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The Mid-Proterozoic Sinclair Sequence in southern Namibia is made up of volcano-sedimentary successions and associated high-level
intrusions in a mainly extensional tectonic environment. Granitoids from the marginal Awasib Mountain area have been investigated
using precise U-Pb determinations on zircons. Regression of three zircon fractions from the pre-Sinclair Aunis Tonalite Gneiss yields
an upper intercept, or emplacement, age of 1376.5+ 1.7/-1.6 Ma. A previous Rb-Sr whole-rock age determination of 1271 + 62 Ma
for the Aunis Tonalite Gneiss may be attributed to resetting at that time during an early tectonothermal event in the Grenville-age
Namagqua Orogeny. Within the Sinclair Sequence, three zircon fractions from the Haisib Quartz Syenite produce an emplacement
age of 1216.2 + 1.8/-1.5 Ma. Two zircon fractions from each of the Awasib and Chowachasib Granites yield emplacement ages of
1216.4 £ 1.2 Ma and 1216.7 + 4.7/-3.5 Ma, respectively. A composite regression treatment of all seven zircon fractions indicates that
the emplacement ages for these three units are indistinguishable with an upper intercept age of 1216.4 + 1.3/-1.2 Ma (2 sigma). This
places a minimum age constraint on the mafic flows of the Haiber Flats Formation and is significantly older than the 1086 + 44 Ma
Rb-Sr whole-rock age reported previously. Tectonothermal activity at ca. 1100 Ma in the Namaqua Province could account for the
greenschist facies metamorphism of much of the marginal part of the Sinclair Sequence and related disturbance of the Rb-Sr system.

Introduction
Regional setting

The Sinclair Sequence comprises a volcano-sedi-
mentary succession with associated high-level grani-
toids which is situated adjacent to the Grenville-age
Namaqualand Metamorphic Complex in the southern
part of Namibia (Fig. 1). It forms part of a curvilinear
outcrop of Mid-Proterozoic rocks that extends along the
southwestern and northwestern margins of the Namibia
Province (terminology of Tankard et al., 1982). The ge-
otectonic setting of this association has been interpreted
as an ancient active continental margin (Watters, 1974;
Hoal, 1987), an aulacogen (Kroner, 1977), an intracon-
tinental rift (Mason, 1981; Borg, 1988) and a collision-
related rift (Hoal, 1987).

Within the type area of the Sinclair Sequence, vol-
canic and sedimentary rocks are typically hosted within
northwest-trending fault-bounded troughs that paral-
lel the structural grain in the underlying metamorphic
basement and much of the adjacent Namaqualand Meta-
morphic Complex. The relationship between the latter
and the basement to the Sinclair Sequence (grouped
variously into the Naisib River Suite, Neuhof Forma-
tion and Mooirivier Complex - South African Commit-
tee for Stratigraphy, 1980) remains unclear although
these have been correlated with one another by Jackson
(1975), Kroner (1977) and Hoal (1989). Other workers
such as Von Brunn (1967) and Blignault et al. (1974)
considered the basement to have a stronger affinity with
the Kheis Group in South Africa. The Airborne Mag-
netic Anomaly Map of Namibia (1993) indicates a mag-
netic pattern which is common to the Sinclair basement
and the Namaqualand Metamorphic Complex, hence
inferring that the Sinclair Sequence is located within
the Namaqua Province.

There is a progressive increase in deformation and
metamorphism of the Sinclair Sequence towards an in-
ferred palacomargin in the west. The Awasib Mountain
area is located close to this margin where rocks of Sin-
clair age are characterised by both shearing and green-
schist facies metamorphism. The subsolvus appearance
of granitoids has been attributed to the introduction
of water via shear zones, whereas relatively low TiO,
contents of biotites suggest a metamorphic origin in
part (Hoal, 1990). Such metamorphic effects are also
recorded in the pre-Sinclair schists and gneissic grani-
toids which show retrogression of amphibolite facies
assemblages. This episode of greenschist facies meta-
morphism and deformation predates the Pan-African
Damaran orogeny and may be related to tectonothermal
activity in the Namaqua Orogeny at ca. 1100 Ma.

