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Abstract

The Segwagwa Group of southeastem Botswana, a comrelate of the Pretoria Group of the Transvaal Supergroup of South Africa,
consists of a major sequence of siliciclastic sedimentary rocks, minor carbonates and basaltic to andesitic lavas and w s straddling
the Westemn and Central Domains of the Kaapvaal Craton. The Segwagwa Group unconformahly overlies the Taupone Dnlomite
Group, a correlative of the South African Chuniespeont'Ghaap Groups of the Transvaal Supergroup, SHRIMP 17-Ph analyses of
123 detrital zircons from the top, middle and bottom of the Segwagwa Group sedimentary rocks include 9% concordant to near-
concordant zircons defining three main age groups: =>3.0-29 Ga (n=12), 2.8-25 Ga (n=27) and 2.45-220 Ga (n=5T). The
=290 (a zircons wene sourced from granioids emplaced hefore and around 2915+ 12 Ma and are related to the amalgamation of
the Western, Northem and Central Domains of the Kaapvaal Craton. Concordant zircons with a mean age of 2781 +8 Ma originate
from the Gaborone Igneous Complex. The detrital zircons in the range 2.7-25 Ga were likely sourced from the Kalahari
confinental fragment made up of the Kaapvaal Craton, Limpope Belt and the Zimbabwe Craton, specifically from the Limpope
Belt andior the Zimbabwe Craion where igneous rocks in this age range are widespread. The igneous sources for the
Palasoproterozoic {ca. 2.45-220 Ga) zircons are difficult to identify since igneous rocks in that age are not widely known or
documented by reliable dates in the Kalshari Craton,

The younges zircons of ca, 2.2 Ga occur in all te sandstones and form the main group (> %0%) in the sample from the top of
the Segwagwa Group. The youngest detrital zircon of 2193 +20 Ma sets the madmum time of deposition of the Segwagwa Group.
Published data suggest that the minimum deposition age of Chuniespo ortGhaap Growp sedimentary rocks is 2431431 Ma [D R,
Mekon, Compilation of SHRIMP 11-Fh zircon Geochronological Data, 1996 Record 199772, pp. 189, Westem Australia Geological
Survey, 1997]. Therefore, the unconformity between the Lower and Upper Transvaal represents a ~200 Ma hiats, and the
lithostratigraphic units on the two sides of the unconformity should not be grouped in the same supergroup, Detrital zircon ages
sugpest that the time of deposition of the SegwagwaPretoria Group which ranges from ca 2,40 o 2.20 Ga & coeval with the
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Palasoproterozoic global glacial deposits in Morth America, Australia and Fennoscasdia; and with sedimentary rocks from the
Palasoproterozoic Magondi Belt Therefore, the SegwagwaPretoria Group and the Magondi metasedimentary sucossion wene
demosited during the firt global glacial period, are possibly related to the same goodyramic cycle, and should be part of the same

LT GO,
£ 2006 Elsovier B, All rights reserved.
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1. Introd uction

The wvansition letwesn e Asclacan and the
Palagoproteroeoic is formally located a1 2.5 Ga by the
Commission of Stratigraphy of the ntemational Union
of Geological Sciences (IUGS). However, the exad
timing of the oldest Palasoproterozoc sedimentary
rocks resting on the Archasan cmtons is still poorly
constrained  around he waorld, possibly because this
period was not a prolific magmatic penod in various
crtons, This could be biased by the hmited amount of
refiable prochronological data available on the African
continent, # there ar: only few igneous mcks yielding
precise crystallisation ages between ~2.4 and 2.1 Ga in
mast African cratons and orogenic belts [2]. Hanson [3]
in a paper on the Prteroeoic geochmrology and tec-
tomic evolution of Africa does not show any record of
igneous activity at cz. 2.4-2.2 Ga on the African con-
tinent. Similarly, Eglington and A mmstrong [4] show that
in the Kaapvaal Cratm there are few geochronological
dates indicating magmatic activity at ca. 2.4-23 Ga,
lhowever crats o idia, Moot Ao ica, Baltic Shickl
ard Antamctica are characterized by the emplacement of
flood basalts, dvke swarms and ultmmafic—mafic lay-
ered complexes near the Archasan—Potemzoic bound-
arv [5,6]. The Archasan Kaapvaal Crton in southern
Afnca is coversd by a thick sedimentary succession —
the Transvaal Supergroup — known o stmddle the
Archasan—Proterozoic boundary. The Tansvaal Super-
gmup is mainly a metasedimentary succession (quarts-
ite, carbomate and iron formation), with minor mafic
wilcanics, which is found in three sepamte hasins on the
Faapvaal Crton. B is subdivided into the Lower
Meoarchagan Cluniespoont Taupone/Ghaap and Upper
Palasoproterozoic  Pretoria’ Segwagwa/Postmasburg
groups [7,8]. The Meoarchasan Lower Transvaal
sequence 15 separmed from the Palbeoproterosoic
Upper Trnsvaal sequence by an inconformity and
containg important rick formations that nelude carbon-
ate mmd banded iron formation, basal nd intrafonma-
ticnal low laitude glaciganic doposits and red beds
[910]. Thus, this sedimentary succession offers a
unigque opportunity 0 document the aitical tmnsition
haween the Archasan and the Palasoproterenic, to

constrain the time which sepamted the deposition of the
last Archasan and the earliest Potemezoic geological
unit, and o cosbain e e o Palasopotaosoi
glaciation md oy genation,

The Sensitive High Fesolution lon Microprobe
(SHRIMP) U—Ph detrital zircon geochronology offers a
powerful tool for wravellng the mecimum depositional
ages of sediments whereas cmosscutting igneous bodies
provide the minimum age of the sccumulation of
sediments in basima. The yompges concordant detrital
wirooms define the maximum depos tion ags of theanabysad
sedimentary mcks whersas the ovenall population of the
detrital #reoms represents the age spectmim of #reon-
hearing mcks in tie source area of thesedimentary detnns,
Furthermore, the size, shape md general morphology of
detrital zircoms provide clues on the dynamics of the
transporting media and tansport distances,

Impartant questions relating to the evolution of the
Trmsvaal Superzoup include: (a) what is the length of
time represented by the histusunoonformity between
the Meoarchasin Lower Transvaal known as the
Taupons Dolone Ghoup i Bolswana and the Palaoe-
proteroenic Upper Tmnsvaal known as the Segwagwa
Group in Botswana? (b) What is the source of sedi-
ments? (¢} What was the geotectonic setting during the
deposition of the Upper Trnsvaal (PretonaPostmas-
burg Groups in South Afnica and Segwagpwa Group in
Botswana) rocks of southem Africa?

