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Precise U-Pb zircon ages for early Damaran magmatism in the Summas
Mountains and Welwitschia Inlier, northern Damara belt, Namibia
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Three new U-Pb zircon ages are reported for early Damaran, rift-related, igneous rocks in northern Namibia. An age of 756 + 2 Ma for
the Oas quartz syenite intrusion, western Welwitschia Inlier, provides a minimum age for lower Nosib Group terrigenous sedimentation
in that area. An ash-flow tuff near the top of the Lower Naauwpoort Formation (upper Nosib Group) in the Summas Mountains and a
rhyolite lava flow in the Upper Naauwpoort Formation (lower U gab Group) directly north of the Summas Mountains have statistically
identical ages of 746 + 2 and 747 + 2 Ma, respectively. The age equivalence indicates that the contact between the sampled Upper and
Lower Naauwpoort Formations represents either a brief hiatus or a tectonic repetition. Rift-related magmatism in northern Namibia
is similar in age to that in northwest India, the Trans-Antarctic Mountains, and the northern Cordillera and southern Appalachians of

North America.

Introduction

Igneous rocks related to Neoproterozoic continental
rifting occur sporadically for 400 km along the north-
ern margin of the Damara belt in northern Namibia
(Fig. 1) (Miller, 1983). Alkaline and peralkaline rhyo-
lite ash-flow tuffs predominate, but other felsic extru-
sive rocks, epizonal intrusions and subordinate mafic
rocks also occur (Smit, 1962; Frets, 1969; Miller, 1974,
1980, 1983; Hedberg, 1979). Their great thickness (up
to 6.6 km) and highly localized distribution suggest that
emplacement was associated with tectonic extension
and/or cauldron-subsidence structures. Volcanism is
principally associated with the upper part of the Nosib
Group, regionally comprised of non-marine feldspathic
sandstones and conglomerates deposited in an exten-
sional tectonic regime (Hedberg, 1979; Miller, 1983).
Locally, igneous activity continued during deposition
of the lower Ugab Subgroup (Miller, 1980), a mixed
association of syn- to post-extensional carbonates and
terrigenous sediments. Conceivably, the igneous activ-
ity coincided with continental breakup at the southern
promontory of the Congo craton (Hoffmann, 1994).

Previous attempts to date the igneous activity have
yielded imprecise and partly conflicting results. Whole-
rock Rb-Sr systematics of devitrified volcanic rocks of
the upper Nosib Group (Naauwpoort Formation) have
isochron ages of 557 = 10 Ma (De Villiers, 1968) and
521 £ 45 Ma (Hawkesworth et al., 1983), interpreted as
metamorphic ages. Zircons from two quartz porphyry
rhyolite lavas in the lowest exposed part of the Naau-
wpoort Formation in the Summas Mountains (Fig. 1)
yielded discordant U-Pb upper intercept ages of 750 +
60 and 728 + 40 Ma (Miller and Burger, 1983). The zir-
con ages are statistically indistinguishable from a whole-
rock Rb-Sr isochron age of 764 + 60 Ma for the Lofdal
nepheline syenite in Welwitschia Inlier (Fig. 1), which
is included in the rift-related igneous suite on petroge-
netic grounds but is not physically in contact with the
Nosib Group (Hawkesworth et al., 1983). However, the

nearby Oas quartz syenite, which intrudes lower Nosib
Group sediments in Welwitschia Inlier (Frets, 1969),
yields Rb-Sr whole-rock isochron ages of 840 = 13 and
652 £ 11 Ma, interpreted as intrusive and metamorphic
ages respectively (Kroner, 1982). If the older isochron
is accepted as a minimum age for the intrusion, then a
major hiatus must exist between the lower Nosib Group
sediments and the upper Nosib Naauwpoort volcan-
ics. On the other hand, Tegtmeyer and Kroner (1985)
analysed three size-fractions of zircons from a marginal
phase of the Oas quartz syenite and regressed the U-Pb
ratios obtained to a chord (MSWD=1) having upper and
lower intercept ages of 2124 +68/-54 and 736 +133/-
141 Ma, respectively. The latter is presumed to reflect
the intrusive age and is statistically consistent with a
concordia intercept age, based on three zircon fractions
from the central part of the intrusion, of 783 + 18 Ma
(Burger and Kroéner, unpublished data cited in Tegtmey-
er and Kroner, 1985).

To help resolve these uncertainties, samples of upper
Nosib Group rhyolite lava and Oas quartz syenite from
Welwitschia Inlier were collected for U-Pb zircon geo-
chronology, as were samples of upper Nosib Group ash-
flow tuff and lower Ugab Subgroup rhyolite lava from
the Summas Mountains (Fig. 1). Results from all but
the first of these samples are reported and discussed be-
low. Single- and multi-grain fractions were hand-picked
for analysis from the clearest, least cracked, inclusion-
free zircons. The selected grains were air-abraded un-
til all facets had been removed, and then analysed by
conventional isotope dilution thermal ionization mass
spectrometry according to the methods described by
Bowring ef al. (1993).

