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Ages of detrital zircon grains from Neoproterozoicsiliciclastic rocks in the Shakawe
area: implications for the evolution of Proterozoic crust in northern Botswana
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Abstract — ThePrecambrianrocks of northernBotswanacomprisepoorly exposedigneouscomplexes,high-grademeta-
morphic rocks, aswell assedimentarysequencesincludingmainly siliciclastic andcarbonaterocks. New U—Pb SHRIMP
dataare presentedfor detrital zirconsfrom siliciclastic rockscollectedfrom the Shakaweareain northernBotswana.These
datashow threemain agegroupsat c. 1020 Ma, 1090 Ma, and2050Ma which supportcontentionsfor local provenanceof
the sediments.Theyalso fix the maximumageofthe depositionof thesesiliciclastic rocks at 1020 Ma. Theresultssupport
field evidencesuggestingthat the siliciclastic rocks exposedin the Shakawezoneare part of the Ghanzi—ChobeSuper-
group.

Introduction
The NeoproterozoicGhanzi—ChobeSupergroupof Botswana
(Figure 1) is a lateralequivalentof theDamaraSupergroupof
NamibiaandtheKatanganSupergroupofCongoandZambia.
Sedimentarysequencesof the Ghanzi—ChobeSupergroup
startwith a majorbasalconglomerate,unconformablyoverly-
ing older units, suchas Kibaran-agebimodal volcanicrocks
termed the Kgwebe volcanic sequence(Kampunzu et al.,
1998 andreferencestherein).PreviousU—Pbzircondatingof
the Kgwebe rhyolites yielded an age of 1106 ±2 Ma
(Schwartzetat., 1996)which wastakenas themaximumage
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 havebeenextensivelydocumented(Cahenet at., 1984).
In contrast,Precambrianrocksare poorly exposedwithin the
Kalahari Desert and thereforethe ageof crustal terranesin
northwestBotswanais still poorly documented.Clasticsedi-
mentaryrocksandrelateddetrital zirconscanprovidepower-
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 considerthe implicationsfor Proterozoiccrustalevolu-
tion in theregion.

Geological setting and rock description
The Neoproterozoic Ghanzi—ChobeSupergroup includes
threeterranesfrom southto north (Figure 1): Ghanzi,Rooi-
bok, andXaudum(Carneyet at., 1994;Key andAyers, 1998).
Theseterranesare tectonicallyboundedand their lithostrati-
graphicrelationshipsare still underinvestigation.Older base-
ment complexes in northern Botswana include: (1)
MesoproterozoicKibaran-agegranitoids (Kampunzuet at.,
1999) anda bimodal volcanic sequencetermedthe Kgwebe
metavolcanicrocks (Kampunzuet at., 1998). Small bodies
and dykes of Mesoproterozoicgranitoids havebeendiscov-

eredatthesouthwestmarginof the ZimbabweCratonin east-
emBotswana(Vande Wel et at., 1998),but their link with the
Kibaran-agerocks reportedhere is not known. (2) Palaeo-
proterozoicrockswith U—Pb zirconagesof c. 2.05 Ga.These
rocks aregranitoidsandrhyolites in theOkwavalley, western
Botswana(Ramokateet at., 2000),granitoids in the Qangwa
area,northernBotswana(Hansonet al., 1 998a), andgranu-
lite-faciesrocks includingkizingitic garnet—sillimanitegneiss
in the Gweta region, northeastBotswana(Mapeo, R.B.M.,
Armstrong,R.A. andKampunzu,A.B., unpublisheddata).

The clastic sedimentaryrock sample selectedfor U—Pb
SHRIMPzircon investigation,IPP-97/1,wascollectedfrom a
pit dug for water in the Shakawearea(Figure 1; GPSco-ordi-
nates18°23’50”S, 21°l7’25.6”E). Rocksrecoveredfrom var-
ious pits in the area represent supracrustal siliciclastic
sequencesof immaturesedimentaryrocks(mainly conglom-
eratic sandstonesand arkosic sandstones)associatedwith
more maturesedimentaryrocks (grey sandstones,siltstones,
and shales).Crossbeddinghasbeenobservedin severalsam-
ples. None of the rocks show evidenceof metamorphism,
which suggeststhat thesesiliciclastic rocks could be part of
the Ghanzi—ChobeSupergroup. A strong tectonic fabric
(mylonitic foliation andrelatedlineation) 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 medium to coarse
grainedin texturewith layeringdefinedby gradedbedding.It
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
localizedalong fractures.The rock is highly fractured with a
well-defined proto-mylonitic fabric, with secondarymicas
developedalongtheshearbands.Theoccurrenceof abundant
subhedralfeldspar grains along with angularquartz implies
relatively short sedimentarytransport distances.Therefore,
we infer that the ageof detrital zircons in this sampleshould
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Figure 1 Geologicalmapof northernBotswana,modified from Cameyetal. (1994)andKey andAyers (1998).

standardheavyliquid andFrantzisodynamicseparationtech-
niquesin a clean laboratory.The final concentratewas hand-

pickedunder a binocular microscopeand the zircon grains

weremountedin epoxytogetherwith thezirconstandardAS3
(Duluth Complex gabbroic anorthosite; Pacesand Miller,

mainly constrainthe ageof the local crustal source of these
clasticsedimentaryrocks.

