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Abstract The southern Congo Craton is widely overlain
by Meso- to Cenozoic sediments of the northern Kala-
hari Basin, which hamper any correlation of basement
units. The latter are represented by the Archaean Angola
and Kasai Blocks, while the southern cratonic margin
is framed by several Meso- to Neoproterozoic orogenic
belts. For provenance analysis of the sedimentary cover
and reconstruction of the main zircon-forming events, we
studied zircons from recent sediments of the largest rivers
at the southern margin of the Congo Craton. U-Pb zircon
ages suggest a major amount of the sediments to originate
from E Lufilian and Kibaran Belts, while input from the S
Damara Belt seems to increase to the W. Ages related to the
Angola Block were only noticed in the westernmost parts
of the working area, which is not in accordance with the
SE-trending drainage pattern, proposed to have been onset
during the Cretaceous. Thus, it is assumed that the Meso-
to Cenozoic sedimentary cover extended further west than
today prior to the Mesozoic to Neogene uplift of the Angola
Block and that subsequent erosion exhumed the basement
stepwise from west to east. A recurrent destabilisation of
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the southern margin of the Congo Craton at ~2.7, 1.9, 1.0
and 0.6 Ga is supposed to be represented by major peaks
in the age distribution pattern of the total amount of con-
cordant zircons. This is in accordance with similar studies
in adjacent areas. Additionally, the obtained data fit well to
several hypothesised major events during the superconti-
nent cycle.

Keywords Southern Congo Craton - Episodic crustal
growth and reworking - Pan-African orogeny - Northern
Kalahari Basin - U-Pb zircon dating

Introduction

The working area includes the Archaean Angola and
Kasai Blocks, both of which are poorly known and rep-
resent the only known basement outcrops of the south-
ern Congo Craton (De Carvalho et al. 2000; De Waele
et al. 2008). The southern margin of the latter is postu-
lated to extend from the Atlantic coast of northernmost
Namibia to the western parts of Zambia and the Demo-
cratic Republic of Congo. In these regions, the craton is
limited to the south and east by the Mesoproterozoic to
Cambrian Kaoko, Damara, Lufilian and Kibaran Belts
(Fig. 1). As wide areas of the southern Congo Craton are
overlain by the Cretaceous to Cenozoic sedimentary cover
of the Kalahari Basin (Haddon and McCarthy 2005), there
is a lack of data for the basement and most of the follow-
ing sedimentary succession for major parts of this area
(De Waele et al. 2008). Although there have been many
studies concerning the sediments of the Kalahari Basin
since the early twentieth century (summarised in Had-
don and McCarthy 2005; Ringrose et al. 2008), the ques-
tion of provenance still remains unclear (Haddon 2005).
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Fig. 1 Overview of the areal distribution and surface geology of the
catchment areas of the Kunene, Cubango—Okavango, Cuando and
Zambezi River systems upstream of the sample localities (compiled
from De Carvalho 1974; Delor et al. 2007; Miller and Schalk 1980;

Therefore, we studied zircons from the sediments of the
largest recent rivers, which drain almost the entire south-
ern margin of the Congo Craton.

A second issue of this work is to reveal a possible
growth history of the southern Congo Craton. Former
studies suggest an episodic crustal reworking at the south-
ern margin of the adjacent Bangweulu Craton (De Waele
et al. 2006b). This is also a possible scenario for the work-
ing area, which should be proven using detrital zircons of
recent river sands, too. The method of tracing the episodic
growth of continental crust using zircons from recent river
sediments was already introduced by Rino et al. (2004,
2008) and several other authors (e.g. Yang et al. 2009;
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Milési et al. 2004; Milési et al. 2006). The legend specifies the main
rock types in the working area by their estimated age and their petro-
logic characteristics

Wang et al. 2011; Schérer et al. 2012). River sands are
assumed to be representative of the age distribution pattern
of the rocks within the catchment area (Rino et al. 2008;
Bradley 2011). They also may include recycled zircons of
lithological units which do not crop out anymore (Belou-
sova et al. 2010). Bradley (2011) states expressly that these
assumptions can only be considered for ancient cratons, as
we do for the southern Congo Craton.

During the entire analysing processes, we got some
additional data such as width, length, roundness and sur-
face characteristics from the zircon grains. They are all
given in the supplementary tables 2 to 6 and can be used
for further studies. For example, we tested the hypothesised
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effect of hydrodynamic fractionation of zircon age popula-
tions, suggested by Lawrence et al. (2011) and Yang et al.
(2012).

This paper proposes a model for the provenance of
the northern Kalahari sands and the growth history of the
southern margin of the Congo Craton, which is based on
multiple U-Pb ages and morphological characteristics of
zircons from recent river sands.

Geological setting

The Kunene, Cubango—Okavango, Cuando and Zambezi
Rivers drain the southern margin of the Congo Craton.
This region comprises two poorly known Palaeoproterozoic
to Archaean blocks, the Angola Block in the west and the
Kasai Block in the north-east (De Waele et al. 2008). Both
blocks are separated by the northern part of the Kalahari
Basin (Haddon and McCarthy 2005) and the southern part
of the Congo Basin (De Waele et al. 2008). They both are
covered by Late Cretaceous to Cenozoic sediments. Further
tectonic units surrounding the working area are the Epupa
Metamorphic and Kunene Intrusive Complexes, the Kaoko
and Damara Belts, the Zimbabwe Craton, the Lufilian and
Kibaran Belts as well as the sedimentary Sankuru—Mbuji—
Mayi Basin (Fig. 1). Known zircon ages of these tectonic
units are given in Fig. 2.

The Archaean to Mesoproterozoic Cratons and intrusive
complexes

The Angola and Kasai Blocks are located within the catch-
ment areas of the studied rivers. Both are poorly known,
and scarcity of data as well as separation by the Meso- to
Cenozoic sedimentary cover makes correlation impossible
(De Waele et al. 2008).