In this study we use SHEIMP U-Pb Amcon data o
shed light on: (1) The maximum depositional age of
clastic sedimemary rocks of the SegwagwaPretona
Growp; (2) The source of sediments using the age of
detrital @rcons along with previously published sedi-
mentological daa; (3) The implications of the data on
the formation of SepwagwaPretoria Group in the broad
Palaopmtemzoe evolution of smrhemn Africa and; (4)
The implications of the data on the fisst glohal glaciation
durng the Palasoproterozoic time.

2. Geological background
The Trmsvaa Supergroup (Fig. 1, Tablke 1) forms one

of the major Archasmm to Palasoproteroeoic basing hosting
lowe-grade metased tnentary and metvolcanic mocks within
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the Eaapveal Cratomn in South Affica md Botswama
[11-15]. The Lower Trensvaal includes the Meoanchasan
Chunigspocrt/Ghaap Group in Sooth Afnica and i
corrclaive Tmpone Dolomite Group in Dotswmna, The
Upper Trimasvaal consists of the Palasoprotemenic Pretona)
Postmasburz Group in South Afric and i comelative
Segwapwa Group in Botswana, The TauponeThumie-
spoort Group is a carbonate sequesce capped by iron
formations md monstones whersas the SegwagwaPraona
Group is sileiclastic with minor volemic rocks [16,17].
In Botivana, the hase of the Taupone Group = a red,
matris supported conglomerate unconformably overbying
siltstomes and laminated shales of the Lohatse Voleamic
Group [12,16,18,19]. This conglomemte forms exensive

ndges and marks the base of the Black Reef Quartsite
Formation, It consits of sub-rounded and angular clasts of
thyolite and vein quare supported by a sandy matrix
cemantad by iron rich matarial. The poordy consolidated
conglomeras is overlar by mature quartzite mdthenbya
sequence of chert-rich and chen-poor dolomies. The
cherty dobmites contan massive chert beds that are
locally stromatalitic, with interbedded chert and dolomite
grading o iron-formation(s) of the Masoke Iron Fonmation
and chert breccias of the Kgwakpawe Cheat Breccia
Formation at the top [16,20]. The chemical sedimentary
succession of the Taupme'Chuniespoont Group is sepa
rated from the clastic sedmmentary mocks of the Sepwagwa!
Pratoria Croup by an erosional unconfonmity. The
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imcon formity mcks comprise a conglomemte with pebbles
of chert (in a fermugmous matrix) known as the Bevets
conglomerate Member which has also been imerpreted asa
glacial sedimentary it [15,19,21 23],

The Segwagwa Group sedimentary rocks are exposed
in the hwaneng, Kmve, Lohatse and Ramotswa ansas (Fig.
23, and within the Grigualand West Basin exiension in
Botswana. This hasin is sepamted from the main Transvaal
Basin (South Africa) by a hasement ndge including the
Gabomone [gneous Complex [11,13,15]. These hasins
evolved sepamtely [1822-25], although the Hebpoort—
Ditlhojana—Taatsu—COngeluk volemic wmits provide a
prominent marker horzon at the same strmtigraphic
position in both basins. In the Kamye area [13 20,26,27],
the Segwagwa Group comprises seven formations (Table
17 exposed within a synelne ammnd Sepvagwa village
and within a syncline—mticl me pairsonthwest of Twmeng
(Fiz. Z). The Segwagwa Group comprises quartzites,
ferruginous sandstomes, shales and a volcanic unit
(hasaltic to andesitic lavas and amygdaloidal basalt)

kmown as the Taatsu Formation, This formation is a
correlate of the Hebpoort and Ongelk Formations in the
Pretoria/Postmas burg Groups of South Africa, respective-
by [16,17,28]. The base of the Sepwagva Group is made
up of black pyntic shales, overain by fermginous
quartzites, iron rich shales and a chent pebble conglom-
emate of the Ditojma and Tlaameng Formations [13 20].
In South Africa, the Pretoria Group is made up of a
lower Pretoria Group comprising nine formations [29]
stating with the Roothooge Formation made up of
conglomemtes, quartzite, shales md chent pebble/clast
breocia known as the Bevets conglomemte Manber; and
anupper Pretoria Group comprising quartzites and shales,
A further five formations are preserved in the esst of the
Transvaal Basin [9]. The Roothoogte Formation overlies
the Duitschland Formation comprising dolomitic shale,
dolomite, quartate, and chert breceis/diamictie (Hevet's
Conglmerate) above the Banded Iron Formation land-
scape [9]. The Roothoogte Formation is overlain by the
Timeball Hill Formation, which is made up of lower
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shales, quartrites, conglomemte lenses and diamictites,
and upper shaks, Locally, the hase of the Timeball Hill
Formation (Table 1) is marked by abered lovas of the
Bushy Band Lava Member [22 24,30 317, The Timeball
Hill Formation is overlain uncon formably by the Boshosk
Fommation (conglomemte, smdsione), a comelate of the
Makgmvane diamictite [9,1032]. The Boshosk Forma-
tion diamictites are absent in the south of the Transvaal
Basin, areupto 1 00m in the east, 0-50m in thecentre and
down to 0-10m in the west [9]. The Timeball Hill
Fommation is a correlate of the Ditojana Cruarteie of the
Sepwapwa Group [15,20]. The base of the Ditojana
Fommation has no voleanic rocks but contains pyritic and
micacenus shales gmding to fermuginous quartates at the
top. The Boshoek Formation is comelative wath Tlaameng
Fommation in the Kanve Basm and principally made upof
brown o yellow, fermuginous shake with discontmuous
chert pebble conglomemte/diamictite below the Tsatsu
Fommation. Borehole intersections in the hvaneng ara
shinw that the chert pebble conglomerate/diamictite forms
a persistent marker unit with a maximum thickness of
100 cm. This chert pebble conglomerate is interprated
a5 a diamictite comelative to the Mak ganyvane diamictite
in the Griqualind West Basin and the Boshoek Formation
in the Transvaal Basin,

