a recent reappraisal, provides evidence of an unconformable relationship between sedimentary rocks of this formation and the adjacent chromitite-bearing serpentinites which Wilson (1968a and b) assigned to the topmost part (Unit 1) of the Mashaba
Igneous Complex. Cotter-ill also emphasises the similarities to the Selukwe greenstone belt stratigraphy and suggests that the layered chromitite-bearing serpentinite,
which is very largely confined to this one area, is not part
of the Mashaba Igneous Complex but to what in this paper
are termed the circa 3 5(0 my. greenstone belts. Cotter -ill's
argument is supported by the circa 3 500 my. date from
the Mushandike granite (Fig. I. No. IS) which Wilson
describes as intrusive into the sedimentary formation. The
matter, however, is complicated by recent work by coward
and Shackleton (1975) who report two ages of sedimentary
rocks within this formation, one intruded by the Mushandike granite and one resting unconformably on this
granite.
Nevertheless, in the Mashaba area there are obvious
similarities to the broad stratigraphic succession of the

J
Selukwe greenstone belt and it seems likely that, as well as
the so-called "Sehakwian" rocks already mentioned, other
rocks including some, if not all, of Wilson's chromititehearing Unit I of the Mashaba Igneous Complex and the
major part of the adjacent sedimentary formation are assignable to the circa 3 500 m.y. greenstone belts. The succession, it should he noted, is not inverted.
C. Other Areas
Elsewhere in the central parts of the Rhodesian craton
are various meta-supracrustal rocks and other mafic/ultramafic rocks which have been previously designated "preSehakwian", "Sehakwian" or "pre-Bulawayan" by various authors (Bliss and Stidolph, 1969: Stowe, 1971: Wilson, 1973). On the geological evidence most of these are at
this stage equated with the circa 3 500 my. greenstone
belts (Fig. 2). They include:
I. the numerous remnants west of Selukwe and part of the
lowest assemblages north-west of Gwelo (Stowe, 1968a,
1971: Macgregor. 1937: Edwards, in preparation).
2. the various remnants east of Que Que (Harrison, 1968,
1970) and north of Umvuma (Bliss, 1962).
To what extent the gneiss terrane adjacent to I and 2 is
assignable to circa 3 500 my. events is not certain. In two
areas, the Gwenoro Dam south-west of Selukwe and on
the Umniati River in the Rhodesdale Batholith east of Que
Que ages of 2 700-2 800 my. have been obtained from
gneisses (Fig. I. Nos, 14, 15). The results are statistically
indistinguishable both from each other and from the results of the circa 2 700 my. greenstone belt volcanic rocks.
Their low initial ratios of around 0.701 suggests no long
previous crustal history and that these rocks are not a
result of "reworking" of the known circa 3 500 my.
gneisses; they are best regarded as new granitic material
added to the crust at about 2 800 my. Their- age relative to
the Upper and Lower Greenstones is also obscure and as
yet there are no field criteria which distinguish them from
their older counterparts. In both areas these gneisses are
associated with small remnants indistinguishable from
those of the circa 3 500 m.y. greenstone belt assemblages.
The matter is discussed further in a later section of this
paper.
In the area north of Umvuma Bliss (1962) concluded
that the various greenstone belt remnants and the gneisses
together constituted a basement both to the Umvuma
greenstone belt itself and to the Mwanesi belt to the north.
As yet, however, none of these gneissic rocks has been
dated.
1%. THE MAIN GREENSTONE BELTS
A. The Belingwe Greenstone Belt
This is a key area in any study of the main greenstone
belts. Parts of it have been described by Keep (1929),
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Worst (1956) and Oldham (1968. 1970). More recent field
work includes that of Bickle et al. (1975), Martin (1975:
and in preparation): Martin ci at (in press), and Orpen (in
preparation). Aspects of the igneous rock chemistry have
been dealt with by Hawkesworth and O'Nions (1977) and
Nisbet ci at (1977).
Two grecnstone belt sequences can be recognised which
Martin has called the Upper and Lower Greenstones respectively. They are separated by an unconformity and by
at least one period of deformation. The Upper Greenstones have been folded into a major northerly-trending
syncline: the Lower Greenstones flank this syncline on the
western side and, to a lesser extent, on the south-eastern
side (Fig. 2. No. I). West of Belingwe village the Lower
Greenstones are intruded by the Chingezi tonalite. To the
north and south the Lower and Upper sequences alike are
cut by the Shabani and Chihi granites of the Chilimanzi
Suite (Fig. 5).
The south-eastern development of Lower Greenstones
comprises the Brooklands Formation which, in upward
succession, consists of quartzites. chioritic grits and conglomerates, followed by high-magnesium lavas interbedded
with phyllites and banded iron-formation. The conglomerates contain tonalite pebbles. and the lavas are locally pulowed. The basal contact of the Brooklands Formation is
nowhere exposed, but its relatively undefornied. greenschist-lacies rocks abut on to complexly deformed circa
3 500 mv. gneisses (M. J. Bickle, personal communication).
The western development of Lower Greenstones is
more complex and is currently still under investigation by
Orpen (in preparation). In the southern sector, Orpen,
from his preliminary work (personal communication,
1976), recognised two formations, the Hokonui and Bend
respectively, (Fig. 3. No. I.)
The Hokonui Formation consists of a perhaps 2-3 km
thickness of dacitic pvroclasts. ranging from agglomerates
to fine-grained tufts, and some flows: sonic audesitic flows
and pyroclasts may also he present. In the west of the
southern sector, underlying these felsic rocks, is it poorly
exposed unit (perhaps 2 km thick) of amphiholites. tremolite-chlorite schists and some handed calc-silicate rocks.
On the west this unit is infolded with tonalitic gneisses. Its
status is not vet clear, hut, following Orpen's preliminary
work, it is for the purposes of' this paper regarded as a
lower member of the Hokonui Formation. Northwards
this simple subdivision is no longer apparent and the
amphiholitic member passes into alternations of mafic and
felsic rocks (Martin, in preparation) which may represent
infolding of the two niembers, or possibly an actual change
northwards into small-scale bimodal volcanism within the
lower member.
In the southern sector, overlying the Hokonui Formation with apparent unconformity. is the Bend Formation,
the lower member of which (approx. 2 km) shows a
marked change from the underlying fclsic volcanism and
consists of alternating pillowed mafic lavas, spinifextextured peridotite flows and sills, and intercalated handed
iron-formation. These rocks are capped by a largely conglomerate member (approx. I kni) containing boulders
which include handed iron-formation, tremolite-chlorite
rocks, felsic volcanic rocks and granitic types. In the south
this conglomeratic member contains a unit of felsic
agglomerate.
On the simplest interpretation the two formations of the
western development of Upper Greenstones would each
appear to represent largely the remains of a major malicultramalic-felsic bimodal volcanic pile but this evaluation, as well as the formation nomenclature. may require
modification in the light of Orpen's current investigations.
The base of the unconformably overlying Belingwe
Upper Greenstones is marked by the Manjeri Formation.

This has a maximum thickness of only 250 ni and consists
of local developments of elastic shallow-water sediments
and limestones, capped by a persistent horizon of predominantly sulphide facies banded iron-formation. Its
conglomerate beds in places contain granite and gneiss
pebbles. and some of the limestones are stromatolitic. On
the eastern side of the Belingwe belt, the Manjeri Formation transgresses the Brookiands Formation to rest with
well-exposed unconformity on the 3 600 m.y. old gneisses
south-west of Shabani (Fig. I, No. 19: and Bickle etal.. 1975).
On the western side it rests unconformably on the Hokonui
and Bend formations (Martin. 1975: Orpen. in preparation).
Overlying the Manjeri Formation is an igneous sequence with a maximum thickness of about 7 km. most of
which consists of lava flows with some high-level sills.
Pyroclastic rocks show only a minor development and the
rare sedimentary intercalations are restricted to thin beds
of chert and iron-formation near the top. The field and
textural evidence that the whole sequence represents one
continuous suite is supported by chemical arguments
(Nisbet ci al., in press). The sequence has been divided
into two formations. In the basal Reliance Formation (I
km thick) ultramalic and high-magnesium rocks dominate.
Peridotites are confined to this formation and over 50 per
cent of it consists of high-magnesium h asa lt s .* In the best
exposed section the simplified vertical succession is highmagnesium b asa lt s .* p er id o tit es ,* high-magnesium
hasalt:* it pvroclastic horizon occurs at the top. A small
proportion of the formation consists of interbedded tholeiites and possibly basaltic andesites. Some of the peridotites may represent high-level sills (in the type section a 70
m thick differentiated body is exposed) but others are
clearly lava flow's and in a few localities are pillowed.
Many of the magnesium-rich rocks, mafic and ultramafic
alike, show quench (spinifex) textures. Usually these textures are relict with olivine altered to serpentine, and clinopyroxcne to tremolite!actinolite and chlorite. Locally,
however, surprisingly fresh primary mineralogy is preserved. The succeeding 6 km of the volcanic sequence
constitutes the Zeederhergs Formation, the most widespread unit within the Belingw'e Upper Greenstones. Some
basaltic andesites and high-magnesium hasalts are present,
but the vast majority of rocks are tholeiitic hasalts as alternating massive and pillowed flows. Pyroclastic rocks constitute less than 5 per cent of the formation.
Conformahl) capping the volcanic pile and occupying
the core of the syncline is the Cheshire Formation, consisting of up to 2 km of shallow-water, dominantly pelitic.
sediments. Some thick locally derived conglomerates
occur near the base in the east. Low in the succession on
the western side limestones occur with a spectacular
development of stromatolites in one locality (Bickle el al.,
1975). A few beds of quartzite and iron-formation are
found near the top of the unit.

B. Regional Considerations
I. The Maiijeri-iipe Marker
In Figs. 2 and 3 an attempt is made to correlate the
stratigraphy of the Lower and Upper Greenstones of the
Belingwe area across the greenstone hefts of the central
and south-eastern parts of the Rhodesian craton.
In the Shangani. Inyati and Silohela areas (Figs. 2 and 3,
Nos 3. 6. 7. 8) following the curve of Macgregor's Shangani hatholith, it marker horizon is recorded by various
workers (Viljoen ci al., 1976: Muirhead, in preparation:
Edwards, in preparation). This horizon consists of a persistent development of sulphide facies iron-formation with
local fine-grained elastic sedimentary rocks and thin
• Nisbet ci 0/. (in press) extend the term kom-attite as defined bv Brooks and
to include rocks ssiih (j()/.\iO, ratios as loss as 0,8 and call these
Hart (1974)
Belingsse rocks peridotiiic and basaltic komatuies respectively.
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limestones, The writer equates this horizon with the Manjeri Formation of the Belingwe belt and considers it to be
the division between the Upper and Lower Greenstones in
these areas.
Eastwards from Silohela in the northern part of the Gwelo
belt the division occurs above what Macgregor (1937) called
the "Lower Series" of the "Volcanic System" (later, 1947, his
Bulawayan System). This "Lower Series" consists largely of
felsic rocks with a high proportion of pvroclasts. On the
western margin of the Gwelo belt Macgregor shows this Series
to he capped in the south by a discontinuous horizon of ironformation. On the east side of the Gwelo belt south-west of
Quc Que, the Redcliff iron-formation horizon can be traced
for many kilometres capping Macgregor's eastern development of the Series; this horizon, together with the overlying
succession of' shallow-water sediments, is taken as
representing the Manjeri Formation sedimentary interval.
Near Redclif'f the sedimentary rocks overlying the ironformation horizon are more than 75 rn thick and consist of
grits, some conglomerates. lenticular bedded siltstones, which
are possibly malic tuffs, and stromatolitic limestones (C. A.
Castelin, personal communication).
At the western end of the Fort Victoria greenstone belt
(Figs. 2 and 3, No. 2) the correlations are not clear. The
base of the Upper Greenstones may be reflected in the unconformity reported by Coward and Shackfeton (1975). If
part of the sedimentary formation east of Mashaba does
rest directly on the circa 3 5(X) m.y. Mushandike granite as
they claim, then some or all of the sedimentary rocks on
the north margin of the Fort Victoria greenstone belt
south and west of Fort Victoria. including the thick
development of limestones, may represent the Manjeri
Formation sedimentary interval.
2. The Lower Greens tones
Beneath the Manjeri-type marker horizon in the various
areas west of the Great "Dyke" (Figs. 2 and 3) major lithological units similar to the Belingwe Lower Greenstone
assemblages can be recognised. As far as is known the
granites (usually tonalitic) of the Shangani batholith adjacent to these assemblages are intrusive into them. However, the remains of the possible two major bimodal piles,
as seen at Belingwe, are not apparent.
From the Shangani area westwards to Inyati and thence
to Silobela and to the Gwelo greenstone belt there are the
remains of only one such pile which, in this paper, as the
simplest explanation, is equated with the lower one seen at
Belingwe. A substantial Hokonui-type assemblage of felsic
pyroclast-dominant volcanic rocks or derived schists
either caps or is all that remains of the Lower Greenstones
succession in these areas (Figs. 2 and 3, No, 3 Esmyangene; 6 Kenilworth: 7 Isnagene; 8 Seldene). An overlying
Bend-type succession is not present below the marker horizon. East of Shangani (Harrison, 1969; Viljoen et al., 1976)
a lithology similar to the lower member of the Bend Formation is seen in the Leechdale Formation which consists
of ultramafic schists interlayered with iron-formation and
underlies the Hokonui-type assemblage. Such a lithology
is also a feature of circa 3 500 my. greenstone belts, but
Harrison records no evidence of any major unconformity
above the Leechdale Formation and in this paper it is
tentatively assigned to the Lower Greenstones.
In the Silobela area, however (Figs. 2 and 3, No. 8).
Edwards (in preparation) records a major unconformity
and major deformation between the Hokonui-type SeIdene Formation and an underlying unit of serpentinite and
related schists, quartz-magnetite ironstones and amph ibolites. Mafic rocks are developed at the base of the Seldene
formation in the east of the Silobela area. Eastwards this
whole stratigraphy continues into the western, lower part
of the Gwelo greenstone belt, The Seldene Formation
links with the "Lower Series" of Macgregor's (1937) "VolSPECIAL NO. 5-B

canic System": Edwards'; underlying unit links with Macgregor's "Magnesian System". These two units Macgregor
considered were separated by a major time break involving folding and granite emplacement. and later (1947) he
described this unconformity as separating his Bulawavan
and Sebakwian systems. Edwards (in preparation) confirms the presence of this unconformity and removes the
doubts expressed by Bliss and Stidolph (1969) and Wilson
(1973h), Macgregor's "Lower Series" in this western area
is assigned to the Lower Greenstones. His MagnesianlSebakwian System and its westward continuation are assigned to the circa 3 500 mv. greenstone belts. On the east
side of the Gwelo belt the malic rocks and iron-formation
forming the south-east-trending spur into the Rhodesdale
Batholith south of' Que Que were included by Macgregor
(1937) in his "Lower Series": these are here regarded as
part of the Upper Greenstones (Fig. 2, No. 4).
In the far west, across the synclinorium of the greenstone belt in the Inyati area, the lowest rocks exposed constitute the l-Iokonui-type Goodwood Formation (Figs. 2
and 3, No. 6). This and similar rocks to the north-west of
Nkai are assigned to the Lower Greenstones.
In the Filabusi belt the Sericitic Quartz Schist group of
Ferguson (1934), and certain of the mafic rocks., particularly those of the eastern part of the belt, resemble the
lithology of the southern sector of the Hokonui Formation
as found by Orpen (in preparation). These gross lithologies
are taken as sufficient evidence of the presence of Lower
Greenstoncs but their exact delineation is not possible
from the published map.
The Mweza greenstone belt has suffered Limpopo belt
deformation and is separated from the Belingwe belt by
the Chibi granite (Figs. 2 and 5). Bend-Brooklands types
of lithologies predominate and f'elsic Hokonui-type stratigraphy seems absent (Worst, 1962a),
3. The Upper Greenctones
These constitute by far the greater part of the main
greenstone belts. Within them* Hawkesworth and O'Nions
(1977) have recognised two distinct igneous series: thoIeiitic (komatiite-tholeiite) in the Belingw'e and Fort Victoria areas and calc-alkaline in the Bulawayo and Que Que
areas. As is elaborated below, their tholeiitic series, with
or without peridotites, is recognisable in all the larger
greenstone belts. In the western part of the craton the
tholeiitic series is overlaid by the calc-alkaline series.
The tholeiitic series is a persistent feature of the Upper
Greenstones in the larger belts and occurs as a monotonous seccession of mafic flow's (Figs. 2 and 3, No. 3 Ensangu: 6 Inyati. Ventnor, Sweetwater; 7 Ntobe: 8 Comyn;
9 Mafic: 10 Mafic). This thick volcanic pile constitutes
the "basaltic greenstones" of Macgregor's Bulaw'ayan
System (1947. 1951) and at Belingwe is typified by the
Zeederbergs Formation. The underlying Reliance-type
volcanism with peridotitic flows is not everywhere recorded although the occurrence of high-magnesium rocks
other than peridotites might well have been missed due to
lack of chemical data. Reliance-type volcanism is present
above the Manjeri-type marker horizon in the Makwe
Formation at Shangani and in the Bubi Source Formation
at Invati. To the north in the Silobela area, it is not recorded by Edwards (in preparation). Farther east, in the
north-western part of the Gwelo belt in the basal part of
the volcanic succession Macgregor (1937) records massive
originally glassy rocks. His description and illustrations
are consistent with these rocks having originally contained
skeletal (spinifex) clinopyroxene. Along strike to the
south-east Tyndale-Biscoe (1949) records two serpentinite
Only two of the 27 voLcanic and metasolcanic samples listed bN Hawkesworth
and O'Nions. vu, Rh-73-144 and Rh-73--147. are from the Lower Greenstones
south of Que Que (Figs. 2 and 3, No. 4). The inclusion of these tso samples does
not affect their argument
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Provisional subdivisions of greenstone belts in central area of Rhodesian Craton.
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Simplified stratigraphic columns for main greenstone belts of central area of Rhodesian Craton (vertical thicknesses to scale of Belinge
belt where possible but in places uncertain).
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sheets. Farther east still, nearer Selukwe, in spite of poor
exposures. mapping indicates a major unconformity between the base of the Upper Greenstones, here marked by
"a peculiar ultrahasic rock" (Tvndale-Biscoe. 1949. p. 18),
and the underlying western extension of the circa 3 500
my. Wanderer Formation of the Selukwe greenstone belt
(Tyndale-Biscoc, 1949: Cotterill, 1976). Clearly a Reliance-type stratigraphy might well exist in this lower part of
the Gselo greenstone belt and it requires re-investigation.
The Cheshire Formation is the topmost preserved unit
in the sequence of Upper Greenstones at Belingwe. Its
stratigraphic position above the thick tholeiitic pile is of
particular importance since by tracing it through the various greenstone belts significant lateral changes are apparent. Furthermore, above this stratigraphic position it is
possible to recognise and evaluate subsequent development in the Upper Greenstones which is not seen at Belingwe. In the Fort Victoria, Gwelo and Shangani belts
further tholeiitic basalt lavas occur above the Cheshire
Formation equivalent (Figs. 2 and 3. Nos. 2, 3, 4). In the
west the picture is more complex and the metapelites,
banded iron-formation and the overlying lavas which typify the eastern belts change laterally into a western unit
dominated by bimodal malic and felsic volcanicity on various scales with shallow-water reworking of the felsic pyroclasts to form various sediments. In the west this sequence
passes upwards into a calc-alkaline andesite-dominant
assemblage which is not present in the east (Figs. 2 and 3,
Nos. 5-10).
In the Fort Victoria belt the Nyanda Hills Formation is
the stratigraphic equivalent of the Cheshire Formation
and is of the same order of thickness. Phyllite dominant, it
is very similar to Cheshire but contains a greater development of handed iron-formation and cherts in the
west. There are a few thin limestones but no stromatolites
are recorded. Tufts have not been recognised but, as with
the Cheshire Formation, a derivation from the reworking
of volcanic rocks is likely. The unit thins southwards in the
west to narrow lenses interbedded with metahasalts and is
overlain unconformably by a thick sequence of sedimentary rocks assigned to the Shamvaian Group by Wilson
(1964).
In the Cheshire equivalent in the Shangani area Harrison (1969) records phvllites and banded iron-formation:
Viljoen ef al. (1976) regard the phyllites of the unit, the
Glencoe Formation, as tuffs. The Shangani—Fort Rixon
belt is separated from the greenstone belt rocks immediately to the west by intrusive granites and contains much
of the lower stratigraphy not evident in this western area.
On the eastern side of this western area the Zwankendaba
Formation equates with the Glencoe unit. Banded ironformation is the dominant rock with local developments of
felsic pyroclasts and derived sediments, the whole intercalated with mafic lavas. Within this succession some 60 km
north-north-east of Bulawayo occurs the stromatolitic
Huntsman limestone described by Macgregor (1941).
About 25 km south of this limestone, high-magnesium
basaltic lavas occur a short distance above the iron-formation (Macgregor et al.. 1937).
Southwards the unit can be traced with persistent banded
iron-formation to the highly deformed link up of the Bulawayo and Filabusi greenstone belts. In this southern area,
in the Mulungwane Range and nearby, there is an increase
in the development of quartz-sericite schists (Harrison,
1969). The schistis east of the range link with those which
farther west form part of the highly flattened lower southern margin of the Bulawayo greenstone belt: these in turn
link with much less deformed rocks of the inner core of
the western triangle of the belt (Fig. 2, No, 5). Most of the
rocks within this inner core were designated sedimentary
by Amm (1940) and later assigned to the Shamvaian System!
Group by Macgregor (1947, 1951) and Wilson (1973b). Re-

cent work by the Rhodesia Geological Survey and others
indicate that many of these rocks are volcanic and volcanielastic (cf. Hawkesworth ci al., 1975). The structure of this
inner core is complex, but above the thick sequence of basaltic Zeederhergs-type metabasalts of the western part of
the belt Jackson (1976) recognises two thick horizons of
largely dacitic lavas and pyroclastic rocks, in places reworked, separated by high-magnesium basalts. Further basaltic rocks overlie the pyroclasts and are capped by ironformation and slates. A similar volcanic origin probably
also pertains for most of the rocks of Ferguson's (1934)
Central Phllite group of the western part of the Filabusi
belt, which are here equated with this same major unit.
About 80 km north of Bulawayo, unconformably overlain by tightly folded sedimentary rocks assigned to the
Shamvaian System/Group by MacGregor (1928) and
Muirhead (in preparation), alternating malic and felsic
volcanic rocks interlayered with banded iron-formation
are again developed in the Lonely Mine and Bembesi
River formations with an upper development of sedimentary rocks (Dagmar Formation) including slates (Figs. 2
and 3, No. 6). The total assemblage in this area is similar to
the western "fades" of the southern extension of the
Zwankendaba Formation south of Bulawayo and the
writer regards it as a similar western equivalent of the
Zwankendaba unit separated from it by infolded younger
rocks. As in the Bulawayo area high-magnesium rocks
have been recorded between the felsic interlayers and it is
interesting to note that as long ago as 1928 Macgregor was
describing "ultrabasic pillow lavas", which he called limhurgitic greenstone, from this area: his one analysis shows
18 per cent MgO and his illustrations are of quench (spinifex) textures. The unit that Macgregor (1928: Macgregor
et al.. 1937) called the Tuff Nut Andesites in this area,
which contains a high proportion of dacitic rocks as well
as some ultramalic varieties, is also assigned to this assemblage.
The northern development of the Zwankendaba Formation, unlike that farther south, overlies the Reliance—Zeederbergs-type volcanic succession seen in the Bubi Source
and lnyati formations (Fig. 2, No. 6). These three formations and the underlying Lower Greenstones are in the
extreme north hidden by later cover rocks. All, save the
Reliance-type unit, emerge from beneath this cover, the
Zankendaha as the Silohcla Formation and the Inyati as
the Ntobe Formation. In a similar way the Silobela and
Leo Hurst formations are equivalent (Figs. 2 and 3. Nos. 7,
8). Edwards (in preparation) describes the Silobela and
Leo Hurst formations as rapidly varying alternations of
lavas, pyroclasts, and narrow horizons of phyllite and
handed iron-formation.
Eastwards, although the situation is confused by local
later sand cover, the Leo Hurst Formation is apparently
traceable continuously into the Lannes Formation of the
Gwelo greenstone belt (Figs. 2 and 3. No. 4). This is a
dominantly sedimentary unit consisting of phyllites with
interbedded banded iron-formation and conglomerates. In
its westerly-striking position nearest to the Leo Hurst Formation it contains interbedded basaltic pillow lava about
halfway up the succession and a basal development of siliceous tuff and agglomerate which thickens westwards
(Grant. 1975: Marsh. 1975). In its south-easterly-striking
section it is a sedimentary unit (Macgregor, 1937) comparable with the Cheshire-type lithology but with a greater
development of banded iron-formation. In the south it
contains stromatolitic limestone (C. A. Castelin. personal
communication).
The easterly dipping Lannes Formation forms part of
the western limb of the north-westerly-trending syncline
of the Gwelo greenstone belt. The unit dies out eastwards
and is seen only as a number of lenses in the metabasalts
west of Redcliff. To the south both it and the overlying
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and underlying mafic volcanic rocks are cut by later granite. The southern contact of this granite with the greenstone belt rocks is hidden by later cover rocks. The continuation of the Lannes Formation emerges from beneath
this cover north of Gwelo, where it consists mainly of
phyllites with interbedded handed iron-formation, lenticular grits and limestones. It also occurs east of the Great
"Dyke" at the western end of the Umvuma greenstone
belt.
Above the Silobela and Zwankendaba formations,
Edwards (in preparation) and Muirhead (in preparation)
record a unit which they call the Ednovean and Dollar
Block formations respectively. They describe it as an assemblage of porphyritic and amygdaloidal largely andesitic lavas with some dacites and numerous occurrences of
intermediate and felsic agglomerates and other pyroclastic
rocks. The Dollar Block Formation is the "Agglomerate
Group" of Macgregor (1928) and Macgregor et al. (1937)
which can be traced southwards to east of Bulawayo and
almost to the Filabusi belt (Figs. 2 and 3. Nos. 7, 6, 5).
Macgregor (1928) considered that the Lonely Mine Formation occurred above this unit which in turn overlay the
Zwankendaha Formation. In the writer's view the overall
picture supports Muirhead's interpretation, and the
Lonely Mine Formation is considered part of the western
"fades" of the Zwankendaha unit. The infolded younger
rocks previously mentioned include this thick calc-alkaline assemblage and rocks assigned to the Shamvaian
Group.
Conflicting and confusing views have been expressed
for the broad stratigraphy of the Upper Greenstones in the
area between Que Que and Hartley. Around Gatooma,
Bliss (1970) recognised units which he termed Malic Formation, Felsic Formation and Umniati Group (Figs. 2 and
3, No. 10). His Mafic Formation (oldest) is dominantly
basaltic: his Felsic Formation one of alternations of basaltic and felsic rocks, the latter largely pyroclastic and in
places reworked to give various sediments; his Umniati
Group is a calc-alkaline assemblage which he considered
to post-date not only his two other "Bulawayan Group"
formations but also rocks which he assigned to the Shamvaian Group. Harrison (1970), to the south, in the Que
Que area (Figs. 2 and 3. No. 9), recognised lithologically
similar units which he termed the Mafic, Felsic and Maliyami formations respectively. He considered that the
Ma]iyami Formation, which he equated with Bliss's Urnntati Group, was an integral part of the Bulawayan Group
assemblage and he put the time sequence as Mafic- Ma)iyami-Felsic. More recently Robertson (1976), mapping
in the intervening area around Battlefields, also regards
the Felsic Formation as overlying the Maliyami Formation which he confirms equates with Bliss's Umniati
Group, but he includes in this Felsic Formation rocks
which Harrison, farther south, assigned to his Mafic For mation. He also erects a further unit, the What Cheer For mation, which he suggests is possibly older than the Maliyami Formation. Robertson's What Cheer Formation is a
bimodal volcanic sequence lithologically similar to the
Felsic Formation and he includes within it a conglomerate-agglomerate unit which Bliss assigned to the Shamvaian Group.
It must be emphasised that all three authors use the
term formation in a loose informal sense and in places define it geographically. Furthermore, the area is considerably deformed and, although remarkably ell-preserved
primary textures are found in some places, many of the
rocks are highly carbonated over wide areas. The broad
lithological units recognised, however, are similar to those
apparent in the south.
The lowest unit is the thick basaltic sequence which, in
the area mapped by Bliss, forms the core of the southerly
plunging Gatooma anticline. On the eastern and western