Previous work

A number of radiometric studies have been conducted
on both the Sinclair Sequence and similar lithotypes in
the Rehoboth Sequence since the late nineteen sixties.
Mainly Rb-Sr whole-rock and V -Pb zircon age deter-
minations have been reviewed in Caben and Snelling
(1985), Reid et al. (1988) and this study. Earlier U-Pb
zircon dating yielded ages in the range 1360 Ma to 900
Ma for granitic units of the Sinclair Sequence. How-
ever, subsequent whole-rock Rb-Sr dating by Hoal et
al. (1989) suggested that magmatism occurred from
ca. 1100 Ma to 950 Ma along the western margin of
the sequence in the Awasib Mountain area. There is a
poorly defined relationship between these magmatic
events and tectonothermal activity associated with the
Namaqua event in the period 1.3-1.0 Ga.

Some of the relatively old U-Pb zircon ages obtained
for granitoids in the Sinclair Sequence have been at-
tributed to inherited zircons (Hoal et al., 1989). More
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Figure 1: Regional geological map of the Sinclair Sequence type area showing the location of samples selected for this U-Pb study.
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recently, however, it has become clear that several
whole-rock Rb-Sr ages for Sinclair Sequence and re-
lated rocks appear to record events more recent than
magmatic episodes. Ziegler and Stoessel (1991), for
example, attribute partial resetting of the Rb-Sr system
in the Weener Intrusive Suite, Rehoboth area, to the in-
trusion of younger magma. Whereas such disturbances
of the Rb-Sr system typically result in ages younger
than emplacement, anomalously older ages have been
recorded in cases where isotopic mixing has taken place
(e.g. Heaman and Smalley, 1994). The recognition of
anomalously old Rb-Sr ages as well as anomalously
young Rb-Sr ages in granitoid rocks makes it difficult
to evaluate the geological significance of Rb-Sr whole
rock ages.

Recent U-Pb zircon dating carried out in the Re-
hoboth area by Stoessel and Ziegler (1989) and Pfurr et
al. (1991) indicate ages of close to 1200 Ma for rocks
of the Gamsberg Granite Suite and associated rhyolite
dykes. As illustrated in Table 1, this should represent
the final stage of magmatism in the Sinclair-Rehoboth
area. However, U-Pb zircon ages of 1102 7 Ma and
1094 +18/-20 Ma have been recorded for porphyritic
metavolcanic rocks in the Rehoboth and Gobabis ar-
eas by Pfurr et al. (1991) and Hegenberger and Burger
(1985), respectively. This largely felsic volcanism
overlaps in time with the likely age of extrusion for the
Niickopf Formation (mean of 1078 Ma for four U-Pb
zircon determinations; Hugo and Schalk, 1972; Burger
and Coertze, 1973, 1975), the latter being correlated

Sinclair Sequence Type Area Awaslb Mountain Area
Gamsberg/Sonntag Granite Chowachasib Granite
. and dyke swarms and dyke swarms
2 | Guperas rhyolitic
Formation extrusives
basic lava
sandstone,
conglomerate
Nubib/Rocikam/Haremub Granite Awasib Grani
2 | saffier Intrusive gabbro, norite, Saffier Inrusive Sults,
5 Suite monzonite,diorite, i ] 3
= syenite Bushman Hill Quartz Diorite.
Barby basic lava and Barby Formation and
Formation rhyolitic extrusives Haiber Flats Formation
Kunjas arkose, grit Urusib
Formation shale Formation
TumuabyKotzerus Granite
E Nagatis rhyolitic exirusives
Formation and minor basic lava
- arkose, gnit, shale
Naisib River Suite Knorasib Grante Gneiss
Neuhof Formation Aunis Tonalite Gneiss
Mooirivier Complex Kairab Complex

Table 1: Simplified lithostratigraphy of the Sinclair Sequence
in the type area and the adjacent Awasib Mountain
area. Underlined units are those investigated in this
study.

with the Guperas Formation in the Sinclair area (Table
1). Coeval emplacement of the Gamsberg Granite Suite
with the accumulation of volcanic rocks of the Niickopf
Formation (South African Committee for Stratigraphy,
1980) suggests a closing period of felsic magmatism in
excess of 100 Ma for the Rehoboth area.