The depositional age constmint for the lowermost
Transvaal in the Griqualand Basin of South Africa
i given by a U-Pb zircon aystallization age of
2243 Ma for a wif bed in the Viyburg Formation
[33]. An ID TIMS Ph—Pb date of 2557+ 49 Ma was
ohtained on limestones from the Schmidsdnft Formation
ofthe Campbell Subgroup by Jabm et al. [34]. This date is
similar to a SHEIMP U—Ph zircon igneous crvstalliea-
tion age of 25554 19 Ma for tuff beds in the Monteville
Formation in the Campbellrand Subgroup [35]. In the
Transvaal Bagin, a tuffin the upper part of the Oak Tres
Fomation yielded U—Ph zircon igneous crvatallization
ages between 25832 5 and 255023 Ma [1]. The top of
the Chumiespoart Group is marked by the Penge lon
Fomation, which has a SHRIMP U-Ph #ircon igneous
crystallization (tuff) age of 2480+ 6 Ma [1,36].

Tuff beds below the contact between the Campbell-
ramd Subgroup and the Kunmman Iron Formation in the
Grigqualand Basin vielded an [} TIMS U-Fb zircon
igneous crvatall imtion age of 2521 £ 3 Ma [37], which is
similar to the SHRIMP U-Ph ziroon age of 25165 4 Ma
for the same unit [25], The Rines Member, atuff bad in
the Kuruman Formation, yielded U-Pb zimon aystal-
lization ages of 24785+ 57, 246547 md 246025 Ma
[38], the last date representing the crystallization age of
felsic lavas coeval with the deposition of the Kunmman
Iron Formation. The volcanic matenial from the Grigua-

towm [rom Formation above the Kunmman Formation
yielded the younger U-Ph SHRIMP wiroon cryatallizs
tion age of 2431431 Ma [36], setting the minimum
depositional age of the Lower Tmnsvaal. In the
Moshaneng sub-basin, the Tmipone dolomites wens in-
truded by Bushveld-age svenites, granites and diorites
of the Moshaneng Complex, which vielded U-Phzircon
cryatallization ages of 205422 Ma [11,39].

The Moshaneng Complex is not in contact with the
Sepwagwa Group supmerustal sedimentary rocks, How-
ever, the Segwagwa Group is intruded by and folded
together with the Segwagwa and Masoke igneous
complexes north of the Mmathethe (Fig, 23 Thess
igmeous complexes comprise syenites and diorites smmilar
to those exposed in the Moshaneng Complex [39]. A
grmite from the Segwagwa Complex vielded a U-FPh
wiroom crystalliztion age of 2054 29 Ma that supports the
comelaion of the Segwagwa—Masoke Complexes to the
Moshaneng Complex [40]. Thersfore, the minimum
deposition age of the Segwagwa Group sedimentary
rocksis ~205 Ga. Similardy, in South Africa, the ca, 2.05
Ga Bushveld Complec intrudes and sets the minmum
deposition age of the Pretoria Group [7,21,41].

The age and correlation of units described above with
similar imits in Botswana are shown in Table 1. The
Wrvburg Formation marks the base of the Grigualand
West Supergroup and is the equivalent of the Black Reef
Chuartzite Formation in Botswana, The dolomites and
siliceous dolomites of the Taupome Dolomite Group in
Botswana comelate with the Ghaap and Chuniespoort
Groups in South Afnica,

The depositional age of the Sepwagwa/Pretoria
Group i constrained by an Re/0s age of 23222106
Ma denved from mudstones from the Roothoogte and
Timeball Hill Formation, SHRIMP U-Pb detrital
arcons age of 2324217 Ma from the Timeball Hill
Formatiom, and whaole rock Ph=Pb isochron date of
2236+ 38 Ma and whole rock Pb—Pb isochron date of
2222412 Ma for lavas of the Ongeluk Formation of the
Postmasburg Group and lavas of the Hekpoort Forma-
tiom in the Transvaal Basin in South Africa [4243]
However, acconding to Bau et al. [44], the 2236238 Ma
date has never been reproduced nor confirmed by U-Ph
arcon dating. Mote that this date is similar to a low-
precision Bb—Sr isochron date of 2224+ 21 Ma for the
Hekpoort Formmation in the Transvaal Basin [43,44]. Ban
e al. [#4] published a Pb—Pb date of 2394226 Ma for
dolomites from the Mooidmi Formation of the Post-
mashurg Group in the Grigualand West Basin, Accord-
ing to these mithors, the dates for the Ongeluk Lava and
by extension the Hekpoort andesite below the dated
dolomites wers unreliable, Catmeanu and Eriksson [45]
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sugpested that the Bushy Bend Lavas above the
unconformity betwesn the Lower and Upper Transvaal
Giroups were possibly emplaced at ca, 2350 Ma, based
on anpublished Pb—Pb zircon evapomtion dates of the
Hekpoort mdesite lavas { Enksson, pers, com, 2003,
Moore et al, [46] argued against a correlation betwesn
the Transvaal and Grigualand West Basins, based on the
ageof the unconformmity separating the Lower Transvaal
(Chuniespoort mmd Ghaap Groups) from the Upper
Transvaal Supergrovp (Pretoria and Postmasburg
Groups). In this new imerpretation, the unconformity
which separates the Chumiespoort from the Pretoria
Giroup appears to affec: units comelated with the Pretoria
Giroup, implying that mits which were hitherto corm-
lated with the Pretocia Group were absent in the
Griqualand West Basin, For example, the Ongduk
Fornation lava would be older with no eguivalent in
the Transvaal and Kanye Basins, The new intempratation
of Moore et al, [46] is untenable in part because; fisst it is
bassd on the age published by Bau et al. [44] on the
Mooidmai dolostones m Grigualand West that 15 too old
by ca. 70 Ma according to new data [42,43]; second
regional studies confinn the correlation of key units in
the both basins; for example, Tinker et al. |47 show on
dem seismic sections that the Ongeluk and Hekpoort
Fornation lavas are lvemlly continuous; thind the main
units that correlate with Pretoria Group sedimentary
rocks exist in the Kanye Basin Botswana which are not
only adjacent to but ar: physically part of the Grigqual and
West Dasin lithological wnits [11,15,1720] consistent
with current regional comelations of sedimentary and
volcanic units in the Transvaal, Kanve and Grigualand
West Basins [15 48 49]. However, in some parts of the
Eanve Basin in the Jwaneng area, lithological units that
normal ly lie between the Masoke Iron Formation {Penge
Iron Formation) and the Ditojana Formation (Timehall
Hill Formation) ar missing in borshole intersection;,
comeequently the Taupone Dolomite Group is directly
overlain by the post-Timeball Hill Fomation mocks
[Mapeo, unpublished data], mm indication of complex
erosion and preservadion of Postmasburg/Sepwagwa
Group mcks in the Kamye and Grigualand West Basins,