sides of this anticline this basaltic sequence passes upwards into an alternating mafic-felsic assemblage in which
felsic pvroclastic rocks, locally reworked in shallow water,
are dominant; a total succession already familiar from
south of Bulawayo to Inyati and beyond. In the east the bimodal succession can he traced northwards to the Hartley
area (Wiles, 1957), and, in the west, northwards to the area
mapped by Phaup and Dobell (1938). In these two areas
there is notable development of ultramafic rocks some
of which show spinifex textures (cf. Wiles. 1957. p. 35.
Plate II). South of Gatooma. Robertson's What Cheer
Formation, including that part originally designated
Shamvaian by Bliss, is an integral part of this bimodal assemblage. The major part of the Barton Farm and Pebbly
Quartzite formations in the Gatooma and Hartley areas is
also considered part of the bimodal succession (see Shamvaian Group).
Near Que Que Harrison's Mafic and Felsic formations
occur on the eastern and western sides respectively of a
north-east-trending sequence of tightly folded sedimentary rocks which he assigns to the Shamvaian Group. The
Maliyami Formation occurs west of the Felsic Formation
and from his description the boundary between the two
appears to be rather arbitrary. His Mafic Formation to the
south-west links with the Gwelo greenstone belt which
contains the Lannes Formation.
The gross fold patterns of Harrison's map suggest, and
the work by Grant (1975) on the Lannes Formation supports, that the tight north-east-trending folding of his
Shamvaian Group refolds earlier north-west-trending preShamvaian folds in the underlying Upper Greenstones
including rocks well into the area designated Maliyami Formation by Harrison. This supports Harrison's "Bulawavan" age for the Maliyami Formation. If one mentally
removes the Shamvaian Group rocks from the map the sequence here is the same as to the north and the felsic interlayers occur in the upper part of the mafic sequence. Thus
the writer regards the agglomerates and felsites of Harrison's Felsic Formation, and some of the agglomerates to
the south-west assigned to the Maliyami, as part of the
western equivalent of the Lannes Formation.
In the Silobela and Silobela west areas (Figs. 2 and 3.
Nos. 7, 8) the recent mapping of the Ednovean Formation
by Muirhead (in preparation) and Edwards (in preparation) does not extend north of ITS latitude, but there
seems no reason to doubt that this unit extends north of
this limit into the Lower Gwelo belt - the strip of greenstone belt rocks containing Silobela (Amni. 1946) - and
continues eastwards under the later cover rocks to link
with Harrison's Maliyami Formation. This means that
here, as in the south, the calc-alkaline suite overlies the
bimodal sequence.
Although Amm (1946) gives no chemical data from the
Lower Gwelo belt the incidence of basaltic rocks, from his
published map, appears higher than in the Ednovean For mation and farther south. Recent chemical analyses of
rocks from Harrison's Maliyami Formation also indicate
the presence of more basalts than first supposed (Condie
and Harrison, 1976). This is consistent with Bliss's account
of his Umniati Group in which, while stressing that the
majority of the rocks are andesitic and felsic. he notes that
the amount of mafic rocks increases southwards. i.e.
towards Que Que.
4. The Shamvaian Group
The Shamvaian System was first established by Macgregor (1947) who correlated several unconnected sedimentary sequences occurring above his Bulawayan System in various greenstone belts. The Shamva Grits northeast of Salisbury he took as the type area. Here the rocks
are largely poorly-sorted arkosic and sub-greywacke types
rapidly deposited in shallow water and include thick poly-
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micE conglomerates characterised by granitic boulders and
pebbles. Implicit in Macgregor's concept of the Shamvaian System, and retained in the Rhodesia Geological
Survey's current Group terminology, was that it consisted
of rocks deposited unconformably on the llulawayan volcanic succession and that it was separated from this succession by major folding. In the Shamva area the granitic
phenoclasts have also been used to imply a time break sufficient to allow, at least here, the introduction of a new
factor into the source terrane. viz, a granitic provenance.
Subsequent workers have also assigned certain sedimentary sequences to the Shamvaian Group in other areas.
Bliss and Stidolph (1969), in a reappraisal of the Basement Complex, noted the tendency to regard all sedimentary rocks overlying a thick volcanic sequence as belonging to the Shamvaian unit. They emphasised the point,
which is now becoming increasingly clear, that certain of
the sequences, including some originally classified as
Shamvaian by Macgregor (1947), might be integral
interbedded parts of the Bulawayan succession. Although
the stratigraphic correlations attempted here show that it
is not enough to confine attention to individual belts without recourse to the broader picture, and allow a fuller
understanding of the problem, it can be resolved only by a
detailed craton-wide reassessment.
Rocks which are here assigned to the eastern Cheshiretype sedimentary unit and to the reworked felsic assemblages of the western bimodal volcanic succession of the
Upper Greenstones have been a major difficulty in the
Shamvaian subdivision and in several areas have been, or
were, classified as part of this unit (cf. Wiles, 1971; and
Amm. 1947). Within the area of Fig. 2, from the arguments
already presented. the Cheshire Formation at Belingwe,
the Lannes Formation in the Gwelo belt and its extension
to east of the Great "Dyke" are here regarded as part of
the Upper Greenstones: these are all included in the
Shamvaian Group on the latest geological map of Rhodesia (Wiles. 1971). Northwards, in the Sipolilo area, large
tracts of andesitic and felsic rocks have also been classified as Shamvaian (Wiles, 1968. 1972): these also are here
interpreted as part of the Upper Greenstones as mentioned later. Even in the type area at Shamva, recent work
has shown delineable areas of pyroclastic rocks in the
lower part of the Shamvaian unit (cf. Stidolph. this volume)
which, to the writer, seem best assigned to the underlying
Bulawayan". The problem is fast becoming one of to what
extent the Shamvaian unit, in the Macgregor sense, does exist.
In Fig. 2 rocks in three areas are tentatively classified as
Shamvaian Group and a Macgregor sense is implied. They
correspond largely, but not exactly, to areas designated
Shamvaian by previous authors and their distribution is
compatible with broadly contemporaneous deposition in
two separate basins, one in the south-east and one in the
west. Unconformable relationships with the underlying
Upper Greenstones can be demonstrated. In the two western occurrences the rocks are nowhere in contact with the
calc-alkaline suite of the Upper Greenstones. but the
structural picture implies that they nevertheless post-date
this unit. In the south-east, in the Fort Victoria belt, some
felsic volcanic rocks form part of the sequence. In this belt
also granites of the Chilimanzi Suite intrude the Shamvaian Group. It is generally accepted that the granites here
classed as the Sesombi Suite post-date the Shamvaiun
Group in the west. Nowhere are rocks of the group in contact with these granites proper, but small dioritic bodies
equated with the Sesombi tonalite cut the group in the
Que Que area (Harrison, 1970).
West of Que Que, Harrison (1970) recognised four formations within the Shamvaian Group (Figs. 2 and 3. No.
9). Lithologicallv these comprise a grit-conglomerate basal
formation, overlain by a pelitic formation with ferruginous
slates which is succeeded by two further formations domi-

nated by fine- to medium-grained sub-greywackes. Harrison recognises transgressions and unconformities between
the formations. Work on the southern extension of Harrison's Shamvaian Group rocks shows an unconformity
between it and the underlying Lannes Formation of the
Gwelo greenstone belt (Figs. 2 and 3. No. 4. This latter
formation shows an earlier phase of north-west-tren( ng
folds (Marsh. 1975). Harrison's mapping also mdi' .ltes
that these folds extend north-west beyond the Sharr aian
Group into his Maliyami Formation, i.e. into the cat -alkaline unit of the Upper Greenstones. The evidence mplies
that the north-west-trending syncline of the Gw i o belt
here pre-dates the Shamvaian Group and that tl' southwesterly slide of the Rhodesian block suggested bCoward
el al. (1975) had already started (see section on Mineralisation).
Northwards from Que Que the Shamvaian Group outcrop width narrows markedly to a tongue traceable into
the Group as mapped by Robertson (1976) near Battlefields, and farther north still to the highly complex
Gatooma area (Figs. 2 and 3. No. 10) into the Barton Farm
and Pebbly Quartzite formations (Bliss. 1970) and their
eastern extensions towards Hartley (Wiles. 1957). The
status of these two formations, both of which have been
classified as Shamvaian by the workers concerned, is problematical. South of Gatooma, Robertson's (1976) What
Cheer Formation, which as already discussed is here taken
as part of the western bimodal volcanic association,
embraces a felsic agglomerate-conglomerate unit which
Bliss includes in his Barton Farm Formation. Also included in the Barton Farm Formation by Bliss are certain
luvas described as andesitic, various volcaniclastic sediments, iron-formation and slates. The writer prefers to regard these as part of the bimodal succession of the Upper
Greenstones and for the purpose of this paper all that is assigned to the Shamvaiun Group in the Gatooma area are
those sedimentary rocks forming that part of Bliss's Barton Farm and Pebbly Quartzite formation constituting the
northern end of the tongue which extends from the rocks
near Battlefields. This tongue is possibly fault-bounded on
the east and west.
The eastern extension of the two formations into the
Hartley area, as described by Wiles (1957), contains a considerable proportion of arenaceous sediments including
conglomerates. He also describes iron-formation and a
few occurrences of andesitic greenstone. There seems the
distinct possibility that felsic volcanic and volcaniclastic
rocks also form a part. It is difficult to reconcile Wiles's
delineated boundaries of the formations with an unconformity and they are here regarded also as part of the bimodal
association of the Upper Greenstones. It is possible, however, that some Shamvaian Group rocks proper are also
present. Wiles describes large boulders of gneissic granite
in some of the conglomerates. This could mean that areas
of such granite were exposed to erosion at the time of
deposition: on the other hand the boulders could be parts
of underlying basement brought to surface by explosive
volcanism.
North-west of Inyati (Figs. 2 and 3. No. 6) the Ndutjana
Formation is assigned to the Shamvaian Group following
Muirhead (in preparation) who describes the unit as a sequence of conglomerates and various arkosic rocks. These
occur tightly infolded with the western bimodal association and extend on to the Zeederbergs-type Ventnor Format ion on the west side of the greenstone belt. Describing
the south-eastern sector of the formation Macgregor
(1928) emphasised the unsorted nature of the various sedimentary rocks: he noted felsite, granite, iron-formation
and greenstone pebbles in the conglomerates, and recognised an unconformable relationship with the underlying
Upper Greenstones.
In the Fort Victoria belt (Figs. 2 and 3, No. 2) Wilson
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(1964) described a major development of sedimentary
rocks which can be assigned to the Shanivaian Group.
South of Fort Victoria these rest with marked unconformity on Zeederhergs-type basaltic greenstones which are
interbedded with phyllites of the southern extension of the
Cheshire-type Nyanda Hills Formation. Where affected
by intense flattening and shearing of the main period of
Limpopo deformation this unconformity cannot he recognised (cf. Coward and James, 1974). Thick conglomerates
and a widespread development of various grits typify
much of the western area whereas in the east there is a
thick development of pelitic rocks with some conspicuous
iron-formation horizons. Some interbedded felsic volcanic
rocks are present within the sequence.
On the south side of the belt, south of Fort Victoria.
basaltic greenstones, a few serpentinite bodies and certain
interbedded metasediments were included by Wilson in
the Shamvaian unit. They are here re-classified as part of
the underlying Upper Greenstones.

5. Elsewhere in the (yaw,,
From a preliminary literature study the broad aspects of
the subdivisions proposed appear applicable also to the
main greenstone belts outside the area depicted in Figs. 2
and 3. The Salisbury and Sipolilo belts can be classed as
western succession Upper Greenstones. In both areas volcanic and volcaniclastic rocks assigned to the Sharnvaian
Group by Wiles (1971) seem best interpreted as part of the
Upper Greenstones (cf. Stidoiph, this volume; Wiles. 1968,
1972). The andesitic and felsic assemblages described
by Wiles in the Sipolilo area are probably in large part a
continuation of the northern (Maliyami/Umniati) caicalkaline suite.
The Mwanesi belt (Worst. 1962h: Bliss. 1962), save for
the possibility of something older among the ultramafic
rocks on the western side, is regarded as eastern succession Upper Greenstones, but it is difficult to evaluate the
stratigraphy from the published map. There is the possibility that two "Cheshire" sedimentary units exist: the
lower a pelitic and iron-formation unit, and the upper a
unit with an unusually thick development of iron-formation and some grits. Alternatively it is possible that one
"Cheshire" unit is present thickening northwards with the
present outcrop reflecting an interference fold pattern of
earlier north-west-trending folds refolded on a later northnorth-east trend. The northern development of the thick
iron-formation is interbedded with ultramalic schists possibly derived from high-magnesium lavas supporting an interpretation as an eastern fades of the bimodal volcanic
succession around Hartley where ultramafic rocks are also
prominent, rather than any interpretation which assigns
the northern sediments to the Shamvaian Group.
To the east, the Od,i—Umtali belt (Swift. 1956: Phaup,
1937) is also difficult to interpret. The high proportion of
high-magnesium rocks is consistent with Bend-type lithology and Lower Greenstones: alternatively there is the
possibility that here one is dealing with the eastern succession of Upper Greenstones with a higher proportion of
Reliance-type ultramafic rocks.
In the highly deformed south-western area the Gwanda
Greenstone belt (Tyndale-Biscoe. 1940), save possibly for
the extreme eastern part, is assigned to the Upper Greenstones with a major development of the western bimodal
succession: whereas the Antelope—Lower Gwanda (Phaup.
1932. 1933) belt farther south is perhaps a combination of
Bend-type Lower Greenstones in the extreme west with an
Upper Greenstone Zeederbergs-type lithology in the
extensive mafic schists elsewhere.
The extension of the full western sequence of Upper
Greenstones into north-eastern Botswana is evident from
the work of Key et al. (1976) and from Anhaeusser and
Ryan (this volume).

IN

Figure 4 depicts the main elements of the western and
eastern successions of the Upper Greenstones and their
approximate distribution in the Rhodesian craton.

V. \IAFIC ANt) ULTRAMAFIC INTRUSIONS
Under this heading can he grouped a number of layered
intrusions, sills and dykes which are here classified on
their positions relative to the Upper Greenstones.
A. The \Iashaha I Itramalic Suite and the
\ Iashaha-(hihi l)kes
The Mashaha Ultramafic Suite of layered intrusions and
sills, together with certain dyke swarms, here collectively
termed the Mashaba-Chibi dykes. cut, and appear to be
restricted to. granite-greenstone terrane older than the
Upper Greenstones (Fig. 5). No reliable age determinations are yet available on the intrusions themselves but
results from the granites in the south-east place them between the Mashaba tonalite (2970 ± 160 my.) and the
Chilinianzi Suite of late granites (2 625 + 25 my.). The
writer's earlier conclusion (Wilson, 1968a and b) that the
Mashaba Igneous Complex, the largest member of the
Ultraniafic Suite, post-dated the folding of rocks assigned
to the Shamvaian Group in the Fort Victoria greenstone
belt is no longer justified in the light of the work of
Coward and James (1974). As discussed later the intrusions are considered to be broadly contemporaneous with
the lower part of the Upper Greenstones represented by the
Reliance and Zeederhergs formations at Belingwe and their
time equivalents elsewhere.
The best documented of the layered ultramafic intrusions are those of Mashaba and Shabani (Wilson, 1968. b:
Lauhscher. 1964, 1968). These, together with several related sills, intrude the roughly triangular crustal segment
containing the circa 3 5(X) my. granite-greenstone terrane.
The Mashaha Igneous Complex also intrudes the Mashaba
tonalite, and is itself cut by the Selukwe granite and the
Chilimanzi batholith. The Vukwe serpentinite, which intrudes the Brooklands Formation south of Shabani, is also
part of the Ultramalic Suite (Robertson, 1974: Martin, in
preparation).
Also within this segment are a number of amphibolite
and metadolerite dyke swarms (Wilson, 1968a. 1973b:
Robertson. 1974: Martin, in preparation). Of these, some
constitute a modified ring and radial pattern and are a late
phase of the Ma.shaba Igneous Complex although a few
amphiholite dykes near Mashaba also predate the ultramafic intrusion itself: whereas others, south-west of
Mashaba. are later than the radial swarm in this area and
strike east-north-east. This approximate trend is also evident in the dvkes west and north-west of Mashaba to east
of Selukwe. In places the dykes are themselves cut by intrusions of the Chilimanii Suite and all are conspicuously
absent from these granites.
West of the Great "Dyke". within the area of the Mont
d'Or Formation. Cotterill (1976) describes the Tebekwe
Complex as a late intrusion of possible Mashaba Igneous
ompIex age.
West of Belingwe the Gurumba Tumba-Filabusi layered
intrusion can be traced from the Belingwe area to northwest of Filabusi where it is truncated by granite and later
intense shearing (Worst. 1956: Ferguson. 1934). Preliminary unpublished reconnaissance work by J. L. Orpen and
the author indicates that this is a southerly dipping sill-like
body which cuts not only the Lower Greenstories of the
Belingwe and Filahusi belts, but also the gneissic granites
intrusive into them, including the Chingezi tonalite. Martin (in preparation) and Orpen (personal communication)
have also recorded amphibolite dykes west and south of
Belingwe, at least some of which pre-date the Chilimanzi
Suite granites.
To the north the Shangani Layered Ultramafic Body of
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Simplified western and eastern successions of the Upper Greenstones In the central cratonic area and their likely distribution in the main
greenstone belts of the Rhodesian .Archaean craton, together with the main elements of the Great Dyke" fracture system.
Viljoen et al. (1976) which is largely equivalent to what
Harrison (1969) earlier described as the Bet Serpentine
Complex, is a similar southerly-dipping sheet cutting the
Lower Greenstones. Westwards this intrusion and the
whole of the Shangani greenstone belt is cut by the later
granites which separate this belt from the Inyati area. Of
particular importance to the later discussion is a stock of
Western granite-type tonalite/granodiorite of the Sesombi

Suite which cuts the ultramafic intrusion (Harrison, 1969).
West of Silobela, Edwards (in preparation) records the
Mtchokotsha ultramalic intrusion an apparent sill-like
body cutting the Isnangene Formation. Further representatives of the Mashaba Ultramafic Suite appear likely
within the northerly-dipping ultramafic sills described by
Macgregor (1937) intruding the "Lower Series" of his
"Volcanic System" north-west of Gwelo. In the felsic as-
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semblage of the Lower Greenstones on the east side of the
Gwclo belt, south of Que Que at Hunters Road and northwards. ultramalic sills are again present (Macgregor. 1937:
Brand, in Morrison and Harrison, 1976). To what extent
these sills here cut the Upper Greenstones needs further
investigation. One east—west-trending sill has a gabbroic
differentiate on the western part of its northern margin:
eastwards exposures are poor but the sill appears to cut
granite intrusive into the Lower Greenstones (Russell.
1976).
The Que Que Ultramafic Complex (Harrison. 1968.
1970) is also assigned to the Mashaba Ultramafic Suite of
intrusions although some of the rocks included by Harrison as part of the Complex may be older. Near Que Que
the adjacent greenstone belt rocks are the lower part of
the Upper Greenstones. the Mafic Formation of Harrison
(1970). The Complex is apparently intrusive into these
although deformation is intense. The granitic rocks to the
east which are part of Macgregor's Rhodesdale Batholith
are faulted against the greenstone belt rocks and the Que
Que Ultraniafic Complex. North of Que Que. however.
the faulting is internal to the Complex, and an easterly
tongue of ultramafic rocks appears to intrude the granitic
terrane, here a gneissic granodiorite called the Que Que
gneiss. Farther north. Robertson (1976) records the occurrence of numerous amphiholite dykes occurring in this
gneiss: these dykes are themselves deformed and cut by
later pegmatites.
B. Intrusions at Higher Stratigraphic Levels
- Further local concentrations of mafic and ultramafic intrusions are evident higher in the succession of the Upper
Greenstones at and above the approximate stratigraphic
position of the Cheshire Formation and its equivalents in
the east and west. All of the intrusions are apparently deformed with the Upper Greenstones and by inference predate both the Sesonibi and Chilinianzi Suites of late
granites.
The most easterly major development is the Glencoe
Complex in the Shangani Greenstone belt. This is a layered
mafie intrusion with only minor development of ultramafic
rocks (Harrison, 1969). It is intrusive into the Glencoe formation and the adjacent basaltic greenstones and, with
these, forms part of the main southerly plunging syncline
of the northern part of the belt. Lenticular bodies of serpentinite are present in the southern extension of the
Glencoe Formation in the Fort Rixon belt and also to the
south-west at the southern end of the Mulungsane Range:
east of this range is an infolded development of malic sills
(Harrison, 1969: Amm, 1940). Farther west, south of Bulawayo, deformed malic sills and minor serpentinites occur
in the bimodal mafic-felsic volcanic sequence already described (Amm. 1940: Jackson. 1976). Northwards near the
Lonely Mine (Macgregor. 1928. Macgregor et al., 1937)
are further lenticular serpentinites: these and others near
Bulawayo are probably sills related to the the high-magnesium lava.s of these areas.
North-west of Hartley. Phaup and Dobell (1938) record
several occurrences of ultramafic rocks in what, in effect.
is the northern continuation of Bliss's (1970) Felsic Formation lithology. Some of these are clearly intrusive, such
as those at the Perseverance Mine (Anderson et al., this volume). others probably represent metamorphosed highmagnesium lavas as in the south. West of the Great
"Dyke". about 30 km east of Gwelo, ultramafic lenses
occur in the eastern continuation of the Lannes Formation
(Tyndale-Biscoe, 1949).

VI. LATE GRANITES
These encompass the granitic rocks which intrude or
post-date the Upper Greenstones. Among them, in the
area delineated by Fig. 2, it is possible to recognise two
major suites here termed the Sesombi and Chilimanzi
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suites respectively. It is not implied that all of the late granites and gneisses necessarily fall into this simple subdivision.
Figure 5 depicts the distribution of the two suites in the central
cratonic area from currently available information. More
work is needed to evaluate the extent of the Sesombi Suite.
A. The Sesombi Suite
The Sesombi pluton is intrusive into the Maliyami For mation north-west of Que Que (Harrison. 1970: Robertson, 1976). It has a marked metamorphic aureole of up to
horn blende-hornfels facies which gradually fades over a
distance of usually less than 2 km into the regional low
greenschist facies of the volcanic country rocks. The contact is sharp. Steeply dipping stretch lineations in the aureole together with marginal planar quartz fabric in the
pluton itself are consistent with diapiric emplacement. In a
few areas the pluton cuts across the aureole and is massive
on the contact with rare inclusions. Petrologically the pluton is typically a coarse-grained massive biotite tonalite.
The Sesombi pluton typifies a number of late tonalitic
and granodioritic intrusions, which follow the northnorth-east-trending line of calc-alkaline volcanicity in the
west of the craton. Most of these intrusions cut the greenstone belts. The Western Granite (Harrison, 1969) may be
larger than indicated and possibly occupies more of the
late granite area separating the Shangani—Fort Rixon belt
from the Bulawayo—Invati belt to the west. The Somabula
tonalite cuts gneiss of unknown age, and may extend
northwards to intrude the Upper (ireenstones near Gwelo.
The circa 2 700 rn.y. ages and the low initial 87 SriSr
ratios of 0,701 of the Sesombi and Somabula masses are
statistically indistinguishable from the values obtained
from the Maliyami Formation volcanics themselves (Fig.
I). The low initial ratios of the plutons and volcanic rocks
alike preclude derivation by melting of older crust such as
the circa 3 500 my. gneisses of the Mashaba—Shabani
areas. The Sesomhi and Somabula tonalites and, by analogy, the whole Sesombi Suite, can be regarded as late intrusive expressions of the same magmatic episode which
produced the andesitic and felsic volcanic assemblage of
the western upper development of the Upper Greenstones
(Hawkesworth et al., 1975).

B. The Chilimanzi Suite
In spite of the unreliability of the K-Ar age determinations, the Chilimanzi Suite effectively encompasses the
2 600 m.y. granites of Wilson and Harrison (1973; Wilson.
1973b) with some additions. Most of the intrusions are
medium- rather than coarse-grained, massive rocks. Porphyritic varieties with microcline megacrysts, however.
such as the Matopos granite and other, smaller, intrusions,
occur in the south-west. Petrologically the rocks are dominantly adamellites with local development of granodiorite.
East of the Great "Dyke", in the southern and eastern
parts of the craton, the granites underlie large areas. The
Chilimanzi Batholith north of Fort Victoria extends eastwards to near Umtali and northwards to near Salisbury (N.
M. Harrison, personal communication).
The suite constitutes the last major granitic episode recognisable within the cratonic area and intrudes the older
rocks truncating earlier structures. Locally the granites
have a gneissic fabric but in general they are massive and
even-grained up to their sharp contacts with the country
rocks. They display a thermal aureole up to hornblendehornfels facies and their final emplacement at the levels
now exposed appears to have been passive with stoping
and fragmentation to form xenoliths.
Three major intrusions from the suite, the Chilimanzi,
Victoria Porphyritic and Zimbabwe granites, have been
dated (Fig. I. Nos. 2-5). When the whole rock data from
all three intrusions are plotted as one population, the result is a good isochron, free from any indication of geologi-

SYMPOSIUM O \1I\1 R \! DI POSITS

16

¶10'E

'
INTRUSIONS OF

- -

MASHABA ULTRAMAFIC SUITE
MENTIONED IN TEXT

HASHABA
SHAeANI
VUKWE
© GURUMBA TUM8A-FILABUSI
SHANGANI
MTCHOKOTSHA
@ TEBEKWE
HUNTERS ROAD
QUE QUE

¶95

__

IF

+

•

-

&

- :

_-!

+

• ++*.+++.*+

+

::

:-:.:

- +,

205

.

4 4 •- *

N

-

— —

+

::

20

20

63

+

4*,...

*

,
+

-•

•

4+4+4
(

-

7

+

MAJORLATEGRANITES

Later cover rocks
©

Ci-IILIMANZI

® MATOPOS
BURl

ZIMBABWE

Massive

Chitimeozi Suite
Porphyritic}

- _-

Sesombi Suite

1

f

VICTORIA PORPHYRITIC

(

WHITEWATERS
SESOMBI

CHIBI

SOMABULA

® SELUKWE

LATE GRANITES

WESTERN

SHABANI

U-4EANV

MPOPOTI
7 NALATALE

16 ESSEX VALE

IN VA N ONE

Mashaba - Chibi dykes
MONT O'OR FORMATION

(

Mashabe Ultrarnafic Suite

MUSHANDIKE GRANITE
MASHABA TONALITE
JENYA-MUSWANOIKE SHEAR ZONE

P
•

•

:.

Upper Greenstones
and Shernveian Group)
Lower Greenstones

I

- () INGEZI FOLD BELT

MAIN G REEN STON E
BELTS

Figure 5
Distribution of Late Granites, Mashaba Ultramafic Suite and Mashaba-Chibi dykes relative to the main greenstone belts in the central area
of the Rhodesian Archaean craton (compiled from various sources).

PRELIMINARY REAPPRAISAL Of: RHODESIAN BASEMENT COMPLEX

cal scatter, which gives an age of 2 625 ± 25 my, and an initial RSr,6S r ratio of 0.704 ± 0.012 (Hickman. 1976).
Robertson (1973a) in discussing the origin of several of the
Chilimanzi Suite granites in the south-east of the craton
suggested they were late stage derivatives of the granulite
metamorphism of the Limpopo mobile belt. Hickman
effectively supports this view and explains the somewhat
higher initial "Sr/"Sr ratio of these southern granites by a
derivation from partial melting of certain circa 2 900 M.Y.
gneisses within the mobile belt.
The limited isotopic evidence is therefore compatible
with an origin for the Chilimanzi Suite, as opposed to that
of the Sesombi Suite, by remelting of earlier sialic crust
but exactly which parts of this earlier crust were involved
under the present cratonic area as a whole is only speculative at this stage (see also Hawkesworth and Buckle,
1976).