This study

Recognition of the basement to the Sinclair Sequence
as part of the Namaqualand Metamorphic Complex, as
indicated by aeromagnetic data, requires that precision
dating be used in an attempt to resolve the problem of
unclear age relationships between basement and cover.
Furthermore, regional correlations between the Sinclair
and Rehoboth areas have frequently been made on the
basis of Rb-Sr whole-rock data, some of which have
recently been shown to yield anomalously young ages.
Accordingly, the aim of this study is to apply precise
U-Pb zircon dating to a number of Sinclair Sequence
granitoids in the Awasib Mountain area (Table 1, Fig.
1). Where possible we have used samples for which Rb-
Sr whole-rock age determinations have been made, in
an attempt to provide a comparative basis for the two
techniques; In reviewing other geochronological work,
we restrict our comments to U-Pb zircon studies that
have been conducted on similar granitoids in other parts
of the Sinclair-Rehoboth domain.

The Sinclair Sequence is of importance with regard
to its close temporal and spatial relationship to the
Namaqua Province. Constraining the timing of magma-
tism within the Sinclair Sequence will allow a better
understanding of crustal processes along the southwest
margin of the enigmatic Namibia Province.

Analytical Techniques

The four granitoid samples were prepared by stand-
ard crushing (jaw crusher, disk mill) at the Geological
Survey of Namibia and mineral separation (Wilfley
Table, heavy liquids, Frantz magnetic separator) tech-
niques at the National Physical Research Laboratory in
South Africa by E. Retief. The zircon concentrates were
processed at the Royal Ontario Museum and grains de-
void of fractures, mineral inclusions or turbidity were
generally selected for analysis. Many of the fractions
were given an abrasion treatment (Krogh, 1982) prior to
dissolution that significantly reduced discordance. The
selected multi-grain fractions were washed in warm
4N HNO, (15:1) mixture. Uranium and lead were puri-
fied by anion exchange chromatography (Krogh, 1973;
Heaman and Machado, 1992) and were loaded togeth-
er onto single Re filaments using a Si-gel technique
(Cameron et al., 1969). The isotopic compositions of
U and Pb were determined with two separate VG354
thermal ionization mass spectrometers (referred to as
VG354 and VGM354, respectively) in single collector
mode using either a Faraday cup or Daly photomulti-
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Figure 2: U-Pb concordia diagram showing three zircon analyses
from the Aunis Tonalite Gneiss. The zircons of the two
nearly concordant analyses were given an air abrasion
treatmnent. Error ellipses on all concordia diagrams are
shown at the 2 sigma level.

plier detector system. All isotopic data were corrected
for mass discrimination of 0.1 %/amu based on repeat
measurements of the NBS981 and U500 standards on
both mass spectrometers. An additional correction of
0.3%/amu for both U and Pb (VG354) and 0.15%/amu
and 0.13%/amu for U and Pb, respectively (VGM354)
was applied to all data obtained using the Daly detec-
tor. All ages were calculated using the two-error linear
regression program of Davis (1982) and all associated
errors are quoted at 2 sigma. The decay constants for
28U (1.55125 x 10" yr.") and #°U (9.8485 10 yr.™")
137.88) used in this study are the values determined by
Jaffey et al. (1971) and recommended by Steiger and
Jager (1977).

Results

Preliminary V - Pb results for ten multi-grain zircon
fractions (Table 2), weighing between 4 and 238 micro-
grams, from four granitoid units indicate pre-Sinclair
magmatism at 1377 Ma and Sinclair-age magmatism
at 1216 Ma. The Aunis Tonalite Gneiss (BH942) is the
oldest unit investigated so far. The zircon grains recov-
ered from this sample consist of a single population
of euhedral, colourless to pale pink, stubby to equant
multi-faceted crystals. A regression treatment of three
multi-grain zircon fractions from this sample (Fig. 2)
yields an upper intercept age of 1376.5 + 1.7/-1.6 Ma
(53% probability of fit), that is considered a very ac-
curate estimate of the tonalite emplacement age, with
a lower intercept age of 70 Ma. Two of these fractions
were given an abrasion treatment and are concordant to

nearly concordant (0.3 and 0.4% discordant) with 2’Pb/
2°Ph model ages of 1377 and 1376 Ma, respectively
while a third unabraded fraction is 6.5% discordant.