The Angola Block is composed of orthogneisses, gran-
ites, migmatites, charnockites, norites, greenstones, quartz-
ites and schists (De Carvalho et al. 2000; Delor et al. 2007;
De Waele et al. 2008). Oldest known zircons that are inter-
preted to originate from the Angola Block displayed ages
around 2,977 Ma (McCourt et al. 2004; Kroner et al. 2010).
A major metamorphic event is suggested to have taken
place during a 2,900-2,700-Ma period (Neoarchaean),
when granulite facies metamorphism occurred (De Car-
valho et al. 2000; De Waele et al. 2008; Pereira et al. 2011).
This interpretation is supported by several Rb—Sr and Sm—
Nd data summarised in De Carvalho et al. (2000) and De
Waele et al. (2008). Palaeoproterozoic zircon ages obtained
from the Angola Block are possibly related to a metamor-
phic event at ~2,050 Ma (De Carvalho et al. 2000) and the
intrusion of the northern Kunene Intrusive and Epupa Met-
amorphic Complexes (De Waele et al. 2008). The same has
to be assumed for the few known Mesoproterozoic zircon
ages (Rapela et al. 2011). Youngest reported zircon ages
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at around 600 Ma are supposed to be related to metamor-
phism during the Pan-African orogeny (De Carvalho et al.
2000).

At its south-eastern margin, the Angola Block was
intruded by anorthosites, granites, gabbros and dolerites of
the Kunene Intrusive Complex (Slejko et al. 2002; Kroner
et al. 2010). This complex is supposed to be subdivided
into a pre-Eburnean northern part and a Kibaran southern
part (De Carvalho et al. 2000; Mayer et al. 2004). Rb—Sr
whole-rock isochrones for the northern part, given by De
Carvalho et al. (2000), range between 1,847 £+ 62 and
2,443 £+ 49 Ma. This is in accordance with the reported
K—Ar ages of 1,964 £ 61-2,157 + 43 Ma for plagioclase
from anorthosite and olivine gabbro (Mayer et al. 2004).
Zircon ages are not yet known from the northern Kunene
Intrusive Complex. For the southern part, there are several
zircon ages between 1,371 £ 3 and 1,385 & 25 Ma (Driip-
pel et al. 2000, 2007; Mayer et al. 2004). They are accom-
panied by Sm—Nd mineral isochrones from 1,470 + 25 to
1,319 £ 28 Ma (Mayer et al. 2004), supporting the assump-
tion of a Kibaran age.

The Epupa Metamorphic Complex is adjacent to
the southern margin of the Angola Block and was also
intruded by the southern Kunene Intrusive Complex around
1,375 Ma (GleiBner et al. 2012). Main rock types are grani-
toid gneisses, which are mostly migmatised. The known
U-Pb zircon ages range from 1,757 & 4 to 1,861 &+ 7 Ma
(Kroner et al. 2010). Additional Nd isotopic data indi-
cate separation from the depleted mantle at about 2,000-
2,400 Ma. Hence, an Archaean component as in the Angola
Block is very unlikely (Kroner et al. 2010). Both the
Kunene Intrusive and the Epupa Metamorphic Complexes
are overlain by undeformed Neoproterozoic sediments of
the Damara Supergroup, which is interpreted as a sign of
the absence of deformation during the Pan-African orogeny
(Brandt et al. 2007; Gleillner et al. 2012).

A possible separate crustal unit at the southern and
eastern margins of the Kunene Intrusive Complex and
the Epupa Metamorphic Complex is represented by the
Epembe unit (Seth et al. 2003; Kroner et al. 2010). U-Pb
ages of zircon from granulitic rocks are between 1,510 and
1,520 Ma for prograde crystal growth during metamor-
phosis. Inherited cores yield ages from 1,635 to 1,810 Ma,
which is interpreted as age of the different protoliths (Seth
et al. 2003). Another unit of uncertain origin is repre-
sented by the adjacent ~1,731 Ma (Calymmian) to round
1,997 Ma (Orosirian) rocks of the Orue Unit, which were
intruded by red granites at about 1,374 Ma and metamor-
phosed between 1,340 and 1,320 Ma (Seth et al. 2005).

The Kasai Block comprises granulites (tonalitic)
gneisses, granites, granodiorites, amphibolites, gabbro-
norites, gabbro-charnockites and migmatites (De Carvalho
et al. 2000; De Waele et al. 2008; Batumike et al. 2009).

@ Springer

Dated zircons with maximum ages of about 3,154 Ma
suggest at least Mesoarchaean formation of parts of this
block (Key et al. 2001; Lobo-Guerrero Sanz 2005; Rain-
aud et al. 2005). Granitoids with whole-rock Rb-Sr ages
of between 3,490 and 3,330 Ma (Cahen et al. 1984) and
Hf-isotope data on detrital zircons, suggesting a crustal
age of around 3,600 Ma (Batumike et al. 2009), lead to the
assumption of an even older, Palacoarchaean, origin of the
Kasai Block (De Waele et al. 2008). The few known zir-
con ages (Fig. 2) are between 3,154 and 2,058 Ma, with
main populations around 2,540, 2,880 and 3,050 Ma (De
Carvalho et al. 2000; Key et al. 2001; Lobo-Guerrero Sanz
2005; Rainaud et al. 2005). The sediments of the Sankuru—
Mbuji—-Mayi Basin also show Palaeoproterozoic zircon age
patterns (Delpomdor, unpublished data, Fig. 2), which are
very similar to the known barcode of the Kasai Block and
its sediments.

Augen gneisses located in NW Botswana yielded ages
around 2,050 Ma (Singletary et al. 2003). They are pos-
sibly related to synchronous events at the Angola and
Kasai Blocks although the sedimentary cover prevents any
correlation.

Unlike the Angola and Kasai Blocks, the Zimbabwe
Craton also comprises zircons of Palaeo- and Eoarchaean
ages (Rollinson and Whitehouse 2011). Major magmatic
events occurred during almost the entire Neo- and Mesoar-
chaean (Rollinson and Whitehouse 2011; Prendergast and
Wingate 2012). Younger events are not known, except some
doleritic sills of Orosirian age (Soderlund et al. 2012).

