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Abstract — ThePrecambriamocks of northernBotswanacomprisepoorly exposedgneouscomplexeshigh-grademeta-
morphic rocks, aswell assedimentarysequenceicludingmainly siliciclastic andcarbonaterocks. New U—Pb SHRIMP
dataare presentedor detrital zirconsfrom siliciclastic rockscollectedfrom the Shakaweareain northernBotswanaThese
datashow threemain agegroupsat c. 1020 Ma, 1090 Ma, and2050 Ma which supportcontentiongor local provenanceof
the sedimentsTheyalsofix the maximumageofthe depositionof thesesiliciclastic rocks at 1020 Ma. The resultssupport
field evidencesuggestinghatthe siliciclastic rocks exposedin the Shakawezoneare part of the Ghanzi—ChobeSuper-

group.

Introduction

The NeoproterozoidGhanzi—ChobeSupergroupmf Botswana
(Figure 1) is a lateralequivaleniof theDamaraSupergroujof
Namibiaandthe KatanganSupergroupfCongoandZambia.
Sedimentarysequencesof the Ghanzi—Chobe Supergroup
startwith a majorbasalconglomerateyinconformablyoverly-
ing older units, suchas Kibaran-agebimodal volcanicrocks
termed the Kgwebe volcanic sequence(Kampunzu et al.,
1998 andreferencegherein).PreviousU—Pbzircon dating of
the Kgwebe rhyolites yielded an age of 1106 #=2 Ma
(Schwartzetat., 1996)which wastakenas the maximumage
of the Ghanzi—ChobeSupergroup.However, in Congo, the
Katangan Supergroupbasal units contain detrital minerals
from c. 880 Ma granites(Armstronget at., 1999). The base-
mentrocksin the Katanganbasinarewell exposedand there-
fore havebeenextensivelydocumenteqCahenet at., 1984).
In contrast, Precambriamocks are poorly exposedwvithin the
Kalahari Desert and thereforethe age of crustal terranesin
northwestBotswanads still poorly documentedClastic sedi-
mentaryrocks andrelateddetrital zirconscanprovide power-
ful information on source regions (e.g. Compston and
Pidgeon,1986; Machadoet at., 1996). The aim of this paper
is therefore to presentnew SHRIMP U—Pb agesof detrital
zircongrainsfrom siliciclastic rocksfrom northernBotswana
andto considetheimplicationsfor Proterozoiccrustalevolu-
tion in theregion.

Geological setting and rock description

The Neoproterozoic Ghanzi—Chobe Supergroup includes
threeterranedrom southto north (Figure 1): Ghanzi,Rooi-
bok, andXaudum(Carneyetat., 1994; Key andAyers, 1998).
Theseterranesare tectonicallybounded and their lithostrati-
graphicrelationshipsare still underinvestigation.Older base-
ment complexes in northern Botswana include: (1)
MesoproterozoicKibaran-agegranitoids (Kampunzuet at.,
1999) and a bimodal volcanic sequenceéermedthe Kgwebe
metavolcanicrocks (Kampunzuet at., 1998). Small bodies
and dykes of Mesoproterozoigyranitoids have beendiscov-

eredatthe southwestmarginof the ZimbabweCratonin east-
emBotswangVande Wel et at., 1998),buttheir link with the
Kibaran-agerocks reportedhere is not known. (2) Palaeo-
proterozoiaocks with U—Pb zirconagesof c. 2.05 Ga. These
rocks aregranitoidsandrhyolites in the Okwavalley, western
Botswana(Ramokateet at., 2000),granitoids in the Qangwa
area,northernBotswana(Hansonetal., 1998a), and granu-
lite-faciesrocksincludingkizingitic garnet—sillimanitggneiss
in the Gweta region, northeastBotswana(Mapeo, R.B.M.,
Armstrong, R.A. andKampunzuA.B., unpublishediata).