Analytical techniques
The sample was crushedand the zircons separatedusing
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1989) andthestandardSL13 of the ResearchSchoolof Earth
Sciences,Australian National University. The grains were
then sectionedapproximatelyin half, polishedand photo-
graphed.Cathodoluminescenceimagingon a scanningelec-
tron microscopewascarriedoutpriorto the analysesto aid in
the selection of the best target areasfor the analyses.The
SHRIMP datahavebeenreducedin a mannersimilar to that
describedby Williams andClaesson(1987)and Compstonet
al. (1992).U/Pb in the unknowns were normalized to a 2o6*pb/
238U valueof 0.1859 (equivalentto an ageof 1099.1 Ma) for
AS3. The U andTh concentrationsweredeterminedrelative
to thosemeasuredin theSL 13 standard.Ageswerecalculated
usingtheradiogenic207Pb/206Pbratios,with the correctionfor
commonPbmadeusingthemeasured204Pbandtheappropri-
ate commonPb composition,assumingthe model of Cum-
ming andRichards(1975).Uncertaintiesin the isotopicratios
andagesin the datatable (andin theerrorboxesfor theplot-
ted data)are reportedat the 1~level, but unless otherwise
statedin thetext, thefinal weightedmeanagesarereportedas
95% confidencelimits, with all statisticalanalysesandcalcu-
lationsdoneusingthe Isoplot/Exsoftware(Ludwig, 1998).

Results
The sampleyieldedabundantzircongrainswhich are gener-
ally light pink in colour andof variableshapeand form. Few
grainshavesharpcrystal facespreserved.More commonly,
zircon grains have slightly roundedterminations but with
quite well-preservedcrystalforms and angularshape(Figure
2). Many of themountedangulargrainsarefragmentsof orig-
inally largercrystals.Theform andshapeof thezircongrains
support a short sedimentarytransportdistanceof the grains
and provenancefrom a source areaclose to the basin, as
inferred aboveon the basis of the angularshapeof quartz
crystalsand the preservationof a largeamountof subhedral
feldspar.Thereareno metamorphicmultifacetedgrainsin the
populationof zircons. Cathodoluminescenceimagingshows
thatmost of the zirconshaveverywell-developedcomposi-

Figure2 Cathodoluminescenceimagesof a selectionof zircons
from sample IPP-97t1. The numbers refer to the analysis as
recordedin Table 1. Note the typical magmaticzoningpreservedin
grains 15 and 16. Analysis 15.1 yields a Mesoproterozoicage
whereasanalysis16.1 gives aPalaeoproterozoicage.

Figure 3 U—Pb concordiaplot of SHRIMP analysesfor sample
IPP-97/I.Theanalysesof the Palaeoproterozoicdetritalzirconsplot
off-scaleon this diagram.Theseanalyses,aswell as the two analy-
sesfrom grain 12 (12.1 and 12.2), wereexcludedfrom the agecal-
culation.Theconcordiais calibratedin Ma.

tional zoning, consistentwith an igneous origin. Coresof
inheritedzirconare also common.A seconddiscretepopula-
tion of zirconswere found during analysis(seebelow), these
being impossibleto detectpetrographicallyas they also have
good igneouszoning,similar to the zirconsof the first group
(Figure2).

Twenty-five analysesweredoneon sixteendifferentgrains
to get a comprehensivepictureof thezircon geochronology.
The samplewasanalysedon SHRIMP II andall resultsare
reportedin Table 1 andareplottedon a standardWetherill U—
Pbconcordiadiagramin Figure 3.

Thezirconsshowa largerangein U andTh concentrations
andisotopiccompositions,but statisticalanalysisof thedata
permits the identification of sub-populationswithin thesedi-
ment. The majority of the analysesplot on concordiawith
207pb/206Pbagesfalling into anarrowrangebetween936 ±44
Maand1056±23 Ma (lty errors).Thesecanbe combinedas
a group with a statisticallyrobustweightedmean207PbP°6Pb
ageof 1019±7 Ma (N 21; MSWD = 1.05; Prob. = 0.40).
Whetheror not therearetwo or moresub-populationswithin
this groupof analysesis impossibleto determinefrom this
dataset, as thereare no obviousphysicalor geochemicalcri-
teria for identifying such sub-populations.In calculating a
maximum ageof sedimentationfor this rock, thereare two
possibilities, namely the maximum ageof the sediment is
given by the youngestzirconanalysed(936 ±88 Ma; 2o), or,
if all the zirconsdo indeedcome from a singlepopulation,
then the maximumageis given by theweightedmean207Pb/
206Pbageof 1019±7 Ma (2cs). In thediscussionof themaxi-
mumageof sedimentationweusethis weightedmean,rather
than the ageof a singleanalysiswhich is anunreliablecon-
straint.