3. Analytical procedure

Thres 2—5 kg samples from the Sazwagwa Group were
collzcted at three different stratigraphic postions (bottom,
middle and top) { Table 1), The samples were aushed and
the drcons scpamted using stmdand heay hguid and
Fraate Isodvnamic separation technigquss. The final
concentrate was handpicked undera binocular microscope
and the zircon grams were mounted in epoxy together with

the zroon stndend AS3 (Duluth Complex gabbrok
anorthosite [50]) énd the standard SL13 of the Research
School of Earth Sciences, The Australian Mational
University, The grins were then sectioned approximately
in half, polished ard photographed. Cathodo hominescence
imaging on a Scamming Electron Micoscope (SEM) was
carfed out prior to the dating to aid ir the sekection of the
best target areas for the analvses. All the Arcons wens
amabyzed on SHREIMP 1, and the data bave been reduced in
a manner similar to that descnbed by Willzms and
Clacssom [51] and Compston ot al. [52]. U/Th n the
imknowns were romalized to a PPh* 70 value of
01859 (equivaknito an age of 1099, 1 Ma) for AS3, Thell
and Th concentratons were detenmired relative to those
measurad in the 3013 standand, Ages wers calculated
wing the radiogeric * Ph/ ™Pb ratios, with the correc-
tion for common Phmade using the measurad™ Ph and the
appropriate common Ph compaosition, assuming the model
of Cummings and Richards [53] Uncertamties in the
isotopic mtios md ages in the data table (and in the amor
hars inthe plotted data) are reported atthe one sigma level,
but unkss otherwise statsd in the texd, the final weighted
miean ages are reported as 95% confidence limits, with all
statistical analyses and age calculatons done usmg the
oplotEx softwars of Ludwig [54-53].

4. Results

The grains are mostly sub-roumded and/or cracked,
amd are interpreted as detrital gmins with mo in sita
grony th of new metamorphic zircons Fig. 2. The results
for all the samplss dated are reportsd in Table 2, and
plotted on a Wethenll U-Pb Concerdia diagmam {Fig
4a—c) and a cumulative histogram plot (Fig. Sa—c).

Fig. 3 Cartholhmmescence images of miroms gmins from sample
ERMAZ00] showing cracked and sub-rounded gram forms. Gran
mumihers and ¥ PR dma and analytical sites e given fir various
grams exiracted.
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Fig. 4. U-Ph comoordia plots of SHRIMP of malyssd detotal srcm
fractioms from the Segwagwa Oroup. The Comonrdia 5 calibrated m
Ma md only deta which are >90% cmomrdent are inchided in the
aml ysis: (2) base af the Diojana Fomation (RBM22001 ); (b) top of
the Magspmyana Formadion (RBMA2001 ¢ (o) tap of Monotoho lvana
formatiom (REM1.2001)

dd. Sample REM 2200

This quartzite sample was collected near the base of
the Segwagwa Group immediately above the banded
imnstones of the Taupone Group, west of Segwagwa
village at 25°11.334°5/25°10.066'E. The quartzite is
pale brown, medium- to coarse-grained, mrely with
cross-heds, [t ocours at the bottom of the Ditojana
Formation of the Segwagwa Group, a correlate of the
quartzitic units of the Timeball Hill Formation of the
Pretoria Group, or with some units in the Makganyane
Formation of the Postmasburg Group, Forty-three
amalyses were done on 43 different and randomly
selected detrital grains from this sample, of which 35
are = 90% concordmt (Fig. 4a). All the grams ranged
betwesn 160 and 120 pm, The 35 concordant Arcons ane
aplit into four main groups: ca, 2900-2700 Ma (n=25};
ca 2350-2200 Ma (n="T); ca. 26002500 Ma (n=2),
including analyses 8.1 md 9.1 giving 2632+ 15 and
2542245 Ma, respectively; and =3000 Ma (r=1)
corresponding to one concordmt grain of 30106278
Ma (Table 2a), The oldest concordant zircon date of
3260430 Ma is recorded by a 13% discordant zircon,
which sets the maximum age of the source of this con,
The probability plot for the main detrital zircon
population in this sample gives a mean * Ph/*™Ph
with peak at 2781 £ 7 Ma (Fig. 5a). The voungest zircon
in this sample { grain mumber 181 vielded a concordant
07 ph 5Pk date of 2240+ 12 Ma (20) among a group of
four other near concordant analyses (2251212, 2239
£22 28213 and 2268 £ 10 Ma) which give a wei ghted
mean *TPh/ **Ph date of 2250+ 14/~ 15 Ma (MSWD =
0.04) for Ditojama Formation of the Segwagwa Group,