The clastic sedimentaryrock sample selectedfor U—Pb
SHRIMP zircon investigation,IPP-97/1,was collectedfrom a
pit dug for water in the Shakawearea(Figure 1; GPS co-ordi-
nates18°23'50'S, 21°17'25.6'E). Rocksrecoveredrom var-
ious pits in the area representsupracrustalsiliciclastic
sequencesf immature sedimentaryocks (mainly conglom-
eratic sandstonesand arkosic sandstonespssociatedwith
more maturesedimentaryocks (grey sandstonessiltstones,
and shales).Crossheddinghas beenobservedin severalsam-
ples. None of the rocks show evidenceof metamorphism,
which suggestghat thesesiliciclastic rocks could be part of
the Ghanzi—ChobeSupergroup. A strong tectonic fabric
(mylonitic foliation and relatedlineation) hasbeenobserved
in some samplesfrom burrow pits and open wells, but we
were not ableto documentthe geometryand the geographic
extentof this fabric dueto absenceof outcrops.

The sample IPP-97/1 selectedfor dating is an immature
coarse arkosic sandstone.The rock is mediumto coarse
grainedintexturewith layeringdefinedby gradedbedding.lt
containsangularfragmentsof monocrystallineand polycrys-
talline quartz (lithic fragments),subhedralfeldspar (mainly
plagioclase) haematite,zircon, titanite, and epidote grains.
Epidote is formed from the breakdownof feldspars and is
localized along fractures.The rock is highly fractured with a
well-defined proto-mylonitic fabric, with secondarymicas
developedilongthe shearhands.Theoccurrencef abundant
subhedrafeldspar grains along with angularquartzimplies
relatively short sedimentarytransport distances. Therefore,
we infer that the ageof detrital zirconsin this sampleshould
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Figure 1 Geologicalmapof northernBotswanamodified from Cameyetal. (1994)and Key andAyers (1998).

mainly constrainthe ageof the local crustal source of these
clasticsedimentaryocks.

Analytical techniques
The sample was crushedand the zircons separatedusing

standardheavyliquid andFrantzisodynamicseparatiortech-
niquesin a cleanlaboratory. The final concentratewas hand-
pickedundera binocular microscopeand the zircon grains
weremountedin epoxytogethemwith the zirconstandardA\S3
(Duluth Complex gabbroic anorthosite; Pacesand Miller,
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1989) andthe standardSL13 of the Researclschoolof Earth
Sciences,Australian National University. The grains were
then sectionedapproximatelyin half, polishedand photo-
graphed.Cathodoluminescencenagingon a scanningelec-
tron microscopewas carriedout priorto the analyseso aid in

the selection of the best targetareasfor the analyses.The zesppy 7 |
SHRIMP datahavebeenreducedin amannersimilarto that zsey

describedby Williams andClaesson(1987) and Compstonet

358&1992).U/Pb inthe unknowns were normalized to a 206*pb/

value of 0.1859 (equivalento an ageof 1099.1 Ma) for
AS3. The U and Th concentrationsvere determinedelative
to thosemeasuredn the SL 13 standard Ageswerecalculated

. . . 207 . . .

usingtheradiogenic™ ' Pb/~" " Plratios,with the correctionfor
commonPbmadeusingthe measure(; 4Pbandtheappropri-
ate commonPb composition,assumingthe model of Cum-
ming andRichards(1975). Uncertaintiesn the isotopicratios
and agesdn the datatable (andin the errorboxesfor the plot-
ted data)arereportedat the 16 level, but unless otherwise
statedinthetext, the final weightedmeanagesarereportedas
95% confidencdimits, with all statisticalanalysesandcalcu-
lationsdoneusingthe Isoplot/Ex software(Ludwig, 1998).

Results

The sampleyieldedabundantircon grainswhich are gener-
ally light pink in colour andof variable shapeand form. Few
grainshave sharp crystalfacespreserved.More commonly,
zircon grains have slightly roundedterminations but with
quite well-preserveccrystalforms and angularshape(Figure
2). Many of the mountedangulargrainsarefragmentsof orig-
inally largercrystals. Theform andshapeofthe zircon grains
support a short sedimentarytransportdistanceof the grains
and provenancefrom a source areacloseto the basin, as
inferred aboveon the basis of the angularshapeof quartz
crystalsandthe preservationof alargeamountof subhedral
feldspar.Thereareno metamorphienultifacetedgrainsin the

populationof zircons. Cathodoluminescendenaging shows
thatmost of the zirconshave verywell-developedcomposi-