A numberof analysesfall outsidethis agegroup.The two
analyseson grain 12 representa secondsourceof detrital zir-
conswhich are slightly olderthanthemaingroup butare still
of Mesoproterozoicage.The weightedmean207PbP°6Pbage
for repeatanalyseson this grain gives 1088 ±44 Ma (2~
uncertainties).Analyses11.1 and 16.1 clearlyshowthatthere
is a third, Palaeoproterozoicpopulation of detrital zircons
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giving 207Pb/206Pbagesof 2055±14 Ma and 2043±16 Ma
respectively(2o).

Geological implications
This study was conductedon a sampleof immature,coarse
arkosicsandstonecomposedof angularquartzandabundant
subhedralfeldspargrains.Thesefeaturespresumablyindicate
a short sedimentarytransportdistanceof the grains.This is
supportedby the form and shapeof detrital zircon grains
extractedfrom sample IPP-97/1, and consequentlyprove-
nancefrom a source areacloseto the basin is inferredfor
these siliciclastic rocks and the studied detrital zircons.
Therefore,the U—Pb zirconagespresentedin this papercould
constraintheageofthe main zircon-bearinglithologies in the
local crustal sourceareaof theseclastic sedimentaryrocks.
The detrital zircons include threemajor populations,oneof
Palaeoproterozoicageat c. 2.05 Gaandtwo of Mesoprotero-
zoic ageat c. 1.09 Gaand1.02 Ga. Assumingthat theseages
representthewhole spectrumof zircon-bearinglithologies in
the provenanceareaof the sediments,thesedataindicatethe
presenceof PalaeoproterozoicandMesoproterozoicbasement
complexesin that region. The basementcomplexexposedin
northernBotswanais known to include rockswith U—Pb zir-
con agesfitting into thesetwo groupsandthis providessup-
port for the contention that the sedimentswere sourced
locally. Thedominantsourceof detritalzirconsin thesesilici-
clastic rockscomprisesrockswith agesbetween1.1 and 1.0
Ga. Igneousrocksemplacedduring 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.,
l998b; Kampunzuet al., 1998; 1999;Warehamet al., 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 ages in this range are known in central and southern
Africa, namely in the Choma—Kalomoblock in southwest
Zambia(Hansonet al., 1988), in the Katanganprovince in
southeastCongo (Cahenet al., 1984), and in the Rehoboth
areain Namibia (Hoal et al., 1989; Ziegler and Stoessel,
1993;Hoal andHeaman,1995).The absenceofArchaeanzir-
con grains is also noteworthy. Either early Kibaran and
Archaeanrocks do not exist in northwestBotswanaor they
werenot exposedto erosionduring the depositionof the sil-
iciclasticrockslocatedin theShakawearea.

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

betweenthe adjacentNeoproterozoicGhanzi—Chobeand
Katanganbasins (Kampunzuand Cailteux, 1999), andpro-
vide a goodbasisfor a regionalcorrelationof Neoproterozoic
basinsin centralandsouthwesternAfrica.

Conclusions
This study on detrital zircongrains of an arkosicsandstone
from the Shakawezoneshowsthat: (1) the maximumageof
depositionof the sedimentsstudiedis c. 1020 Ma, whereas
the minimum ageis set by the last deformationeventin the
region at c. 530 Ma. Thesedata imply that the siliciclastic
rocks in the Shakawezone are part of the Ghanzi—Chobe
Supergroup;(2) the agespectrumof the detrital zircons ena-
ble the identificationof two majorcrustalunits as the source
of the sedimentaryrocks. A Palaeoproterozoiccrustalcompo-
nent with U—Pbzircon ageof c. 2.05 Ga anda late-Kibaran
agecomponentwith U—Pb zircon agebetweenc. 1.1 — 1.0
Ga. Theseresults are consistentwith a local origin for the
sedimentsbecausethe pre-Neoproterozoicbasementexposed
in northern Botswanaincludes Palaeoproterozoicand late
Mesoproterozoicrock assemblages.The absenceof both
earlyKibaran (1.4— 1.25 Ga)andArchaeandetritalzirconsis
takento suggesttheabsenceof (exposed)rocksof theseages
in northern Botswana during the deposition of the
Neoproterozoicsiliciclastic rocks in theShakawezone.
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