Meso- and Neoproterozoic Belts

The Kibaran Belt is mostly described as a Mesoproterozoic
orogen trending NE from the Katanga region of the Demo-
cratic Republic of Congo to southern Uganda. But recent
studies redefined the nomenclature. Thus, the Katanga
region, including the Kibaride Belt in SE Democratic
Republic of Congo, is meant while using the term Kibaran
Belt (Kokonyangi et al. 2006; Tack et al. 2010). The belt
is composed of metasedimentary rocks and minor meta-
volcanic rocks. They are intruded by mostly S-type gran-
ites of Ectasian to Tonian (1,000-1,400 Ma) age (Kokon-
yangi et al. 2004; Tack et al. 2010) representing the main
period of the Kibaran event (Rainaud et al. 2005). The
oldest reported age of a zircon from the Kibaran Belt is
1,929 + 21 Ma, which is supposed to be derived from the
Palaeoproterozoic basement (Tack et al. 2010; Fig. 2). A
southward extension to Botswana is hypothesised by Kam-
punzu et al. (1999, 2000), who found zircon age popula-
tions in the siliciclastic Ghanzi Group between 627 and
1,748 Ma with major peaks at ~1,100 and ~1,360 Ma. Zir-
cons at ~1,750 Ma are interpreted as exotic detrital grains
of possible north Namibian origin.
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The NE-trending Damara Belt and the NW-trending
Kaoko Belt are two parts of the Damara orogen (Schmitt
et al. 2012), which is situated at the SW margin of the
Congo Craton. Both belts are multiphased orogens with
a complex growth history (Frimmel et al. 2011). The
recent configuration is a product of the collision between
three palacocontinents—Rio de la Plata, Kalahari and
Congo Cratons—during the amalgamation of Gondwana
in Neoproterozoic to Cambrian times (Rapela et al. 2011;
Schmitt et al. 2012). The peak of collision is supposed to
be around 530 Ma, which is indicated by numerous intru-
sions of granitic and syenitic composition (Schmitt et al.
2012). Goscombe et al. (2005) revealed a metamorphic
event between 535 and 505 Ma. Youngest known ages
are of around 460 Ma (Veevers 2007) and are possibly
related to post-tectonic extension. Nevertheless, older oro-
genic events and several inliers are preserved. Magma-
tism at ~670-640 Ma and metamorphism at 655-645 Ma
and ~585 Ma are known from the Kaoko Belt (Goscombe
et al. 2005; Goscombe and Gray 2008; Oyhantcabal et al.
2011). Ages at about 750 Ma were reported by several
authors (Hoffman et al. 1996; Hanson 2003; Halverson
et al. 2005; Jung et al. 2007; Frimmel and Miller 2009) and
references therein. They are also reported by McGee et al.
(2012) from a pegmatite of the Welwitschia Inlier and are
interpreted as rift-related. Sediments of the Toekems Basin
yielded a widespread pattern of zircon ages (McGee et al.
2012) with main peaks at 950-1,080, 1,620-1,860 and
2,040-2,165 Ma. Several Neo- to Mesoproterozoic igneous
and metamorphic events from the Kaoko and Damara Belts
are also given in Goscombe and Gray (2008) and in Luft
et al. (2011). Zircon ages around 2,000 Ma are published
by Hoal et al. (2000) for the Tsumkwe region of the mafic
Grootfontein Complex. The orthogneisses in the Kaokoveld
(Seth et al. 1998) contained the oldest known zircons with
ages up to 2,645 Ma. The oldest reported detrital zircons
are dated at roughly 3,000 Ma (Rapela et al. 2011).

The Lufilian Belt, which is situated between the NE
Kalahari and SE Congo Cratons, forms a north-directed
thrust-and-fold arc. This belt contains several Neoprotero-
zoic volcanosedimentary sequences (Frimmel et al. 2011)
and supracrustal sedimentary successions of ca. 5-10 km
thickness (Cailteux et al. 2005). The deposition of the sedi-
ments is supposed to have started around 880 Ma (Arm-
strong et al. 2005; Wendorff and Key 2009) and lasted
at least until ~735 Ma. Two sedimentary groups contain
diamictites that are interpreted as tillites correlating with
the Sturtian and possibly Marinoan glacial events (e.g.
Binda and van Eden 1972; Batumike et al. 2007). Exten-
sional magmatism occurred in the course of the break-up
of Rodinia between 765 and 735 Ma (Key et al. 2001; Ernst
et al. 2008; Wendorff and Key 2009). Deformation likely
happened between 700 and 500 Ma (Cosi et al. 1992; Key

and Armstrong 2000; Porada and Berhorst 2000; Batu-
mike et al. 2007), with coeval emplacement of granitic
complexes and veins in the Lufilian Belt and adjacent
areas (Hanson et al. 1993; Torrealday et al. 2000). Young-
est reported events are indicated by intrusions of nephe-
line-syenite and diorite-granodiorite in the Domes Region
of the Lufilian Belt, which yielded ages between 458 and
419 Ma (Cosi et al. 1992; Lobo-Guerrero Sanz 2005).
Several occurrences of Palacoproterozoic basement are
known, of which the oldest reported zircons yielded ages at
2,072 £ 9 Ma (Rainaud et al. 2003, 2005). Detrital zircon
record dates back to Mesoarchaean (3,225 4+ 11 Ma) and
shows further grains of Archaean and Palaeoproterozoic
ages (Fig. 2; Rainaud et al. 2003; Master et al. 2005).

The NE-trending Irumide Belt is located E to the Lufil-
ian Belt and corresponds to the southern metacratonic
margin of the Bangweulu Block (Liégeois et al. 2013;
Fig. 1). Thus it is not situated within the catchment areas
of the sampled rivers. Nevertheless it could be a potential
source region for detrital zircons. This belt is supposed to
be directly situated at the southern margin of the Congo
Craton (De Waele et al. 2008) and is mainly composed of
Mesoproterozoic rocks (De Waele et al. 2006a, b; Frimmel
et al. 2011). The youngest reported zircon age is 554 £ 20
Ma, followed by few magmatic events of about 943 to 946
Ma (De Waele et al. 2006b). Several major granitic intru-
sions occur between 1001 and 1055 Ma, while the ages
around 1.02 Ga are assumed to be associated to the Rodinia
assembly (De Waele et al. 2006b; Johnson and Rivers 2004;
Liégeois et al. 2013). Several alkaline granite gneisses yield
zircon age populations from ~1550 to 1665 Ma and are
interpreted as melts from an Archaean source (De Waele
et al. 2008; Liégeois et al. 2013). They intruded into the
sedimentary succession of the Muva Supergroup (Liégeois
et al. 2013 and references therein). Prior to the onset of this
sedimentation, zircon data revealed at least two episodes of
magmatic intrusions from 1856 to 1952 Ma and between
2029 and 2050 Ma (De Waele et al. 2006b; Rainaud et al.
2003, 2005). Only few zircon data older than Orosirian
are reported (Rainaud et al. 2005; Fig. 2), with the oldest
intrusion at 2726 + 36 Ma (De Waele et al. 2006b) and the
oldest detrital zircon at 3180 Ma found in the Muva Super-
group (Rainaud et al. 2005).