VII. MINERALISATION
A very important aspect of the Rhodesian Basement
Complex is its economic mineralisation.
Recent papers (e.g. Anhaeusser, 1976 and Fripp. 1976)
have tended to deal with this mineralisation using the
Sehakwian—Bulawayan—Shamvaian triad terminology interpreted in terms of the Barberton model. The groupings
thus arrived at in places differ markedly from the triad terminology as applied by the Rhodesia Geological Survey
(cf. Wiles, 1971).
In the case of the Shamvaian Group. the maps of
•Anhaeusser (1976, p. 65) and Wiles (1971) are identical
save that Anhaeusser assigns the Mont d'Or Formation at
Selukwe to this Group, whereas Wiles assigns it to the
Sebakwian. In the Bulawayan and Sebakwian sub-divisions, however, the differences are much greater. Anhaeusser assigns to the Sebakwian Group, and thereby excludes from Wiles's Bulawayan Group. all greenstone belt
assemblages in which ultramafic rocks and high-magnesium rocks generally, both intrusive and extrusive, are
conspicuous with the exception of the major part of the
Mashaba Igneous Complex. On a strictly lit host rat igraphic
basis there would be justification for this, but Anhaeusser
and also Fripp (1976) use terms such as "Sebakwian
times", "Bulawayan times" and "Shamvaian times" and
thereby imply at least broad time equivalence of the rocks
they assign to these major units.
In terms of the subdivisions used in this paper Anhaeusser's Sebakwian Group covers representatives of the circa
3 500 my. greenstone belts, the Lower and Upper Greenstones and much of the Mashaba Ultramafic Suite. The
Rhodesia Geological Survey's nomenclature as given by
Wiles (1971) is much closer, and in terms of their informal
litho-cum-chronostratigraphic terminology, the circa
3 500 my. greenstone belts are effectively their Sebakwian
Group, and the Lower and Upper Greenstones their
Lower and Upper Bulawayan respectively. The Shamvaian Group distribution in this paper differs from that of
Wiles and Anhaeusser for the reasons given earlier.
These points are stressed because although it is quite
beyond the scope of the present paper to attempt a full discussion of the topic of mineralisation, it is pertinent briefly
to consider, in the light of the time subdivisions here proposed, whether time is to any extent a factor in such
mineralisation. In this respect the occurrences of nickel
deposits are particularly striking. From the Metallogenesis
'76 symposium discussions and papers they appear confined to the Upper Greenstones. Most seem explicable as
part of the ultramauic igneous activity associated with time
equivalents of the Reliance Formation (e.g. the Shangani.
Inyati/Dambo and Hunters Road deposits) but some
nickel mineralisation is also evident in the western bimodal succession (e.g. Perseverance) and in the western
calc-alkaline suite (Empress west of Gatooma). Whether
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the Mashaba Ultramafic Suite is also important is not clear
(e.g. Epoch deposit near Filahusi. Shangani and Hunters
Road deposits). If this distribution is correct and time is indeed a factor in the production of nickel-bearing magmas
then it might explain the apparent absence of nickel in the
Kaapvaal craton where equivalents of the Upper Greenstones have so far not been recognised.
Archaean beryllium-lithium pegmatite mineralisation
(cf. Wilson. 1973b) and the Rhodesian emerald occurrences also show an apparent time preference and are a
feature of some of the Chilimanzi Suite of late granites.
The parameters which control gold mineralisation are
much more complex than time alone and, whatever might
be the age of actual mineralisation, gold deposits are not
confined to any one age of greenstone belt. Since most of
the greenstone belt rocks in Rhodesia belong to the Upper
Greenstones it is not surprising that most of the gold deposits are found within them. However, within the Upper
Greenstones major deposits are conspicuously absent
from the eastern tholeiitic pile (Reliance—Zeederbergstype stratigraphy) in the Gwelo, Fort Rixon—Shangani,
Belingwe and Fort Victoria belts, and also From the western
calc-alkaline suite (Maliyami. Umniati, Ednovean, etc).
Two other minerals, chromite and chrysotile asbestos,
also show a time preference in their major economic
development, but in these cases the preference is largely
fortuitous.
The major deposits of stratiform chromite of the Basement Complex occur from Selukwe to Ma.shaba in the
ultramafic rocks of the circa 3 500 my. greenstone belts
and their remnants (Cotterill. this volume and 1976); if
Cotterill's interpretation of the deposits south-east of
Mashaba is correct, then all such major chromitite deposits fall into this age bracket. Early formed chromite is,
however, a feature of the Mashaba Igneous Complex outside this problematical area and even of the high-magnesium
lavas of the Reliance and Bend formations of the Upper
and Lower Greenstones respectively at Belingwe. In the
Great "Dyke". which is not part of the Basement Complex, but marks the upper limit of the Rhodesian Archaean,
layers of economic chromitite are again developed. Thus
although the circa 3 500 my. occurrences might indicate a
higher proportion of chromium in these earliest magmas,
it seems more likely that they are explicable as a function
of physico-chemical conditions in the magma whereby
chromite settled in sufficient quantities to form economic
deposits. Chromium-bearing magmas seem to have been
available throughout time in the Rhodesian Archaean.
Although chr sotile asbestos is mined in several areas in
the south of Rhodesia, the two major producing areas by
far are those of Mashaba and Shabani in rocks of the Mashaba Ultramafic Suite. No one factor alone controls the
development of economic chrysotile asbestos. Geologically it is a combination of suitable host rocks, the availability of the necessary solutions, and structural control in
the development of suitable fractures.
In the case of the Mashaba-Shabani intrusions the
country rock consists very largely of gneisses of the circa
3 500 my. crustal segment described earlier. This segment
has suffered intrusion at about 3 000 my. in the form of
the Mashaba tonalite, but tectonically it has been effectively a stable block from the circa 3 500 my. deformation
up to the Limpopo deformation somewhere about
2 600 my. ago (Coward and Shackleton, 1975). Effects of
the Limpopo deformation are seen in the Jenya-Mushandike shear zone which extends, as one of intense shearing
with sinistral displacement, from the northern margin of
the Fort Victoria greenstone belt westwards to be cut by
the Great "Dyke" just north of the Belingwe greenstone
belt (FigS).
In both intrusions movement has occurred between the
base of the ultramafic sheet and the underlying gneisses.
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In the Ma.shaba Igneous Complex in particular this basal
thrust, which is also cross-folded on the north-east trend, is
a major control for asbestos development. It occurs along
the base of the north-west-trending, and north-east-dipping, arm of the Complex which extends from Mashaba to
east of the Great "Dyke" where it is cut by the Selukwe
granite of the Chilimanzi Suite (Fig. 5, and cf. Wilson,
1969a, by Movement has been to the south-west. East of
Mashaba there has been south-westerly movement also of
a roughly triangular wedge of largely granitic and gneissic
country. The southern part of this wedge is bounded by
curved shears which splay from the Jenya-Mushandike
zone into the Mushandike granite.
Wilson (1973b, 1968a. b) suggested a causal relationship
between this deformation and the emplacement of the granites of the Chilimanzi Suite, and envisaged a south-westerly slide of the Mashaba Igneous Complex and overlying
gneisses off the rising dome of the Chilimanzi batholith
with final intrusion of such late granites into the deformed
structures. However, the deformation seems traceable
west of the Great "Dvke". Near Selukwe. Stowe (1974) records and delineates late shear zones in the Selukwe nappe
structure. These have the same southerly sense of movement as seen in the Mashaba Igneous Complex basal
thrust and are possibly a continuation of it; these shears,
moreover, also show a north-east-trending cross-folding.
Farther to the north-west the same trends are seen in the
north-west aligned syncline of the Gwelo greenstone belt
in which north-east cross-folds are again evident. Thus the
structures seen could be interpreted as different responses
to a widespread tectonism which affected rocks both of
basement and cover.
The deformation is more readily understood from the
recent work of Coward ci at (1976). They explain deformation in the Limpopo mobile belt and adjacent parts of
the Rhodesian craton in terms of large intracratonic block
movements in which smaller blocks moved relative to one
another and produced local shear zones and zones of flattening deformation. They consider that during the main
periods of Limpopo deformation the Rhodesian cratonic
block moved roughly south-westwards, parallel to the
Limpopo belt. In the south-west of Rhodesia and northeast of Botswana the resultant crumple effect was most intense with shortening of up to 50 per cent within the greenstone belts but less in the intervening granite-gneiss area.
Some of the latter behaved as massive competent bodies
which internally deformed heterogeneously with the production of local mylonitised zones. In the south-east of
Rhodesia the block movement produced north-easterlytrending shear zones. Their concept of "billiard-ball tectonics" in which granites and gneisses behave as solid
competent masses within a less competent matrix seems
an admirable way of explaining the present configuration
of most of the greenstone belts.
Thus the uniqueness of the Mashaba—Shabani asbestos
deposits is not one of time alone, but one of optimum conditions whereby suitable host rocks were present in quantity in the right place at the right time. The time was during
the main phase of Limpopo deformation: the place was
within the competent stable block of the ancient gneissic
mini-craton. The deformation was one of shortening due
to the south-westerly slide, which may also have produced
the cross-folding, and the response was one of limited
block movement internal to the gneissic mini-craton controlled largely by the position of the less competent "lubricants" of the ultramafic sheets. Where deformation has
been too intense, e.g. near the Jenya-Mushandike shear
zone, no major deposits are developed. What part, if any,
the Chilimanzi Suite played in the development of the
deposits is now problematical. Granites of the suite cut the
basal thrust of the Mashaba Igneous Complex within the
mini-craton; whereas other granites assigned to the same

suite, e.g. Inyankuni granite south of Fort Rixon. are deformed. in this case highly sheared, by what seems to be
the main Umpopo deformation.
Of the other major intrusions of the Mashaba Ultramafic Suite none shows such major economic asbestos
development, and some show hardly any economic development at all. All, save two, occur within rocks less
competent than granite or gneiss (the Lower Greenstones). Of these, that section of the Gurumba TumbaFilabusi intrusion which lies in gneisses strikes parallel to
the Limpopo belt and thus to the southern intense shear
direction: whereas the Que Que Uliramafic Complex lies
on the western, faulted and highly sheared margin of the
Rhodesdale batholith and in places is highly carbonated.
The faulted margin, and perhaps the structures controlling
the gold deposits in the Que Que area (cf. Stowe, this volume), may also be explicable on the Limpopo age "billiardball tectonics" scheme of Coward etal. (1976).

VIII. DISCUSSION
The sequence of events in the evolution of the circa
3 500 m.y. gran ite-greenstone terrane was complex and is
not fully understood. It involved the existence of sialic
crust at an early stage - crust which was not characterised by only sodic granites - but whether this predated
the whole succession seen within the circa 3 500 my.
greenstone belts is not clear. The tectonics of this time involved the development of the major recumbent fold/
nappe structure of Selukwe. Stowe (1974) has suggested
that the Selukwe nappe slid northwards from a zone of.
origin now marked by the Ingezi fold belt which lies in
gneissic terrane parallel to, and about 50 km south-west of,
the north-westerly-trending Gwelo greenstone belt. The
dominant "grain", however, of the circa 3 500 m.y. gneissic terrain is northwards. To the east and south-east of
Selukwe as far as Mashaba the highly flattened tightly
folded gneiss terrane with its greenstone belt remnants
looks like the remains of a northerly-trending ancient mobile belt. Thus a source for the Selukwe nappe in this terrain east of the Great "Dyke" seems worthy of consideration as an alternative to Stowe's suggestion: in the light of
the work of Coward ci al. (1976) the Ingezi fold belt may
well be of Limpopo age.
Nearly all of the circa 3 500 my. granites and gneisses
for which isotopic data are available have initial 'Sr/Sr
ratios compatible with an origin from basic lithosphere or
upper mantle. The one marked exception is the Mont d'Or
Formation granite which intrudes the Selukwe nappe. This
has an initial vSr/Sr ratio of 0,711 which is higher than
any of the Rhodesian Archaean granites so far studied ir respective of age. Moorbath ci al. (1976, 1977) argue for an
origin in partial melting of earlier sialic crust with high RbSr contents similar to those seen in the ancient gneisses
near Shabani and suggest the possiblity that the Selukwe
area may be underlain by similar high Rb-Sr crust.
The preserved igneous sequences within the circa
3 500 my. greenstone belts range from peridotitic to
basaltic. Whether felsic volcanicity played any part is not
known. The possibility that some of the problematical
Mont d'Or Formation might contain felsic metavolcanics
seems never really to have been considered: and in the
tighly folded gneissic terrane felsic metavolcanie rocks
would be difficult to recognise. However, with the possible
exception of certain micaceous schists. which form a western extension of the Wanderer Formation north-west of
Selukwe (Maufe ci al., 1919) and perhaps some of the
schists of Macgregor's (1937) "Magnesium System" northwest of Gwelo, felsic igneous activity has not been recorded
in the largest preserved sequences.
In marked contrast, the preserved Lower Greenstones
assemblages are characterised by the remains of major bimodal volcanic sequences with ultramafic/mafic rocks as
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one part and a thick development of felsic rocks as the
other. It could he argued on geological grounds that the
Lower Greenstones are part of the circa 3 500 my. greenstone belts and that they represent a lateral variation from
east to west similar to that evident in the Upper Greenstones coupled with marked decrease in intensity of deformation in this direction away from the ancient mobile belt.
But against this is the major break south and south-east of
Silobela where Lower Greenstones rest with marked unconformity on tightly folded older rocks (Figs. 2 and 3. No.
) here assigned to the circa 3 500 my. greenstone belts.
This break "as originally taken (Tyndale-Biscoe, 1949:
Macgregor. 1951) as equivalent to the unconformity beneath the Wanderer Formation at Selukwe but this now
seems highly unlikely. Thus, assuming that the proposed
regional correlation of the Lower Greenstones is substantially correct, they do not appear to he part of the circa
3500 my. greenstone hells but rather something closer in
time to the Upper Greenstones.
That a time break exists between the Lower and Upper
Greenstories is apparent from the differences in the preserved sequences seen at Belingwe and elsewhere. East of
Silobela a marked thinning in outcrop width of the Sddene Formation from several kilometres to oiilv 2(X) m in
one area (Edwards, in preparation) is explicable by
marked pre-Upper Greenstones erosion; it is not simply
one of intense flattening. Also, at Belingwe the two are
separated by an unconformity and at least one period of
deformation: northwards the basal Manjeri sediments
overlap and cut out the Bend Formation to rest directly on
the Hokonui Formation. There is also the possibility of an
even earlier period of more intense deformation affecting
the Lower Greenstones at Belingwe, but this is not certain
at this stage (a- pen, personal communication). The length
of the time break, however, is not known and radiometric
dating results available on the volcanic rocks themselves
do not serve to evaluate it. Only three Rh-Sr results so far
have included Lower Greenstones samples (Fig. I, Nos. 9,
12 and 13). As mentioned earlier the Hokonui Formation
samples are all Lower Greenstones; the "Lower Bulawayan" samples of Que Que are largely Lower Greenstones: and the Belingwe greenstoile belt samples contain
some Lower Greenstones, but apparently fewer than those
form the Que Que area. All three ages fall in the circa
2 700 my. grouping but perhaps significantly the three are
the only suites which have initial ratios higher than 0.701.
Hawkesworth and Bickle (1976), in discussing the Hokonui samples, suggest that the initial ratio of 0.7056 obtained may be due primarily to the isotopic composition of
the source. Nevertheless the possibility remains that these
high initial ratios are a reflection of pre-Upper Greenstones metamorphism.
In an earlier paper Wilson (1973b) suggested the possibility that the Ma.shaba Igneous Complex and its dyke
swarms, together with other sill-like intrusions including
those of Shahani and Gurumba Tumba. were contemporaneous with the volcanic stages of greenstone belt development such as that seen above the (Manjeri) unconformity near Shabani. On present knowledge this suggestion is now extended to embrace the Ma.shaha Ultramafic
Suite and the Mashaba-Chibi dvkes as described in this
paper and the Reliance-cum-Zeederbergs-type volcanic
pile of the Upper Greenstones as a whole. If the assumption of this broad contemporaneity is correct, and the
Ultramalic Suite and dyke swarms are not something significantly later, then it means that together they mark the
basement to the Upper Greenstones cover sequence and
serve to delineate the geographical extent of what remains
of this basement: the dykes can be regarded as possible
feeders to this volcanic pile. These various intrusions are
best developed east of the Great "Dyke" in the crustal
segment containing the major known development of
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circa 3 500 m.v. old terrane. Significantly, however, within
this area the Mashaha Igneous Complex and dykes also intrude the Mashaha tonalite, dated at 2 970 ± 160 my., implying that the pre-Upper Greenstones basement also contains rocks in this time range.
The Lower Greenstones are clearly part of this basement. Vest of Belingwe the Gurumba Tumha—Filahusi intrusion and amphiholite dykes cut not only the Loser
Greenstones of the Belingwe belt but also the Chinget
tonalite intrusive into them; and farther west still the same
ultramalic intrusion cuts the deformed Lower Greenstones
of the F'ilabusi belt and the adjacent granites (sencu kilo)
which are also dominantly tonalitic. At the north end the
Shangani Layered Ultramafic Body is itself cut by a Western granite-type stock. The Western granite and this stock
are considered part of the Sesombi Suite of late granites.
Thus if the various correlations are correct two tonalite
suites must be present separated in time by the Mashaha
Ultramafic Suite and presumably by the niafic dyke
swarms.
On the basis of these arguments and assumptions it is
suggested that the Lower Greenstones and these earlier
Mashaha-Chingezi type of tonalites together constitute a
granite-greenstone terrane. about 3 (U) my. old, which is
an integral part of the pre-Upper Greenstones basement.
By analogy with the Sesomhi Suite and the Upper Greenstones, these tonalites could he related to the same magmatic episode with produced felsic Hokonui-type volcanicity of the Lower Greenstones.
Exactly what the Gwenoro and Umniati river (Rhodesdale) gneisses represent remains obscure. Their determined ages are such that they could represent deeper
structural levels of the Sesombi Suite or a melting event
just prior to the Upper Greenstones volcanism (cf. Hawkesworth and Bickle, 1976). The first possibility is supported by the lack of known Mashaha-Chihi dykes in the
gneisses: the second by Stowe's (1973) interpretation that
the gneissic complex west of Selukwe is largely basement
to the Selukwe greenstonc belt and, in consequence, to the
Upper Greenstones. Neither piece of evidence is wholly
conclusive. If, however, the second possibility is correct
then the answer may be in the two apparent major bimodal
sequences seen in the Lower Greenstones. Assuming that
major felsie or intermediate-felsic volcanicity developed
in both sequences and that some complimentary tonalitie
plutonism were associated with each, then these enigmatic
gneisses could represent relatively deep plutonism of this
second, and less well-preserved, cycle. In which case the
Lower-Upper Greenstones development and associated
granitic activity could represent a series of successive
events during the approximate timespan 3 000-2 700 my.
culminating in the wideI-preserved sequences shich constitute the Upper Greenstones, and the Sesombi Suite.
Such suggestions are speculative, but nevertheless at this
stage the author prefers to regard the Gwenoro-Umniati
river gneisses as pre-dating the Upper Greenstones.
A wide spectrum of geological environments has now
been proposed for the generation of Archaean greenstone
belts (see Hunter, 1974). Two recent tentative models,
which are essentially attempts to explain the Upper
Greenstones and involve geochemical studies, serve to
highlight the conflicting views in the Rhodesian context.
Condie and Harrison (1976) envisage the lower basaltic
pile mainly as ocean floor, and invoke subduction in their
derivation of the cale-alkaline Suite. Their proposals are
made in the light of Harrison's (1970) interpretation of the
Que Que area stratigraphy.
Hawkesworth and O'Nions (1977), on the other hand,
maintain that, in marked contrast to modern plate margins, the trace element characteristics of the tholeiitic and
most of the calc-alkaline rocks suggest derivation from
chemically similar sources. They argue against subduction
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for the calc-alkaline assemblage and favour, for both rock
suites, an origin in rifting within a continental block.
The model presented by Hawkesworth and O'Nions is
the one preferred in this paper. The correlations already
presented emphasise the wide extent of the pre-Upper
Greenstones basement. Nowhere in the central cratonic
area is there evidence that any part of the Upper Greenstones represents ocean floor: wherever the base of the
succession is known, or thought, to be preserved, it rests
on earlier granitic crust incorporating the remains of the
earlier greenstone belts. Remnants of this basement are
apparent from at least as far east as the (pre-Mushandike
granite) gneisses near Fort Victoria to the Kenilworth Formation of Lower Greenstones east of Inyati. East of Fort
Victoria most of the country is underlain by the late granites of the Chilimanzi Suite. Later cover rocks obscure
much of the western cratonic area but basement is also
evident on the vrst side of the greenstone belt in the Inyati
area as the Hokonui-type felsic volcanic rocks of the
Goodwood Formation and farther north (Figs. 2 and 3). It
also exists in the Rhodesdale Batholith east of Que Que
where the basement cover relation is a faulted one, and
farther east near Umvuma.
Wilson (1973b) earlier suggested that three fracture directions - north-north-east, east-north-east and northwest - controlled the development of the main greenstone belts. The last two mentioned directions can now be
related to the main Limpopo-age deformation as seen
within the craton (Coward et al.. 1976). Only the northnorth-east direction remains as a dominant trend as implied by the distribution of the younger parts of the Upper
Greenstones and the co-magmatic Sesombi Suite of late
tonalites (cf. Hawkesworth and O'Nions. 1977): the true
western extent is obscured by younger rocks but on present exposures there is a characteristic linear distribution.
A length of some 600 km is indicated since the calc-alkaline volcanism extends from the Sipolilo area southwards
beyond the political borders of Rhodesia into Botswana.
This approximate trend reflects the fundamental grain of
the ancient circa 3 500 my. rocks and is seen again in the
circa 3 (XX) my. tonalite in the stable mini-craton; and yet
again in the Great "Dyke".
The Great Dyke" fracture system is not one confined
to the "Dyke" itself, but is seen in the true dykes of quartz
gabbro which flank it on the east and west for most of its
length (East and Umvimeela dykes - Fig. 4). The Popoteke and associated faults are also to be regarded as part of
this fracture system (Wilson, 1973c). These lie parallel to
and some 60 km east of the Great "Dyke": the Popoteke
fault itself has now been traced for some 400 km from near
21°S latitude south of Fort Victoria to east of Salisbury
(Harrison. personal communication). These faults originated as sinistral wrench faults which were subsequently
locally filled by quartz gabbro of presumed Great "Dyke"
age. Several other similar wrench faults can be traced on
the east side of the Great "Dyke" from the area of the
Belingwe greenstone belt northwards to 17S latitude (unpublished reconnaissance. J.F.W.) and undoubtedly
extend farther north still.
Pretorius (in Sutton, 1971) has suggested that the Great
Dyke" formed in a fracture system which developed in
the rigid block of the Rhodesian craton during movement
in adjoining mobile belts. Coward et at (1976) also look to
large intracratonic block movements to explain deformation in the Limpopo belt and within the Rhodesian craton:
their main (F 2 and F3 period was possibly largely responsible for the present configuration of the greenstone belts
which is mainly one of the Upper Greenstones. They also
hint at a possible connection between their later (F 4
period and the Great "Dyke" although it is now apparent
that their F 4 deformation predates the Great "Dyke' fracture system as described here.
)

)

It seems reasonable, therefore, to explain the initiation
of the suggested rifting for the Upper Greenstones also by
intracratonie block movements between what is now the
Limpopo Belt in the south and possibly a subparallel belt
in the north-west, whereby craton-wide fractures on an approximately north-north-easterly trend were produced in
the Rhodesian block, which was effectively the pre2 700 my. craton. but not in the stable Kaapvaal mass to
the south. The Lower Greenstones might have originated
in similar, even earlier, movements. If this is so then intracratonic block movements, whatever might have been
their fundamental cause, may have been operative with
different degrees of intensity at intervals from around
3 000 my. to 2 500 m.y. By 2 500 m.y. the Rhodesian
block, finally stabilised by the widespread adamellitic late
granites. fractured sufficiently to produce only the Great
"Dyke" pattern: and thus in the Great "Dyke" itself, the
magma of which was some type of magnesium-rich tholeiite, we are perhaps seeing a last abortive attempt at a
Rhodesian Archaean greenstone belt.

IX. SUMMARY AND CONCLUSIONS
The Rhodesian Basement Complex consists of granitegreenstone terrane of at least two different ages. One is
about 3 500 my. old and the other about 2 700 my. old.
The greenstone belts of the latter constitute most of the
main greenstone belts of Rhodesia.
The major development of circa 3 500 m.y. rocks occurs
within a roughly triangular crustal segment with Selukwe,
Fort Victoria and Shahani near the approximate corners.
The segment is dominantly gneisses with infolded greenstone belt remnants the largest of which are at Selukwe
and Mashaba. The greenstone belt rocks comprise various
metasupracrustal and other mafic and ultramafic types.
The preserved gneisses and granites (.cencu lato) are tonalitic to granodioritic. Boulders within a conglomerate in
the greenstone belt at Selukwe indicate granitic events
from sodic to potassic predating this conglomerate, but
whether this early sialic crust predated the whole greenstone belt succession is not clear.
Greenstone belt remnants of presumed circa 3 500 my.
age also occur within the Rhodesdale and Shangani batholiths.
The ancient rocks, where unaffected by later tectonism,
have a dominant northerly trend: the deformation, particularly in the main crustal segment. is that of an early
mobile belt. The Selukwe nappe structure is part of this
early deformation.
With the Belingwe greenstone belt as a starting point
major stratigraphic units can be correlated across the main
greenstone belts over a large central region of the craton
and apparently elsewhere. On this basis the main greenstone belts can he divided into the Lower Greenstones and
the much more extensive Upper Greenstones. The Upper
Greenstones are about 2 700 my. old, but the age of the
Lower Greenstones is not known. They were deformed
and eroded prior to the deposition of the Upper Greenstones and may represent part of a third granite-greenstone assemblage about 3 000 m.y. old but this requires
further study.
The Lower Greenstones are most fully developed at
Belingwe where there are the remains of possibly two
major ultramafic/mafic-felsic bimodal volcanic sequences.
Elements of these units can be recognised forming the
lowest parts of the main greenstone belts elsewhere in the
southern central area of the craton particularly rimming
much of the Shangani batholith. North-west of Gwelo the
Lower Greenstones lie with marked unconformity on presumed circa 3500 m.y. greenstone belt rocks. Elsewhere
the basal parts of the Lower Greenstones are intruded by
granites (sensu taro).
In much of the south central cratonic area the base of
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the Upper Greenstones is marked by a thin, but persistent.
sedimentary formation which can be traced over many
kilometres. The succeeding volcanic rocks consist of a
thick development of massive and pillowed tholeiitic
basalt lavas largely devoid of iron-formation horizons and
conspicuous in all the major belts. At Belingwe and in several other areas the lowest part of this thick unit is characterised by magnesium-rich rocks including spinifextextured peridotitic flows. Thereafter, above this total volcanic pile, the succession in the east differs from that in
the west.
In the east the thick basaltic pile is overlain by dominantly pelitic shallow water sedimentary rocks with local
development of iron-formation and limestone. These cap
the Upper Greenstones succession at Belingwe but in
others of the greenstone belts in the east this unit is overlain by, and in part interbedded with, a further thinner
development of basaltic lavas.
In the west the thick basaltic pile passes upwards into
repeated bimodal mafic-felsic volcanism, on different
scales, with sediments derived from the felsic rocks, some
iron-formation and a few limestones. The mafic parts of
this volcanism in several places contain spin ifex-textu red
high-magnesium rocks. This total western bimodal succession is the time equivalent of, and can be traced laterally
into, the eastern pelite-dominant sedimentary unit and its
overlying basalts. The western bimodal volcanic pile is
succeeded by an andesite-dominant calc-alkaline volcanic
suite which was not developed in the east. These two
upper western units are confined to a broad north-northeasterly-trending zone which can he traced across the
craton.
In the west and south-east sedimentary rocks of the
Shamvaian Group unconformably overlie the Upper
Greenstones. In the south-eastern area some felsic volcanic rocks occur in this group.
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The Upper Greenstones cover sequence was deposited
on a basement which consisted of earlier granite-greenstone terrane embracing the circa 3500 my. rocks, the
Lower Greenstones. tonalite intruded at circa 3 000 m.y.
and possibly gneisses dated at 2 800 my. The extent of this
basement is largely delineated by the extensive Mashaha
Ultramafic Suite of layered intrusions and sills and by the
Mashaba-Chibi dyke swarms, which together are regarded
as time equivalents of the widespread thick tholeiitic (and
high magnesium) part of the Upper Greenstones.
Two suites of granites can be recognised cutting, or
otherwise post-dating. the Lower Greenstones. The
Sesombi Suite of tonalites occurs in the west parallel to the
north-north-easterly line of the western development of
andesitic and felsic rocks. The later Chilimanzi Suite of
adamellites, the last major granitic event predating the
Great "Dyke", occurs in the east and the west, but the
largest masses are developed in the east.
The stratigraphic correlations of the Upper Greenstones
indicate that they are the remains of a much wider cover
sequence which was subsequently deformed to give very
largely the present configuration of the Rhodesian greenstone belts.
Of the five occurrences of stromatolitic limestones
known in the Rhodesian Archaean all occur within the
Upper Greenstones.
Nickel mineralisation is apparently also confined to the
Upper Greenstones.
It is suggested that the Upper Greenstones originated in
a rifting environment: that this rifting developed on a
north-north-easterly trend within the pre-Upper Greenstones basement which constituted the then craton and
was confined to this craton; that the rifting was initiated by
intracratonic block movements between the approximate
positions of the present Limpopo mobile belt and possibly
that of a sub-parallel belt in the north-west. The Lower

TABLE II
Summary of Major Events in the Rhodesian Archaean Craton

2500

GREAT "DYKE'

26(X)

CFIILIMANZI-SUITE GRANITE

2 700
2 800

SESOMBI-SUITE GRANITES
SHAMVARN GROUP
UPPER GREENSTONES
(Upper Bulawayan Groupt)

-

WEST
Sesombi Suite
Shamvaian Group

Sharnvaian Group

-

ICaic-alkaline
I Malic/high Mgtsic bimodal

Mafic (some high Mg)
sediments

/ E

I ,

J

Thoteiitic_

,High Mg

EAST

Tholeiitic
High Mg

MASHABA-CHIBI DYKES
AND MASHABA ULTRAM AFIC
SUITE

2 900
3000

MASHABA TONALITE
LOWER GREENSTONES----------(Loser Bulawayan Group*)

Mafic/high Mg-fetsic bimodal
volcanism.