Sinclair-age magmatism at 1216 Ma is represented by
the Haisib Quartz Syenite (1216.2 Ma), Awasib Granite
(1216.5 Ma) and Chowachasib Granite (1216.7 Ma).
These results are consistent despite the differences in
zircon populations recovered from each sample. Al-
though all three populations have ubiquitous mineral
inclusions, the Awasib and Chowachasib Granite sam-
ples contain smaller (30-150 pm) euhedral, equant to
stubby prisms that range in colour from colourless to
a dark brown while the Haisib Quartz Syenite sample
contains larger (150-250 um), anhedral, subspheroidal
dark pink grains. Three zircon fractions from the Haisib
Quartz Syenite (Fig. 3) yield an upper intercept age of
1216.2 + 1.8/-1.5 Ma (79% probability of fit) which is
interpreted as an accurate estimate of the emplacement
age for this quartz syenite. The U-Pb results for two zir-
con fractions each from the Awasib and Chowachasib
Granites are shown in Figs 4 and 5, respectively. The
nearly concordant data for the Awasib Granite are dif-
ficult to treat by linear regression in order to calculate
any error for the age of 1216 Ma. Instead, we can use
the error calculated from the average 2°’Pb/?Pb age to
calculate an age of 1216.4 £ 1.2 Ma (20) or 1216 = 1
Ma.

By excluding one unabraded zircon fraction that is
3.5% discordant, six zircon analyses from these three
granitoid units have 2Y’Pb/?%Pb model ages that cluster
between 1215 and 1217 Ma and a composite regression
treatment of all seven zircon fractions (Fig. 6) indicates
that the emplacement ages for these three units are in-
distinguishable with an upper intercept age of 1216.4 +
1.3/-1.2 Ma (20).

Discussion
Aunis Tonalite Gneiss

The U-Pb zircon age of 1376.5 Ma determined for
this unit is approximately 100 Ma older than the Rb-Sr
wholerock determination of 1271 + 62 Ma (Table 3).
Whereas the age of 1376.5 Ma constitutes a maximum
for the earliest magmatism in the Sinclair Sequence, it
also predates the granulite facies metamorphism consid-
ered to have taken place at ca. 1200 Ma in the adjacent
Namaqualand Metamorphic Complex (Clifford et al.,
1981; Joubert, 1986). These conclusions are valid even
if Cahen and Snelling’s (1984) maximum age of 1300
Ma for the D, Namaqua event is adopted. It therefore
appears likely that the resetting of the Rb-Sr system at
1271 Ma reflects tectonothermal activity related to the
Namaqua event. The age of 1376.5 Ma for the Aunis
Tonalite Gneiss is further consistent with its emplace-
ment into ca. 1460 Myoid metabasalts of the Kairab
Complex (Hoal, 1990; Rb-Sr, Pb-Pb whole-rock ages).
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Figure 3: U-Pb concordia diagram showing three zircon analyses
from the Haisib Quartz Syenite. The zircons of the two
concordant to nearly concordant analyses were given an

air abrasion treatment.
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Figure 5: U-Pb concordia diagram showing two zircon analyses
from the Chowachasib Granite.

Figure 4: U-Pb concordia diagram showing two zircon analyses

from the Awasib Granite.
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Figure 6: U-Pb concordia diagram showing a composite regres-
sion treatment of all seven zircon fractions from the
Sinclair-age granitoids.
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: U-Pb constraints from Awasib Mountain