The Kalahari Basin

Most of the working area lies in the northern part of the
Kalahari Basin, which is covered by Late Cretaceous to
Cenozoic terrigenous sediments with maximum thick-
nesses around 450 m (Haddon and McCarthy 2005;
Wanke and Wanke 2007). They are mainly composed
of conglomerates, gravels, clays, sandstones and uncon-
solidated sands, mostly overlying sediments of the Karoo
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Supergroup (Catuneanu et al. 2005), but also rocks of all
pre-Karoo ages. Haddon and McCarthy (2005) suggest a
south-eastward direction of the drainage since Upper Cre-
taceous times as did Goudie (2005), which has not changed
yet, except for the Kunene River which was captured by the
precursor of the lower Kunene during the Cenozoic (Miller
1997; Thomas and Shaw 1990), and now flows into the
Atlantic Ocean. Thus, main direction of sedimentary trans-
port processes in the rivers is from north-west to south-
east. Continuous sedimentation from the Angolan hinter-
land is also deduced by Huntsman-Mapila et al. (2005)
for the Okavango Basin and Miller (1997) for the Etosha
Pan. Both authors also found signs of some aeolian input
from reworked dunes of the adjacent Kalahari. There are
two theories for the origin of the unconsolidated sand in the
Kalahari Basin: weathering of in situ sandstones and trans-
port of the material (Haddon 2005). Both processes are
assumed to occur in coexistence. Thus, it has to be assumed
that the sands may show influences from outside the work-
ing area.

Cretaceous to Tertiary intrusive complexes and Kimberlites

Several igneous complexes (Brandberg, Erongo, Kalkfeld,
Okoruso, etc.) of early Cretaceous age occur in the Damara
Belt. They are interpreted to be related to the opening of
the South Atlantic Ocean (Schmitt et al. 2000; Wigand
et al. 2004). Tertiary events are indicated by some phono-
lithic and nephelinitic intrusions in the Damaraland and
Auas provinces (Pirajno 1994; Reid et al. 1990).

Kimberlitic intrusions occur sporadically throughout
the working area and its adjacent regions (Batumike et al.
2008; Robles-Cruz et al. 2012). They reflect the youngest
known magmatic events in southern Central Africa, dis-
playing ages around 32, 60-70, 80-90, 110-121, 134-145,
216-252 and 372 Ma (Batumike et al. 2008, 2009; Hag-
gerty et al. 1983; Nikitina et al. 2012; Robles-Cruz et al.
2012; and references therein).

Methods

A total of five samples of recent fluvial sediments from four
major rivers of the southern Congo Craton were selected in
order to determine morphology and U-Pb ages of zircons.
Prior to isotopic analyses via LA-ICP-MS, morphology of
each zircon grain and its crystal faces were studied utilising
SEM to gain information about the approximate distance of
transport and the melt composition during crystal growth
(Pupin 1980).

For a detailed description of sample preparation, mor-
phological studies, U-Pb dating and Th-U measurement,
please refer to paragraphs 3.1 to 3.2 in the electronic
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supplement to this paper. Instrument setup details are pro-
vided in supplementary Table 1. All supplementary data are
available from the journal website.

Results

The five samples contained 2,046 zircon grains, all of
which were analysed with respect to their grain surface
and crystal morphologies. Of them, 1,224 were defin-
able according to the morphotypes of Pupin (1980). U-Pb
measurements were executed on 1,317 zircons. In total,
614 analyses yielded ages with a concordance between 90
and 110 %, which were utilised for interpretative purposes.
These grains are plotted in binned frequency and probabil-
ity density distribution plots (Fig. 3) to facilitate the visu-
alisation of primary magmatic and metamorphic events in
the source areas of the sediments. The isotopic zircon grain
measurements gathered with the aid of LA-ICP-MS and
all data concerning the morphology are given in supple-
mentary Tables 2 to 11 (available from the journal website).
Below, the order of the samples is from west to east.

NAM-0-23, recent river sand, Kunene River,
S17°25’50.6”, E14°07'09.9”

A total of 404 zircons of sample NAM-O-23 were stud-
ied. They are between 40 and 258 pwm in length (mean
117 wm) and 22-130 wm in width (mean 61 pwm). Most
of the grains are subrounded to rounded, equal to classes
6 to 8 according to Girtner et al. (2013). Of all grains, 239
can be classified in the diagram of Pupin (1980). Almost
30 % of the zircons show S23 to S25 morphology. Subpop-
ulations are grouped around S7 and P1 including 22.6 and
11.3 % of the identifiable zircons (Fig. 4; Tab 2). Internal
texture is mostly magmatic, and circa half of these grains
exhibit late to postmagmatic recrystallisation or convolute
zoning in the sense of Corfu et al. (2003). The rest shows
clearly metamorphic overprint from sector and fir tree zon-
ing to total homogenisation. One hundred and twenty-six
of the 270 zircon grains analysed for age determination
display concordant ages ranging between 1,066 + 44 and
2,583 + 20 Ma. Major peaks cluster around 1,379, 1,442,
1,736, 1,778, 1,861 and 1,964 Ma (Fig. 3; Tab 7). A charac-
teristic gap in the age distribution pattern is between ~2,050
and ~2,570 Ma, with only one grain occurring in between.

NAM-0O-25, recent river sand, Okavango River (NE),
S17°23/27.9", E18°25'14.9"

From sample NAM-O-25, 423 zircon grains were ana-
lysed. The length ranges from 39 to 301 pm (mean 99 pwm)
and width from 10 to 124 wm (mean 47 pwm). Most of the
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Fig. 3 Binned probability density plots of all zircons measured for U-Pb age determination yielding concordance levels of between 90 and

110 %, including calculated mean ages of major peaks

zircons are subrounded with a main peak between classes
5 and 7 (Girtner et al. 2013). Of all grains, 309 are dis-
tinguishable within the diagram of Pupin (1980). There is
no major concentration of morphotypes, but minor focal
points are around S7 (22.0 %) and S24 (31.7 %; Fig. 4; Tab
3). About two-thirds of all grains show concentric zoning,
a typical internal texture pointing to magmatic origin. But
half of them exhibit characteristics of late- to postmag-
matic influences (Corfu et al. 2003). The remaining grains
display metamorphic overprint of all stages. Roughly
one-third (77) of the 238 zircons analysed for U-Pb val-
ues yield concordant ages. They range between 96 + 2
and 2,929 4+ 42 Ma with distinct peaks at 96, 512, 1,002,

1,964, 1,999 and 2,556 Ma (Fig. 3; Tab 8). Around 5 % of
all concordant grains are of Mesozoic age. A large gap in
the age distribution pattern can be found between 1,136 Ma
and 1,712 Ma, with only one grain, itself displaying a large
error, occurring in between.