4.2 Bample REM&20H0 S

This fermginous quartzite sample was collected from
a ridge close to the top of the Mogapinyana Formation
of the Segwagwa Group at 259507 696" 525706 BO0'E.
The Mogapinyana Formation in Botswana is a correlate
of the Daaspoort Cuartzite Formation of the Pretona
Group. It comprses dark cathonaceos shales overlain
by pink gquartritic sandstones. The sandstones are
overlain by micaceous shales with the top marked by
prominent pink to red coloured sandstones. The red
sandstomes are associated with a pobwnict, red-coloured
ar dark brown, poorly sorted conglomerate with
subrounded clasts of chert, red to dark brown smd-
stones, iromstones, jaspilites and vein quarte, Forty
amalyses were done on 40 different and mndomly
selected detrital gmins from sample RBM4/ 2001, The
majority of the data plot on or near Concordia (Fig. 4b);
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a mumber of wircons are significantly dscordant, and
therefore in our statisical assessment of the data, only
the 26 concordant to near concordant (=90%) *7Ph/
*Ph dates are considersd. The spread of zircon dates
rarges from ca. 3.0-27 Ga (p=3)to ca, 2.45-220 Ga
(n=23), reflecting the haerogeneous natre of the
soumes of these mcks (Fig 5h) The angest distinet
group of data fills between ca 2450-2200 Ma. The
youngest wircon gram (13.1) yidded a concordant
ek PP date of 22362413 Ma (20 (Table 2b) which
is the preferrsd estimate for the maximum age of
deposition for the Mogapinvana Formation of the
Segwapwa Group.

4.3 Sample REM2000

Thiz sample from the pink to white crosshedded
quartzites of the Monotoholwane formation at the top of
the Segwagwa Group was collected at 2571369475/
2507.735°E and it cormelates with the Magaliesherg
Chartzite Formation of the Pretoria Group, This
Fommation is principally made up of reddish quarteitic
sardstone with a sugary testure capped by unexposed
sheles, Forty grains in sample EBM1/2001 were
analyzed, of which 33 are concordant to slightly
dizordant (=90%4) (Fig. 4¢), and the data show a
birodal distribution of *7Ph/*™Ph dates (Fig. ).
More than 9% (r=24) of the concordant zircons
yielded dates between 2350 and 2190 Ma. The oldest
ziroon grain (8.1 is Archasan with a ""Ph/ ™ Ph date
of 2674£11 Ma (Table 2c). The voungest group of
wiroons comprises 24 concondant analyses, of which the
yonngest Firoon grain (21.1) yields a Miph, b date
of 21932 20 Ma.

5. Discussion
S0 Timing of sediments depogition

The SegwagwaPraoria Group contains a volcanic
marker known as tie Hekpoort Fommation in the
Trnsvaal Basin or the Ongelubk Fomation in the
Grgualand West Basin in South Africa [14,20,43], and
the Tsatsu or Ditthojena Formations in the Kanve and
Rimotawa Basing of Botswana, respectively [17,23,57].
The Omgeluk and the Hekpoort Formadons in South
Affca vielded Pb—Pb and Bb—5r whole-rock isochmon
dates of 2222213 and 2224221 Mez, respectively
[28,57]. In comrast, a carbonate wnit swatigraphically
overlying the COngeluk Fomation vielded a low-
precision whaole-mock isochron Ph—Ph date of 2394+ 26
Me [#4]. This date was used to suggest that the

SegwagwaPretona Group sedimentary mocks wen
deposited between ca. 240 and 239 Ga [23,45]. New
R/ dating of the Timeball Hill Formation indicates
that this formation was deposited 2t 231627 Ma [42]
whilst SHEIME U-Ph dating of detrital zincons yielded
anage of 2324217 Ma being the waximum deposition
age of the this formation [43]; suggesting the age
obtained by Bau et al. [44] was too old. The vounges
detrital zircons from the base (2240212 Ma), middls
(2236£13 Ma) and top (2193220 Ma) of the Sep-
wiagwa'Pretonia Group in Boswana are, within the
margin of errors, identical. These detes indicate that the
maximum depositiomal age of the SegwagwaPretonia
Group in Botswam is ~2.25-2 20 Caand imply that the
dated exposure of the Timehall Hill Fommation by
Darland [43] did not contain ay of the younger gmins
ar altermatively the lack of a major component of ea
2,32 Ga detrital zircons in the Kanve Basins, reflects
changes in the smrce regions duning the deposition this
formation in the Kanve md Transvaal Basins,

The FEb—5r isochron ages of ca. 2.22 Ga reported fior
volcanic mcks inter-bedded with the sedimentary rocks
of the SegwagwaPretoria Group minforce the deposi-
tion ofthese suprerustal sedimentary units at = 2.25 Ga,
The U-Pb zimon dates in this faper rule out the
depositiom of the Sepwagwa'Pretoria Group at ~2.440
Ga, at lesst in Botswana., Taking imto acoount the
limitations of the Ph—Pb isochron technigue, we believe
the same may apply to the Postmastburg Group of South
Adtica where the Pb—FPb carbonate age of ~2.39 Ga was
obtained. The minimum age of deposition of the
SepwagwaPretoria Group is sat by the crvstallization
age of 2055+ 5 Ma for the Bushveld Complex in South
Africa [33,58], and coeval intrusive bodies including the
Muoshaneng Complex [39] and the Segwagpva Complex
—intruding the Scguagmaa Group — in Botowana [Mapes
et al., unpublished data].