" Concentration (ppm) Atomic Ratios Apparent Age (Ma)
07 207, .
Fraction | Description | Weight U Pb Th | Common | 2Ph"%Ph | *pn ¥y Wppp¥y Wpptpy | Wepp2ty | WipyS%py | 27py%py : :‘ ‘:} .[:1
No (he) Poipg)
Aunis Tonalite Gneiss
1 cl, {10} 132 184 43 66 97 3477 | 022198131 2,68080 £ 43 0.08759 £ 5 1292 1323 13713 1.1 | 6.5
2 cl, Abr, (T) 3 102 25 s 111 4336 | 023746127 2LETI0N £ 38 0087756 1373 1375 1n 12103
3 cl, Abr, (T) 21 158 kt ] 54 4 13410 | 0.23686 26 286404 £ 36 008770 £ 5 1370 1373 1376 L1} 04
Awasib Granite
4 [cl, Abr, (18) 12 256 57 138 7 $907 | 02060523 | 229477430 | Q.08077+5 1208 1211 1216 12|07
5 cl, Abr, (16} 1] 267 59 129 7 483 | 020620 24 29776 £31 0.08082 £ 6 1209 1212 1217 13 [ 08
Haisib Quartz Syenite
6 Pk, (8) 238 280 635 217 451 1866 | 0.19985 £ 23 221302 £32 0.08067 £6 1175 1188 1213 15| 35
7 pk, Abr, (3) 61 204 48 166 3 46724 | 020709t 21 230718 £ 27 0.08080 + 4 1213 1214 7 1.0 03
B pk, Abr, (12} 168 w7 5 287 12 55145 | 0.20595£21 2.29260 £27 0.08074 £+ 4 1207 1210 1215 a9 | 07
Chowachasib Granile
9 |cl, Abr, (16) 12 216 49 138 18 1771 | 0.19%45£23 | 2.22046:34 | 00807417 12 1188 1215 18| 38
10 |cl, Abr, (3} 4 07 48 122 1] 1077 | 0.20651 £31 2.30060 £ 52 0.08080 £ 14 1210 1212 1217 34 | 06
; i i brasi i 1 to the total number of grains analyzed.
Fraction Description: Colour - ¢ = colourless, pk = pink: Abr = given an in to num grains

Alomic ratios corrected for 2 pg Pb and 0.5pg U blanks. and an initial common Pb (Stacey and Kramers,

1975).

Discordance refers to percent displacement of an analysis from the concordia curve measured along a line to zero age.

Table 2: U-Pb zircon results from the Awasib Mountain arca.

Rb-Sr U-Pb zircon
(Hoal et al., 1989) (This study)
Age (Ma) | ((sr®sng (MSUM(n)|  Age (Ma)

Chowachaslb 1216.7 +4.7/-3.5
Granite
Awasib Granite 957 £+ 50 0.7174 8 15 (10) 12164112
Halslb Quartz 1216.2 +1.8-1.5
Syenite
Halber Flats Fm. | 1086t 44 |0.70305+ 17| 0.82(8)
basaltic andesile
Aunis Tonalite 1271162 [0.70269+ 12| 2.48 (10) | 1376 5+1.7-16
Gneiss i

Table 3: Comparative table of Rb-Sr whole-rock and U-Pb zircon
data for the Awasib Mountain area.

Haisib Quartz Syenite

The age determination of 1216.2 Ma for the Haisib
Quartz Syenite cannot be compared directly with any
Rb-Sr determination carried out on the same unit. How-
ever, the Haisib Quartz Syenite forms part of the more
widespread Haisib Intrusive Suite which has intruded
basaltic andesites of the Haiber Flats Formation at a
number of localities. This basaltic andesite member was
dated, using the Rb-Sr wholerock method, at -1086 = 44
Ma (Table 3), thereby setting a Rb-Sr whole-rock maxi-
mum age for the Haisib Quartz Syenite. The age differ-
ence of at least 130 Ma is difficult to explain unless the

Rb-Sr system is considered to have been disturbed or
reset by a later event. Greenschist facies metamorphism
in the basaltic andesite may be related to late-tectonic
plutonism and shearing in the Namaqua Province which
took place around 1.1 Ga (Hartnady et al., 1985).

Awasib Granite

The age of 1216.5 Ma for the Awasib Granite is with-
in error of the Haisib Quartz Syenite and approximately
260 Ma older than the Rb-Sr errorchron age of 957 +
50 Ma (Table 3). The latter is a poorly constrained age
although it is consistent with the other Rb-Sr determi-
nations in the Awasib Mountain area. This disturbance
appears to coincide with the regional thermal event re-
corded in the Namaqualand Metamorphic Complex at
around 900 Ma (Joubert, 1986). The similarity in age
to the Haisib Quartz Syenite supports geochemical evi-
dence that the Haisib Intrusive Suite and Awasib Gran-
ite belong to a single intrusive suite (Hoal, 1990).