NAM-0-32, recent river sand, Okavango River (SE),
S18°06'22.2", E21°37'01.8"

Of sample NAM-0-32, a total of 442 zircon grains were
analysed with respect to their morphological character-
istics. They are between 38 and 231 pwm in length (mean
119 wm) and 21-118 pwm in width (mean 57 pm). The
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majority of all grains are subrounded to rounded, equal to
classes 5-7 according to Girtner et al. (2013). Of them,
268 can be classified using the diagram of morphotypes
introduced by Pupin (1980). Only one dominant cluster
occurs around morphotype S24 comprising 62.3 % of the
identifiable grains (Fig. 4; Tab 4). More than 60 % of the
zircons display internal textures related to magmatic origin,
but half of them show indication of late- to postmagmatic
influence (Corfu et al. 2003). The remaining grains exhibit
metamorphic overprint of all stages. A total of 225 grains
were dated by U-Pb isotopes, with 112 zircons yielding
concordant ages between 259 £ 6 and 2,713 £ 12 Ma.
Main peaks are at 517, 605, 622, 1,078, 1,936, 1,985 and
2,628 Ma (Fig. 3; Tab 9). Few grains occur between 1,137
and 1,860 Ma, mostly displaying ages at about 1,525 Ma.
Another gap in the age distribution pattern is between
2,167 and 2,529 Ma.

NAM-0O-31, recent river sand, Cuando River,
S17°51'19.9”, E23°21/41.6"

Sample NAM-O-31 contained 347 zircon grains, show-
ing lengths between 50 and 264 pum (mean 111 pm) and
widths of 22-123 pm (mean 59 pwm). The majority of
grains are rounded, according to classes 6-8 of Girtner
et al. (2013). Of all grains, 173 are definable according to
Pupin (1980), mostly clustering around S23 and S24 mor-
photypes (53.8 %). A minor concentration is characterised
by the S7 and adjacent types (16.8 %; Fig. 4; Tab 5). Zir-
cons of this sample largely show internal textures related
to magmatic growth (Corfu et al. 2003). More than half
of them display some late- to postmagmatic growth char-
acteristics. Roughly one-third of all zircon grains indicate
metamorphic overprint. U-Pb measurements of 238 zircons
yield 139 ages between 29 £ 2 and 2,752 + 19 Ma within
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(Na+K)/Al

90-110 % concordance. Main peaks can be found at 506,
604, 712, 1,063, 1,876, 2,003 and 2,656 Ma (Fig. 3; Tab
10). A significant gap occurs between 2,185 and 2,598 Ma.

NAM-0-30, recent river sand, Zambezi River,
S17°29/35.4"  E24°1611.3"

Of this sample 430 zircon grains were analysed. The val-
ues for lengths range from 36 to 232 pm (mean 99 pm)
and for widths from 19 to 107 wm (mean 53 pm). Most
of the grains are subrounded to rounded, equal to classes
5-7 according to Girtner et al. (2013). About the half of
all grains have internal textures related to magmatic crys-
tal growth, but most of them with characteristics related to
late- or postmagmatic influences (Corfu et al. 2003). The
other half displays metamorphic overprints of all stages.
Altogether, 235 of 430 zircons could be classified accord-
ing to Pupin (1980). A major concentration of morpho-
types is grouped around S24 and S25 (57.3 %). Generally,
the distribution pattern is very similar to sample NAM-O-
31 (Fig. 4; Tab 6). Of 346 zircons measured for U-Pb age
determination, 160 are concordant within 90-110 % and
yield ages between 23 £ 1 and 2,953 + 14 Ma. The main
peaks are at 517, 711, 985, 1,043, 1,902, 1,968, 2,044 and
2,588 Ma (Fig. 3; Tab 11). A characteristic gap in the age
distribution pattern occurs between 1,222 and 1,711 Ma,
and a second one ranges from 2,153 to 2,535 Ma, both with
only few grains in between.

Discussion
The zircon data of this study can be used for two issues: (a)

the provenance of recent sediments in this part of the Kala-
hari Basin and (b) the reconstruction of episodic growth
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and reworking of the continental crust at the southern mar-
gin of the Congo Craton. The sizes of the catchment areas
are equal to the landmass area that was sampled. This area
comprises approximately 764,000 km? (Fig. 1), which is
equivalent to ca. 13 % of the total area of the Congo Craton
(~5,800,000 km?, estimated following the model of Congo
Craton extent by Hanson 2003; De Waele et al. 2008).

The drainage pattern in the working area is supposed to
have been directed to the SE since at least Cretaceous times
(Goudie 2005). This is possibly related to the doming of
the Parand plume (Moore and Blenkinsop 2002; Jackson
et al. 2005). An exception is the Kunene River which was
captured in Cenozoic but first terminated into Etosha Pan
(Goudie 2005; Buch and Rose 1996; Haddon and McCa-
rthy 2005; Thomas and Shaw 1990). Reconstructions for
the wind systems in the working area prior to Pliocene
are not available. For the Quaternary, it is assumed that
the Southern Hemisphere trade wind system was the main
factor of aeolian sediment transport parallel to the western
coast of southern Africa (Maslin et al. 2012). Neverthe-
less, fluctuations concerning the wind intensity have been
supposed by Shi et al. (2001). Around the working area,
there is a large air current, normally rotating in clockwise
direction (Pichevin et al. 2005; Krueger et al. 2008). Thus,
a mixture of aeolian components is theoretically possible.
Reported average grain size of aeolian sediments from dif-
ferent places around the world ranges between 250 and
17 wm (e.g. El-Sayed 1999; Wang et al. 2003), while the
average for world aeolian sands is ca. 200 wm (Goudie
etal. 1987; p ~ 2.7 g cm™1). Caused by the higher density
of zircon (4.6-4.7 g cm™"), the average size of aeolian zir-
con grains is suggested to be significantly smaller. Hence,
an aeolian transport is only possible for a very limited
amount of the sampled zircon grains. As a consequence,
the influence of aeolian zircon components is assumed to
be very low. Both the drainage pattern and the wind system
hypothesise a major influence of the Angola Block for the
Kunene and Okavango River systems, for the latter one at
least until sample location NAM-O-25.