5.2, Provenance of sedimenits

Palago-cumen: studies in the Pretoria Group in South
Africa indicate variable sowrce directions of the
sediments [9,21,22]; the Timeball Hill Formation has
northwesterly and northeasterly sources whilst the both
Hekpoort and Magaliesherg Formations have westerly
sowrces [9]. The Botswana Segwazwa Group located
northwest of the main Transvaal Basin and north of the
Crngualmd West Basin displays nothery sources. The
oldest concondant detrital zircon gmins at 3010
could onginate fom Mesoarchasan basement complex
lithologies exposed in the Morthern and Western
Domaing of the Kaapvaal Craton [59,60]. The Western
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Domain of the Kaapvaal Cmton hosts felsic imeous
rocks emplaced 2t 291529 287929, 2781 £ 4 and 2689
+£5 Ma [59,61 62]. Detrital sircons with similar ages
opeur in the samples REMZ2001 and REM4/2001.
Mesoarchagm/Meoarchasm  detrital zircons form the
dominant {~7%4) population in sample REM2/2001 at
the hase of the SepwagwaPratoria Group and decrease
upwards (~1%% in the sample RBM42001 and 4% in
the sample RBM1/2001) at the top of the succession,
Mote the absence of Mesoarchagan zircons in this last
sample. The sample RBMZ'2001 contains a large
population of dental #ircoms vielding an average date
of 27817 Ma that is identical to the age ofthe Gabomne
Imeous Complex [19,63] This suggests that this
igneous complex was the main source of the sediments,
indicating a procimal source for the basal sucoession of
the SegwapwaPretoria Group. This zincon population
decreases up the stmtigraphy, indicating either that this
source region was progressively covered and not
available as a source for detritus or altematively to
changes in the momphology and hydrological network
patterns resulting in changes of the sediment source area
(=) with time. The upward increase of the ca. 22 Ga
zircom groupmay be related to aprogressive immofing of
a Palasopmterozoic ignems provines and/or changes in
the morphology md hydrological network patterns,
resulting in the changes in the source amas of the
sedimentary detrtus,

53 Darital zireon of uncertain provenance

The ca 245-2.27 Ga detrital zircons  detected
throughout the Segwagwa Group cammot be tied to a
known local sorce arsa, Mo mcks of this age rangs are
knownin the Kapvaal Craton. Assuming that the Rh—5r
and Pb—Ph whole-rock isochmon ages of the Hekpoort
and Ongeluk Formations are representative of their
emplacement ages [B22 28], one can argue for a local
intmbasinal somee for this goup of detntal smons,
However, the Passopmotemenic detrital #ircons show a
broad age spectnim between 2450 down to 2193 Ma,
whereas the Rb-5r and Pb—Pb isochron dates of the
vaoleanic sequences in the Pretonia Group are clustered at
~2200 Ma. The Palasoprotemeoic detrital zincons of ca.
2200 Ma ocour at the base of the Sepwagwa/Pretoria
Group sedimentary succession beneath the ca. 2.2Ga
vaolcanic unit. For this reason, our preferred interpreta-
tion is that thess zimcons are exotic, e of non-local
source, consistent with new data of Dorland [43], which
indicate that the sedimentary rocks intercalated with
Hekpoort lavas yielded U-Pb detrital zircon ages of
222543 Ma, suggesting the lavas are not the source of

the detnital zircons, The signature ofthess derital zircons
is characterized by abundant grains with a broad age
range betwesn ca. 245 and 220 Ga with a peak at ca,
2300 Ma, mther than displaying ages clastersd within a
amall age interval. Detrital #ircoms with ages of ca. 2.4
Ga represent <15% of @imon population in samples
RBMZ2/2001 and REBM4/ 2001, whereas those betwesn
ca. 2.3 and 2.2 Ga include 93%, of detrial zircons from
sample REMIZ001. The trends indicate a gradual
invalvermnent of Palasoproterozoic igneous mcks at the
aource of the Segwagwa/Pretona Group sediments, This
could reflect either a gradual spatial shift of the
Palagoproterozoic igneous rock are: submitted to
erosion or unroofing gradually exposinga Palasoproter-
OF0IC IENS0E SOUMS ared,

3.4, Geological implications

Dretrital zircon U—Ph age data in this study suggest
that igneous Palasoprotemenic mocks (ca 24-2.2 Ga)
were exposed to erosion at the source of the Segwagpval
Pretoria Group sedimentary rocks, These dmons may
have been denved from a no lmger prserved crustal
terrain located north of the Kaapvaal Craton or west of
the Zimbabwe Craton. In the K aapvaal Crton there ane
no igneous rocks emplaced between ca. 2.3 and 2.2 Ga,
In the Zimbabwe Craton, however, Mamyvemke et al.
[64] have described the results of dating of a troctolite
sample from the mafic—ultmmafic Chimbadz Hill
intrsion in northwest Zimbabwe, et of the Magondi
Belt, which yielded U_Ph baddelsyite aystallization
ages mnging from 2265 824 8 to 2257295 Ma with an
upper intercept age of 2262= 2 Ma, It is parallel and to
the nomthwest of the 25754£0.7 Ma Great Dvke in
Zimbabwe [65]. Globally, the period e, 2.5-2.0 Ga is
chamcterized by the occumrence of ultramafic intrusions,
dyke swamms and layversd mafic complexes, indicating
continental break-up [5]. In Morth America, the break-
ups are represented by the Kaminak dvke swarms (.
2.54 Ga) in the Hearne Provines of Camada, Metache-
wimn and Hearst diabases (ca, 2.47-2.45% Ga) of Canada
and the final dispersion at ca, 2.2-2.1 Gais recorded by
the mafic dyvkes and sill swarms in the Slave, Hearne,
Supenior and Main Provinees [66] This event of the
deveopment of the Earth's aust dunng the Palasopro-
terozoic appears not 1o be represented iv the Kaapvaal—
Limpopo—Zimbabwe Province,

[retrital zincons with magmatic zirems flling in the
same range as the Segwagwa Group were also
recorded in the Gweta—Magondi Belt of northeast
Botswana [67], a distance of ca. 70 km to the
southwest of the Chimbada Intrusion (Fig. 6). The .
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23-2.2 Ga zircon grains documented in this paper also
display strong zoning consistent with igmeous origin,
Reszko et al. [68] pointed ot that there is no evidence
for active margin tectmics dunng the deposition of the
Pretoria Group, and proposed an intracatonic sstting
for the Transvaal Hasin in which the Segwagwal
Pretoria  sediments were deposited.  Detnital  zimons
from the Segwagwa Group display the same *7Ph/
*™Ph fingerprint as metasedimentary rocks of the
Crweta—Magondi Belt, suggesting that these two
depocentres were most likely fed from the same source
(Fig. 5d-e). Imeous complexes with agss betwesn ca.
23 and 2.2 Ga are unkmown in the Kaipvaal Cratom,
imalying that this was not a significant sedimentary
soumce for the SegvagwaPretonia Group. This s
supported by palaco-curment dircctions pointing to a
northerly, northeasterly and nomthwesterly soume of
sediments, These data imply that the main source of
the SegwagwaPretoria Group was erher the Jim-

habwe Craton or a Palasopmtemsoic terrain, which
ws located north or northwest of te Kampvaal Crton
and west of the Zimbabwe Craton/Magondi Belt at ca.
22 Ga. An extensive investigation of the Zimbabwe
Cratom to assess the presence or net of major ca, 23—
22 Ga igneous complexss is required in oorder to
confirm these two altematives and the role of
imtrusions such as the Chimbade Hill intrusion as
sowrce of Arcon bearing detritus material dunng the
Palasopmterozoic time