3 100
3200
3 300
3 400

MONT DOR FORMATION GRANITE

3500

MUSHANDIKE GRANITE
SELL KWE NAPPE
CI RCA 3 5(J) my. GREENSTONE BELTS
(Sebakwian Group) and GRANITES

3600

IMafic volcanism, sediments
- -I - Mafic and Ultramafic volcanism
and intrusion

*nearest equivalent in terminology used by Rhodesia Geological Survey

Granites
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Greenstones perhaps originated in even earlier similar
movements.
If these suggestions are correct then intracratonic block
movements of different degrees of intensity have been
operative over a period of perhaps 500 my. ending with
the production of the Great "Dyke" fracture pattern and
the intrusion of the Great "Dyke" magma.
The major events in the development of the Rhodesian
Archaean craton are summarised in Table H.
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AUTHOR'S NOTE .kl)I)EI) IN PROOF,
FEBRUARY 1979
Orpen's preliminary stratigraphic terminology for the
western development of Lower Greenstones in the Belingwe
belt is used in this paper. In his latest nomenclature (Orpen.
1978) he has elevated what are here termed the upper
member of the Bend Formation and the lower member of the
Hokonui Formation to formation status under the names
Koodoovale and Bvute respectively.
Since the reading of this paper in September 1976, a new
edition of the geological map of Rhodesia and an explanatory
bulletin have been published (Stagman. 1977 and 1978). In effect these adopt the subdivisions advocated here for the greenstone belts, but retain the Sebakwian-B ulawayan-Shamvaian
Group terminology. In addition, recent mapping by the
Rhodesia Geological Survey has confirmed a Reliance-type
stratigraphy at the base of the Upper Greenstones at Gwelo
and to the north-west (Cheshire el al.. 1978). It has also confirmed a western succession Upper Greenstones type of
stratigraphy in the Salisbury greenstone belt with possible
stromatolites in one area: about 40 km north of Salisbury the
Upper Greenstones unconformably overlie a Lower Greenstones felsic volcanic succession (Clay, 1978).
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Jahn and Condie" have recently offered an age of 3.080±60
Myr (2(; errors) for the Bula.ayo-Que Que greenstone belt, but
it is difficult to place any geological significance on this result.
Geographically their data points involve a spread of 200 km and
stratigraphically they range from Lower Greenstones to the
upper part of the Upper Greenstones. Moreover their selection of
12 data points from the 50 considered, seems somewhat arbitrary 1

in the hg/il of the new correlations and recent age
determinations.

The -- 3,500 Myr terrain

A REVIEW' ofavailable field and geochronological data allows the
recognition and partial delineation of granite-greenstone terrains
of different ages within the Basement Complex of the Rhodesian
Archaean craton. The oldest terrain is 3,500 Myr old and
occurs in the southern and central parts (Fig. I and Table I). Its
greenstone belt remnants equate largely with the Sebakwian
Group of the Rhodesia Geological Survey as delineated by
Wiles 2 . The main greenstone belts are younger and can be divided
into the widespread Upper Greenstones and the more problematical Lower Greenstones which together correspond largely to the
Bulawayan Group of Wiles. The Sebakwian and Bulawayan
Groups as delineated by Anhaeusser 3 , on the basis of the
Barberton model, do not correspond to those of Wiles, or to the
subdivisions recognised in this paper.
The age of the Lower Greenstones is obscure. They were
deformed and eroded before the deposition of the Upper Greenstones. The results obtained so far on Lower Greenstones
material yield ages in the 2.700 Myr bracket, but initial
81 Sr 186 Sr ratios are higher than the near 0.701 values typical of
the Upper Greenstones. Whether such high initial ratios (for
example 0.7056±0.002. Hokonui tuffs') merely reflect the primary composition of these rocks, or can be taken as evidence for
metamorphic rotation of the isochron to an age significantly
younger than their age of formation, is still debatable. On
regional grounds' it is possible that the Lower Greenstones are
part of a granite-greenstone terrain incorporating tonalites and
gneisses (for example the Mashaha tonalite and Chingezi gneisses
2,900 My (Table I; refs 4,5).
south-west of Belingwe) dated at
2.700-Myr-old and the low initial
The Upper Greenstones are
Sr , Sr ratios are consistent with this being an age of eruption'.
In the south-east and the west the Upper Greenstones are overlain
by the sedimentary Shamvaian Group.

The largest development of 3.500-Myr-old rocks occurs within
a roughly triangular crustal segment with Selukwe. Fort Victoria
and Shabani near the approximate corners". Much of this
segment consists of gneisses such as those around Shahani, and
the Tokwe gneisses west of Mashaba (Table I). Most are tonalitic
and highly deformed and, together with the infolded greenstone
belt remnants, look like the remains of an ancient, northerly
trending. mobile belt. Between Mashaba and Fort Victoria the
gneisses are cut by the 3.500-M yr-old Mushandike granite" 0,
and elsewhere by younger granitic rocks'. The greenstone belt
remnants sithin the segment. and the presumed 3.500 Myr-old
remnants elsewhere in the central cratonic area (Fig. I). consist of
various sedimentary and igneous metasupracrustal rocks and
other mafic and ultra-mafic types. Felsic metavolcanic rocks are
apparently absent, although they would he difficult to recognise
within the gneisses. Outside the triangular segment it is not clear
how much of the associated gneissic terrain is ' 3.500 Myr old.
The best documented of the larger areas of 3,500-M yr-old
greenstone belts is the Selukwe area. Here the succession is
inverted and forms the lower limb of a large recumbent fold
structure, called the Selukwe nappe' '''. This structure is cut by
granite of the Mont d'Or formation dated at ' 3.400-Myr-old 16 .
The rocks of the Selukwe greenstone belt are largely metavolcanic, ranging from basaltic to peridotitic. but they also include a
chromitite-bearing ultramafic intrusion. About half-way up the
succession is the sedimentary Wanderer formation, the basal
conglomerate of which rests with a marked unconformity on the
deformed and eroded ultramafic intrusion. Boulders within this
conglomerate are particularly significant since they include
gneissic tonalite and granodiorite. massive adamellite and pegmatite' . indicating the presence of complex sialic crust predating
at least part of the 3.500-Myr-old greenstone belts.
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The - 2,900 Myr terrain
2.900-Myr-old granitic event, which was considered
A major
to represent a minimum age for the main greenstone belts, was

postulated by Wilson' 3 on the basis of conventional K/Ar
results' 8 from a number of granites and gneisses in the central
cratonic area. Subsequent Rb/Sr work disproved this and showed
these K/Ar data to be quite unreliable as indicators of age of
intrusion.

Two more recent Rb/Sr results'- 5 , however, confirm the
presence of 2,900-Myr-old granitic rocks within the craton.
These rocks, which form part of the pre-Upper Greenstones
basement, are the homogeneous. slightly foliated Mashaba tonalite, which effectively separates the 3,500-Myr-old rocks
between Mashaba and Selukwe, and the highly flattened tonalitic

Chingezi gneisses' 9 on the west side of the Belingwe greenstone
belt (Table I). The Chingezi tonalite, lithogically similar to the
Mashaba tonalite. intrudes the Chingezi gneisses and the Lower
Greenstones (Hokonui formation) west of Belingwe. It is so far
undated, but it may also be part of the 2.900-Myr-old terrain.

The main greenstone belts
J.F.W.' has correlated the main stratigraphic units of the

Belingwe greenstone belt 2023 across the central cratonic area.
The Belingwe belt consists of two sequences. the Lower and
Upper Greenstones, separated by an unconformity and by at least
one period of deformation. The Lower Greenstones flank the
Upper Greenstones on the western and southeastern sides of the
belt (Fig. I).
The topmost (Bend) formation, in the western development of
Belingwe Lower Greenstones. consists of alternating pillowed
mafic lavas, spinifex-textured peridotites and intercalated banded

iron-formation, capped by a thick conglomerate member which
contains an interbedded unit of felsic agglomerate. Boulders in
the conglomerate include granitic types. Underlying the Bend
formation is the Hokonui formation (Table 1) which consists
predominantly of felsic flows and pyroclasts. Below the I -lokonui
formation is a poorly exposed unit of amphibolites. in folded with
the 2.900-Myr-old Chingezi gneisses. The status of this unit is
obscure, but we have included it with the Lower Greenstones in
Fig. I.
The Lower Greenstones on the south-east side of the Belingwe
belt (the Brooklands formation) pass upwards from quartziles,
chloritic grits and conglomerates into high-magnesium lavas
which are locally pillowed and alternate with phyllites and banded
iron-formation. The conglomerates contain tonalite clasts. The
basal contact of the Brooklands formation is not exposed. but its
relatively undeformed greenschist facies rocks abut on to complexly deformed 3.500-Myr-old gneisses 5 .
The thin Manjeri formation forms the base of the unconformably overlying Belingwe Upper Greenstones. It consists of
local developments of clastic shallow water sediments and limestones, capped by a persistent horizon of predominantly sulphide
facies banded iron-formation. On the west side of the belt the
Manjeri formation lies on Lower Greenstones: on the east side, it
transgresses the Brooklands formation to lie with well-exposed
unconformity on the 3,500-Myr-old Shabani gneisses 20 ' 21 .
Succeeding the Manjeri formation is a thick tholeiitic volcanic
pile of massive and pillowed basalt and metabasalt flows with
some high-magnesium basalt and subsidiary sills, the whole
largely devoid of sediments. The lowermost part of this volcanic
sequence is dominated by high-magnesium rocks including pilowed and spinifex-textured peridotite flows and is known as the
Reliance formation: the thicker, major part is the Zeederbergs

formation 211.21. Capping the Zeederbergs formation are the

dominantly pelitic shallow-water sedimentary rocks of the
Cheshire formation, with locally developed banded ironformation and limestone.
Figure I shows the distribution of the Lower and Upper
Greenstones in the central cratonic area'. Detailed comparisons
within the Lower Greenstones are difficult but elements of the
Belingwe succession can he recognised. Prominent in all occurrences west of the Great 'Dyke' is a thick unit of Hokonui-type

Table I Rb/Sr whole rock isochron ages and initial ' Sr/''Sr ratios from
the Rhodesian Archaean craton
Rock unit
Great'Dyk& 4 "
Late Granites Chilinianzi Suite
Chihmanzi I
Zimbabwe' 11.36
Victoria Porphvritic' 11.36
All three on one isochron 36
Late Granites-Sesombi Suite
Sesombi"
Somabula 8
t.J pper Greenstones
Maliyami Formation, Que Que area'
Bulawayo greenstone belt'
Salisbury greenstone belt'
Mixed Upper and Lower Greenstones
Belingwe greenstone belt
'Lower Bulawayan'. Que Que area'
Lower Greenstones
Hokonui Formation, Belingwe 4 "
Guenoro gneisses. south-west of
Selukwe 6
Gneisses. Umniati River, Rhodesdale
hatholith, north-east ofQue Que 8
Mashaba tonalite 45
Chingezi Gneisses. Belingwe 5
- 3,500 Myr terrain
Mont d'Or formation granite,

Sel u kwe U

Rb decay constant 1.39 x tO

°Sr''Srinitial

2,514±16

0.7026±0.0004

2,620+80
2.610+60
2.660 ± 70
2.625 +25

0.7035 + 0.0080
07044 ± 0.0018
0.7025 ± 0.0030
0.7040±0.0010

2,690±140
2.650±80

0.7008±0.0008
0.7012±0.0004

2,720+140
2.540± 180
2,730+60

0.7010 +0.0004
0.7015 ± 0.0004
0.7012 ± 0.0007

2,760+70
2.530±280

0.7029 +0.0002
0.7034±0.0012

1620± 120

0.7056±0.0005

2.780±60
2,760±80

0.7011 ±0.0002
0.7015±0.0004

2,970+160
2,884+92

0.7013 ± 0.0008
0.7017 ± 0.0005

3,420± 120
3,520+260
3,570±120
3,580±400

Mushandike granite ° ' 36
Gneisses, Shahani area"
TokweGneisses, Mashaba area'
*8

Age (M yr )*

yr

0.711 ±0.002
0.7017±0.0030
0.7000±0.0010
0.701±0.002

. All errors at 2e level

Table 2 Simplified western and eastern successions of the Upper
Grcenstones'
Western succession

Eastern succession

Cale-alkaline suite of basalt, andesite. dacite flows and pvroclasts:
some mafic sills. (?±4 km thick

Not developed

Bimodal volcanic suite: tholeiitic
and magnesium-rich basalt and
metabasalt pillowed and massive
flows, some peridotites: alternating with dacitic flows. tuffs and
agglomerates. Grits and conglomerates locally derived from
pyroclasts. Sericitic schists. Mafic
sills: banded iron-formation phyllites, local limestones in places
stromatolitic. ('?± 4 km thick)

Tholeiitic and some magnesiumrich basalt and metabasalt pillowed and massive flows. (? 1-2 km
thick)

As for eastern succession

Tholeiitic basalt and metahasali
pillowed and massive flows. Basal
development of peridotitic and
magnesium-rich basalt flows. Subsidiary sills. Minor pyroclasts. (Up
to 7 km thick)

As for eastern succession

Phyllites. banded iron-formation.
local conglomerates and grits:
some limestones in places stroma
tolitic. (Up to 2 km thick)

Banded iron-formation, local conglomerates and grits, some limeStones in places stromatolitic. (Up
to 0.25 km thick)

t'elsic volcanic rocks and derived schists. whereas the linear
Mweza greenstonc belt 25 , south-cast of Belingwe. contains a
sequence possibly transitional between the Bend and Brooklands
formations. North-west of Gwelo the Lower Greenstones lie with
marked unconformity (refs I. 26 and D. Edwards personal
communication) on presumed 3.500-Myr-old greenstones:
elsewhere their lowest preserved sequences are intruded by
granitic rocks.
Correlations' for the Upper Greenstones in the central cratonic
area are. however, clearer. in much of the southwestern part of
the area, covered by Fig. I. the base of the Upper Greenstones is
indicated by a thin Man en-type marker unit which can be traced
or mans kilometres and from greenstone belt to greenstone belt.
This is succeeded by a thick Zeederbergs-type volcanic pile which
is conspicuous in all the major greenstone belts and equates with
the basaltic greenstones of' Macgregor's Bulawayan System 2728 .
In several areas the basal part of this succession is a highmagnesium Reliance-type volcanic assemblage. Thereafter, howeves, above this total volcanic pile the succession in the eastern
central cratonic area differs from that in the west'.
In the east the volcanic pile is capped by Cheshire-type
sediments, which are overlain by, and in part interbedded with, a
further development oftholeiitic lavas not seen at Belingwe. in the
west the thick basaltic pile passes up into repeated bimodal maficfelsic volcanism on different scales in which tholeiitic and in places
high-magnesium spinifex-textured (basaltic and periodotitic)
flows alternate with felsic flows and pyroclasts. Sediments derived
from the felsic rocks, as well as banded iron-formation and a fes
limestones, are also a feature of this bimodal succession. Where
metamorphosed and deformed, the felsic rocks are sericite schists.
Wilson' has shown that the western bimodal succession is the
time equivalent of. and can be traced laterally into, the eastern
pelite-dominant sedimentary unit and its overlying basalts. Succeeding the himodel pile is an andesite-dominant. caic-alkaline
volcanic assemblage, ranging from basalt to dacite, which was not
developed in the east. These two upper western units are confined
to a broad zone trending approximately north-north-east across
the central cratonic area. In the Que Que and Gatooma areas the
bimodal succession includes most of the loosely defined Felsic
formation of Harrison 21-3 ' and Bliss 31 , whereas the caic-alkaline
assemblage embraces the Maliyami formation (Table 1) and the
Umniati group respectively of these two authors.
J.F.W.'s' correlations across the greenstone belts also allow
the rationalisation of the known occurrences of' Rhodesian
Archean stromatolites which now number five (Fig. I). All of

these occur in the Upper Greenstones. Two occur in limestones of
the basal formation below the thick tholeiitic pile: one at
Belingwe 20 . and one at Redcliff south ofQue Que (C- A. Castelin,
personal communication). Three occur in limestones above the
thick tholeiitic pile: one at Belingwc 20 . one south-east of Redcliff
(C. A. Castelin. personal communication) and one. the Huntsman
limestone stromatolites of Macgregor", some 60 km north of
Bulawayo.
Table 2 summarises the western and eastern successions of the
Upper Greenstones. Figure 2 shows their most likely distribution
.33,34.
in the craton as a whole'
The Shamvaian Group unconformably overlies the Upper
Greenstones in the west, east and south-east of the craton'. The
characteristic main rock types are arkoses and sub-greywacke
types. rapidly deposited in shallow water and derived from a
mixed granitic-volca nic terrain.

Late granites and mafic—ultramalic intrusions
Two suites of late granitic rocks can he recognised post-dating the
Upper Greenstones and the Shamvaian Group (Fig. 3). The
Sesombi Suite s oftonalites and associated granodiorites occurs in
the west parallel to the north-north-east trending line of the upper
units of the western succession of the Upper Greenstones. The
2,700 Myr ages and the low initial 8 Sr TM6 Sr ratios of the
Sesombi and Somahula tonalites. the two members of the suite so
far dated, are indistinguishable from those obtained from the
(Maliyami)calc-alkaline volcanic rocks themselves (Table I). The
two intrusions, and by analogy the whole suite, can be regarded as
late plutonic expressions of the same magmatic episode which
produced the andesites and dacites of the calc-alkaline assemblage. The low initial ratios preclude sources for these volcanics
rocks and tonalites in remelting of earlier granite-gneiss terrain 4635 .
The later - 2.600-Myr-old Chilimanzi Suite of intrusions
(Table I ) constitute the last major pre-Great 'Dyke' granitic event
in the craton. Petrologically the rocks are dominantly adamellites
with local development of granodiorite. The intrusions occur
across the craton, but are particularly extensive in the southern
and eastern parts. In the southern part of the craton in particular.
the intrusions show an east-north-east trend parallel to the
Limpopo mobile belt. The strontium isotope data available are
compatible with an origin for the Chilimanzi Suite in the
remelting of earlier sialic crust"`.
The Mashaba Ultramafic Suite of layered intrusions, together
with certain dyke swarms collectively termed the Mashaba-Chihi
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Fig. 2 The main greenstone belts of the Rhodesian Archaean
craton with the Great 'Dyke' and its associated intrusions and major
fractures. (I) Umvimeela Dyke; (2) Great 'Dyke': (3) East Dyke: (4)
Popoteke Fault. The dotted line indicates the division between the
western and eastern successions of the Upper Greenstones.
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Fig. 3 Distribution of late granites. Mashaba Chihi dykes and
Mashaha Ultramafic Suite in relation to the main greenstone belts in
central area of Rhodesia Archaean craton. I. Sesombi tonalite: 2.
Somabula tonalite: 3. Chilimanzi hatholith: 4. Victoria Porphyritic
granite: 5. Zimbabwe batholith: 6. Mashaba Igneous Complex; 7.
Shabani intrusion; 8. Gurumba Tumba-Filabusi intrusion; 9.
Shangani intrusion.

dykes (Fig. 3). are considered to be broadly contemporaneous
with the thick tholeiitic (and high-magnesium) pile which forms
the lower part of the Upper Greenstones. None of the intrusions
or dykes has yet been dated. but available field evidence places
them clearly between the Chilimanzi Suite ( 2.600 Myr) and the
2.900-Myr-old granitic terrain: they are apparently confined
to rocks which pre-date the Upper Greenstones.
The best-documented of the layered intrusions are those of
Mashaba and Shabani 37° , which cut the crustal segment
containing the major development of 3.500-Myr-old rocks.
The major development of dyke swarms is also within this
segment. Some constitute a modified ring and radial pattern and
are late phases of the Mashaba Igneous Complex3 38: ot.hers are
later than the radial swarms and strike east-north-east. The dykes
and the Mashaba Igneous Complex also intrude the Mashaba
tonalite in this crustal segment.
To the west, dykes and the Gurumba--Tumba Filabusi intrusion
cut the Lower Greenstones (Hokonui formation) of the Belingwe
belt as well as the Chingezi tonalite and gne i sscs i 23 . North-west
of Shangani an undated stock of Sesombi-Suite type truncates the
Shangani intrusion

Discussion
The Rhodesian Archaean craton contains granitic rocks intruded
2.900 Myr
3,500 Myr,
during at least three separate events
and 2,700-2,600 Mc). The 3.500-Myr- and the 2,700-2,600Myr-old events are both associated with greenstone volcanicity
and sedimentation. The 2.900-Myr event may well be associated with the Lower Greenstones, if the Chingezi gneisses and
Mashaba-type tonalites represent pluronism complementary to
the Lower Greenstones felsic volcanicity.

The status of the Gwenoro and Umniati Riser gneisses is still
obscure. They give ages younger than 2.900 Myr (2.780±60 and
2.760±80 Myr. Table I). The Mashaba Ultramafic Suite and the
Mashaba Chibi dykes serve largely to delineate the pre-Upper
Greenstones basement. In neither of these two areas of gneisses.
however, have representatives of these intrusions or dykes been
recognised. Thus these gneisses could be related to an early phase
of the 2.700 Myr-old Sesombi Suite. Alternatively they could
equally represent a late stage of tonalitic plutonism comI i3
mapplimentary to the Lower Greenstones. since Stow&si
ping supports a pre-Upper Greenstones age for the Gwenoro area
gneisses.
The strarigraphic correlations proposed by J.F.W.' emphasise
that the Upper Greenstones are the remains ofa widespread cover
sequence which was subsequently deformed to give. very largely,
the present configuration of the main greenstone belts. There is
now clear evidence of an extensive basement to this Upper
Greenstonescoer. This basement consisted of the 3.500-Mv rold granite- greenstoneterrain. gneisses and tonalites intruded at
2.900 Myr. the Lower Greenstones, and possibly gneisses
dated at 2.800 Myr. Remnants can be seen as far east as the
(pre-Mushandike granite) gneisses near Fort Victoria. to the
Loner Greenstones on the west side of the greenstone belt north
of Bulawayo, and east of Que Que (Fig. I).
The two differing volcanic provinces recorded in the Upper
Greenstones would, on any modern analogy, correspond to the
constructive and destructive phases of plate cycle. Perhaps some
of the closest modern analogues to the basal sedimentary and
volcanic formations are in rifted continental areas, such as
Svartenhuk in west Greenland and the Karoo Super Group in
southern Africa. Perioditic lavas are apparently restricted to the
Archaean, but these younger rifted areas do contain highmagnesium basalts at the base of thick, near sediment-free, piles
i 42
What is not clear, however, is whether a
of basaltic volcanics4
tectonic regime responsible for rifling in the Archaean also
produced major ocean basins elsewhere, as happened in these
Phanaerozoic examples.
The present areal distribution of volcanic rocks in the younger
parts of the Upper Greenstones, on the other hand, is reminiscent
of modern destructive continental margins (Fig. I); the true
western extent of the calc-alkaline suite is obscured by younger
rocks, but on present exposures there is a characteristic linear
distribution. It is debatable, however, whether this necessitates
an origin in a regime analogous to present-day plate tectonics
involving subduction. Hawkesworth and ONions 35 , for instance,
point out that. in marked contrast to modern plate margin
examples. the tholeiites and calc-alkaline rocks of the Upper
Greenstones have trace element characteristics which suggest
derivation from chemically similar sources. They favour rifting
within a continental block for both rock suites which is compatible also with the wide extent of the pre-Upper Greenstones
basement as now established. Nevertheless it is intriguing that if
plate tectonic model is adopted, the Upper Greenstones could
record both the creation and subsequent destruction of an
Archaean ocean basin.
In considering rifling models it is interesting to observe the reoccurrence through time of a near north-northeasterly trend in
the Rhodesian Archaean. This is the tectonic trend of the Upper
Greenstones, in particular the caic-alkaline suite; it reflects the
fundamental grain of the ancient 3,500-Myr-old rocks: and is
seen again in the — 2.900-Myr-old Mashaba tonalite. More
significantly perhaps it is the trend of the Great 'Dyke' fracture
system'. This includes the line of layered malic ultramafic
intrusions which constitute the Great 'Dyke' itsell" 3 the Umvimeela and East (true) dykes; and a number of pre-East dyke
sinistral wrench faults of which the Popoteke fault is the longest
(Fig. 2).
Pretorius (in ref. 44) has suggested that the Great 'Dyke'
formed in a fracture system which developed in the regional block
of the Rhodesian craton during movements in adjoining mobile
belts. Katz" has proposed that the Limpopo mobile belt is a
transform zone which, during its initiation, developed the green:
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Fig. 4 Summary of major events in the Rhodesian Archaean craton' *, Nearest equivalent in Rhodesia Geological Survey terminology.

stone belts on the Rhodesian and Kaapvaal cratons in a rift-ridge
system at high angles to it. with subsequent reactivation of this
transform zone to produce the rift of the Great 'Dyke'. Others"'
have looked to large intracratonic block movements to explain
deformation in the Limpopo belt and within the Rhodesian
craton.
Accepting a rifting model for the initiation of the Upper
Greenstones. and bearing in mind that these - 2.700-Myr-old
rocks have not been recognised south of the Limpopo belt in the
Kaapvaal craton, it seems reasonable also to accept that major
intracratonic block movements across what is now the Limpopo
mobile belt (and perhaps even also involving a sub-parallel belt to
the north') were accompanied by craton-wide fracturing in an
approximately north-north-east trend confined to the Rhodesian
block, which was effectively the pre-2.700 Myr craton. If this is so
then intracratonic block movements, whatever might have been
their fundamental causes, have been operative with different
degrees of intensity from about 2,700 Myr to 2.500 Myr ago. If the
Lower Greenstones had an origin in similar earlier movements,
and some of the Limpopo gneisses are
2.900-Myr-old 36 , then
the period is possibly 3.000 Myr to 2,500 Myr. By
2.500 Myr
the Rhodesian block, finally stabilised by the widespread Chiliman/i Suite of late granites, fractured sufficiently to produce only
the Great 'Dyke' pattern: and thus, in the Great 'Dyke' itself, the
magma of which was some kind of magnesium-rich tholeiite 4849 ,
we are perhaps seeing a last abortive attempt at a Rhodesian
Archaean greenstone belt' 50 .
Figure 4 summarises the major events in the developments of
the Rhodesian Archaean craton.
This paper forms part of the Archaean Crustal Study of the
Geology Department of the University of Rhodesia, in cooper ation with the Universities of Leeds and Oxford. We thank the
Director. Rhodesia Geological Survey, for the use of the unpublished material of A. Martin. D. Edwards, J. D. G. Muirhead.
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INTRODUCTION
The Archaean shield of Rhodesia consists of the sedimentary
and volcanic piles of the greanstone belts, the associated gneissee
and granitic rocks, and certain ultramafic layered intrusions and
mafic dyke swarms. This total assemblage constitutes the Basement
complex which, together with the Great "Dyke", forms the Rhodesian
Archaean craton (Bliss and Stidoiph, 1969; Wilson, 1973b and 1979).
The Great "Dyke" cuts across the Basement Complex and, with an age
of approximately 2500 Pie marks the upper limit of the Archaean*

Later cover rocks ranging from Proterozoic to Recant obscure
much of the northwest sector, but the craton is bounded on at least
three sides by mobile belts. To the north and northwest is the
Zambezi belt; to the east is the Mocambique belt; and to the
south is the Limpopo belt, which separates the Rhodesian cretan
from the Kaapvaal cretan of South Africa.

