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GEOLOGIC EVOLUTION OF THE ARCHEAN BUHWA GREENSTONE BELT
AND SURROUNDING GRANITE-GNEISS TERRANE,
SOUTHCENTRAL ZIMBABWE
by
Christopher M. Fedo
Kenneth A. Eriksson, Chairman

Geological Sciences

(ABSTRACT)

The Archean (~3.0 Ga) Buhwa Greenstone Belt, and surrounding granite-gneiss
terrane, is the least understood major greenstone belt in the Archean Zimbabwe
Craton, despite occupying a critical position between an early Archean continental
nucleus and the Limpopo Belt. The cover succession in the Buhwa Greenstone Belt,
which was probably deposited on the margin of this nucleus, is divisible into shelfal
and basinal facies associations separated by a transitional facies association. The
shelfal association consists mostly of quartzarenite and shale, but also contains a thick
succession of iron-formation. Geochemical characteristics of the shales indicate that
the source terrane consisted of several lithologies including tonalite, mafic-ultramafic
volcanic rocks, and granite that underwent intense chemical weathering. Basinal
deposits consist dominantly of greenstones, with less abundant chert and iron-
formation. The cover succession, which was deposited on a stable shelf transitional to
deep water, has no stratigraphic equivalents elsewhere on the Archean Zimbabwe

Craton. However, time and lithologic correlatives in the central zone of the Limpopo



Belt and on the Kaapvaal Craton suggest a period of tectonic stability between ~3.0
Ga and ~2.9 Ga in southern Africa.

At ~2.9 Ga, the northern margin of the greenstone belt experienced kilometer-
scale, oblique-slip dextral shearing. This shear zone and the surrounding margins of
the greenstone belt were later intruded by the ~2.9 Ga Chipinda batholith, which
ranges from granitic to tonalitic in composition.

A number of events occurred during the time period spanning 2.9-2.5 Ga and
current geochronology cannot separate their order; some are known to be coeval.
Crustal shortening to the northwest, which resulted in map-scale folding of the cover
succession (and surrounding batholith) and greenschist-facies metamorphism,
occurred along a set of discrete high-angle reverse-sense shear zones in response to
uplift the Northern Marginal Zone of the Limpopo Belt over the Zimbabwe Craton.
Two suites of potassic granites were intruded into the area near the end of reverse
shearing. Analysis of a conjugate fault pair that is developed within one of the
potassic granite suites, yields a principal compressive stress consistent with continued
northwest-directed crustal shortening. The region was stabilized by ~2.5 Ga, with
intrusion of the Great Dyke of Zimbabwe. It is possible that the last events to affect
the area, which include sinistral shearing, transecting cleavage development, and
northwest-striking open folding, took place during the 2.9-2.5 Ga time interval. These
structures post-date regional folding and metamorphism, but because of limited
magnitude and extent, do not show obvious cross-cutting relationships with other
rocks or structures. A tenable alternative is that these late structures formed at ~2.0
Ga, an age that is proving to be of great significance in the evolution of the Limpopo

Belt and along parts of the southern margin of the Zimbabwe Craton.
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CHAPTER 1

PREFACE

This dissertation is a collection of four papers that focus on different facets of the
geologic evolution of the Archean Buhwa Greenstone Belt and surrounding granite-
gneiss terrane in southern Zimbaﬁwe, Africa. Archean-age rocks in southern Africa
are found on both the Kaapvaal (South Africa) and Zimbabwe cratons (Zimbabwe)
and in the granulite-facies Limpopo Belt, which separates the two cratons. Much of
what is known regarding Archean cratonic evolution, the Limpopo Belt, and the
joining of the Limpopo Belt to low-grade cratonic rocks comes from detailed studies
in South Africa, despite the fact that most of the Limpopo Belt lies within Zimbabwe
and rocks of the Zimbabwe Craton are equally well exposed. Although much has
been learned regarding the Archean evolution of southern Africa, the "one-sided" pool
of data has limited all genetic models for the region. The Buhwa Greenstone Belt
provides a unique opportinity in Zimbabwe to study cratonic supracrustal deposition
and later deformation associated with uplift of the Limpopo Belt because this
greenstone belt lies at the southern margin of the craton directly adjacent to the
Limpopo Belt.