55 Significance for Palasopraterozoic global
glaciations

Cur data which shows the formaton age of the Upper
Transvaal Supergroup at ca, 2.4-2.2 Ga provides a now,
minimun age for the deposition of these units in
Botswana, and confimms deposidon of these and
correlative imits in the Transvaal and Grgualmd Wea
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Basins in South Africa dunng the first global glaciations
during the Palasopmterozoic, The earliest mid-latitude
glaciations in southern Africa are recorded in theca, 2.9
Ga Pongola Supergroup [697; thess were termed the
Earth’s oldest glacial deposits [70]. In Morth America
(Canada mnd the USA), the deposition of the Huronian
Supergroup between ca. 245 and 2.2 Ga is punctuated
by three periods of glaciations (Famsay Lake, Broce and
Gowganda  Formation) [10,3271]. This sequence is
overlain by athick sequence of sedimentary meks of the
Cobalt Group and the entire sequence is intruded by the
ca, 2.22-2 21 Ga Mipissing diabase [66]; sugeesting that
the glacial deposits of the Huronian Supergroup were
deposited much earlier than ca. 22 Ga. The Mipissing
dighase has a similar age to the ca. 220 Ga detrital
zircoms derived from the Hekpoort Lavas, Mogapinyvana
(Dasspoort) and Monotoholwane (Magaliesherg) For-
mations of the SegwagwaPretoria Group and  the
Chimbadzi intrusion in the northwest of the Zimbabwe
Craton.,

Global mafic magmatism at ca 2.45-2.40 Ga in the
form of major dvke systems, flood basalts and lavered
mafic is an accepted event during the Palasopmitemaoic
[5]. The ca. 245 Ga magmatism in Morth America
predates the deposition of the Huronian Supergroup
glacial sedimentary rocks, which wens therefore depos-
ited between 2.45 and 222 Ga, but well before the
intrusion of ca. 2.2 Ga the Mipissing diabase. The
Transvaal sequence of South Africa contains glacial
deposits; the Makganyane Diamictite in the Postmashurg
Group, the Bevets Conglomemte in the Duitschland
Formation and a thin diazmictite in the Boshoek
Fomations of the Pretona Group [9]. The Boshoek
Formmationis a cornzlate ofthe Makganvane Formation in
the Grigualand West Basgin [102242]. The data in this
paper suggests the Makgamvane glaciation ocourred in
the interval ca. 2.32-2.21 Ma in the Pretonia/Segwagwa
Group, The new data suggests the period of Palasopm-
teroeoic glaciation within the PostmashurgPretonaf
Segwagwa Groups nmges from ca. 232 to 220 Ga
whilst other low latitudes glaciations in Morth America,
Fennoscandia and Austmlia wens laid down at ca, 2.45—
220Ga [72]. The depositions of the Mak ganyane glacial
rocks show considerable dischroneity with those in the
Huronian, Hamersley Provinee of Westem Australia and
Fennoscandia of up to ~ 130 Ma.

6. Palacogeographic implications
A significant implication of the ages obtained in this

study concerns the palasogeographic relationship
hatween the Kaapvaal Craton, the Palasopmitemzoic

Magmndi Supergroup and the Zimbabwe Craton
between ca. 23 and 22 Ga. The cureent location of
the Segwagwa/Pretoria Group on the Kaapvaal Craton
i5 an original feature as shown by the unconformity
relationship  between the Segpwagwa/Pretoria Group
with the Taupme/Chimiespoort/Ghaap Groups [47]. At
the northern margin of the Kaapvaal Cratom, the
Magondi Supergroup meks are affected by Palasopro-
terozoic contractional deformation at 2,02 Ga [72-75].
The Magondi Belt stmddles the western margin of the
Zimhabwe Cmton, the nothwest magin of the
Limpopo—Shashe Belt [76] md the northern margin
of the Kapvaal Craton, indicating that these last three
units amalgamated before the Ebumean Magondi
orogeny, The similar maximum depositional age of
the Gwata—Magondi Supergroup [64] and the Seg-
wagwa'Pretoria Group (this paper), and their identical
U—Ph zircon fingerprints (Fig. 5a) and the lack of any
plate boumdary betwesn the Magondi Supergroup and
the Segwagwa/Pretoria Group sedimentary units imply
that they were both deposited during the evohttion of
an extensional basin which dosed during the Ebumean
Magondi omgeny. The exension of the Magondi belt
in southern Botswana (westem edge of the Kaapvaal
Craton) 5 kmown as the Eheis belt that exposes
Olifantshoek  Supergroup metasedimentary  rocks
[45,61). Mapeo et al. [77] have shown that the
Olifintshoek Supergroup lithologies starting with the
Hartley Formation volcanics (dated at 192827 Ma) ane
younger than the Magondi Supergroup mcks, and
therefore not part of the same sequence. Furthemmore,
recognitiom by Beukes et al, [48] that: first the Mapedi
and Lucknow Fommatioms of the Olifintshosk Forma-
tiom {below the Hartley lavas) are imtruded by the ca.
205 Ga Bushveld Complex; second the Mapedi and
Lucknow Formations contain £ C enriched carbonates
similar to carbomates below the Magaliesberz quartzite
in the Transvaal hasin and to those in the Lomagundi
Group of the Magondi Supergroup, and lastly wens
deformed durng the Kheis—Gweta—Magondi orogeny
makes these wnits belong to the Postmasburg Group of
the Grigualand West Basin and therefore lateral
correlatives of the Magondi Supergroup sedimentary
rocks in the Zimbabwe Craton, This provides the
clearest link between the deposition of the Postmas-
burgPretoriaSegwagwa Groups and the Magondi
Supergroup; and their deformation dunng the Ebur-
nean Magondi omgeny.