The boundary of the

Limpopo belt has been arbitarily taken as the northern limit of
granulite facias metamorphism (e.g. Robertson 1973 a,b) but deformation of Limpopo age clearly extends northwards well into the
cratonic area (Coward at al. 1976a).
Macgregor (1947, 1951) on the evidence of similar lithologies and certain unconformities, divided the greenstone belts
into three Systems - the Ssbakwian, followed by the Bulawayan and
finally the Shamvaian.

The recent (Wiles, 1971) and current

(Stagman, 1977 and 1978) nomenclature of the Rhodesia Geological
Survey retains these names for the major subdivisions with the
substitution of "Group" for "System", as a lithostratigraphic
terminology which retains the relative time connotations of the
Macgregor scheme. Save for recent attempts to define formation
stratatypes in the Belingwe greenstone belt (e.g. Nisbet at al.

2.
1977) 9 the nomenclature is entirely informal.

Broadly the Sham..

vaian Group is the final major sedimentary unit of certain of the
larger greenstons belts, whereas the much more widespread Bulawayan
Group embraces the underlying volcanic pile together with some sedimentary rocks.

The Sebakwian Group covers various supracrustal

and other mafic-ultramafic rocks, all at various metamorphic grades,
which are considered older than the Bulawayan Group.

Published opinions have differed on what should be assigned
to these three subdivisions and, in particular, there are major
differences between the Bulawayan and Sebakwian Groups as delineated

by the Rhodesia Geological Survey (e.g. Wiles, 1971) and by authors
such as Anhaeusser (1976) and Viljoen and Viljo.n (1969).

These

differences arose largely from the application to Rhodesia by
these authors, of conclusions reached from their work on the Keepveal craton (epitomised in the Barberton model), and from the related
controversy concerning the existence of gneissic terrain predating
the main greenstons belts.
Stows (1971) and Wilson (1973b) have argued strongly for
such a gneissic basement incorporating the remains of earlier
("Sebakwian") greenatone belts.

Anhasusser (1973) and Viljoen and

Vilfoen (1969) on the other hand, have argued equally strongly that
the high-magnesium ("komatiitic") mafic and ultramafic rocks, both
of the greenstons belts and remnants, predate all the granitic
rocks and gneisses.

They assigned all . these high-.magnesium rocks

to the Ssbakwian subdivision and their work carries the implication
that these rooks and those of the Lower Onverwacht of the Barberton
greenstons belt are broadly contemporaneous ( cf. Anhaeusaer, 1976).
Recant studies have done much to resolve the problems.
field investigations in the Belingwe greenstone belt, in the

3.
southern part of the craton, have confirmed an unconformity between
greenstone belt succession, which includes peridotitic flows,

:nd adjacent gneisses (Bickle, j

el. 1975) 9 Gsochronological

results, particularly Rb-Sr data (Table 1) 9 have also done much to
clarify the position and it is now apparent that granit.greenstoris

terrains of different ages exist in the Rhodesian craton.

(Wilson,

at ale 1978).

The oldest granitegre.nstone terrain recognised is about

3500 Ma old and occurs in the southeastern part of the craton.
Its greenstons belt remnants, and presumed c. 3500 Ma remnants elsewhere, constitute the Sebakwian Group (Stagman, 1978).

The main

greenstone belts are younger and embrace the Bul.wayan and Shamvaian
Groups of Stagman.

Wilson (1979 and Wilson, at .!i. 1978) divides

the Bulawayan Group into the widespread Upper Greenstones and the
more problematical Lower Greenstones.

In view of the present

rather confused transition state of the terminology, Wilson's terms
are retained here.

Effectively the Lower Greenstones constitute

an informal Sub-Group of the Bulawayan Group, and may well come to
be viewed as a separate Group within a Bulawayan Super Gloup.

In

the west and southwest of the craton the Upper Greenstonee are overlain by the Shamvaisn Group.

Field relationships, coupled with the Rb-Sr results (Table
1), indicate that the Upper Greenstones are about 2700 Ma old; the
low initial 87 Sr/ 86 5r ratios of around 0.701 are consistent with

this being an age of eruption (Hawkesworth, et. 1975).

This

age is in agreement with a recent Sm-Nd result of 2640 + 140 Na

from Upper Greenstones volcanic. (Hamilton, at ale 1977).

This

youngest greenstons belt development has not been recognised in
the Kaapvaal cretan.

4.
TABLE I
Rb-Sr whole rack i.oahron ages and initial 87 Sr/ 86 Sr
ratios from the Rhodesian Archaean craton. 87 R decay
11
1.
All errors at 2 sigma level
yr
constant 1.39 x
Rock Unit
Great Dyke 1
LateGranites-Chilimanzi Suite
Chilimanzi 2,3
2,3
Zimbabwe
293
Victoria Porphyritic
All three as one population

Age
2514

(m)
+ 16

2620 +

80

B7

,e6Sr initial

0.7026 +

0.0004

0.7035 + 0.0080

2610 + 60

0.7044 +

2660 + 70

0.7025 +

2625 + 25

0.7040 +

2690 + 140

0.7008 +

Somabula
*
Upper Greenatones
Maliyami Formation, Quo Quo
area

2650 + 80

0.7012 +

090008
0.0004

00010

+

0.0004

Bulawayo greeneton. belt
Salisbury grsenston: belt 6
Mixed Upper and Lower Greenstones
6
Belingwe greenstone belt

2540

0.7015 +

0,0004

0.0018
0,0030
0 0 0010

Late Granitea-Sesombi Suite
Sseombi

2720 +

140

+ 180

2730 + 60

2760 +

70

0.7012 t 0.0007

0.7029 +

0.0002

2530 + 280

0.7034 + 0.0012

Lower Greenatonsa
Hokonui Formation, Belingwe

2620 + 120

0.7056 +

0.0005

Gwenoro gnus..., southwest of
Selukws

2780 + 60

0.7011 +

0 0 0002
0.0004

"Lower Bulawsyan", Quo Quo
area
*

Gneisses, Umniati River, Rhodesdale 2760
5
batholith, northeast of Qua Quo

2970 +

Mashaba torialite
8
Chingezi Gneisses, Be1ingws
Mont d'Or formation granite,
Salukwe
3,10

Mushandika granite
Gneisses, Shabani area

Tokwe Gnsisses, Mashaba area

+
-

4

80

0.7015

+

160

0.7013

+ 0.0008

2884 + 92

0.7017 +go

3.0005

3420

0.711

+

0.002

3520 + 260

0.7017

4.

0.0030

120

0.7000

+

000010

0.701

+ 0.002

+ 120

3570 +
GO

3580 + 400

• 8ulawayan Group
References z I Hamilton (1977)1 2 Hickman (1974b); 3 Hickman (1976);
4 Hawk.sworth at ale (1975); 5 Moorbath at al. (1977); 6 Jahn and
Condie (1976); 7 Hawkeeworth and Sickle (1976); 8 Hawkssworth and
Sickle (pers,comm.); 9 Moorbath at .1. (1976); 10 Hickman (1974a).

5.
The age of the Lower Greenstones is still obscure.

The

few Rb-Sr dates so far obtained are also c. 2700 Ma, but initial
87 Sr/ 86 Sr ratios are higher than the near 0.701 of the Upper Green..

atones.

Whether theee higher initial ratios reflect a primary

feature or result from metamorphism of rocks significantly older
than the Upper Greenstones is still debatable.

What is clear

however, is that the Lower Gresnatonea were deformed and eroded
prior to the deposition of the Upper Greenstonee.
The Rb-Sr data (Table 1) strongly support the earlier
findings of Robertson (1973) who, on the basis of model lead ages
on galenas from various mines, postulated two major events within
the craton, at 3500 Ma and 2700 Ma respectively.

The earlier event

he associated with the formation of granitic crustal segments and
"pro-Bulawayan" lavas; the later event he related to the formation
of the main greenstone belts and associated granite intrusions.
Two of the most recent Rb-Sr results however (the Mashaba tonalite
and the Chingezi gneisees) show the presence also of c. 2900 Ma-old
granitic rocks.

These form part of the pro-Upper Greenstones base-

ment and, on regional grounds (Wilson, 1979 and Wilson at al. 1978) 9
it is possible that, together with the Lower Grsenstones, they
form part of a third granite-greenstone terrain within the craton,
a terrain which may also include the

C.

2800 Ma-old Gwsnoro and

Umniati River gneisses.
Jahn and Condie (1976) have recently offered an age of
3080 + 60 Ma for the Bulawayo-Quo Quo greenstone belt.

It is

difficult to place much geological significance on this result
which is based on a somewhat arbitary selection of data from a
wide geographic spread and from a etratigraphic range now known to
cover Lower and Upper Greenetonss.

6.
Although a considerable number of major element chemical
analyses are available for selected greenstone belt rocks, granites
and gn.issas (Phaup, 1973) 9 only recently has any detailed systematic
study of major trace and rare earth elements been attempted.

Pre-

liminary results, mainly on greenstone belt volcanice, have been
presented in two recent papers, Condis and Harrison (1976) and
Hawk.sworth and O'Nions (1977).

In addition Nisbet at .1. (1977)

deal in detail with the geochemistry of the Reliance-Zeederbergs
succession as here described.

Although aspects of these papers

are discussed in this present account of the Rhodesian Shield, no
chemical data are listed and readers are referred to these references
for details. At the time of writing a universally accepted definition of the term komatiite is still wanting.

In the Rhodesian

context, many of the rocks of komatiitic affinity have CaO/R1 2 0 3

ratios less than 1.0. Thus where rocks of this affinity are implied
in this account, they are prefixed by the general term high-magnesium; where peridotitic, this is stated if the context requires its
THE £' 3500 Ma TERRAIN
THE GRANITES AND GN(ISS(S
The £' 3500 Ma rocks known at present have their largest
development in the southeastern part of the craton within a roughly
triangular area which has Selukws, Fort Victoria and Shabani near
the approximate corners (Fig. 1).
This crustal segment consists mainly of gneisses such as
the Tokue cineisees west of Mashaba (Fig. 2) and those around Shabani
(Table 1).

Most are tonalitic and highly deformed. Together with

their infolded Sebakwian greenetone belt remnants they form what
appears to be the remains of an ancient, northerly-trending mobile

belt s

7.
Between Fort Victoria and Mashaba the deformed gnsiesee are

intruded by the largely granodioritic mass of the near 3500 Ma-old
Mushandike 'granite' (Hickman 1974.; Wilson 1973.). Southeast of
Shabani, the gneisses immediately adjacent to the Lower Greenstones
are cut by /equally old, but much smaller mass of tonalite, and
elsewhere by younger granitic rocks (Hawkasworth and Bickle, 1976;
Wilson, 1979).
All but one at the Rhodesian 3400 - 3600 Ma-old granites
and gneisses for which isotopic data are available have initial
87

Sr/ 86 Sr ratios compatible with an origin from basic lithosphere

or upper mantle (Table 1). The one marked exception is the near
3400 Ma aid Mont d'Or formation granite which, as discussed below,
intrudes the Sebakwian rocks at Selukws.

This has an initial

ratio 0.711 which is higher than any of the dated Rhodesian Archaean
granites and gneisses, irrespective of age. Moorbath at al. (1976
and 1977) suggest an origin for this granite in partial melting of
earlier sialic crust with high Rb-Sr contents similar to those of
the near 3600 Ma-old Shabani gnsisses, and speculate on the possibility that the Sslukwe area may be underlain by similar such crust.
To what extent the granite-gneiss terrain ajacsnt to presumed Sebakwian rocks elsewhere in the central cratonic area is
also c. 3500 Ma old is not known.

Lithologicaily these ancient

granites and gneisses are indistinguishable from those which have
yielded ages in the 3000-2800 Ms bracket.
THE SEBAKWIAN GROUP
Within the triangular crustal segment the Sebakwian Group
consists of the various ustasedimentary and m.t.volcanic rocks, and
related intrusions, which together constitute whet remains of the
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9.
co

3500 Ma greerietone belts. The m.tavolcanic rocks and intru-

sions are ultramafic to mafic.

Felsic varieties have not been

recognised with certainty but would be difficult to distinguish
within the gneiases.

Elsewhere in the central cratonic area

lithologically similar rooks of presumed c. 3500 Ma age are also
assigned to the Sebakwian Group.

Most of these have previously

been variously termed "pre-Ssbakwian", "Sebakwisn" and "pre..
Bulawaysn" by different authors (Bliss and Stidoiph, 1969; Stows
1971; Wilson 1973b).
Of the larger developments of Sebakwian rocks, the best
documented is that of the Selukwe area (Stowe, 1968a, 1968b, 1974;
Cotterill, 1969 9 1976 and 1979). Here the greenstons belt succession is inverted and forms the lower limb of a large recumbent fold
structure known as the Selukue nappe.

The igneous rocks range

from peridotitic to basaltic and are largely metavolcanic, but also
include the chromite-bearing intrusion of the Sulukwe ultzamafic
complex.

Half-way up the succession is the sedimentary Wanderer

formation, the basal conglomerates of which rest with marked unconformity on the deformed and eroded ultramafic intrusicn.
Table 2 summarises the stratigraphic succession in the
Selukwe greenstons belt with the omission of the Mont d'Or formation which outcrops in a roughly oval-shaped area, some 12 km across,
south of Selukwe, most of this formation consists of quartzofeldspsthic rocks many of which are highly sericitized and this has
led to dispute as to their original nature. Stowe, while describing
the presence of irregular intrusive bodies of granitic rock, favours
a largely sedimentary origin from a granitic provenance 3nd places
the formation as the oldest stratigraphic unit in the nappe structure.
Cottexill (1976 and 1979) on the other hand, regards the greater part
of the formation as a tonalite intrusive into the nappe structure.
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Figure 2. Highly flattened banded migmatitic gneisses in Toku

River 7 km southwest of Plaahaba. Samples give Rb-Sr
"errorchron" of 3580 + 400 Ma (Table 1).

TABLE 2
StretigraphiC succession in Sslukwe area (right way up) simplified after Cotterill (1976)
and Stowe (1974). Mont d'Or formation omitted,

Tho]eiitic metabasalt flows,
metadolerita sills; minor banded
iron-formation.
Banded iron-formation and
ferruginous matapelites

1000 a

Cotterill (1976) Nomenclature

Stows (1974) Nomenclature

Tibilikwe formation

Upper Greenstone
formation

Wanderer formation

Wanderer formation

)

0-600 a )
)

Conglomerates, grits quartzites,
metapalites; rapid facies
variation.

)
0-500 m )
)

UNCONFORMITY
Ultramafic intrusions, some with
chromitite

0-800 m

Selukwe Ultramafic
formation (including
Selukwe Ultramafic
Complex)

)
)
)
)

Sslukwe Lower Creenstone
Sequence formation
(with serpentinites)

)

Magnesium-rich metabasalt flows;
metadolarites, Minor interbedded metapalitos and banded
iron-formation.

0-603 m

Selukwe Grasnatone
formation

)
)
)

)

S
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He recognises mete-sedimentary enclaves, but interprets them as
equivalents of the Wanderer formation. The dated samples of Mont
dtOr formation (Table 1) are from an area where oath authors agree
to the presence of later granitic rocks, and thus, on either interpretation, the nappe structure can be assigned to the £' 3500 Ma
events (Moorbath et al. 1976). Stows (1974) described the nappe
as having slid northwards from a zone of origin in gneissic terrain
parallel to, and about 50 km south of, the northwest-trending Gwelo

greenatone belt.

A source from the east, however, in the northerly-

trending ancient mobile-belt-like terrain seems a possible alternative.
The time-span represented by the unconformity at the base
of the Wanderer formation is not known, but complex tectonic events
predated the inversion of the Salukwe greenstone belt succession.
The Selukwe ultramafic complex was deformed, with the formation of
chromitite boudins, and in part metasomatised pror to the deposition
of the Wanderer formation sediments (Cotterill 1976 and 1979). The
phenoclasts in the Wanderer formation conglomerate include chromitite
and silicified talc-carbonate rock from the atratigraphically underlying Selukwe ultramafic complex.

More significantly

they

also

include gneissic tonalite and granodiorite, massive adamellite and
pegmatite, which indicate complex granitic events prior to this un-

conformity.

Whether this early sialic crust predates the whole

of the Selukue greenetona belt succession is not clear*
interpretation of the origin of the Mont d'Or formation implies
such an early granitic basement.

Cotterill's interpretation leaves

the matter not proven, but the meta-pelites of his Selukwe greenstone formation (Table 2) 9 while largely derived from magnesiumrich rneta-basalts, do contain some quartz grains.

13.
To the east in the ilashaba area (Fig. 1)

i8

a further major

development of the Ssbakwian Group, and a reappraisal of the work
of Wilson (1968., 1973a) in the light of the finding. of Cott.rill
(1976) and Hickman (1974.) indicates similarities to the Sslukwe
succession.
Ultramafitee (some chromitits-bearing), quartz-magnetite
ironstones, amphibolitas and lesser amounts of diopsids quartzites
occur as a vast number of remnants infolded with the Tokue and Toketype gneisaes. The widest single development of ultramatic rocks
and ironstones, which are also at a lower metamorphic grade than the
smaller remnants, is close to Mashaba village and here the geology
is further complicated by the later intrusion of the Mashaba Igneous
Complex.

Southeast of Msshaba is a dominantly clastic sedimentary

unit with interbedded banded iron-formation. Meta-arkoses within
the unit contain small clastic grains of sodic and potash feldspar.,
whereas intraformational conglomerates contain clasts of microclin.bearing granite.
Wilson, in describing this sedimentary unit, regarded it
as a formation representing the lowest part of the Bulawayan Group
of the Fort Victoria greenstone belt.

The f'luahandiks granite

however, dated by Hickman at c. 3500 Ma (Table 1), intrudes this
formation; and Cotterill (1976) has recently provided evidence for
an unconformity between part of this formation and the adjacent
chromitite-bearing serpentinite which Wilson (1968a,b) described as
unit I of the Mashaba Igneous Complex.

The balance of the evidence

now favours Cotterill's suggestion that some, if not all, of this
layered chromitite-bearing serpsntinite, which is oonfthsd to one
relatively small area, is not part of the Mashaba Igneous Complex
proper, but is part of the Sbakwian Group and comparable with the
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Wanderer formation at Selukwe. The succession at Maihaba however
is not inverted.

THE

C.

2900 Ma TERRAIN

Conventional K-Ar ages on biotitea and some hornblendea
from various granites and yneissea in the central cratonic area
led Wilson and Harrison (1973) to postulate two wide-spread preGreat "Dyke" granitic events, at £' 2900 Ma and 2600 Ma respectively.
Wilson (1973b) extended this and concluded that the 2900 Ma event
marked a minimum age for the main greenstone belts.

Subsequent

geochronolocjical work disproved this conclusion, and also showed
the KAr data to be quite unreliable as indicators of age of intrusion.

No consistency of age was found among granites originally

assigned to this 2900 Na event on the basis of the K-Ar results and
later dated by Rb-Sr.
Two of the most recent Rb-Sr results however do confirm
the presence of granitic rocks of this age within the Cretan.
both cases the low initial

87

Sr/

86

In

Sr ratios indicate no long previous

crustal history and that the rocks are not the result of reworking
of known c. 3500 Ma granites and gneisses.

The results are from

the northerly-trending, homogeneous, slightly foliated Mashabs
tonelite, which occurs between Mashaba and Selukwa and effectively
separates the £. 3500 Ma rocks of the two areasp and from the highly
flattened tonalitic-grandioritic Chingezi gneisaea on the west side
of the Belingwe greenstone belt (Table 1).

These c. 2900 Ma rocks

predate the Mashaba Ultramafic Suite and the Plashaba-Chibi dykes
and thuo t as discussed later, can be regarded as part of the preUpper Grsenstones basement.
On similar geological arguments other intrusions, west of
the Belingue belt s can also be regarded as part of this basement
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(Orpen, 1976 9 1978) and, although as yet undated, may also form
part of this £' 2900 Ma terrain.

Theae intrusions cover a range

of composition and include diorite, an extensive area of adamsllite,
and the Chingezi tonslite. The Chingezi tonalite, which is lithologically similar to the Mashaba tonalite, intrudes the Chingezi
gnsisses and Hokonui formation of the western development of Lower
Gresnatonee in the Belingwe belt.

THE BULAWAVAN GROUP
This is the most extensive unit of the main greenstone belts
and, in any evaluation of its stratigraphy, the Belingwe greenstone
belt is a key area.

Wilson (1979 and Wilson at j. 1978) 9 using

as a basis the succession so far established in this belt, from the
published and unpublished work of M.. Bickle, A.Martin, E.G.Nisbet
and JoLe Orpen, has attempted to correlate the major stratigraphic
units found at Belingue across the central cratonic area.
THE BELIP4GWC GREENSTONE BELT
Here two sequences can be recognised, the Lower and Upper
Greenstones, separated by an unconformity.

The Upper Greenstones

have been folded into a major northerly-trending syncline; the
Lower Greenstonea flank this syncline on the western and southeastern sides (ri g . 1).
In the south-eastern development of Lower Greenstonas (the
Brooklande formation), the succession is one of quartzitee, chloritic
grits and conglomerates, high-magnesium lavas interbedded with
phyllites and banded iron-formation. The lavas are locally pillowed,
and the conglomerates contain tonalite clasts.

The base of the

Brookiands formation is not exposed, but its relatively undefCrmsd

lb.
greenechiet-facies rocks abut on to complexly deformed gneisses
intruded by a small tonalite stock dated at E' 3500 Ma. (N.J.
Bickle, pars. comm., Wilson at ale 178).
The western development of Lower Greenstones is more
extensive.

Orpen (9178) recognises three formations.

The lowest

Hokonui formation consists predominantly of various decitic pyroclasts and some flows, minor mafic sills and a few banded ironformation horizons; some andesitic flows and pyroclasts may also
be present.

The apparently unconformably overlying Band formation

consists of alternating pillowed mafic loves spinifax-texturad
paridotitea and intercalated banded iron.formatiofl.

These rocks

are capped by the Koodoovale formation which is dominantly conboulders
glomeratic, but also contains a felsic agglomerate member.
9
The grade of metain the conflomerates include granitic rocks.
morphism in all three formations is low, and in places primary
textures and relict primary mineralogy are easily recognisable in
the igneous rocks.

StratigraphiC thicknesses are of the order of

I - 2 km for the Hokonut, and 2 km and 1 km respectively for the
Bend and Koodoovale formations.
Beneath the Hokonui formation is a further unit, the poorly
exposed Bvute formation, consisting of various amphibolites, tremolite-chiozite schists and some banded calc-silicate rocks. The
status of this formation is not clear.

It is infoldad with the c.

2900 Ma Chingezi gneissse and is more highly deformed than the Send
and Hokonui formations.

Following Wilson at *1. (1978) it is

includodg for convenience, as part of the Lower Greenstones on
Figure 1 9 but the more recent work of Orpen (1978) indicates that
it may well be part of the Sebakwian Group.
The base of the unconformably overlying Belingue Upper
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Greenstones is marked by the Menjeri formation which at its maximum
developnnt is only 250 m thick.

It consists of local occurrences

of clastic shallow-water aedimens and some limestones, capped by a
persistent horizon of predominantly sulphids..?acies banded ironfcmation.

On the south-east side of the belt the fanjeri formation

tranagressea the Brookianda formation to rest with well-exposed unconformity (Sickle at .1. 1975; Martin, 1975; Moorbath at a]..
1977) on the near 3600 Maold Shabani gneisses (ri g . 3).

On the

western aide it rests unconformably on the Hokonui (Partin, 1975) 9
Bend and koodoovale formations (Orpen, 1978).
Panjeri formation is a near 6

Succeeding the

7 km thick volcanic pile of massive

and pillowed flows with some subsidiary sills, the whole largely
devoid of •ediments.

The lowermost kilometre of this pile, the

Reliance formation, is dominated by big-mageaium maf'ic and ultramafic rocks including spinifextextured and pillowed peridotite
flows; the remaining thicker part, the Zeederberga formation,
consists of tholeiitic basalta and metabasalts with minor highmagnesium varieties.
Orpan, 1978).

(Sickle at al. 1975; Nisbet at al. 1977;

Capping the Zeederberga formation, and forming the

topmost unit in the Belingwe Upper (reanstonas succession, is the
Cheshire formation.

This is a near 2-km thickness of dominantly

politic shallow-water sediments with locally developed banded ironformation and limestones.
THE LOWER GREENSTONES - REGIONAL CONSIDERATIONS
Elements of the Belingwe Lower Creenstonee succession can
be recognised in the central cratonic area (rig. 1) but detailed
comparisons with Belingwe are difficult (Wilson, 1979). A thick
unit of felsic volcanic rocks and derived schists, lithologically
similar to the Hokoriui formation, is a prominent feature in all

18.

T7 •.+

E7
.14!
l

z- -

--r
a

t_
-

.

.J
4t

:

I,I'a

i

;.'

•71.

J-

r.

•i.- ø

?

.4 ;.

Figure 3.

Outcrop of unconformity (arrow) between . 3500 Ma
tonalite gneiss (left) and basal beds of the
Manjeri formation (Upper Creenstonee)
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occurences and directly underlies the Upper Greenstones in much of
this sector.

On the other hand, variations of Bsnd.koodoovale-

Brookiands type lithologies are more characteristic of the linear
(Mweza) greenstone belt south of 8elingws (Worst, 1956) 9 and the
possible Lower Greenstones at the south-western and of the Fort
Victoria belt.
Northwest of Lwelc the Lower Greenstones lie with marked
unconformity on presumed Sebakwian rocks (Wilson, 1979; Macgregor
1937).

Elsewhere their lowest preserved sequences are intruded by

granitic rocks.
THE UPPER GREENSTONES

REGLNAL CONSIDERATION

Wilson's correlations for the Upper Greenstones in the
central cratonic area are more detailed and more specific than those
for the Lower Greenstones.

Several are controversial and others

remain to be tested by further field work, but they allow the proC.

dion of a simplified, perhaps oversimplified, picture of the
Upper Greenstonee story.
In much of the southwestern part of the Caritkal cratonic
area (Fig. 1) the base of the Upper Greenstones is indicated by a
thin Manjeri-type marker horizon.

In places this can be traced for

many kilometres and is recognisable in different greenstone belts.
Succeeding this marker horizon is a volcanic pile comparable to the
Zeederberge formation in type and in thickness.

It is a conspicuous

feature in all the major greenstons belts and equates also with what
Macgregor (1947 9 1951) called the "basaltic greenstones" of his
Bulawayan System.