There has been little in the way of previous geologic work to build on. As a result,
much of what is presented in this dissertation represents the first critical analysis
regarding the geology of the area. The only study of significance is that of Worst
(1962). His work in the Buhwa area established a preliminary geologic map at 1:100

000 showing the distribution of lithologies across an area of ~1200 km? and delineated



the extent of high-grade iron ores that occur at Buhwa. Even at that scale, I found
little need for major repositioning of lithologic contacts during my mapping, which
was mostly at 1:25 000. Most of my repositioning of contacts has come from
separating out new lithologic units based on protolith analysis.

The first paper (Chapter 2) discusses the stratigraphic succession that comprises
the Buhwa Greenstone Belt. Unlike other greenstone belts in Zimbabwe, which
dominantly comprise thick volcanic piles, the cover succession at Buhwa consists of
marine-shelf and basinal facies associations separated by a transitional association.
Marine-shelf rocks include cross-stratified quartzarenites, shales, and iron-formation.
Basinal rocks are dominantly metagreenstones, but have thick accumulations of iron-
formation and thoroughly recrystallized metachert. Metamorphic grade of the shelfal
association is quite low (greenschist) and sedimentary features are well preserved.
However, the same is not true for the basinal association, which at the margins of the
belt are ductilely deformed at amphibolite facies. A depositional unconformity at the
base of the section was not located, but the early Archean Tokwe segment gneisses
further north in the craton are thought to be the basement. Based on available
geochronology and cross-cutting relationships, the cover succession has a depositional
age between ~2.9 Ga and ~3.05 Ga, which is again unique with respect to other
Zimbabwean greenstone belts that were deposited mostly after ~2.9 Ga. While there
are no other stable-shelf successions deposited at ~3.0 Ga in Zimbabwe, the cover
succession at Buhwa resembles the lower part of the Witwatersrand Supergroup and
the Mozaan Group in the Kaapvaal Craton and the granulite-facies Beitbridge Group
in the Limpopo Belt all of which were deposited at approximately the same time. The
time period 2.9-3.0 Ga in southern Africa was dominated by stable-shelf

sedimentation.



The main purpose of the second paper (Chapter 3) is to document the historical
geology of the area, from basin formation through deformation and metamorphism.
Prior to this study, virtually all aspects of the structural geology (and relative timing of
structures) and metamorphism were unknown. The history is divisable into three, or
possibly four, major time frames. The oldest events are related to assembly of the
Tokwe segment at ~3.5 Ga, which is interpreted to be the basement for the cover
succession of the Buhwa Greenstone belt (deposited at ~3.0 Ga). Ductile deformation
and tonalitic-granitic plutonism dominate the events at ~2.9 Ga. Most of the geologic
events that shaped the geology of the area occurred between 2.9 Ga and 2.5 Ga
(probably between 2.7-2.5 Ga but current geochronology does not permit this
interpretation), and are associated with the northwestward thrusting of the Northern
Marginal Zone of the Limpopo Belt over the Zimbabwe Craton. Intrusion of two
suites of potassic granites accompanied deformation and regional metamorphism. The
end of major deformation is heralded by the emplacement of the Great Dyke of
Zimbabwe at ~2.5 Ga. Some of the late structures could possibly have formed during
a fourth period of deformation at ~2.0 Ga. Thusfar only some very preliminary Pb-Pb
garnet dates provided by Jan Kramers hint at this late deformation. It is noteworthy
that much of the deformation of the Central Zone of the Limpopo Belt is now
interpreted to have occurred at this time and that isotopic dates of ~2.0 Ga have been
reported from the edge of the Zimbabwe Craton in the past.