The dominmt group of detntal sreons ino the
youngest sedimentary mcks in the SegwagwaPretona
Group and the Magondi Supergroup rocks (Fig. 5)
suggests that the soume of these sediments was most
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prohably the same. Tading into account the fact that
the sedimentary transport direction pomnts to a
northerly soume for e SepwagwaPretoria Group
sedimentary rocks in Botswana, and that the Ses-
wagwa/Prewria Group type platform sedimentary
rocks are unknown in the Zimhabwe Cratn, the
most likely palasomonhology is that of a hghlnd
west of the Zimbabwe Cmton wheh is the potential
source of sediments of both Segwagwa'Fretoria
Choups wel Magowsl Supaigroup. The Magoudi
Supergroup was involved in a major Palasoproterozoic
(=20 Ga) crustal shortening event and high-grade
grnulite ficies metarmorphism. In contmst, the pre-
sumably coeval and lateml comelatve, the Scpvagwal
Pretoria Group, evolved under greenschist facies
metamorpham, with o minimumr shortening.  This
differsnce 15 here taken to refledt 2 major theological
and different geotectonic position of the shortened
crust at =20 Ga, The 3egwagwa'Fretoria mests on the
Faapvaal Craton, and presumably, the thick litho-
sphere related to the strong Amchasan mante keel
heneath the emton [78] protected the emton and the
sedimentary blanket dusing the Ebumnean orogeay, The
Magondi Supergroup was presumably a pristine
Palaeoproterozoic basin not undedain by Archasan
lithosphers at the eardy stage of Ebumean contradtional
deformation, and thus possibly reprsents a secton that
was affectad by inversion at ca. <22 Ga and before 2.0
Ga. The Sepwapwa/Pretona Group is interpretsd as a
continental back-are sequence, associated with rifting
leading to deposition of the minor mafc and
intermediate to flsic metavoleanics and metasedimen-
tary mocks [79), The imitial intecratonic rifting is
indicated by the Bushy Bend lavas (absent in
Botswana), and other mdications of the cyelic nature
of the nfting are shown by the Ongeluk/Hekpoort!
[ntlhojmaTsatsu lavas within the SepwagwaPratoria
Group sedmentary rocks [30.46). The Segvagwal
Pretoria Group deposition oceurred between 21932 20
and 205423 Ma, which is the depositional time range
of the Magmdi Supergroup sedimentary rocks [67].

7. Conclusons

The main results of this study are as follows:

(1) New SHREIMP U-Pb geochronology dates the
maximum depositional age of the Sepwagwa/Pretonia
Group at 2193220 Ma. The minimum age of this group
15 set by cmsscutting Bushveld-age Sepwapwa lgneous
Complex emplaced at 2055 = 5 Ma. These dates mdicate
that the SezwagwaPretonia Group is entirely Palaeo-
protemznic and consists of detritss denved from a

variety of swurces, mairly of Palasoproterozoic age with
minor inpuls Fom Archasan sources,

{2) The data indirsctly demonstmtes the exigence in
the neighbourhood of the Kalahari Craton of a crust of
o 2,302 20Ga inthe sounce regions ofthe Sepwapwa!
Fretoria Group sediments, The older zincons (=24 Ga)
are minor md sugeest he bulk of the sediments which
make up the SegwagwaPretona Group in southeast
Hotswana were from distal sources,

(3 The ajonity oF e cicons Gom e uppopan s ol
the Segwigwa/Pretoria Group show a narrow age
spectrum with wel l-defned Palasoproterozoic ages (ca
230-220 Ga). This pattern is similar to that of
sediments deposited  in the Gwota—Magondi Dasin,
Sedimentary rocks of the Magondi Supergroup wers
deposited after or at 212526 Ma and metamorphosed
dunng the Ebumean Magondi omozeny at ca, 2027£8
Ma The deposition ages of the SegwapwaPretona
Group and the Magondi Supargrop (Gweta—Magondi
Basin in rortheast Botswana) show overlapping age
spectrums, suggesting that these tvo hasing mesived
detritie of similar ages and pmhahly developed dering the
same extensional tectonic cyele marking the devel op-
ment of the Pretoris—Segwagwi—Gweta—Magondi
sequences at ~2,2-2.05 Ga,

(4 The maximum age of deposition of the Lower
Transvaal Supergmoup is 2431 £31 Ma, the age of the
Eumuman Fommation, Therfore, the length of the
unconformmty between the Lower Transvaal and the
Upper Trarsvaal ranges from 2431 2 31 to 2190220 Ma,
suggesting the hiatus between the Taupons/Chumie-
spoortGhaap and Pretoria/Segwagva Groups = ~200
Ma This etremely long hiatus indicates that the Lower
(Taupone/ChuniespoortGhaap) md Upper { Sepwarwa!
Pretoria) Transvaal Groups cammot be part of the same
SUPETETOU.

(5) The SegwapwaPretona Group glacial deposits
(Makganyene and Bashosk Formation dianictites)
accumulated at ca, 232-2.1 Ga, and are thus younger
than Palagoprotemeoic glacial mcks in Morth America,
Western Aastmlia md Fermoscandia, which formed at
ca 245-220 Ga, The detntal zircon ages twersfors
show a maor dischroneity in the deposition ages of the
Palaeoprotemozoic glacial deposits in the Kaapvaal
Craton {ca, 232-2.1 Ca) and North American cratons
(ca, 245227 The data further suggests that the low
latitude gacial deposits of the Makgamvane and
Boshoek m southem Africa, Huromian in Morth
America, Hamersley in Western Austrlia and Earelian
in Finland and Western Russia represent “snowhall-
earth” comditions attained at difieremt times during
Palasopmteroeoic,
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