Provenance of the sediments

Most of the zircons from the recent Kunene River (NAM-
0-23) display ages between 1,200 and 2,100 Ma. Major
peaks at 1,379 and 1,442 Ma are in agreement with the
already known data from the southern parts of the Kunene
Intrusive Complex (Driippel et al. 2000, 2007; Mayer et al.
2004), but can also be derived from the Angola Block and
its overlying sediments (De Carvalho et al. 2000; Pereira
et al. 2011). The majority of these zircons belong to the
morphotypes S20, S24 and S25 (Tab. 2), pointing to high
temperatures and subalkaline to alkaline conditions dur-
ing zircon formation (Pupin 1980; Pupin and Persoz 1999).

Such kinds of rocks occur in the southern Kunene Intru-
sive Complex (De Carvalho 1974; Pereira et al. 2011). The
peaks between 1.8 and 1.7 Ga are highly likely caused by
zircons derived from the Epupa Metamorphic Complex, the
Epembe unit, the Angola Block itself or possibly undated
equivalents within the catchment area (Kroner et al. 2010;
Rapela et al. 2011; Seth et al. 2003). They display mostly
S12, S13, S18, S19 and S22 to S24 morphotypes (Tab. 2),
indicating aluminous to subalkaline rocks (Pupin 1980).
Both age populations mentioned above are characteristic of
the catchment area of the Kunene River and do not occur
in increased abundance within the other samples or catch-
ment areas (Figs. 1, 2, 3). A minor peak at 1,861 Ma could
represent zircons from the Epupa Metamorphic Complex,
which is adjacent to the sampling locality. Reported ages
of this complex are in accordance with the obtained ages
in this study (Kroner et al. 2010). The distinct peak around
1,964 Ma is in accordance with the ages reported from the
Angola Block (McCourt et al. 2004) and the overlying
Chela Group (Pedreira and De Waele 2008; Pereira et al.
2011). Most of the zircon morphotypes are related to alka-
line and subalkaline melt conditions (Pupin 1980; P1-P5,
S10, S18-20, S23-25). The oldest grains of ca. 2.58 Ga
are quite likely from the Angola Block (De Carvalho et al.
2000; Rapela et al. 2011).

Although there are some west winds (Pichevin et al.
2005; Krueger et al. 2008), sample NAM-0O-25 (Okavango
River) did not contain any zircons with ages typical for the
Kunene Intrusive or Epupa Metamorphic Complex. This
is interpreted as evidence for the low influence of aeolian
components. Youngest zircons yielded ages about 96 Ma
and morphotypes related to high temperatures and alkaline
conditions (Pupin 1980). They are almost not rounded and
have grain sizes noticeably larger than the mean. Because
of these characteristics, the grains are possibly derived
from nearby kimberlites (Robles-Cruz et al. 2012). All
zircons with ages around 0.6-0.5 Ga are supposed to be
related to the Pan-African orogeny, which likely affected
the adjacent Damara Belt between 0.58 and 0.5 Ga (Gray
et al. 2006; Schmitt et al. 2012). Few grains yielded ages
at about 1.0 Ga, which are exotic for this region and yet are
only known as rare detritus from the Damara Belt (McGee
et al. 2012). Potential source regions are the Rehoboth area
(Becker et al. 2006; McGee et al. 2012), and, more likely,
the Kibaran Belt (Kokonyangi et al. 2006) or NW Bot-
swana (Kampunzu et al. 2000). Most of them are rounded
to completely rounded, which is suggested to indicate a
long distance of transport (Dietz 1973; Girtner 2011; Gért-
ner et al. 2013). As there are no Palaeoproterozoic zircons
from the Epupa Metamorphic and Kunene Intrusive Com-
plexes, the source area of the population between 2.0 and
1.9 Ga has to be searched elsewhere. They can be divided
into two groups of morphotypes, which are related to more
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aluminous (S2, S4, S8, S18) and subalkaline to alkaline
(P1, P4, S10, S15, S20, S23-S25, J4) melt compositions
(Pupin 1980). Further zircons of Orosirian age are known
from the Angola Block (McCourt et al. 2004; Rapela et al.
2011), but also from sediments and basement inliers of the
Damara (McGee et al. 2012) and Lufilian Belts (Ngoyi
et al. 1991; Rainaud et al. 2003, 2005), of which the lat-
ter two are interpreted as the preferable source areas. The
oldest grains of this sample may originate from Siderian to
Neoarchaean igneous and metamorphic units of the eastern
Angola Block (De Carvalho et al. 2000), which are drained
by the upper reaches of the Cubango—Okavango system
(Fig. 1).