IPP97/1

Figure2 Cathodoluminescencenagesof a selectionof zircons
from sampleIPP-97t1. The numbersrefer to the analysis as
recordedn Table 1. Note the typical magmaticzoningpreservedn

grains 15 and 16. Analysis 15.1 yields a Mesoproterozoicage
whereasanalysis16.1 gives aPalaeoproterozoiage.
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Figure 3 U—Pb concordiaplot of SHRIMP analysesfor sample
IPP-97/1.The analyse®f the Palaeoproterozoidetritalzirconsplot
off-scaleon this diagram.Theseanalysesaswell asthe two analy-
sesfrom grain 12 (12.1 and 12.2), wereexcludedfrom the agecal-
culation.The concordiais calibratedin Ma.

tional zoning, consistentwith an igneous origin. Cores of

inheritedzircon are also common.A secondliscretepopula-
tion of zirconswere found during analysis(seebelow), these
beingimpossibleto detectpetrographicallyas they also have
good igneouszoning, similar to the zirconsof the first group

(Figure 2).

Twenty-five analysesveredoneon sixteendifferentgrains
to get a comprehensiveicture of the zircon geochronology.
The samplewas analysedon SHRIMP Il andall resultsare
reportedin Table! andareplottedon a standardVetherill U—
Pbconcordiadiagramin Figure 3.

Thezirconsshowa largerangein U andTh concentrations
andisotopic compositionshut statisticalanalysisof the data
permits the identification of sub-populationsvithin the sedi-

nt. The majority of the analysesplot on concordiawith
r2%%blz-l(SGSbagesfalIing into anarrowrangebetweerf36 44
Maand 1056 #23 Ma (1o errors).Thesecanbe combinedas
agroup with a statisticallyrobustweightedmean®’Pb/2%Pb
ageof 101947 Ma (N 21; MSWD = 1.05; Prob. = 0.40).
Whetheror not therearetwo or more sub-populationsvithin
this group of analysess impossibleto determinefrom this
dataset, as thereare no obviousphysical or geochemicatri-
teria for identifying such sub-populations.in calculating a
maximum age of sedimentationfor this rock, thereare two
possibilities, namely the maximum age of the sedimentis
given by the youngestzirconanalysed936 88 Ma; 2c), or,
if all the zirconsdo indeedcome from asinglepopulz%ion,
Era(gn the maximumageis given by theweightedmean™ " Pb/

Phageof 1019 =7 Ma (20). In the discussiorof the maxi-
mumageof sedimentatiorwe usethis weightedmean,rather
thanthe ageof a singleanalysiswhich is anunreliablecon-
straint.

A numberof analysedall outsidethis agegroup.The two
analyse®n grain 12 representa secondsourceof detrital zir-
conswhich are slightly olderthanthe main group butare still
of Mesoproterozoi@age. The weightedmean®7Pb/2%Pb age
for repeatanalyseson this grain gives 1088 #44 Ma (20
uncertainties)Analysesl1.1 and 16.1 clearly showthatthere
is a third, Palaeoproterozoi@opulation of detrital zircons
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giving 207PDI206Pby 0 o 2055 =14 Ma and 2043 =16 Ma
respectively(2c).