The purpose of the third paper (Chapter 4) is to evaluate source-area composition
and weathering conditions by reviewing the major-, trace-, and rare-earth element
geochemistry of shelf- and transitional-association shales. The abundance of
quartzarenite in the lower part of the cover sucession (shelf association) is consistent

with a source terrane dominated by felsic plutonic rocks. However, the inferred



basement (Tokwe segment) consists of a mixture of tonalite, mafic-ultramafic volcanic
rocks, and less common granite. Incompatible/compatible element ratios of immobile
elements are consistent with a mixed source of mafic and felsic components; rare earth
element patterns also suggest this. The shales are nearly devoid of calcium and
sodium, but have potassium concentrations that are elevated from average Archean
crust. When plotted on an aluminum - calcium+sodium - potassium ternary diagram,
Buhwa shales lie along the potassium-aluminum join in a position consistent with
derivation from granite. However, these elements more accurately depict weathering
conditions because they are subject to considerable mobility during chemical
weathering in the source terrane. The nearly complete loss of calcium and sodium
suggests that aggressive chemical weathering conditions prevailed. Elevated
potassium concentrations best explained by later metasomatsm. In the Buhwa region,
potassium enrichment could have occurred during emplacement of the two suites of
potassic granites at ~2.6 Ga.

The fourth paper (Chapter 5) presents a brief look at the occurrence and origin of
the significant iron-ore deposits with respect to the overall geologic setting of the
Buhwa Greenstone Belt. The iron ores at Buhwa are amongst the richest in
Zimbabwe. With over 6000 km of strike length of iron-formation in Zimbabwe, one
question is: why are the ores there so high-grade? Hypogene fluids seem to be the
cause of ore enrichment. Perhaps the unique stratigraphic/sedimentologic setting of
the Buhwa Greenstone Belt at the edge of the Tokwe segment coupled with its
geographic proximity to advancing Limpopo Belt ductile thrust faults combined to

produce the high-grade ores at Buhwa.



CHAPTER 2

Stratigraphic Framework of the ~3.0 Ga Buhwa Greenstone Belt: a Stable-Shelf
Succession Unique in the Zimbabwe Archean Craton

ABSTRACT

The ~3.0 Ga Buhwa Greenstone Belt is the least understood major greenstone belt
in the Archean Zimbabwe Craton, despite occupying a critical position adjacent to the
Limpopo Belt. The cover succession at Buhwa is divisible into western and eastern
associations connected by a belt of transitional deposits. The western, shelf
association is ~4 km thick and consists of, in ascending stratigraphic order,
quartzarenite, interbedded quartzarenite and shale, shale, and iron-formation. Nested
sets of trough cross-stratification are the most common sedimentary structure in the
quartzarenites, with less common oscillatory and interference ripples. Shales have
isolated trains of sand-starved ripples. Iron-formation consists of laterally persistent,
alternating, mm-scale bands of white chert, red chert, and hematite. These lithologies
and structures formed in inner-shelf through below-wave-base shelf settings.
Transitional deposits are dominated by green, tan, and locally black shale (now
phyllite), with less abundant iron-formation and muddy sandstone and represent more
basinward lateral equivalents to the western association. Iron-formation deposits
show characteristics similar to each of those present in the western and eastern
associations. The eastern, deep-water basinal association has been subjected to ductile
strain, which has obliterated primary textures. The association comprises

metamorphosed mafic-ultramafic lavas (including spinifex-textured lavas), possible



carbonate, recrystallized metachert, and iron-formation that consists of alternating
bands of black opaque minerals and white, recrystallized chert. The cover succession,
which was deposited on a stable shelf transitional to deep water, has no equivalents
elsewhere on the Archean Zimbabwe Craton. However, time and lithologic
correlatives in the central zone of the Limpopo Belt and on the Kaapvaal Craton

suggest a period of tectonic stability between 3.0 and 2.9 Ga in southern Africa.

INTRODUCTION

Widespread greenstone successions in the Zimbabwe Archean craton formed at
three different times, namely ~3.5 Ga, ~2.9 Ga, and ~2.7 Ga (Wilson et al., 1978;
Wilson, 1979). The foundation of this stratigraphy is the Belingwe Greenstone Belt
(e.g. Bickle and Nisbet, 1993), located in the southern part of the craton (Fig. 1).
Approximately 30 km southeast of the Belingwe Greenstone Belt is the Buhwa
Greenstone Belt (BGB; Fig. 1), which to date has only been studied in reconnaissance
in order to indentify the extent of rich iron-ore deposits (Worst, 1962). At many
scales, the cover rocks at Buhwa differ markedly from the nearby cover succession in
Belingwe. The purpose of this paper is to document and interpret, for the first time,
the variety of lithologic associations that comprise the BGB. Two other papers will
cover the structural evolution and assembly of the BGB (Chapter 3) and the
geochemistry of shales in the cover succession (Chapter 4).