Due to very similar morphotype and age distribution
patterns (Figs. 3, 4), the samples NAM-0O-32, 31 and 30
from the recent Okavango, Cuando and Zambezi Riv-
ers are discussed in the same paragraph. The early Creta-
ceous anorogenic complexes (Schmitt et al. 2000; Wigand
et al. 2004), the Eocene phonolites and nephelinites (Reid
et al. 1990), as well as kimberlitic and carbonatitic intru-
sions are the only known magmatic events until ~400 Ma
in the whole working area and its adjacent regions (Batu-
mike et al. 2008, 2009; Haggerty et al. 1983; Nikitina
et al. 2012; Robles-Cruz et al. 2012). Hence, all zircons
up to that age are interpreted as related to these intrusions,
while especially the Triassic rocks are located in the cen-
tral northern parts of the working area (Fig. 1). Any influ-
ence of the early Cretaceous magmatites of the Damara
Belt can be excluded according to the lack of such zircon
ages (Fig. 3). The two youngest grains of Oligocene age
are only poorly rounded and display morphotypes related
to high temperatures and alkaline conditions (J4, J5; Pupin
1980). The remaining grains of this group have morpho-
types of subalkaline character and form two minor peaks at
about 250-260 and 290-300 Ma (Fig. 3). Two zircons with
pre-kimberlitic and post-Pan-African ages at 456 + 20 and
483 4+ 16 Ma occur only in the Zambezi sands (NAM-O-
30). They can possibly be linked to intrusions of nepheline-
syenite and diorite-granodiorite in the Domes Region of the
Lufilian Belt (Cosi et al. 1992; Lobo-Guerrero Sanz 2005).
Ages between 0.65 and 0.5 Ga are supposed to be related
to the Pan-African orogeny. They occur in the Damara and
the Lufilian Belt as well (Gray et al. 2006; Schmitt et al.
2012; Cosi et al. 1992; Key and Armstrong 2000; Porada
and Berhorst 2000; Batumike et al. 2007). The amount of
zircon grains with ages 0.8-0.7 Ga increases to the east.
These ages are typical for the extensional magmatism in
the course of the break-up of Rodinia and occur at several
locations in the Lufilian Belt (Key et al. 2001; Johnson and
Rivers 2004; Ernst et al. 2008; Wendorff and Key 2009).
They are also known from the Damara Belt (Hoffman et al.
1996; Hanson 2003; Halverson et al. 2005; Jung et al.
2007; Frimmel and Miller 2009; McGee et al. 2012), but
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could not be found in the westernmost sample (NAM-O-
32), which is linked to this orogen by the Omatako River
(Fig. 1). Thus, we interpret zircons of this age to be derived
mainly from the Lufilian Belt. Zircons forming the signifi-
cant peaks between 1.2 and 0.9 Ga are assumed not to be
derived from the Damara and Lufilian Belts where they
are only reported as detritus (Fig. 2; McGee et al. 2012;
Rainaud et al. 2005). However, several Tonian—Stenian
intrusions are known from the Kibaran (Kokonyangi et al.
2004, 2006) and Irumide Belts (Johnson and Rivers 2004;
De Waele et al. 2006a, b; Frimmel et al. 2011) as well as
the Choma Kalomo Block (De Waele et al. 2006b). These
regions are interpreted as the potential source areas for
zircons of this population. Most of the grains show char-
acteristics of the morphotypes S18, S19, S23-S25, J5,
P4 and PS5 (Tab 4 to 6), which are supposed to be related
to subalkaline to alkaline melt conditions (Pupin 1980).
Therefore, a further classification based on age and mor-
photype is not possible. One hint to different source areas
of the Tonian—Stenian grains is given by the roundness of
the zircons, which led to two populations in the samples
NAM-0-30 and NAM-0O-31 (Tab 5 and 6). Some grains of
both samples are poorly rounded and are possibly derived
from the near Choma Kalomo Block, but the majority of
all grains are rounded to completely rounded and seem
to originate from more distant areas (Dietz 1973; Girtner
2011; Gértner et al. 2013). In sample NAM-0-32, all grains
of this population are more or less equal rounded (Tab 4).
A characteristic gap in the zircon age distribution pattern
occurs between ca. 1.7 and 1.27 Ga (Fig. 3). A major peak
in all three samples is situated between ~2.1 and ~1.7 Ga.
These ages occur only in few basement inliers or sedimen-
tary rocks in the Damara Belt (Kisters et al. 2004; McGee
et al. 2012) and are also rare in the Kibaran Belt (Tack et al.
2010). But they are known from a large number of igne-
ous rocks of the Lufilian Belt (Key et al. 2001; Rainaud
et al. 2003, 2005; Lobo-Guerrero Sanz 2005; Master et al.
2005) and rarely from the Kasai Block (Key et al. 2001).
In all cases, zircons of this age group are consistent with
the fields displaying the highest percentage of morphotypes
within the diagram of Pupin (1980; Fig. 4). The oldest
grains of the samples NAM-0O-30, 31 and 32 yielded ages
from 2.95 to 2.5 Ga, which are only known, and therefore
interpreted to be linked to the Kasai Block (De Carvalho
et al. 2000; Key et al. 2001; Rainaud et al. 2005; De Waele
et al. 2008; Batumike et al. 2009). Due to the small amount
of zircons older than 2.6 Ga and the total absence of zir-
cons older than 3.0 Ga, a provenance deduced from the
Zimbabwe Craton is highly unlikely.

Summarising the suggested provenances of all meas-
ured zircon age populations, the major part of the sedi-
ments that cover the northern Kalahari Basin may be
derived from currently elevated areas such as the Kasai
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Block, the E Lufilian and the SE to S Damara Belts (whose
influence increases to the west). Smaller portions from the
NE Kibaran Belt are also conceivable. The possible influ-
ence of the Angola Block and the Epupa Metamorphic and
Kunene Intrusive Complexes could only be detected within
the catchment area of the Kunene River and is assumed

for small parts of the upper reaches of the Cubango—Oka-
vango Rivers. Taking into consideration the weak detect-
able impact of the Angola Block within the sediments, the
existence of a sedimentary cover of large western extent
has to be suggested prior to Mesozoic and Tertiary uplift
caused by the postulated emplacement of the Parana
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superplume (Moore and Blenkinsop 2002) and several
subsequent tectonic events (Jackson et al. 2005). Jackson
et al. (2005) also mention that estimates concerning time
and extent of the uplift vary enormously. In the course of
the uplift, the Angola Block is now weathered again due to
complete erosion of the hypothesised meantime sedimen-
tary cover. This process is still ongoing and will provide
zircons of the Angola Block for future sediments (Fig. 1,
note the upper reaches of the Cubango—Okavango Rivers,
Fig. 5). Additionally, it has to be mentioned that there is
no certainty about the number of recycling and rework-
ing cycles within the Cenozoic sediments of the northern
Kalahari Basin.

Growth history of the southern margin of the Congo Craton

The combination of all concordant zircon ages of this
study led to Fig. 6a, showing the frequency distribution
pattern of zircon ages for the whole working area. There
are four dominant peaks at 2.7-2.5, 2.1-1.7, 1.2-0.9
and 0.8-0.5 Ga, while the 2.1-1.7 Ga peak is the larg-
est throughout the entire working area (Fig. 3). The dis-
tribution of the peaks is in accordance with the reported
global record (Condie 2000; Campbell and Allen 2008;
Rino et al. 2008; Belousova et al. 2010; Condie and
Aster 2010). Remarkably, the age distribution pattern is
also very similar to that reported from the mouth of the
Congo River, while the data from the mouth of the Zam-
bezi River are dominated by a ca. 1.0 Ga peak (Rino et al.
2008), possibly resulting from major input of the Irumide
Belt (Johnson and Rivers 2004; De Waele et al. 2006a, b;
Frimmel et al. 2011). The peaks are interpreted to reflect
the main zircon-forming events during time at the south-
ern margin of the Congo Craton. Unlike it is suggested by
Rino et al. (2008), there is no necessity to link all episodic
events to the growth of continental crust. Several stud-
ies of Sm—Nd, Lu-Hf and oxygen isotopes from zircons
showed that most parts of the continental crust were likely
separated from mantle during Archaean and were mostly
reworked during later orogenies (De Waele et al. 2006b;
Wang et al. 2009; Belousova et al. 2010; Condie and Aster
2010; Lancaster et al. 2011). Furthermore, it is supposed
that generation of juvenile crust decreased during time
(Belousova et al. 2010; Condie and Aster 2010). There are
suggestions that the highest amount of new juvenile crust
is produced in continental accretionary orogens (Condie
and Kroner 2013). Nevertheless, the question concerning
the growth rates of continental crust is still under discus-
sion, which is illustrated by the many existing models
(summarised in Rino et al. 2004; Belousova et al. 2010;
Bradley 2011).