The basal I - 2 km of this tholsiitic pile, in

several areas, is a high-magnesium Reliance-type volcanic assemblage.
Thereafter, however, above this total volcanic assemblage, the
central cratonic western succession differs from that of the eastern

TABLE 3
Simplified western and eastern successions of the Upper Creenstones in
the central cratonic area (After Wilson, in press)
FORMATION NAME IN

EASTERN SUCCESSION

WESTERN SUCCESSION

BELINGWE BELT
(EASTERN SUCCESSION)

CALC-ALKALINE SUITE of basalt, andesite, dacite
flows and pyroclasts; some mafic sills.
j? + _4 km thick)

Not developed

THOLEIITIC, and some high-magnesium,
BIMODAL VOLCANIC SUITE tholeiitic, and some
high-magnesium, basalt and metabasalt pillows basalt and metabasalt pillowad and
and massive flows, some peridotitas;altarnating massive flows, in part interbedded with
with dacitic flows, tufts and agglomerates,
underlying phyllitea
1-2 km thick)
Mafic sills. Grits and conglomerates locally
derived from pyroclasts. Sericitic achists.
PHYLLITES, banded iron-formation, local
conglomerates and grits; some limestone.
Banded iron-formation, phyllites, local lime
stones in places stromatolitic.
+ 4 km thick)in places stromatolitic (up to 2 km thick)
(?

Cheshire

(?

a

As for eastern succession

-

a a

-

-

a a a a

-

a

a

a

a a a a a a

a a

-

-

e a ae

THOLLIITIC basalt and metabasalt pillowed
and massive flows. Subsidiary sills. Very
minor pyroclasts. (4 - 6 km thick)
PERIDOTITIC and HIGH-MAGNESIUM basalt
pillowed and massive flows (1 - 2 km thick)
-

a

a

a

As for eastern succession, where
recognised

a

a

a

-

a

-

a a a

-

a

-

-

-

-

-

-

-

-

a

a

a

-

Banded iron-formation, local conglomerates
and grits, some limestones in places
stromatolitic. (up to 0,25 km thick)

a

s

ZeedrbeQs
Reliance
-

-

-

a

-

-

(anJeri

0
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succession, and the difference dose not seem to be merely a reflection of erosion level and granitic intrusion.
In the larger eastern greenatone belts, such as those of
cwelo, Fort Victoria, 5hsngani..Fort Rixon, the volcanic rocks are
capped by Cheshire-type sediments which are overlain by, and in part
interbedded with, a further development of Zeederber-type lavas not
seen at Belingue.
In the west, however, the basaltic pile passes up into
repeated mafic-felsic volcanic sequences of different thicknesses.
In these tholeiitic and some high-magnesium (basaltic and peridotitic)
apinLfextextured flows, alternate with felsic flows and a variety
of related pyroclaste.

Various sediments, derived from the shallow-

water reworking of these felsic rocks, some banded ironformation
and a few limestones are also a feature of this bimodal volcanic
succession.

Where metamorphosed and deformed the felsic rocks and

some of the derived sediments are sericitic schiste.

The eastern

polite-dominant sedimentary unit, and its overlying and interbedded
basalta, can be traced laterally into the western bimodal pile so
that the two are, in effect, time equivalents (Wilson, 1979).
Succeeding the western bimodal pile is an andesitedominant, calcw
alkaline volcanic assemblage, ranging from basalt to dacite, which
shows no indication of having been developed in the east.
Table 3 summarises the eastern and western successions in
the central cratonic area, and Figure 1 shows their approximate
areal distributions.

In the Gatooma and Qua Quo areas the bimodal

pile includes part of the Felsic formation of Bliss (1970; Bliss
and Stidolph, 1969) and Harrison (1970; Condie and Harrison, 1976) 9
and the calcalkalini assembiUge includes the Umniati group and
Plaliysmi formation (Table 1) respectively of these two authors,
Detailed evaluation of the stratigraphy is still required
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for the greenstons belts to the north and south.

The main features

of the eastern and western successions, however, can be recognised
and indicate that the western succession is confined to a broad
zone traceable from Botswana (e.g. Key at ale 1976) north-northeastwords across the whole craton. (Fig. 4).
On Wilson's correlations the five localities of atrometolitea
now known in the Rhodesian Archaean are restricted to the Upper
Greanaton.a, and to limestone occurrences above (three) and below
(two) the thick Reliance-cumZesderbergs-type volcanic pile (Fig. I
and Table 3).

The upper limestones have so far yielded the most

spectacular examples, such as those near the base of the Cheshire
formation (rig. 5). at belingwe (ickle at al. 1975) and the Huntsman
limestone stromatolites about 60 km north of Bulawayo (Macgregor
1941).
As described later, the correlations also suggest that
economic sulphide nickel mineralisation within the Basement Complex
is possibly restricted to the Upper Greenatonea.
THE SHAMVAIAN GROUP
The Shamvaian subdivision, as a System, was first established
by Macgregor (1947) who correlated several unconnected sedimentary
sequences occurring above his Bulawayen System in various greenstone
baits.

His type area was the Shamva Grits northeast of Salisbury.

In other areas subsequent workers also assigned certain sedimentary
sequences to this major subdivision and a tendency arose to regard
all eadijntary rocks overlying a thick volcanic pile as prt of the
Shamvaian subdivision.

Bliss and Stidoiph (1969) stressed the

point that some of the rocks classed as Shamvaian, even involving
some originally included in this unit by Macgregor, might be intergral
interbedded parts of the Bulawsyan succession.

The recent attempt
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Figure 4. The main greenstone belts (Bulawayan and Shamvaian
Groups) of the Rhodesian Archaean craton with the
Great "Dyke" and its associated fractures. (1)
Umvimeela dyke (2) Great "Dyke" (3) Main Swarm
(4) Bubi and Crystal springs swarms (5) East Dyke
(6) Popotake fault. The dotted line represents the
likely craton-wide division between the western and
eastern successions of the Upper Greenstones as
recognised in the central cratonic area (Modified
after Wilson, 1979).
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at correlations across greenstone belts (Wilson 1979) has emphasised
this point further and has shown that rocks of the Cheshire..type
seoimentary unit seen at Belingwe, and parts of the reworked felsic
volcanic assemblages of the western bimodal suite of the Upper Green.
stones have, in some areas, been assigned to the Shamvaian subdivision by previous workers.
Implicit in Macgregor's concept of the Shamvaian System, and
retained in the current Group terminology of the Rhodesia Geological
Survey (Stagman, 1978) is that it consists of rocks deposited unconformably on the Bulawayen succeaaicn, and that it is separated
from this succession by major folding.

On this basis the distribu

tion of the Shamvaian Group in the central cratonic area is shown
in Fig. 1.

To the north, in the Salisbury greenstone belt and in

the belts west of Salisbury, major developments of Shamvaian Group
rocks also occur.
No detailed aedimentological studies have been attempted on
the Shamvaien Group but it seems probable that it was deposited in
a number of isolated basins.

The main rocks are generally poorly

sorted arkoses and sub-gr.ywacks types, rapidly deposited in shallow
water, and derived from a terrain that was both volcanic and granitic.
Many of the conglomerates are characterised by the extreme palymict
nature of their phanoclasts.

In the Shamva area, north of Salisbury

granitic boulders and pebbles are conspicuous, but these are not
always numerous in other areas.
Harrison (1970) in the Qus Que area, recognised transgressions and unconformities between the four formations which here constitute the Shamusian Group.

A basal grit-conglomerate formation

is overlain by a politic formation with ferruginous slates, which
is in turn overlain by two further formations dominated by fine to
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Figure 5. Strornatolites near base of the Cheshire formation
(Upper Greenstones) of the Belingwe Greenstone
belt.
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medium-grained sub-greywackes.
In the Fort Victoria greanatone belt, limestones mark the
bases of Shamvaian rocks in the east and west (Wilson, 1964).
Thick, mostly polymict,conglomerates are however characteristic of
much of the lower part of the highly deformed succession. In the
upper part of the succession there is a major development of politic
rocks which in some areas are markedly ferruginous with a prominent
development of banded iron-formation.

Metamorphism of these iron-

formation beds has resulted in the local production of a variety of
riebeckite.

Some interbedded felsic volcanic rocks are present in

the Shamvaian Group in the Fort Victoria area.

LATE GRANITES
On the latest geological map of Rhodesia (Stagman 1977) the
Archaean granitic rocks are separated into the Younger Granites and
the Older Gneiss Complex.

The latter subdivision does not consist

entirely of gnsissee and it doss not necessarily demarcate the preUpper Greenstones basement, but the Younger Granites do represent
the best delineation so far of intrusions which post-date the main
greenstone belts (Fig. 6).

In the central cratonic area two main

suites, termed Sesombi and Chilirnanzi respectively (Wilson at al.
1978 and Wilson 1979) 9 can be recognised among these Younger
Granites (Fig. 7).
THE SESOP1BI SUITE
This consists of a number of tonalites and some granodioritas
which occur in the west in a broad zone parallel to the north-northeast trending line of the western succession of the Upper Greenatonea.
The Sesombi tonalita, which typifies the suite, intrudes the Maliyami
formation of the western caic-alkaline assemblage northwest of Quo

Que.

27.
It has a marked metamorphic aureole up to hornblsnde..hornfels

feciee, which fades gradually into the low regional greenachiat
facies of the country rocks.

Steeply dipping stretch Lineations

in the aureole, together with marginal planar fabric in the pluton
itself, are consistent with dispiric intrusion (Robertson, 1976).
In a few areas the pluton cute across the aureole fabric and is
Itself massive on the contact, with some inclusions.
The full extent of the Sesombi Suits is not accurately known
at this stage but it seems likely that the tonalites and gneissic
tonalities separating the fort Rixon-Shagani greenstone belt from
the Bulawayo belt to the west are all part of this suite (cf. ri g s.
I and 6).

Added complicatins arise, both inside and outside the

central area, with the possible presence of older tonalitas such as
the c. 2900 Me P1aehaba-typs.
Nowhere are rocks of the Shamvaian Group in contact with
Sesombi Suite proper in the central area, but small dioritic intrusions equated with the Sesombi pluton (Harrison, 1970) cut the
Shamvaisn Group in the Quo Quo area.

Most authors assume a poet.

Shamvaian age for the suits but it seems possible that the early
stages of its intrusion were occurring while Shamv.i.n Group
sediments were being deposited on surface.
The Rb-Sr ages and low initial 87 Sr/ 86 Sr ratios for the
Sesombi and Somabula intrusions, the only members of the suite so
tar dated, are indistinguishable from the Plaliyami formation cab-9

alkaline rocks (Table 1).

Also, Hawkesworth and O'Nions (1977)

have pointed out chemical similarities between the Sesombi pluton
and certain of the dacitic volcapics near Bulawayo*

Thus the

Seeombi pluton and, by analogy, the Somabula tonalite together with
the whole suite, can perhaps be regarded as late plutonic expressions
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of the some major magmatic episode which produced the andesites
The low

and dacitea of the upper part of the western succession.

initial ratios, moreover, argue against sources for these tonalites
and volcanic rocks in remelting of earlier granite-gneiss terrain
(Hawk.sworth st aJ. 1975; Hawkesworth and O'Nione, 1977).
THE CHILIIIANZI SUITE
This later suite of intrusions constitutes the last major
granitic event of the Rhodesian Basement Complex.

In spite of the

unreliability of the KAr results, the Chilimanzi Suite effectively
encompasses the "2600 Ms granites" of Wilson and Harrison (1973),
and Wilson (1973) with some additions.

Petrologically the socks

are largely adarnellites with some granodiorites, and most are medium.
to coarsegrainsd.

Some intrusions contain magacrysts of potash

feldspar; and these porphyritic varieties may constitute a complete
intrusion or may be only of sporadic development within a massive
body.

Locally a gneiesic margin may be developed but, in general,

the intrusions are even-grained and massive up to their sharp contacts
with the country rocks.

Their final emplacement, at the levels now

exposed, appears to have been passive with atoping and fragmentation
of country rock to form xenoliths*

In places they display a thermal

aureole up to hornb]end.-horflfels facile.
Although the suite is defined in the central area (Fig. 7)
similar intrusiGns occur across the craton (Fig. 6).

East of the

Great "Dyke" they make up the great majority of the extensive
"Younger Granites", although some of the larger masses are composite
intrusions.

The three-dimensional shape is not known but some are

clearly sheet-like in form.

In the south, in particular, an east-

northeasterly trend is apparent in the outcrop pattern of several

of the intrusions.

In the extreme east the granites are deformed
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by tectonism associated with the Mocambique mobile belt.
The limited isotopic evidence is compatible with an origin
for the Chilimarizi Suite, as opposed to the Sseombi Suite in remelting of earlier sialic cruEt,

Rb-Sr dating has been done on three

of the major intrusions in the southern area, the Chilimanzi,
Zimbabwe and Victoria Porphyritic granites respectively (Table I and
Fi g s 6).

When the whole rock data from all three are plotted as

one population, the result is a good isochron, free from any indication
of geological scatter, which gives an age of 2625
initial. 87 Sr/ 86 Sr ratio of 0.7040 (Hickman. 1976).

25 Ma and an
Robertson (1973a)

in discussing the origin of several of the Chilimanzi-Suits granites
in the southeast of the craton, suggested that they were late-stags
derivatives of granulite metamorphism in the Limpopo mobile belt.
Hickman (1976) 9 in effect, supports this view and has explained the
snmewhat higher initial ratio of these southern granites by a
derivation in partial melting of certain c. 2900 Ma-old gnaisses
within the mobile belt.

Exactly what parts of the pre-2600 Ma crust

might have been involved under the present cratonic area elsewhere
must remain speculation at this stage.

LAYERED INTRUSIONS AND DYKE SWARMS
Within the central cratanic area are a number of ultramafic layered intrusions, related sills and certain mafic dyke
swarms (Fig. 7).
The best documented of the layered intrusions are those of
Mashaba (see also Wilson in press b) and 5habani (Laubscher 1964 9
1968).

These and several smaller ultramafic sills intrude the

crustal segment containing the ma3r davlopment of c. 3500 Ma rocks.
The Mashaba Igneous Complex also intrudes the £' 2900 Me Meshaba
tonalite and is itself cut by adamellitsa of the c. 2600 Ma Chilift
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manzi Suite.

Also within this crustal segment is a major develop-

ment of uralitized and sauasuritized mafic dyke swarms.

Of these

some constitute modified ring and radial patterns considered by
Wilson (1968a,b) to be late phases of the Meshaba Igneous Complex,
whereas a few, near Mashaba village, predate the Complex.

Other

dykes, to the northwest and southwest of Mashaba, strike eastnortheast.

All these dykes are conspicuously absent from the

Chilimanzi Suite and in places are seen to be cut by these late
odamellites.
Several other layered intrusions occur in the western part
of the central cratonic area s Wilson (1977) correlates these with
the Mashaba-Shabani intrusions and collectively terms them as the
Plashaba Ultramafic Suite; the various dykes, including some southwest of Belingwe (Orpan, 1976) 9 he groups as the Mashaba-Chibi
dykes.
The dykes have not been recognised in the Upper Greanatonas,
and the Fashaba Ultramafic Suits is largely confined to rocks older
than the Upper Greenstones. West of the Great "Dyke" most of the
occurrences of ultramafic intrusions are in Lower Greanstones.

West

of Belingue, however, the Gurumba Tumba-Filabusi layered intrusion,
a southerly dipping sheet, cuts not only the deformed Lover Greenstones
of the Filabusi and Belingwe greenstone belts, but also the various
tonalitic rocks ir.t..usive into them.

At Belingwa this ultramafic

intrusion and various dykes cut the Hokonui formation as well as
Chingezi tonalita and

. 2900 Ma Chingezi gneiases.

the

To the north-

west of Shangani an undated tonslite-granodiorite, Sasombi.Suits
type stock truncates the Shangani ultramafic intrusion (Harrison, 1959) 0
Wilson (1979) suggests that these various ultramafic
intrusions and dyke swarms are coeval with the thick, high.magneeium
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to thaleiitic, volcanic pile common to the western and eastern
successions of the Upper Greenstonsal and that the dykes were
possibly feeders to some of the flows.

The more recant unpublished

work of Orpen (1978) on the Ingolubi Complex (rig. 7) at Belingue
lends support to the proposal.

A large .ill of this complex cute

not only the Koodoovale formation of the Lower Greenstones, but
also the Reliance formation of the Upper Greenstonee.

The sub

sequent folding of the Upper Greenstones has affected the sill.

STRUCTURE
With the recognition of granitegreenetone terrains of
different ages and a time-span approaching a thousand million years,
the structural story of the Rhodesian Archaean craton is extremely
complex.

Little is really understood of the tectonic history of

the pro-Upper Greenatones basement, but the c. 3500 Me events, as
described earlier, included the development of the major recumbent
fold/nappe structure of Selukwa.

A variety of granitic rocks was

also involved, some post-dating and some predating the nappe
development.

Even less is currently known of the structure of the

Lower Greenetonee.
To a very large extent, however, the configuration of
Rhodesian gresnstone belts is that of the Upper Greenstones, and it
was, in effect, the main elements of this pattern that Macgregor was
trying to explain in his classic review paper of 1951.

In this he

drew attention to the synclinal structure and arcuate margins of
the greenstone belts and elaborated on the idea, first suggested by
Maufe (Maufa at

. 1919), of a causal connection between the green

stone belt structures and the upward rise of the intervening,
apparently ovoid s granitic masses.
"gregarious betholithe".

He termed these avoids

The essential control in this concept
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i8

gravity.

Macgregor envisaged the downeagging of the dominantly

volcanic cover into a less dense sialic substratum.

As it sank,

at points where "for some reason or other it was heaviest", the
granites rose, and the overlying rocks slid outwards and towards
the sinking portions.
Many workers have since accepted multiple intrusion of
granites as responsible for the tectonic style of Archaean cratons
and for most of the thermal and dynamic metamorphism of the green.
stone belts.

Their derivati.. n of the granitic magmas is dependent

on the greenatona belt evolutionary modal they invoke, and may
involve melting of aialic basement, root-zone melting of the green.
stone belts or direct derivation from the mantle (cf. Anhausser
at al. 1969; Hunter, 1974; Ithhaeusser, 1975.
flacgregor's diagram oBi.4oting his gregarious batholiths is
reproduced in Fig. 8.

That it is a very idealistic representation

(which he emphasised in mis original (1951) paper) is now quite
clear.

His "batholitha" are not as ris map might suggest, homo-

geneous masses with gneissic margins,

They contain granites and

gneiases of various ages, some postdating and some pre-dating the
Upper Grenstonea.

The trends shown within his ovoids are largely

hypothetical and many are now known to be incorrect; indeed in
Stagman's (1977) simple twofold subdivision of granitic rocks *
even the ovoids themselves are no longer a..parent (Fig. 6).

In

effect, Macgregor's batnoliths are not really Datholiths at all.
Nevertheless most of his batnolithjc names are still retained in
one form or another; some for specific large intrusions and suites
e.g. Chibi, Chilimanzi and Sesombi; others for the geographical
areas covered in Macgregor's original use of

the words, e.g.

Rhodesdala and Shangani.
In the light of present knowledge Macgregor's explanation

35.

)Z

EXPLANATION

\

MADZIWA
Younger rocks

I

r

I Grcriites
Sc/,ists

ZWIMBA)

.GNDAMORA
MTOKO
OROMONZI
\

r5
SESOMB

1:.

CHLIMA

CHAR

,Y_
MANYIKA

(

BIKITA

CHIBI

KILOMETRES
20 0 20 40 60 80 100

Figure Be A.M. Placgregor'e diagram explaining Rhodesian
Archaean structures by gregarious batholithe.
(From Macgregor 1951 9 reproduced with permission
of the Geological Society of South Africa).

36.
for the granite-greefl8toflO terrain pattern is a grossly oversimplified one.

Oiaplric intrusion has undoubtedly played a deformational

role but., on the other hand, the widespread late adamellites trans.
gross most of the structures and postodate most of the tectonism.
Nor are the greenetone belts everywhere synclinal; in places they
are remnants of larger structures disrupted by invading late granites*
Only recently, however, has any serious attention again been given
to explaining the pattern in alternative or additional ways which
do not involve vertical tectonics.
Snowden and Bickle (1976) consider that a fold interference
pattern, with a west-northwest trend superimposed on an earlier
east-northeast trend, best explains the configuration north-east
of Salisbury,

i.ee

in the area which includes

and Madziwa batholiths.

acgragors Chindamora

They recognise these dsormationa in the

main greenstone belt rocks and in the youngest granites (of the
Chin(d)amora batholith) which intrude them.

Snowden (1976) further

suggests that interfering cross folds might have produced the cratonic
pattern of greenstone belts.
The earlier work of Stows (1971) is also important in this
respect.
the craton.

He recognised four phases of tectonic development within
His primary phase largely corresponds to what are

here called the

co

3500 Ma events; his next three phases involved

the main greenstone belts.

Some of his correlations and suggestions

may have been superseded by the more recent evidence, but basically,
in dealing with the main greenstone belts, he emphasised the wide.
spread, as opposed to local, natire of the deformations.

ria poatu-

lated regional cross folding on northeast and northwest trends;
followed by a phase of vertical tectonics effected by gneissic domes
produced from the reworking of older basement; and finally a period
of regional east-north-east trending folding and a flood of post.
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Shamvaian granites.
The studies of Coward at ale (1976.), Coward and names
(1974), Coward (1976) and Key at a. (1976) also confirm that much
of the deformation within green8tone belts is regional and not
simply due to local intrusion of granites.

The first

QOUP Of

authors go further and emphasisa that tectonic events in the craton
From

cannot be divorced from such events in adjacent mobile belts.

their studies of the southern and southwestern parts of Rhodesia and
northeast Botswana they trace tectonism of Limpopo age northwards,
well into the Rhodesian craton.
Coward at al. (1976.) explains deformation in the craton
and adjacent mobile belt in terms of large intracratonic block
movements.

During the main periods of Limpopo deformation they

consider that the Rhodesian cratonic block moved southwestwards
relative to the mobile belt, by possibly as much as 200 km.

Within

the cratonic block they envisage a scheme of "billiard ball" tectonics
in which smaller blocks moved relative to one another and produced
local shear zones of intense flattening.

The horizontal shortening

resulting from the south-westerly movement was most intense in northeastern Botswana and southwestern Rhodesia, with up to 50% in the
greanstofle belts.
areas.

The amount was less in the intervening granitic

Some of these behaved homogeneously and show a pervasive

fabric throughout; others behaved as massive competent bodies which,
internally, deformed heterogeneously with the local production of
mylonitized zones.

In the southeast of Rhodesia the block movement

produced east-northeast trending sinistral shear zones parallel to
the Limpopo trend.
The linear east-northeast trend of the greenstons belts in
the southeast part of the craton (Fig. 6) is thus parallel to the
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major shear direction, and the near northwesterly aligned greenatone belts, which in places curve into the shear trend, are
approximately perpendicular to the shortening diroction.
The story however is even more complex since regional
deformation pre-dating these main periods, and affecting what are
apparently Upper Greanetonea, can also be recognised in the southwest of the craton.

Litherland (1973) and Key at al. (1976) have

speculated on the possibility of early nappe structures in northeastern Botswana with north-easterly directed movement of the neppea.
An extensive area of overturned volcanic rocks is found in the
greenstone belts in this areas the rocks dip southwest but young
to the north-east.

These early structures were intruded, and to

some extent further deformed, by diapiric granites (possibly the
Sesombi Suite) before the main phases of deformation.

Within

Rhodesia, some 120 km south of Bulawayo, Coward at al. (1976b)
suggest possible thrusting of earlier gneiesea over greenetone
bait rocks as part of this early deformation.
It is difficult to evaluate the extant and full meaning of
these early structures.

Earlier block movements may well explain

some, but their recognition, together with the regional pattern of
subsequent deformation of the Upper Greenstonea, make it clear that
the configuration of

greenstone belts can no longer be

explained merely in terms of multiple granitic intrusion.

METAMORPHISM
The long time-span involved in the development of the
Rhodesian craton also places constraints on the evaluation of the
metamorphic history, which is probably just as complex as the
structural story.
The scattered remnants of the Sebakwian Group, however, show
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regional metamorphism up to amphibolite facies around Mashaba
(Wilson 1968a) and north of Umvuma (Bliss 1962) 9 and to upper
amphibolite, and possibly even granulite facise, west of Selukwe
(Stows 1968a, 1973).

Metamorphic olivine-orthopyroxene assemb-

lages are recorded by Stows in the Selukwe area.

It is not

clear to what extent these form part of the early regional events;
some, but not all, occur near later dolerits dykes and thus may
represent local contact effects.
effects of the

C.

West of flashaba the contact

3500 Ma Mushandiks granite have produced

andalusite and cordierite in the adjacent Sebakwian Group sedimentary rocks.
In the main greenstons belts (ignoring the complications of
the Lower and Upper areenstone subdivisions in this context) most
workers have recorded distinct and rapid increases of metamorphic
grade as intrusive granite contacts are approached.

Saggerson

and Turner (1976) however, in the only regional metamorphic
appraisal so far attempted, recognise a metamorphic zoning across
the craton, which is not solely dependent on granitic intrusions as
a heat source.
In defining zones, Saggereon and Turner (1976) use the
maximum regional metamorphic grads reported from any single greenstone belt and note that rocks of lower grade may occur.
Their zonation is semi-concentric and is evident both in
the Bulawsyan and Shamvaian Groups.

The pattern is obscured by

the later cover rocks in the west, and by the (later) Mocambique
mobile belt in the east.

The lowest grades are found in the

Midlands (Gw.lo-Que Quo-Hartley) area, where the paragenesis is that
of zeolite to lower greenachist facies, with the maximum of these
lowest grades found in the Maliyami formation volcanic rocks.
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Many of these retain their original texture. despite some replacement by carbonate; prehnits and zoi.ite are stable, and zeolits.
filled aaiygdalis are .till preserved.
Outwards from the Midlands area there is a progressive
increase through lower and upper greanachist facie* to emphibolits
facie* on the cratonic margins with the Limpopo mobile belt in the
south and the Zambezi belt in the northeast.

The occurrence of

andalusits and cordisrite.anthophyllite, and the lack of garnet in
the plagioclass.aaphibOlite assemblages, emphasise the low.pressurm
facie* conditions of the regional metamorphism.
The authors suggest that the regional zonation is related
to thermal highs along the Limpopo and possibly the Zambezi belts.
They note that the late adamellites transgress the regional
zonation pattern and suggest that continued thermo-tectonic
activity from the Limpopo and Zambezi zones may have produced
these into cratonic intrusions.

In this, their thinking parallels

that of Robertson (1973a) and Hickman (1976) who, as mentioned
earlier, have also argued that certain of the Chilimanri Suite in
the south cretonic area are related to events in the Limpopo
mobile belt.

MINERALISATION
Economic mineralisation covering a wide range of minerals
and metals is an important feature of the Rhodesian Basement
Complex, but have it is possible to mention only some of the more
general aspects.
Gold mining was the mainstay of the country's economy for
many years and it was realised at an early stage that the gold
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occurred in the greenstons belts, or "gold" or "schist" belts as
they were locally known, and to a lesser extent within the granites
and gneisses.

Phaup (1964) offers the simplest subdivision of

Rhodesian gold deposits and recognises two main types; these are
quartz veins and sulphide replacement bodies,
The quartz vein deposits are higher in grade, but gold
concentrations occupy only a small portion of the vein strike and
the veins are notoriously lenticular.

Gold mineralisation in these

deposits invariably shows a structural control related to regional
and local stress fields.
The replacement deposits are larger and Phaup describes
the commonest type as miepickel, pyrite-pyrrhotite and, in places,
stibnite replacement of gzeenstone belt volcanic rocks and sedimentary sohists.

He also describes pyrrhotitepyrite gold replacement

bodies in faulted and brecciated banded iron-formation.

More recent

authors (e.g. rripp 1976; Anhaeuseer 1976) have placed a different
emphasis on the association of stratiform gold-sulphide mineralisat
ion in such banded iron-formation rocks and ferruginous charts.
Fripp looks to a genetic link between this association and volcanic
exhalative processes, although clearly later fracturing and folding
have helped to control economic concentration.
Rhodesian Archaean gold deposits, what ever might be the
age(s) of actual mineralisation, are not restricted to any one age
of greenstons belt rocks.

Cold has been won from numerous mines in

the Sebakwian Group at Selukws (Stows 1968a 9 c) and from a lesser
number in the Sebakwian rocks at Mashaba.