The BGB lies at the approximate southern edge of ~3.5 Ga Tokwe segment
(Wilson, 1990), an early Archean cratonic nuclei and the BGB lies within a few
kilometers of the inferred thrust front of the granulite-facies Limpopo Belt (e.g.
Rollinson and Blenkinsop, in press). Thus, the BGB represents the closest

Zimbabwean greenstone belt to this significant orogenic belt. This study investigates
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the possibility that the sedimentary rocks preserved in the BGB were shed from
the uplifted Limpopo orogen. Thus it is necessary to establish the relationship
between the cover rocks in the BGB and Limpopo deformation and metamorphism.
An understanding of the rocks at Buhwa is vital for interpretations regarding regional

paleogeography and paleotectonic affinity.

GEOLOGIC SETTING
Lithologic Assemblage

An early Archean, triangular-shaped crustal domain termed the Tokwe segment
crops out ~25 km north of the BGB (Fig. 1; Wilson,1990). This poorly understood
fragment of sialic crust has been dated by Rb-Sr and Pb/Pb between 3.2 and 3.5 Ga
(Hawkesworth et al., 1975; Taylor et al., 1991). No conclusive correlatives of the
Tokwe segment have been located adjacent to the BGB. The development of the
cover succession, which we interpret to have originally been deposited on the Tokwe
segment, forms the topic of this paper and will be discussed below in detail.

Xenoliths of quartzarenite in adjacent plutons indicate that the Tokwe segment and
the overlying sediments were intruded by a suite of plutons whose composition varies
from granite to tonalite. This suite of plutonic rocks is here named the Chipinda
batholith (Fig. 2). Primary minerals in these equigranular plutonic rocks are quartz,
plagioclase, potassium feldspar, and biotite. Dominant accessory minerals consist of
titanite (up to 4 mm and euhedral), apatite, allanite, and zircon. On the northern side
of the BGB, these plutons show little evidence for strain; however, oriented biotites
locally define a weak planar fabric that is concordant with bedding in the cover rocks
(Fig. 2; Chapter 3). Lithologic similarity with the nearby Mashaba Tonalite (e.g.
Hawkesworth et al., 1979; Bickle et al., 1993) and preliminary isotopic dates suggest



"(2961) 1510 Jo Surddew oy woiy payrpowr $310v1U00 JI30[OYII] "dUEIId) ssTaud-ojuerd
Surpunowms pue 119q AU0ISUIIID) eAMYNY SY} JO UONOAS $S0I) pue dew 91501020 ' AnS1

10



ssioub eynuess | ZNND ojussezyenb @
sslouf
slyedsprajozyenb sjeys H
Yuloyreq epuidiyd @ uoljeWLIIOf-Uol E
aweio ey [f: Hayoejew E
UOleULIOJ-UOJ]
you-uayo _ 410
a)zuenb pue .
eulpoufs ‘O[BYS ‘UOIJELLIO}-UOI] Os| f
UORULIO-UOS| o b a)Aq 1qiyD-eqeysen

5>

dijs-ayuis ‘esieAs) ‘BuoZ Jeays a[ilonp \\\h.“ A
uogeeul YIM ‘Uoneljo} \Y\mw.
ebereejp 2o A\ ~
ebeAespo | = e

Buippeq ~~ _ +

supiouex
ajlusiezuenb

obejinemung #

ays
sishjeue uens ®

angsT 1

108 U090
snoaub)

11

o -4



‘panunuo)) -z am3ny

12



auoz Jeays 1uefuodniy

U0z 1eays aquioyep

uoljetebbexe |eoieA ou

aAQ 1qIyD-eqeysen

N\

000¢-
0001-

0001
000¢

13































































































































