Geological implications

This study was conductecbn a sampleof immature,coarse
arkosic sandstoneomposedof angularquartzandabundant
subhedrafeldspargrains. Thesefeaturepresumablyindicate
a short sedimentaryransportdistanceof the grains. This is
supportedby the form and shapeof detrital zircon grains
extractedfrom sample IPP-97/1, and consequentlyprove-
nancefrom a source areacloseto the basinis inferredfor
these siliciclastic rocks and the studied detrital zircons.
Thereforethe U—Pb zirconagespresentedn this papercould
constrairthe ageofthe main zircon-bearindithologiesin the
local crustal source areaof theseclastic sedimentaryrocks.
The detrital zirconsinclude three major populations,one of
Palaeoproterozoiageat c. 2.05 Gaandtwo of Mesoprotero-
zoic ageatc. 1.09 Gaand 1.02 Ga. Assumingthat theseages
representhe whole spectrunmof zircon-bearindithologiesin
the provenanceareaof the sedimentsthesedataindicatethe
presencef PalaeoproterozoiandMesoproterozoibasement
complexesin that region. The basementomplexexposedn
northernBotswanas known to include rockswith U—Pb zir-
con agesfitting into thesetwo groupsandthis providessup-
port for the contentionthat the sedimentswere sourced
locally. Thedominantsourceof detrital zirconsin thesesilici-
clasticrocks comprisesockswith agesbetweenl.1 and 1.0
Ga. Igneousrocks emplacedduring thistime rangeare partof
the late Kibaran igneous event which representsa major
crust-formingperiod in sub-equatorialAfrica (e.g. Thomas
and Eglington, 1990; Cornell et al., 1996; Hanson et al.,
1998b; Kampunzet al., 1998; 1999; Warehametal., 1998).
The absencewithin the zircon populationsof Mesoprotero-
zoic zircon within the age range 1.4_ 1.25 Ga (early-
Kibaran-ageevent)is importantto stress.Granitoidswith zir-
con agesin this rangeare known in central and southern
Africa, namelyin the Choma—Kalomoblock in southwest
Zambia(Hansonet al., 1988), in the Katanganprovince in
southeastCongo (Cahenet al., 1984), and inthe Rehoboth
areain Namibia (Hoal et al., 1989; Ziegler and Stoessel,
1993; Hoal andHeaman,1995). The absencefArchaeanzir-
con grains is also noteworthy. Either early Kibaran and
Archaeanrocks do not exist in northwestBotswanaor they
were not exposedo erosionduring the depositionof the sil-
iciclasticrockslocatedin the Shakawearea.

U—Pb detrital zircon studiesaroundthe world haveshown
that the youngestdetrital zircon in clastic sedimentaryrocks
provides an older limit to deposition of the sedimentary
sequencén the basin (e.g. Armstrongetal., 1990; Krogh and
Keppie, 1990). Theyoungestzirconsanalysechavean ageof
c. 1020 Ma, takento providethe maximumageof deposition
for the sedimentarysequencexposedin the Shakawezone.
Therefore, the deposition of these rocks happenedafter c.
1020 Ma and before 530 Ma, which is the age of the last
deformationeventwithin the Ghanzi—Chobebelt (Ramokate
et al, 2000). This time range indicatesthat the siliciclastic
rocks in the Shakawe zone are part of the Neoproterozoic
Ghanzi—Chobe Supergroup sequence. This age range is
broadlysimilar to that for depositionof sedimentaryocksin
the Katanganbelt. Therefore,our datasupportthe correlation

S.Afr.J.Geol.,2000,103(2)

betweenthe adjacentNeoproterozoic Ghanzi—Chobeand
Katanganbasins (Kampunzuand Cailteux, 1999), and pro-
vide agoodbasisfor a regionalcorrelationof Neoproterozoic
basinsin centralandsouthwesterrfrica.

Conclusions

This study on detrital zircon grains of an arkosicsandstone
from the Shakawezoneshowsthat: (1) the maximumageof
depositionof the sedimentsstudiedis ¢. 1020 Ma, whereas
the minimumageis setby the lastdeformationeventin the
region at ¢. 530 Ma. Thesedataimply that the siliciclastic
rocks in the Shakawezone are part of the Ghanzi—Chobe
Supergroupy2) the agespectrumof the detrital zircons ena-
ble the identificationof two majorcrustalunits as the source
ofthe sedimentaryocks. A Palaeoproterozoicrustalcompo-
nentwith U—Phzircon ageof ¢. 2.05 Ga and a late-Kibaran
age componentwith U—Pb zircon age betweenc. 1.1 — 1.0
Ga. Theseresults are consistentwith a local origin for the
sedimentdbecausehe pre-Neoproterozoibasemenexposed
in northern Botswanaincludes Palaeoproterozoiand late
Mesoproterozoicrock assemblagesThe absenceof both
earlyKibaran (1.4 1.25 Ga)andArchaeardetritalzirconsis
takento suggesthe absenc®f (exposedyocks of theseages
in northern Botswana during the deposition of the
Neoproterozoicsiliciclastic rocksin the Shakawezone.
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