Most deposits however,

not surprisingly, occur in the widespread Upper Greenstones subdivis.
ion of the Bulawayan Group with a high number of large producers
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around Qua Quo and Gatooma.

Large deposits are notably absent

from the thick lower tho].eiitic pile, especially in the Gwelo,
Fort Rixon.Shangani, Belingwe and Fort Victoria belts, and from
the western calc.alkaline assemblage.
Little is known of the regional zoning but several areas
are noted for their associated minerals.

Galena, for example,

is common in the Umtali greenatone belt in the extreme east of the
craton, whereas arsenopyrite is widespread in the Gwanda belt,
70 km south of Bulawayo.

Even in the same greenstone belt, however,

groups of mines may be characterised by different association of
sulphide minerals.

Some of the complexities are well shown by

Stows (1979) who, in the area around Quo Quo, recognises the
introduction of gold in three main phases.

The First was a

widespread pyrite or pyrite-aresnopyrite phase; the second was
a zinc-capper-lead sequence over a small area; and the third,
over an even smaller area s was an antimony mineralisation.
The association of gold with pre or post-mineralisation
felsic dykes is apparent in a number of mines.

There is also,

in places, a close spatial relationship between large and small
tonalite-granodiorite intrusions and the distribution of gold deposits.
The emplacement of these intrusions is thought by many to have produced
the tectonically favourable areasp as well as the thermal control,
for gold concentration (Anhaeusser, 1976).
In several areas regional fracture patterns can be recognised
(Stows 1968c and 1979).

Around Quo Quo, Stows (1979) notes that

the directions of ore-body fissures

are

regionally consistent and

strike north, northwest and northeast respectively for the early
arsenical mineralisation, with an additional east-striking, flit-
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dipping set related to the final antimony phase. Many of the.e
fissure directions he can relate to major pro-mineralisation
"master shears" resulting from differential movement between rocks
of different competencies.

He suggests that these "master shears"

might have formed during the final phase of intrusion of late
granites such as the Sesombi tonalits, but goes on to say that
these "master shears" may be the result of craton-wide regional
stress and related to the deformation envisaged by Coward
(1976a) during the main periods of Limpopo deformation.
Another important mineral is chrysotils asbestos*
This is mined in the southern part of the craton with the bulk of
production coming from the two major members of the Mashaba Ultra
mefic Suite at Shebani (Laubacher 1954 9 1968) and Mashabs (Wilson
1968 a and b) respectively.

In the Mashaba area Wilson envisaged

a relationship between intrusion of the Chilim.ni.SUite granites,
However, as is possible with

deformation, and fibre development.

Stove's "master shears" around Quo Que, the fibre-producing deformation at Mashaba and Shabani can be related to cratonic events
during the Limpopo deformation as envisaged by Coward at al.(1976a)
and the regional control seems better explained in terms of the
cratonic southwesterly slide (Wilson 1979).

The country rock of

the two intrusions is the crustal segment containing the major
development of c. 3500 Ma rocks.

Shortening in response to the

southwesterly slide can be regarded as one of limited block movement, internal to this stable segment, and controlled largely by
the position of the less competent "lubric ants" of the ultramafic
sheets.

The fibre deposits are developed in the serpsntinised

olivine-rich ultramafic rooks close to the major shears and
thrusts (sea also Wilson in press b).
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Important nickeliferous sulphide deposits of two types
,

occur in the Rhodesian Basement Complex, associated with gebbro
metagabbic and ultramafic rocks respectively.

Unlike the gold

mineralisation, there does seem to be an age factor involved and,
at least within the central cratonic area, the deposits appear
to be confined to the Upper Geenstones (Wilson 1979).

Most

seem explicable as part of the high-magnesium Reliance-type igneous
activity at the base of the Upper Greenstones, but some nickel
mineralisation is also evident in ultramafic rocks of the overlying
bimodal suite of the western succession, and in a differentiated
mafic intrusion cutting the caic-alkaline volcanic assemblage.
The status of the Plashaba Ultramafic Suite in the nickel mineralisation is not clear at this stage.
High-grads stratiform chromitite deposits are mined at
Selukwe (Cotterill 1969 and in press) and to a lesser extent at
Mashaba (Wilson 1968a) and chromitjts occurrences are known in
several of the Sebakwian Group remnants in the c. 3500 Plc gneisses
separating these two centres.

Early formed chromite is a feature

of ultramafic rocks of all ages in the Rhodesian Archaean, ranging
from the earliest Sebakwian to the Great "Dyke".

However, if

Cotterill's interpretation of the chromitite-bearing serpentinite
at Mashaba, as discussed earlier (see also Wilson in press b) is
correct, then economic chromitite deposits in the Basement Complex
are apparently confined to the Sebakwian Group.
At the other and of the timescale beryllium-lithium pegmatite mineralisation, is a feature of some of the Chilimanzi Suits
of late granite..
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PROBLEMS AND MODELS
Granitic rocks of three different approximate ages are now
known from the Rhodesian Archaean, and all three would appear to
involve sadie and potassic varieties.

Two are associated with

greanstone volcano-sedimentary sequences; at c. 3500 Ma with the
Ssbakwian Group, and at c. 2700 Ma with the Upper Greenstones
(Bulaayan) and Shamvaian Group.

The age of the Lower Greenatonee

is still unknown but field evidence, and such isotopic data as
there are, indicate that they are not part of the S.bakwian Group
but rather something closer in time to the Upper Greenstones.
The recently recognised

co

2900 Ma granitic event may well be

associated with the Lower Greenetones, if the Mashaba-typa
tonalites and Chingezi gneisaee represent pjjtonism complimentary
to their falsic volcanicity (Wilson at a].. 1978; Wilson, 1979).
The status of the Umniati River and Gwenoro gn3iases
remains obscure.
They give ages of around 2800 Ma with low
87
initial
Sr/ 86sr ratios (Table 1) but statistically the results
are indistinguishable from the c. 2900 Ma granites and from the
c. 2700 Ma granites and greenstonea.

Stowe's (1968a and b 1973)

mapping supports a pre-Upper Greenstonea age for the Owenoro
gneieses, and thus they are perhaps further phases of plutoniam
complimentary to the Lower Greenstones.

Alternatively, but less

likely perhaps, they may be early manifestations of the Sesombi
Suite, on the negative evidence of the apparent lack of MashabaChibi dykes or Mashaba Ultramafic Suite within them.
These dyke swarms and ultramafic intrusions, if they are
coeval with the high magnesium-tholeiitic volcanic pile or indeed
any part of the Upper Greenstonea, become an important tool in the
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delineation of the pre-Upper Creenstones basement.

Taken in

conjunction with the recent stratigraphic correlations they
provide evidence for an extensive basement to a widespread
Upper Greenstonss cover sequence, although more work is needed,
both inside and outside the central cratonic area, to delineate
accurately the full extent of both.
A near full spectrum of geological environments has now
been proposed for the generation of Archaean greunstorie belts
(sea Hunter 1974; Windley 1976) and in the Rhodesian context a
number of models have been put forward.

With the little that

remains of the Sabakwian Group, it is difficult to evaluate its
origin.

The aoncordanoe of strike and dip of the greenetone belt

remnants is such to preclude any conclusions regarding basement
cover relationships, although it is clear from the Sel.ukwe
succession that complex sialic crust was present at an early
stage.

Thus most models refer to the widespread main greenstone

belts.

Table 4 summarises some of the more recent suggestions,

with the omission of those which do not recognise the presence of an
early sialic basement (e.g. Anhaeuse.r 1973).

Obviously only the

most recent take cognisance of the implications of the Lower and
Upper Greenstonea subdivision of the Bulawayan Group, although the
concept was to some extent inherent in Stove (1971).
The early models of Stowe (1971) and Wilson (1973b) both
recognise a sialic basement containing infolded greenatone belt
remnants.

Wilson envisaged a much larger area of basement than

did Stowe and saw in the three dominant greenetone belt trends of
east.northeast, northeast and north-northeast, a reflection of an

original pattern of mantle tapping fractures, which in turn
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he considered to mark the sites of the thickest and heaviest
development of volcanic cover.

In this he was extending the

general explanation of Anhaeusser at al. (1969) and attempting
to produce a control in the downeagging required to produce
Macgregor's gregarious batholiths.

H. identified strike

lengths of 500 km but offered no explanation for their generation.
In a more recent, plate tectonic, scheme Coward at ji.
(1976b) also see some possible primary significance in these
three directions.

They point out that a triple junction model

for the southwestern part of the craton, could explain the
curvature of the greenatone belt outcrop pattern in this area;
introduce a control in the east-northeast trending major shears of
the Limpopo deformation; and explain the crustal shortening,
which they suggest could represent a period of crustal collision
which closed the original basin.
While such a model might explain some of the structural
features of this region, this southwestern area cannot be considerad in isolation from the rest of the craton.

Nowhere in the

central area, for example, is there evidence that any part of the
Upper Greanatones represents ocean floor; wherever the base of the
Upper Greenstones is known to be preserved it rests on older
granitegreenstons terrain*
Similarly this is a weakness of the Condie and Harrison
(1976) model which also envisages the lower basaltic pile as ocean
floor.

Their various tentative proposals are based on geochemical

data and are made in the light of Harrison's (1970) interpretation
of the Quo Quo area stratigraphy.

The chemistry is given in

terms of average analyses for the various rock types and these,

TABLE 4
Summary of recent models for greenstone belt generation in Rhodesia
Stows (1971)

Bulawayin eugeosynclines on northwest and southeast sides of, and in
fractures across, an older central protocraton consisting of Macgregor5
Shangani and Rhodeadale "batholiths" and some of country to east.

Wilson (1973 b)

Northwest, north-northeast and east-northeast pattern of mantle
tapping fractures in early basement*

Coward at al.(1976 b)

uthwest part of cratons triple junction of major, minor and failed
spreading arms directed north-west, east-northeast and south-southwest
respectively.

Condie and Harrison (1976 b)

Midlands area z Bulawayan lower basaltic pile from depleted lherzolita
source beneath spreading centre in marginal sea basin, sialic crust
(Rhodesdale "batholith") to east. Eclogite sources for overlying
andesitea and dacites in descending slab west of basin.

Hawkesworth and O'Nions (1977)

Upper Greenstones: rifting within a continental block for tholeiites
and caic-alkaline rocks; derivation by differential partial melting
and subsequent polybaric fractionation of essentially homogeneous
source; Sesombi tonalite and late dacitea from eclogit. source.

Katz (1976)

Development of greenatone belts of Rhodesian and Kaapva.l cratons in
rift-ridge systems at high angles to, and initiated by, transform zone
of Limpopo mobi.s,e belts reactivation produced Great "Dyke" rift.

*

Wilson in press;
Wilson at al.(1978)

•(1979)

Rifting confined to Rhodesian cratonic block: initiated by transcurrent
movement in Limpopo mobile belt, (and possibly subparallel belt to north),
to explain Upper Greenstonea, Great "Dyke" and possibly Lower Greenstones.
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and the model, do not distinguish between the Lower and Upper
Greenatonee.

Their derivation of the calc-alkaline andesites,

however, invokes subduction and an eclogite source.
Hawkeeworth and O'Nione (1977) 9 on the other hand, argue
against subduction for the generation of the calc'.alkaline
association.

Their samples come almost entirely from the Upper

Greenatones.

They recognise two broad igneous series; an Fe

enrichment tholeiitic series (which include peridotitic komatiities as defined by Brooks and Hart, 1974) and a calc-alkaline
series marked by andesitse.

Effectively they are dealing with

samples from the Reliance and Zeaderberge formations at Belingwe;
the equivalents of the Zeedarbargs formation at Fort Vistoria and
Bulawayo; and the calc-alkaline Maliyami formation of Harrison
(1970) at Quo Qua.

They maintain that, in marked contrast to

modern plate margins, the trace element characteristics of the
tholaiitic and most of the calosalkaline rocks suggest derivation
from chemically similar sources.

They favour rifting within a

continental block for both rock suites.
In considering rifting models for greenstone belts it is
interesting to note that several workers have looked to the Great
"Dyke" not only as an abortive rift but some have suggested, or
implied, that the "Dyke" is an abortive greanetone belt. (e.g.
Coward at al. 1976b; Katz 1976; Wilson at ale 1978).

This is

in keeping also with the parental magma of the "Dyke" which was
some kind of magnesium-rich tholeiite.

Thinking on these lines,

and recourse to some kind of rifting accompanying movments of
major crustal blocks, form the basis of the most recent models.
Katz (1976) suggests that the Limpopo mobile belt is a
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transform

ZOflB

which, during its initiation, developed the

greenstone belts of the Rhodesian and Kaapvaal cratons in a rift.
ridge system at high angles to it, and that subsquent reactivation of this zone produced the rift of the Great "Dyke".

*

Wilson (in press) and Wilson at al (1978) elaborate on a
somewhat similar schema but note that the Upper Greenstonee sub
division of the main greenstone belts has not been recognised
south of the Limpopo belt.

These authors point out also that the

approximate north*northeast line, so prominent in the Great "Dyke"
fracture pattern, is a trend also evident in the present distribute
ion of the western succession of Upper Greenstones, in particular
in the caic-alkaline assemblage; and that it is, moreover, one
reflected through time in the Rhodesian Archaean.
Their suggestions for a possible rifting model invokes
major intracratonic block movements involving tr.nscurrent dis-

placement along what is now the Limpopo mobile belt, and possibly
also along a sub-parallel belt to the north.

These movements were

accompanied by ctaton-wide fractures on an approximate northeasterly trend, but confined to the Rhodesian block.

For the Upper

Greenetonea this block was effectively the pro-2700 Ma Rhodesian
craton, the full extent of which is not known.

Similar even

earlier movements, they suggest, might have produced the Lower
Greenstones.

By 2500 Ma, however, in perhaps a last but unsuccess-

ful attempt to produce a greenstone belt, the Rhodesian craton,
finally stabilised by the late granites of the extensive Chilimanzi
suite, fractured sufficiently to produce only the Great "Dyke"
pattern.

Their speculations imply that the greenstone belt

tectonics were intracratonic but not that all Archaean tectonics
were such.
*(197g)
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In summary, present knowledge does not allow conclusions
to be drawn regarding a final model for the generation of the
Rhodesian greanstone belts.

On any modern analogy the tholeiitic

and calc.alkaline provinces as recorded in the Upper Greenstones
would correspond to the constructive and destructive phases of a
plate cycle.

Bearing in mind the evidence for a widespread

sialic basement, perhaps the closest modern analogy for the lower
formations is in rifted continental areas; but it is not clear
from the Rhodesian evidence whether a regime producing such
rifting in the Archaean also produced major ocean basins elsewhere, as happened in later geological time (Wilson at ii 178).
In contrast, although the full western extent of the calcalkaline assemblage is obscured by younger rocks, on present
exposures it has a linear development; and thus the present areal
distribution of the younger volcanic rocks of the Upper Greanstones
is reminiscent of modern destructive continental margins.

Whether

this necessitates an origin in a regime analagous to present-day
plate tectonics involving subduction is still debateable, and highlighted by the conflicting views expressed by the, albeit preliminary, geochemical studies.
Recent thinking reflects the increasing tendency to seek an
interrelationship of events in the craton and adjacent mobile belts
to explain generation of greenatone belts, regional structures and
metamorphism.

If ideas concerning major block movements are

correct then such movements, whatever their fundamental cause,
have had a major controlling influence on the evolution of the
craton from possibly 3000 Me - 2500 Na.

Any final model for the

Rhodesian greenstone belts, however, must recognise the likely
presence of granite-gresnatone terrains of three different ages

00,

TABLE 5
Summary of major events in the Rhodesian Archaean craton (After Wilson, 1979)
Re
GREAT "DYKE"

2600

CHILIf'lANZI-SUITE GRANITES

2700
2800

EAST

WEST

2500

Seeombi Suite
Shamvaian Group

Shamvaian Group

Caic-alkaline

SESOMBI-SUITE

GRANITES
SHAMUAIAN GROUP

UPPER GREENSTUNES
(BULAWAYAJ GROUP)

-

-

-

Mafic (some high rig)
sediments

Mafic/high Mg.
Felaic bimodal

-

Thol.eiitic

Tholeiitic

High rig

High Mg

-

MASKABA.CHIBI
YKESAN0

MASHABA ULTRA.

MAFIC SUITE

2go o
TONALITE
? LOWER CREENSTONES (BULAWAVAN GROUP)

MASHABA

3000

-

-

-

-

-

-

-

-

-

-

Maf'ic/high Mg-felsic bimodal

-

volcanism;

sediments

310
3200
3300
34004 MONT DOOR

3500-I
3600]

FORMATION GRANITE

MUSHANDIKE GRANITE
SELUKW(
SEBAKWIAN GROUP AND GRANITES

fMafiC
- - - - - - - - - -

arid

uolcanisrn, sediments
and Ultrarnafic volcanism j.. Granites

intrusion
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within the cratonic area, and, hopefully explain all three.
Table 5 eummariees the major events in the Rhodesian
Archaean creton.
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THE IIASHPIOA IGNEOUS COMPLEX

by

J. F. Wilson

Contribution to Chapter III of "The Precambrian of
the Southern Hemisphere" Edited by 0. R. Hunter,
Publishers Elsevier, Amsterdam.

(Wilson, in press b)

1.
THE MASHABA IGNEOUS COMPLEX
This lies about 250 km south of Salisbury, Rhcdeia, at
the western and of the Fort Victoria greenstone belt, end, as now
exposed, is largely the remains of an ultramafic layered intrusion,
Wilson (1968a 9 b) also describes certain adjacent mafic dyke swarms
as late phases of the complex.

The country rock is mostly as 3500

Ma granite.'gneiss terrain with infolded Sebakwian Group remnants.
The most extensive part of the complex is the main sill.
This makes up the northwest arm, which dips northeast at 1030
degrees, and most of the central sector (Fig.A).

The main rocks

are dunite, harzburgita, both at least partly serpentinised, and
some pyroxenitoo

In parts of the northwest arm two macro-units

can be distinguished (units 2 and 3 0 rig.A) with the lower unit
capped by a discontinuous layer of olivine pyroxenite.

Except for

a few email sporadic pockets, the roof racks of the main sill are
entirely ultramafic normally consisting of a thin but persistent
zone of partly serpentinised poikilitic harzburgite.

High-grade

contact metamorphic effects are seen in the overlying country rocks
in several localities.
Within the central sector, east of Mashaba g are the remains
of a further layered sequence which occupies an area of about 10
sq.km and in part underlies the main sill (unit 4, Fig.A).
sequence shows a much fuller differentiation history.

This

ThH rocks

range from basal 8erpentinised dunits, through a composite
pyroxeflita layer into uralitised gabbro, which is quartz-bearing
at the top.

In the southeast of the central sector, a chromitits-

bearing aerpentinite, with well-developed fine-acals layering of
chromits and divine, occurs above the main sill (unit I t fig.A).

2.
Wilson's (1968 a,b) earlier explanation for the emplacement
of these four layered unite by a complicated mechanism of separate
injection requires modification.

His unit 4 is now best inter-

preted as the remains of a discrete and separate intrusion related
to the same magmatic episode as the main sill; and, as discussed
earlier (see Wilson in press a), it now seems more likely that
some, or all, of his unit I is part of the much older (ca 3500 Ma)
Sebakwian Group (Cotterill 1976 and 1979).
The northeast and eastern arms are more difficult to
evaluate.

The rock types are serpontinised dunitea and other

peridotitea; the eastern arm, has been subjected to intense shearing for most of its length and also contains a major development
of talc-carbonate rocks.

These two arms, together with the

prominent northerly offshoot from the eastern arm west of fort
Victoria, form a crude ring (Fig.A) which is matched on either
side of the northeast arm by curved, uralitised and saussuritised,
mafic dykes.

A modified radial pattern of dykes is also evident,

with swarms in the north and south that curve to converge on the
ring area.
the

Ca

The whole ring-radial pattern is cut in the east by

2600 Ma adamellite Chilimanzi batholith.
Wilson (1958 a l b) described the ultramafic arms of the ring

pattern as steeply dipping dykes.

Alternatively they could be

the remains of an eastern extension of the main sill down-faulted
between arcuate fractures, with the eastern arm modified by later
intense shearing.
The complex has been folded first on a northwest-trending
axis, then on a northeast-trending axis.

The

first deformation

accompanied major, but limited, southwesterly block sliding, with
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Mineral compositions in simplified vertical columns
from unpublished electron probe analyses by A.H.
Wilson. Vertical thicknesses are approximate and
maximum. (After Wilson 1966a).

4.
the bass of what is now the north-west arm acting as a lubricating zone.

Thus the lower margin of the two sections of this arm

is now in thrust contact with the underlying gnei.see.

The

second deformation produced cross warping of the northwest arm and
a dome and basin structure in the central sector.

In the east of

the central sector this was followed by major faulting and further
limited block movement south-westwards.

Major economic deposits

of chrysotile asbestos are developed close to the major thrusts
and faults in several parts of the complex (Laubschsr 1968;
Wilson 1968a).
Wilson (1968 a,b) attributed the deformation of the complex
to the intrusion of the late adamellites, and suggested southwesterly sliding of rocks off the rising dome of the Chilimanzi
batholith to the northeast, with final passive injection into the
deformed structures.

It now seems better explained as part of the

much larger regional pattern envisaged by Coward at alo (1976) 9
affecting the craton during the main periods of Limpopo deformation
(Wilson, 1979).
R e gional considerations and correlations concerning the
complex are discussed in Wilson in press a.
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Rb-Sr whole rock isochrons corresponding to ages of 2.87 ± 0.07 b.y. and 2.93 ± 0.16 b.y. (2a errors) have been
obtained on granitic rocks from southern Rhodesia. Tuffs from the Lower Greenstones succession at Belingwe gave
a Rb-Sr whole rock age of 2.51 ± 0.10 b.y. with a high initial 87 Sr/ 86 Sr ratio of 0.7056 ± 4. Samples from two
localities within the Chihi granite yield sub-parallel whole rock isochrons but they demonstrate significant differences
in their initial Sr compositions 2.62 b.y. ago (0.7047 and 0.7014). Rb-Sr mineral results from six localities on the
Rhodesian craton indicate that biotites last cooled through their blocking conditions 2.65-2.51 by. ago, although
co-existing muscovites sometimes preserve ages closer to the whole rock age of the host rock. Biotites from three
localities along the southern margin of the craton yield ages of 2.10-1.87 b.y. reflecting the 2.0-b.y. thermal event
that appears to be restricted to the Limpopo mobile belt in this area.
The available data as to the nature of the 2.9 b.y. event are reviewed with particular attention given to whether
greenstorie belts of that age can be recognised. Problems such as Archaean K-rich adamellites with fairly low initial
Sr ratios, and the relationship between high-grade granulite and low-grade granite-green stone terrains are re-assessed
in the light of our knowledge of the 2.9-b.y. event.

Introduction
Recent geochronological work in the Rhodesian
Archaean has yielded two groups of Rb-Sr whole rock
ages; the older between 3.6 and 3.4 b.y. and the
younger between 2.8 and 2.5 b.y. (see Wilson et al.
[I] for references). Each time span saw the formation
of complexly deformed gneisses, greenstone belts and
granites (sensu-lato). The earlier period included the
development of the Sebakwian Group greenstones
while the latter included the development of the
much more widespread main greenstone belts which
Present address: Department of Earth Sciences, The Open
University, Walton Hall, Milton Keynes, MK7 6AA, United
Kingdom.
2 Present address: Department of Geology, University of
Western Australia, Nedlands, W.A. Australia.

constitute tue Bulawayan and Shamvaian Groups.
The nature and the tectonic setting of these events
are still debated [21, but just as critical to our understanding of cratonic evolution in the Archaean is the
frequency with which such events took place. Recent
attempts at stratigraphic correlations [1,3] across the
main greenstone belts of Rhodesia show that some of
these contain a lower succession which appears to
Constitute the remains of a further greenstone
sequence.
In this paper we present new Rb-Sr mineral and
whole rock results on a variety of rock types from
south Rhodesia. The whole rock data indicate that a
granite- and gneiss-forming event took place within
the Archaean craton at - -2.9 b.y. ago. We interpret
the geological evidence to imply that this event
represents an episode of gneiss, greenstone and
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he Belingwe area (Figs. 1 and 2) which are pertinent
to the ensuing discussion.
The Belingwe greenstone belt is one of the main
greenstone belts of Rhodesia and is a key area in any
attempts at regional stratigraphic correlation [1,31.
It contains two distinct sequences the Lower and
Upper Greenstones both of which comprise thick
successions of sedimentary and volcanic rocks,
including komatiites, with the lower sequence containing a greater volume of agglomeratic and tuffaceous rock types. The Lower Greenstones are overlain unconformably by the Upper Greenstones, which
form the central and major part of the belt [5,6].
This upper sequence contains the only known locality
in southern Africa where Archaean greenstone belt
sediments can be clearly seen to lie unconformably

granite formation distinct from the younger and more
widespread episode at 2.7 b.y. Rb-Sr ages have been
determined from separated minerals to assess K-Ar
evidence for this 2.9-b.y. event (see Wilson [41).
The available information on the nature of the —2.9b.y. granite (and probably greenstone belt) event is
reviewed and the significance of this event in the
cratonic evolution of the Archaean of Rhodesia is
discussed.

-

-

2. Geological setting

For a more general introduction to the Archaean
geology of Rhodesia the reader is referred to the
literature [1 3,41. Here we describe those features of
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on pre-existing granitic basement [7,81.
The surrounding granite-gneiss terrain is much less
clearly understood. Exposure is often poor and few
areas have been mapped in any detail. In the east,
radiometric work has yielded 3.6- to 3.4-b.y. ages
from the Mushandike granite [9], from granitoid
rocks in the Tokwe River and nearby [101, and from
the Shabani area [11]. Rocks of this age range from
strongly banded gneisses, with relict inclusions of
amphibolite, ultramalics and metasediments, to
homogeneous tonalites and clearly discordant granodiorites. In the west, Martin [5] and Orpen [6] have
recognised a lithologically similar granite-gneiss terrain
(the Chingezi Gneiss Complex) but prior to this study
no age data were available.

Following the formation and deformation of this
younger Chingezi gneiss terrain the next unmistakable
events recorded in the granitic terrain are the emplacement of a number of layered ultramafIc intrusions
and mafic dykes. Together these represent an
important time marker in that they intrude the old
granite-gneiss terrain, but are truncated by the postgreenstone belt adamellites such as the Chibi and
Chiimanzi Batholiths [12] and are affected by Limpopo age deformation [13]. Collectively the dykes
and ultramafic intrusions have been named the Mashaba-Chibi and Mashaba tfltramafic Suite respectively,
and are considered by Wilson [1,3] to be coeval with
the volcanic part of the Upper Greenstones succession
seen at Belingwe and its equivalents elsewhere in the
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craton. Representatives of both intrude the Lower
Greenstones at Belingwe. The dykes have not been
reported from the Upper Greenstones at Belingwe nor
from their preserved equivalents elsewhere. However,
one of the ultramafic suites at Belingwe (Ingolubi
intrusion, Fig. 2), which cuts the Lower Greenstones,
does extend as a sill into the Upper Greenstones and
is folded with them [6].
Structural evidence [6] implies that the Chingezi
gneisses were complexly deformed before the deposition of the Lower Greenstones. The Lower Greenstones have not been satisfactorily dated. The Upper
Greenstones give ages between 2.8 and 2.5 b.y.
analytically indistinguishable from those obtained
from the late intrusions [10,14].

known. Results are therefore quoted to ±0.01% (2a)
and that figure is used in the subsequent age calculations. lsochrons are calculated using the method of
McIntyre et al. [16] and the 8 7 R decay constant is
taken as 1.39 X 10_ 11 yr. All errors are at the 2a
level.
Minerals were separated using standard magnetic
and hand picking techniques and analysed using a
mixed spike procedure. The Rb was extracted on zirconium phosphate columns [15], and the precision
on the Rb/Sr ratio is estimated to be ±1% (2a).