Chowachasib Granite

The age of 1216.7 Ma for the Chowachasib Granite
is again within error of the age determinations for both
the Haisib Quartz Syenite and Awasib Granite. While
there is as yet insufficient evidence for the inclusion
of this granite in a Haisib-Awasib intrusive suite, it is
clear that the Chowachasib Granite cannot be separated
stratigraphically as indicated in Table 1. Although the
age for the Chowachasib Granite is in good agreement
with that recorded for the Gamsberg Granite (1207 +
15, U-Pb zircon, Pfurr ef al., 1991), it is considerably
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Nauchas (4)
Kanaus South (4)
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Rostock North (7)
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L Rostock South (T)

[~ Corwinning (4.5)

Zarls (4)

Rooiberg (3)
Helmeringhausen (2) -
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Toskaan (4) Gam
Draathoek (4) Granite

L Awasib (8) Nubit

Granite
L
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Table 4: U-Pb zircon age determinations from the Sinclair and
Rehoboth areas. Error bars at the 1 ¢ level. Sources:
(1) Hugo and Schalk (1972); (2) Burger and Coertze
(1973); (3) Watters (1974); (4) Burger and Coertze
(1975); (5) Burger and Coertze (1977); (6) Ziegler and
Stoessel (1991); Pfurr et al. (1991); (8) this study.

older than expected for the youngest magmatism in the
Sinclair Sequence.

Regional considerations

The data from Sinclair-age granitoids are compared
with other U-Pb zircon age determinations from the
Sinclair-Rehoboth domain in Table 4 and Fig. 7. The
differentiation between granitoids of Nubib- and
Gamsberg-type in Table 4 indicates the tremendous
spread of ages for these granitoids as well as large
uncertainties for most determinations. Whereas U-Pb
zircon data more recent than 1990 indicate a definite
event at ca. 1.2 Ga, the geological significance of ages
both older and younger than this is unclear. With re-
gard to the Sinclair Sequence, 1.2 Ga is the age of the
youngest undeformed granites but also coincides with
the age of granulite facies metamorphism and syn-tec-
tonic plutonism in the adjacent Namaqualand Meta-
morphic Complex. Crustal melting has been attributed
to the Namaqua event, resulting in syn- to late-tectonic
granites such as the Little Namaqualand and Spektakel
Suites in South Africa (Joubert, 1986). The peak of the
Namaqua event at 1.2 Ga is related to granulite facies
metamorphism and chamockite emplacement adjacent
to the Sinclair Sequence (Tankard et al., 1982). Waters
(1990) has further shown that low-pressure Namaqua-
land granulites record an anticlockwise P-T path which

can be attributed to major magmatic advection as a re-
sult of basaltic underplating. Although in need of fur-
ther precision dating, it is likely that the regional em-
placement of granitoids of batholithic dimensions in the
Sinclair-Rehoboth domain (Fig. 7) was related to this
major heat transfer during the Namaqua event.

Concluding Remarks

Earlier indications from both Rb-Sr whole-rock and
U-Pb zircon age determinations that the Sinclair Se-
quence was built up over a protracted period of around
500 Ma are in need of revision. Precise U-Pb determina-
tions on zircons from the Awasib Mountain area suggest
that this period of magmatism was significantly shorter.
Pre-Sinclair Aunis Tonalite Gneiss dated at 1377 Ma
places a maximum age on such magmatism, while the
young Gamsberg-type Chowachasib Granite yields a
near-minimum age of 1216 Ma. Duration of magma-
tism is hence thought to be no more than 200 Ma for the
entire succession and may be considerably less.

Rb-Sr whole-rock ages significantly younger than the
U-Pb zircon determinations are considered to reflect
disturbances of the Rb-Sr system. Tectonothermal ac-
tivity in the adjacent Namaqualand Metamorphic Com-
plex may be partly responsible for several such distur-
bances in the period 1.2-0.9 Ga. The resetting of the
Rb-Sr system by hydrothermal activity at higher crustal
levels could be attributed to granulite facies metamor-
phism in the deeper crust. The age of ca. 1.2 Ga records
a major tectonothermal event which took place across
much of the southwestern part of Africa. This was the
time when high-grade metamorphism reached its peak
in the Namaqualand Metamorphic Complex and wide-
spread basaltic underplating and crustal melting result-
ed in the emplacement of granitoid suites of batholithic
dimensions throughout the Namaqua Province and the
Sinclair-Rehoboth domain.
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