There is agreement that the cyclicity most possibly
is linked to the supercontinental cycle (e.g. Rino et al.
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2008; Belousova et al. 2010; Condie and Aster 2010;
Lancaster et al. 2011). The major amount of zircons is
supposed to be formed during the dispersion of a super-
continent and the amalgamation of its successor (Bradley
2011). In the case of this study, signs for four of these
events could be detected due to significant clustering of
zircon ages. The hypothesised Vaalbara continent poten-
tially broke up at about 2.7-2.5 Ga (Bleeker 2003; Barely
et al. 2005), which might reflect the 2.7-2.5 Ga peak
(Fig. 6a). The next episode is assumed to be represented
by the dispersion of several proposed Archaean conti-
nents between 2.1 and 1.9 Ga, and the subsequent forma-
tion of Nuna from ca. 1.8 to ca. 1.6 Ga (Rino et al. 2008;
Bradley 2011; Lancaster et al. 2011; Meert 2012). In this
study, the majority of all zircons yielded ages between
2.1 and 1.7 Ga. Thus, they represent potential relicts of
these events, which may have had a strong impact on
the basement rocks of almost the entire working area
(Fig. 2). The global zircon record (Condie 2000; Camp-
bell and Allen 2008; Rino et al. 2008; Belousova et al.
2010; Condie and Aster 2010) and the data of this study
(Fig. 6a) show a break within the relatively low produc-
tion rate of Mesoproterozoic zircons around 1.3 Ga. This
is possibly linked to the hypothesised break-up of Nuna
and the assemblage of Rodinia at about 1.3—-1.1 Ga (Tors-
vik 2003; Ernst et al. 2008; Evans 2009) accompanied by
the Kibaran orogeny (Fig. 2; Rainaud et al. 2005; Kokon-
yangi et al. 2006; Tack et al. 2010). Break-up of Rodinia
and amalgamation of Gondwana at about 0.85 to 0.55 Ga
(Torsvik 2003; Li et al. 2008; Evans 2009) are most
likely the major zircon-producing events that are pre-
served in the 0.8-0.5 Ga peak. In the working area, only
the Damara, Kaoko and Lufilian Belts, all at the southern
margin of the Congo Craton (Figs. 1, 2), seem to have
been affected by both events, which are supposed to have
overlapped in time (Rino et al. 2008; Bradley 2011). All
younger zircon grains are interpreted as related to kim-
berlitic, nephelinitic or phonolithic intrusions, because it
is assumed that there were no active margins existing at
this region during the Pangaea assemblage (chapter 5.1;
Bradley 2011). Taking into account these considerations,
the southern margin of the Congo Craton was recurrently
destabilised at ~2.7, 1.9, 1.0 and 0.6 Ga. In general, this
is quite similar to the model for the Irumide Belt pub-
lished by De Waele et al. (2006b).

Hydrodynamic fractionation of zircon age populations
and connections between age and morphotype

Besides the main objectives of this study, measurements
of zircon age and grain size did not reveal any relation
between both features (Fig. 6b). This is not in accord-
ance with the hypothesised hydrodynamic fractionation of
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zircon age populations by Lawrence et al. (2011) and Yang
et al. (2012).

Most of the concordant zircons of this study show mor-
photypes that are typical for high temperatures during crys-
tal growth according to Pupin (1980). Unlike other areas,
e.g. northern central Europe, they do not show significant
variations of morphotypes plotted against age (Girtner
2011; Fig. 7). Because the continental crustal and litho-
sphere thicknesses are supposed to have been higher in
Archaean to Mesoproterozoic than in later times (Durrheim
and Mooney 1994; Artemieva and Mooney 2001), it is sug-
gested that increased heat production led to zircon morpho-
types that indicate high temperatures. In case of the south-
ern Congo Craton, the data support the assumption for most
of the zircons with ages younger than Mesoproterozoic
(Fig. 7).

Conclusions

The obtained zircon data help to identify possible prov-
enance for the recent to Cenozoic sediments of the north-
ern Kalahari Basin, an issue that has been under discus-
sion for long time (Haddon 2005 and references therein).
Zircon age distribution patterns led to the assumption
that the sediments were mainly derived from the eastern
Lufilian Belt and show minor input from the Kibaran as
well as the Irumide Belts. An increasing influence of the
Damara Belt as a source for sediments to the west has to
be suggested. Notwithstanding the SE-trending drainage
pattern, which is inferred to have been onset in Creta-
ceous times (Goudie 2005; Haddon and McCarthy 2005),
the influence of sediments with typical characteristics of

the Angola Block is most likely limited to the catchment
area of the Kunene und uppermost Cuando—Okavango
Rivers. According to this, it is supposed that there was
a sedimentary cover of E to S provenance which pos-
sibly extended further west prior to the uplift of the
Angola Block caused by assumed Mesozoic superplume
emplacement (Moore and Blenkinsop 2002) and subse-
quent Tertiary tectonic events (Jackson et al. 2005). Since
the Mesozoic uplift, the main direction of sediment trans-
port is supposed to be NW-SE, resulting in the exhuma-
tion of the Angola Block.

Analyses of the sediments also suggest a recurrent desta-
bilisation of the southern margin of the Congo Craton at
~2.7, 1.9, 1.0 and 0.6 Ga, represented by major peaks in
the age distribution pattern of the total amount of concord-
ant zircons. This is in accordance with similar studies in
adjacent areas (De Waele et al. 2006b). Furthermore, the
obtained data fit well to several hypothesised major events
during the supercontinent cycle (Rino et al. 2008; Belou-
sova et al. 2010; Bradley 2011).

The studied zircons do not show any correlation
between age and grain size and therefore do not support the
model of hydrodynamic fractionation of zircon age popula-
tions (Lawrence et al. 2011; Yang et al. 2012). Most of the
obtained crystal morphotypes, especially of the concordant
zircon grains, are related to high temperatures during crys-
tal growth (Pupin 1980). This is suggested reflecting the
influence of a thick ancient continental crust and the under-
neath heat accumulation.
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