4. Whole rock results
4.1. Mashaba tonalite

3. Analytical methods
Whole rock Rb/Sr ratios were determined on
pressed powder pellets with a Philips 1212 X-ray
fluorescence spectrometer [15]. A spiked internal
standard was always present to monitor any drift in
count rate and sample counts were normalised
accordingly. Observed drift corrections were negligible relative to the counting statistics (ca. 0.5%).
Estimated average precision on the Rb/Sr ratios is
±2% (2u) but the Rb and Sr contents are probably
only known to ±5%. The following average Rb/Sr
ratios were determined on international standards:
GSP-1, 1.08; AGV, 0.102; BCR:1,0.143; G-2, 0.350.
Strontium was extracted using conventional dissolution and ion exchange techniques for which the
total chemical blanks were less than 4 ng/sample. The
isotopic composition was determined on a VG Micromass 30 mass spectrometer with on-line computer
facilities. 88 Sr ion beams of ca. S X 10 11 A, short
count times, and fast peak switching corrected for
dynamic zero effects allow 87Sr/86 Sr ratios to be
measured at the rate of about 250/hour. By measuring
200-350 ratios on each sample, 0.005% precision
(two standard errors on the mean) was routinely
achieved. However, tests carried out in this laboratory
suggest that sample powders of old Archaean rocks
are not always isotopically homogeneous at this level.
They indicate that 0.01% may be a more realistic,
albeit conservative, estimate of the precision with
which the 87 Sr/ 86 Sr ratio of any particular sample is

The Mashaba tonalite [12,171 occurs in the old
(3.6-3.5 b.y.) granitic terrain roughly midway
between the Belingwe and Fort Victoria greenstone
belts, it contains quartz, sodic plagioclase, biotite,
muscovite and rare occurrences of late formed microline. Exposures are poor but the tonalite is predominantly a homogeneous, weakly deformed rock
which, at least on its eastern margin, passes laterally
through a mixed zone of tonalite and gneiss into the
highly banded Tokwe gneisses. It is intruded by the
Mashaba-Chibi dykes and by the Mashaba Igneous
Complex, an important member of the Mashaba Ultramafic Suite.
Ten whole rock samples (Table 1) were collected
from quite a large area (Fig. 1). They define a reasonable isochron (MSWD = 11) corresponding to an age
of 2.93 ± 0.16 b.y, with an initial ratio of 0.7014 ± 8
(Fig. 3a). This whole rock age is taken to reflect the
time of intrusion of the Mashaba tonalite.
4.2. The Chingezi gneisses
These banded gneisses, which are cut by folded
aplites and pegmatites, occupy an area west and south
of the Belingwe greenstone belt (Figs. I and 2). They
are similar to the 3.6- to 3.5-b.y. Tokwe tonalitic
gneisses east of Shabani, and consist of quartz, sodic
plagioclase, biotite and rare microline.
The Chingezi gneisses are interfolded with amphibolites (Bvute Formation, Fig. 2) along the southwestern margin of the Belingwe greenstone belt. The

TABLE 1
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Rb-Sr whole rock results
Sample No.

Mashaba

Grid reference

Rb
(ppm)

Sr
(ppm)

87 Rbf 86 Sr

87Sr/86Sr *

36KTP211227
36KTP211227
36KTP213224
36KTP218227
36KTP23227
36KTP259178
36KTP259178
36KTN134806
36KTN134806
36KTN134806

28
23
47
65
42
47
45
64
45
53

388
354
230
317
227
333
341
285
419
436

0.208
0.187
0.594
0.592

0.70983
0.70916
0.72546
0.72677
0.72338
0.71915
0.71744
0.72830
0.71494
0.71581

35KQH925252
35KQH925252
35KQ11925252
35KQ11925252
35KQH925252
35KQH925252
35KQI-1894273
35KQF1894273
35KQH894273
35KQH894273
35KQH894273
35KQH894273

87
75
96

255
237
232
197
281
336
342
380
400
376
363
411

0.985
0.922
1.204
0.807
0.690
0.929
0.397
0.275
0.295
0.374
0.284

0.74237
0.73942
0.75012
0.73501
0.72956
0.73661
0.71802
0.71177
0.71268
0.71412
0.71679
0.71387

149
146
145
186
198
195
292
176

1.10
1.29
0.967
0.316
1.01
0.324
0.042
0.513

0.74476
0.75280
0.73981
0.71844
0.74253
0.71833
0.70713
0.72431

ronalite

RL75MT1
RL75MT2
RL75MT3
RL75MT4
RL75MT5
RL75MT6
RL75MT7
RL75MT8
RL75MT9
10924

0.555
0.416
0.379
0.653
0.308
0.353

Chingezi gneisses
SL330
SL331
SL332
SL333
SL334A
SL334B
SL335
SL336A
SL336B
SL337
SL338
SL339

55
67
108
47
33
38
38
47
40

0.255

Hokonuj tuffs
35KRH054375
35KRH054375
35KRH054375
35KRH054375
35KRH054375
35KR11054375
35KRH054375
35KR11054375

RL7544
RL7545
RL7547
RL7548
RL7549
RL7550
RL7551
RL7555

57
65
49
21
69
22
4.4
32

Chibi granite

RL7561
RL7562
RL7563
RL7565
RL7566
RL7567
RL7568

Mukwakwe
36KTN211229
36KTN211229
36KTN211229
36KTN21 1229
36KTN211229
36KTN211229
36KTN211229

170
175
169
184
199
172
170

227
230
235
235
232
235
231

2.18
2.22
2.10
2.29
2.51
2.13
2.15

0.78425
0.78499
0.78125
0.78734
0.79561
0.78241
0.78262

RL7569
RL7570
RL7571
RL7572
RL7573
RL7574
RL7575
RL7576

Zurubi
35KTN115307
35KTN115307
35KTN115307
35KTN115307
35KTN115307
35KTN115307
35KTN115307
35KTN1 15307

170
161
157
166
171
167
163
213

296
318
291
318
288
301
305
296

1.67
1.47
1.57
1.52
1.74
1.62
1.56
2.10

0.76309
0.75606
0.76005
0.75759
0.76619
0.76071
0.75846
0.77894

.

* Present-day 87 Sr/ 86 Sr ratios: tO.01% (2a)
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status of these amphibolites is obscure at this stage.
The contact between them and the three overlying
less deformed and less metamorphosed formations,
which are clearly part of the Lower Greenstones, is
too poorly exposed to determine relationships. However, structures in the Chingezi gneisses are folded by
the (pre-Upper Greenstones) deformation which produced a major northeasterly trending syncline in the
Lower Greenstones.
Twelve whole rock samples of the Chingezi gneisses
were collected from two localities 4 km apart (Fig. 2).
The Rb-Sr results are presented in Table I and Fig. 3b,
and eleven of them define a reasonable isochron
(MSWD = 6) corresponding to an age of 2.87 ± 0.07

=

1.39 X 10-1 1 yr'. Quoted errors

b.y., with an initial Sr 87/Sr 86 ratio of 0.7017 ± 6. The
low initial Sr isotope ratio precludes formation of the
Chingezi gneisses from a mantle-like source much
before 3.1 b.y.
4.3. The Hokonui Formation
The Hokonui Formation is part of the Lower
Greenstone succession on the western side of the
Belingwe greenstone belt 15,61. It consists predominantly of dacitic pyroclastic volcanics v'ith
minor basaltic and andesitic flows.
Eight whole rock samples were collected from a
50-rn section in a tributary of the Mtshingwe River

Hg. 2). They consist of graded and cross-bedded reedimented volcanic detritus of intermediate composition. The rocks are slightly carbonated and have
crystallised to the greenschist facies assemblage
ilbite, epidote, actinolite, chlorite, quartz and calcite.
The results (Table 1) are plotted in Fig. 3c and
catter about a line (MSWD = 25) corresponding to an
ge of 2.51 ± 0.10 b.y. The initial 87 Sr/ 86 Sr ratio of
0.7056 ± 4 is high for Archaean volcanic rocks. The
rocks may have included detritus from nearby older
gneisses and the Sr isotopes may have been re-homogenised within this suite by the metamorphism after
their deposition. The overlying volcanic rocks of the
Upper Greenstones give slightly older ages (e.g. [181)
as discussed below and given this high initial Sr isotope ratio it is not possible to place reasonable constraints on the depositional age of the Hokonui Formation.

4.4. Chibi granite
The Chibi granite is a large cross-cutting batholith
which crops out over some 2200 kin along the
southern margin of the Rhodesian craton (Fig. 1). It
truncates 3.6- and 2.9-b.y.-old gneisses, Mashaba-Chibi
dykes, and the Belingwe greenstone belt; but is itself
intruded by the Great Dyke [191. Observed compositions range from granite to adamellite but typically
it contains approximately equal proportions of quartz,
oligoclase, and microcine. Flakes of brown biotite
and globules of myrmekite are common, along with
minor amounts of muscovite, iron ore, apatite,
sphene, and epidote [l9J.
Fifteen samples of the Chibi granite were collected
at two localities (Mukwakwe and Zurubi) about 10
km apart (Fig. 1). The whole rock results (Table 1
and Fig. 3d) reveal significant differences in the Rb.
Sr geochemistry of the Chibi granite in these two
areas. Samples from Mukwakwe give an age of 2.52 ±
0.44 b.y. with an initial 87 Sr/ 86 Sr ratio of 0.706 ± 14.
Samples from Zurubi give an age of 2.62 ± 0.22 b.y.
and an initial 87 Sr/ 86 Sr ratio of 0.701 ± 5. The large
errors on these results reflect the lack of dispersion
in the Rb/Sr ratios sampled. However, Hickman [20]
reported a precise composite whole rock Rb-Sr
isochron of 2.63 ± 0.03 for three neighbouring "late"
potassic granites (Chilimanzi. Zimbabwe and Victoria,
Fig. 1). It is likely that the Chibi Batholith, which is

identical mineralogically and which outcrops within
a few kilometres of the Zimbabwe Batholith, is part
of this suite and was intruded at the same time. Thus
we may calculate the initial ratios of the Mukwakwe
and Zurubi suites at 2.63 b.y. The Mukwakwe samples
are indistinguishable from the composite isochron of
Hickman [20] (Fig. 3) and their initial 87 Sr/ 86 Sr
ratio calculated from the best fit to a line representing
an age of 2.63 b.y. is 0.7047. The Zurubi samples all
plot below but sub-parallel to the composite 2.63b.y. isochron (Fig. 3) and their initial 87Sr/ 86 Sr ratio
at 2.63 b.y. is 0.701, significantly lower than either
the Mukwakwe samples or the initial ratio (0.704 ± 1)
of the composite isochron reported by Hickman [20].
Thus it would appear that the Chibi batholith
includes K-rich granites derived from at least two
different source regions. The samples from Mukwakwe
probably reflect a source similar to that of the other
"late" potassic granites so far studied (0.704 ± 1) and
Hickman [20] discussed how that source might be
29-b.y. crustal material. The Zurubi rocks, however,
have an initial 87Sr/ 86 Sr ratio (0.701) at 2.63 b.y.
which is very similar to that of the greenstone belt
volcanic rocks and the associated tonalite intrusions
[101. Work is currently in progress to investigate
whether there is any petrogenetic relationship between
say the tonalites and granitic rocks such as those
which crop out at Zurubi, or whether the latter
reflect "re-working" of material only recently added
to the crust.

5. Mineral results
Minerals were separated from a variety of granitic
lithologies whose whole rock ages range from 3.6 to
2.6 b.y. The analyses are presented in Table 2.
Biotite-.whole rock ages from samples of 3.6-b.y.
Tokwe River gneiss, 2.9-b.y. Mashaba tonalite, 2.8b.y. Gwenoro migmatite, and 2.7. to 2.6-b.y. late
plutons (Sesombi and Nalatale) all fall in the narrow
range 2.65-2.51 b.y. These ages are from widely
separate localities (Fig. 4) and indicate that biotites
in a large portion of the central Rhodesian craton
were reset during this 2.7- to 2.5-b.y. event. Moreover
these biotites have not been affected significantly by
any thermal perturbation since 2.5 b.y. Muscovitewhole rock ages are typically slightly older than those

TABLE 2
Rb-Sr mineral results
Sample No.

Lithology

Grid reference

Sample

Rb
(ppm)

Sr
(ppm)

87Rb/86Sr

Rh739

Gwenoro tonalite gneiss

014118/1929D4

biotite
feldspar
whole rock

401.5
5.85
53

9.4
427
394

Rh73106

Tokwe River tonalite gneiss

316782/2030A2

biotite
feldspar
whole rock

419.4
14.7
48

Rh73175

Sesombi tonalite

723271/1829D1

biotite
muscovite
feldspar
whole rock

10909

Heany tonalite

10924

Mashabatonalite

RL753

Na la tale granite

RL7565

Chibi granite

RL7582

NG1062

Zurubi "older" gneiss

Ngezi gneiss

36KTN134806

36KTN211229

35KTN115307

36KSN978266

*

87 Sr/ 86 Sr

Age **
(b.y.)

225.5
0.040
0.391

9.160
± 3
0.70366 ± 5
0.71700 ± 7

2.65
2.68

11.5
332
332

170.5
0.128
0.420

7.009
± 2
0.71097 ± 5
0.72 154 ± 4

2.61
2.56

396.9
33.7
31.3
47

10.1
391
403
375

193.9
0.250
0.225
0.362

7.8902
0.71045
0.70979
0.71468

16
7
± 6
± 7

2.62
2.67
2.52

biotite
whole rock

397.6
40

12.0
326

147.4
0.359

6.1533 ± 7
0.71431 ± 10

2.61

biotite
muscovite
feldspar
epidote
whole rock

494.9
281
18.0
10.8
53

13.4
43.1
485
986
436

170.9
20.5
0.107
0.032
0.353

6.8639
1.5631
0.70710
0.70651
0.71581

2.55
2.97
2.50
2.05

biotite
muscovite
feldspar
whole rock

661
430
208
227

17.6
105
134
139

173.6
12.5
4.58
4.80

6.8678
1.17683
0.86995
0.87801

±
±
±

biotite
muscovite
feldspar
whole rock

1216
185
152
184

14.9
169
211
235

607.3
3.20
2.11
2.29

16.719
0.80825
0.77930
0.78734

±

±
±

±
*
±

6
1
5
5

a

4

±

7
7
6
± 6

2.51
2.74
2.59

±
±
±

7
9
5
4

1.87
1.63
3.1
1.96
1.91
1.85

biotite
feldspar
epidote
whole rock

854
75.4
63.4
164

29.7
578
2105
310

107.5
0.378
0.088
1.53

3.697
0.73434
0.72780
0.76534

±
±

1
5

±
±

5

biotite
hornblende
feldspar
whole rock

797
56.9
143
131

21.3
23.0
212
227

158.1
7.34
1.97
1.68

5.4155
0.9522
0.79218
0.78229

±
±
±
±

8
2
5
3

* Whole rock samples by XRF; mineral samples by isotope dilution (see text for details)
** Mineral-whole rock ages, estimated errors for whole rock-mica ages are ±1% (2a).

7
2.10
2.13
2.41
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251
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the K-Ar technique could really "see through" the
2.6-b.y. event, biotites were separated from two
samples 10909 and 110924 on which K-Ar ages of
2.96 ± 0.06 and 2.91 ± 0.06 had been obtained [221.
Biotites were re-analysed for K-Ar by D.C. Rex at
Leeds. Biotite from 10909 yields a K-Ar age of 2.67 ±
0.10 b.y. while that from 10924 is slightly younger at
2.56 ± 0.08 b.y. (Table 3). Both these results are concordant with the Rb-Sr biotite-whole rock ages of
2.61 b.y. and 2.55 h.y. respectively (Table 2). It is
concluded that at least over that portion of the
craton studied (Fig. 4) biotites do not preserve any
geochronological information (in either the Rb-Sr
or K-Ar system) of events older than 2.6 b.y.
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6. Discussion
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Fig. 4. Geological sketch map of the granite-greenstone
terrain of southern Rhodesia illustrating the extent of rock
Units currently attributed to the 2.9.-b.y. event and the distribution of Rb-Sr biotite ages. Filled circles: this work; open
circles: van Breetnen and Dodson 1211. N and B denote the
Nyoni Reserve and Bangala Dam localities at which Hickman's
samples of granulite fades gneisses were collected [20].

from the co-existing biotite and in rock 10924 the
muscovite-whole rock age of 2.97 b.y. is indistinguishable from that of the whole rock isochron (Fig.
3a).
Early K-Ar results on biotites (Fitch and Miller,
in Wilson and Harrison [221) had also suggested that
granite-forming events might have occurred at both
2.9 b.y. and 2.6 b.y. within the Rhodesian Archaean.
Rb-Sr biotite-whole rock ages reported here are all
in the range 2.65-2.5 1 b.y. and to investigate whether

Rb-Sr whole rock ages now available from the
Archaean of Rhodesia fall within two periods: 3.6-3.4
b.y. and 3.0-2.5 b.y.
The 3.6- to 3.4-b.y. period was discussed in the
introduction. The rock types involved appear to have
been very similar to those associated with the main
greenstone belt event at 2.8-2.6 b.y. They range
from highly deformed nhigmatites and granite gneisses
with inclusions, to homogeneous tonalites and granodiorites. At Selukwe there are metasediments and
metavolcanics which were caught up in high-level
nappe tectonics before being intruded by granite of
the Mont d'Or Formation 3.42 ± 0.12 b.y. [23].
We recognise two episodes of gran ite-greenstone
formation in the 3.0- to 2.5-b.y. period. The rocks
belonging to the earlier episode, like those of the 3.6to 3.4-b.y. terrain, can be distinguished from the later
granitoids by the presence of mafic dykes and layered
intrusions discussed above.

TABLE 3
K-Ar results (analyst D.C. Rex)
Sample No.

Sample

K
(%)

Vol. 40 Arra d
(cm 3 /g STP)
Xl0

40 Atraci

(%)

Age
(b.y.)

10909

biotite

7.10

16.89

99.0

2.67 ± 0.10

10924

biotite

7.69

16.66
17.03

98.2
99.1

2.56 ± 0.08

The 2.97 ± U.lb-b.y. age on the Mashaba toiialite
and the 2.87 ± 0.07-b.y. age on the Chingezi gneisses
would suggest that this early episode took place
between about 3.0 and 2.8 b.y. Hickman [201 also
has reported an Rb-Sr whole rock age of 2.93 ± 0.12
b.y. on granulite facies gneisses from the northern
marginal zone of the Limpopo mobile belt (Fig. 4).
On field arguments other intrusions, as yet undated,
but covering a range in composition, can also be
reasonably assigned to this -2.9-b.y. episode. West of
Belingwe [6,24] the Chingezi gneisses were intruded
by extensive adamellite and both by later diorite,
before all three lithological units were cut by the
mafic dykes. The Chingezi gneisses were also intruded
by the Chingezi tonalite (lithologically similar to the
Mashaba tonalite) before both were cut by mafic
dykes and the layered ultramafic Gurumba Tumba
intrusion.
The Gurumba Tumba intrusion and the mafic dykes
extend to cut the Belingwe Lower Greenstones, and
thus the same field argument as regards age can perhaps be applied. Moreover the Chingezi tonalite
possibly intrudes the Hokonui Formations (Fig. 2)
[6], and all the Belingwe Lower Greenstones were
deformed and eroded before the deposition of the
Upper Greenstones. Thus on field arguments the
Lower Greenstones would appear to be an integral
part of the older episode.
The younger episode in the period 3.0-2.5 b.y.
was responsible for most of the greenstone belts and
the late granite plutons preserved today. Rb-Sr whole
rocks results on the volcanic rocks of the Upper
Greenstones range from 2.8 to 2.5 b.y. [10,14] and
may in part reflect movement of Rb and/or Sr during
regional greenschist metamorphism. The older 3.08b.y. age derived by Jahn and Condie [14] wbuld
appear to be an artifact of sample selection [1] and
it is clearly contrary to the geological evidence that
these volcanic rocks post-date the 2.9.b.y. granites
and gneisses. A Sm-Nd whole rock isochron of 2.64 ±
0.14 b.y. [18] on a composite suite of samples from
several greenstone belts confirms the 2.8- to 2.5-b.y.
Rb-Sr ages on the greenstone belts. This age is consistent (within error) with other geological constraints.
Folding of the —2.9-b.y. Chingezi gneisses and Lower
Greenstones west of Belingwe clearly predates the
unconformable deposition of the Upper Greenstones
[6]. A minimum age for the Upper Greenstones is set

Oy tIle time ut ultI uluii ol the Sesuuibi tultaLN
(2.69 ± 0.14 b.y. [10]). Its high Sr content aiifl
initial 87Sr/ 86 Sr ratio make it iu
is reset.
Finally in this period from
a group of rocks whose relation Lu other luCk UltiN
this age is ambiguous. Migmatites and banded gneises
from Gwenoro Dam south of Selukwe and from the
Umniati River in Macgregor's Rhodesdale Batholith
east of Que Que, have yielded whole rock Rb-Sr
ages of 2.78 ± 0.06 b.y. (initial 87 Sr/ 86 Sr = 0.7015 ±
2) [10] and 2.76 ± 0.09 b.y. (initial 87 Sr/ 86 Sr =
0.7011 ± 2) [111 respectively. These results can
neither be distinguished from the '-2.9-b.y. ages of
the Chingezi gneisses and Mashaba tonalite nor from
the -2.7-b.y. ages of the main greenstone belts and
tonalite (Sesombi Sui ) plutons. Dykes of the Mashaba-Chibi suite have not been recorded from these
gneisses. Possibly they were formed and deformed
prior to the deposition of the Upper Greenstone
succession as the Chingezi gneisses were apparently
formed shortly before the deposition of the Lower
Greenstones. However, until more detailed geochronological and structural studies are available the
relations between these gneisses and the Upper Greenstones must remain a matter for speculation.
The period 3.0-2.5 b.y. thus appears to include
two main episodes of gneiss, greenstone and granite
formation; an earlier episode at about 2.9 b.y. and
a later episode at about 2.7 b.y. The geochronology
is at present too imprecise to determine if these two
episodes of greenstone formation were part of one
continuing tectonic event. Regional stratigraphic
correlations [1,3] enable recognition of the two
episodes over much of the Rhodesian Archaean. The
field relations of the Mashaba-Chibi dyke suite suggest
that the two episodes were discrete in that rocks
formed and complexly deformed in the earlier event
were little deformed in the younger event. The formation of the complexly deformed gneisses is particularly
intriguing. A large area of gneisses were formed and
deformed at —3.5 b.y. [Il]. A second area of gneisses
were formed and deformed at about 2.9 b.y. The
Gwenoro Dam and Umniati gneisses may represent a
third such event. The mechanism by which such
gneisses were derived from a mantle-like source region
and subsequently complexly deformed within a short
time interval is not known. In the case of the Chingezi

i
lcd with the scarcity of
'Si, St ratios: at any time the lower
vels of the crust are heated sufficiently to cause
elting, the material melted is the most recent addion to the crust.
One further point should be noted. Such crustal
remelts would intrude higher levels in the crust and
they and any older material would be the most susceptible to erosion during any further underplating
events. In Rhodesia this would explain why the vast
majority of K-rich granites on the craton relate to the
last major thermal event at '26 b.y. Moreover it suggests that the increasing K 2 0/Na2 0 ratio with time in
Archaean terrains [29] may just be an artifact of
erosion.
(3) The relationship between high-grade Archaean
granulites and the granite/greenstone belt terrains is
still controversial [30]. The work of the Leeds Group
in the Limpopo belt [20,21,31,32] suggests that
granulite metamorphism occurred at both 2.9 and 2.6
b.y. Since it is now known that granites of those ages
are exposed on the adjacent craton, it is reasonable to
ask if a melting relationship can be demonstrated
between rocks in the two environments.
Fig. 5 is a plot of Rb/Sr versus Sr content for the
published results from the Rhodesian Archaean. It
reveals that the granulite facies rocks analysed so far
from the Limpopo belt have very similar Rb and Sr
contents to many of the lower-grade granites and
gneisses on the craton. Not only is there no evidence
F ioh mOldt
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ic recognition of a third granite-gneiss-forming
dc together with greenstone deposition at -2.9
y. bears on models for Archaean cratonic evolution.
(I) It demonstrates greater complexity in the
jcurrence of these regional tectonic events than has
heen suspected hitherto. Excluding the intrusion of
the Great Dyke three such events affected the Rhodesian Archaean craton in the period between 3.6 and
2.5 b.y. If all Archaean areas in southern Africa are
considered there would appear to have been semicontinuous activity over the period 3.6-2.5 b.y.
[27].
(2) High initial 87 Sr/ 86 Sr ratios are rare in Archaean
rocks: a fact which is used reasonably as evidence
that melting of significantly older continental material
did not often occur at that time (e.g. [28]). However, in southern Rhodesia there are considerable areas
of K-rich adamellites [19] which on geochemical and
petrological grounds are most easily derived by
remelting crustal material. Most of the larger K-rich
batholiths of southern Rhodesia (six to our knowledge) have been studied isotopically and all of these
except the Zurubi suite discussed above have initial
81 Sr/ 86 Sr ratios in the range 0.704 ± 1. The average
87 Sr/ 86 Sir ratio of the '-2.9-b.y. gneisses would have
increased to between 0.703 and 0.704 at 2.63 b.y.
whereas the mean 87 Sr/ 86 Sr ratios of the various
suites of -3.5 b.y. gneisses would have been in the
range 0.706-0.74 at 2.63 b.y. [11j. As suggested by
gneisses are the only
Hickman [20], the
material so far studied isotopically from which the
2.6-b.y. adamellites could have been derived by
partial melting.
That '2.9-b.y., and not 3.5-b.y., crust was
remelted at -'2.6 b.y. suggests that where partial
melting occurred, presumably in the deeper parts of
the crust, -2.9-b.y. material predominated. This in
turn suggests that during the -2.9-b.y. event the new
crustal material was added mostly to the base of the
crust. If such an underplating mechanism was the
normal method of crustal growth during such plutonic
events in the Archaean then the presence of K-rich
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5. Comparative Rb-Sr geochemistry
s' "'0" of granites, gneisses,
and granulites from southern Rhodesia. Data from this work
and references 9, 10, 11,20,21,32.

for any Rb depletion during granulite metamorphism
(K/Rb typically less than 450 in the Limpopo granulites [32]) but the samples analysed actually have
higher Rb/Sr ratios than many of the cratonic
gneisses. This suggests that the granulites sampled
have neither undergone anatexis, nor significant loss
of alkalis during metamorphism. Although on chemical and isotopic grounds mentioned earlier most of
the K-rich granites were probably derived by partial
melting of 2.9.-b.y. crustal material [20], no lithologies residual after partial melting have so far been
observed in the Limpopo belt. Thus it would appear
that while the low- and high-grade terrains of the
Rhodesian craton and the Limpopo mobile belt
clearly reflect differences in metamorphic conditions
no chemical transfer between the two may be
demonstrated.
(4) 3.6-b .y.-old gneisses are known to underlie the
eastern margin of the Belingwe greenstone belt [11].
The recognition of 2.9.-b.y. granitic crust to the west
of that greenstone belt represents the first time that
"something older" [4] in the way of pre-existing continental crust (albeit of differing ages) has been confirmed on both sides of a single greenstone belt. It is
further support for those models which depict greenstone belt formation in a continental rifting environment [33].
8. Conclusions
The main conclusions may be summarised as
follows:
Rb-Sr whole rock ages of —2.9 b.y. are reported
from a variety of granites and gneisses which crop out
over an area of some 6000 k111 2 in southern Rhodesia.
There is some field evidence to suggest that
volcano-sedimentary successions (such as the Lower
Greenstones at Belingwe) were formed in association
with this 2.9.-by. granitic event.
Older gneisses have now been recognised radiometrically along both the eastern and western margins
of the Belingwe greenstone belt. This is believed to be
the first time that pre-existing continental crust [4]
has been confirmed on both sides of a single greenstone belt.
Variations in initial 87 Sr/ 86 Sr composition
(-0.003) have been demonstrated within a single
K-rich granite batholith.

Rb-Sr biotite—whole rock ages hum 3..
and 2.6 b.y. old granitic rocks on the Rhodesiar
Archaean craton all fall in the narrow range of
2.51 b.y. Along the southern margin of the crai
biotite—whole rock ages of 2.10-1.87 b.y. ref1e
cooling after the -2.0-b.y. thermal event in the
adjacent Limpopo belt (see also van Breemen and
Dodson [21]).
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