Oas quartz syenite, Welwitschia Inlier (sample
PH.10.93)

The Welwitschia Inlier is a satellitic basement mas-
sif south of the larger Kamanjab Inlier, located near the
junction of the Damara and Kaoko belts (Fig. 1). The

49



Hoffman, Hawkins, Isachsen and Bowring

two inliers are flanked by Damaran strata, comprising
three groups (Nosib, Swakop/Otavi, Mulden) separated
by angular unconformities. The Oas hornblende-quartz
syenite is a medium-grained, epizonal, intrusive body,
about 50 km? in area, situated near the southwestern end
of the Welwitschia Inlier (Fig. 2). Its northern margin is
intrusive into pre-Damaran Huab gneiss and its west-
ern margin intrudes pebbly feldspathic quartzite of the
lower Nosib Group (Frets, 1969). Its southern contact is
faulted and/or overlain non-conformably by carbonates
and fine clastics of the Swakop Group. West of the Gas
intrusion, the upper Nosib Group includes rhyolitic lava
and ash-flow tuff (Naauwpoort Formation) and porphy-
ritic bostonite (Blaukrans porphyry), none of which is
in contact with the Gas intrusion. Frets (1969) presents
clear cut evidence that the Gas intrusion post-dates the
lower Nosib Group and pre-dates the lower Swakop
Group. He concludes that the intrusion is broadly co-
eval with upper Nosib Group volcanism and with an
extensive swarm of east- to east-northeast-striking fel-
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Figure 1: Distribution of early Damaran igneous rocks
(Naauwpoort volcanics and Oas intrusion) south of
Kamanjab Inlier near the junction of the Damara and
Kaoko belts (modified from Miller, 1974). The areas
detailed in figures 2 and 3 are shown.
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Figure 2: Geological sketch map of the western Welwitschia
Inlier area (modified from Frets, 1969), showing the
Oas quartz syenite sample site (PH.10.95).

sic and carbonatite dykes cutting basement rocks north
and east of the Gas intrusion.

Sample PH.10.93 was collected at 20°21°45”S,
14°43°30”E, 1.5 km east of the Cretaceous Honerub
outlier near the center of farm Oas 486. The location
is in the east-central part of the Oas intrusion. Heavy
mineral separates from the 35 kg sample were divid-
ed into five magnetic fractions and eight zircon grains
were hand-picked for analysis from the least magnetic
fraction. Two 300 pm grains and one 200 pm grain
were analysed individually (fractions nm1.Z1-3); five
smaller grains (50-100 um) were analysed collective-
ly (fraction nm1.Z4). The analysed grains were clear,
euhedral prisms. Although free of visible inclusions, the
two largest grains (.Z2 and .Z3) did contain fine cracks.
The analytical data are given in Table 1 and plotted on
a concordia diagram (Fig. 3). All four fractions are con-
cordant and yield a weighted mean (*’Pb/*Pb) age of
756 £+ 2 Ma, which is taken as the time of intrusion.

Upper Nosib ash-flow tuff, Summas Mountains
(sample PH.12.93)

The Summas Mountains Inlier is a 150 km? exposure
of Naauwpoort volcanic rocks (Miller, 1974, 1980)
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situated on the boundary between the Otavi fold belt
to the north and the allochthonous Outjo fold belt to
the south (Hoffmann, 1987), 60 km east-southeast of
the Oas quartz syenite (Fig. 1). The main mass of the
mountains is a structural dome (Fig. 4), exposing al-
kaline to per-alkaline rhyolite ash-flow tuff and sub-
ordinate quartz-feldspar porphyry having a composite
stratigraphic thickness in excess of 6.6 km (base not
exposed) (Miller, 1980). These rocks have been corre-
lated with the upper Nosib Naauwpoort Formation west
of the Welwitschia Inlier and are called “Lower Naau-
wpoort Formation” in the Summas Mountains (Miller,
1980) to distinguish them from volcanic rocks in the
overlying Ugab Subgroup.

Sample PH.12.93 was collected at 20°29°30S,
15°17°30”E high on the northeast flank of the Summas
Mountains dome near the eastern boundary of farm
Renosterkop 389. According to Miller (1980), the sam-
pled unit should lie about 1000 m stratigraphically be-
low the Nosib/Ugab unconformity. Lithologically, the
sample is a purplish-grey, feldspar-phyric, vitric, ash-
flow tuff. A moderately strong tectonic foliation (dip-
ping 70° to N20°E) is superimposed on a primary(?)
eutaxitic foliation (dipping 88° to S10°W).

Zircons separated from the sample are largely clear
to pale yellow, elongate, euhedral prisms, mostly 100-
200 pm in length. Five weakly magnetic (m0) and six
magnetic (m6) fractions were hand-picked for analysis.
They range from clear and flawless to slightly cracked

Table 1: U-Pb analytical data

Composition Atomic Ratios
Sample wt. U Pb (Pb)e ™Pp ™Pb ™Pb
fraction (@ e @) @p  *Pb Pb U %err
Note: (1) (20 (3) (3 @ (5) (O] [ (8)
Oas Quartz syenite: PH10-93
nmlZl 37 536 69 23 7026 0136  0.12440 (.15)
nmlZ2 276 405 52 4.8 18243 0.129  0.12423 (21)
nmlZ3 21.6 472 63 384 2064 0151  0.12452 (.12)
nmlZ4 14 550 70 13 4469  0.125  0.12449 (.23)
Lower Naauwpoort ash-flow tuff: PH12-93
m0Zl 11.0 92 13 24 3441 0219 0.12402 (.29)
m0Z2 9.1 79 11 21 2765 0224 0.12233 (.36)
m0Z3 61 70 9 1.8 1867 0214  0.12314 (51)
m0Z4 120 134 18 73 1715 0225 0.12243 (27)
m0Z5 135 73 12 320 251 0216 0.12288 (42)
m6Zl 122 78 11 133 531 0243 0.11484 (48)
m6Z2 138 50 7 6.3 878 0228 0.12463 (.61)
m6Z3 15 328 45 34 1166 0235 0.12283 (.82)
Upper Naauwpoort thyolite: PH11-93
nmSZ1 25 258 34 57 1657 0214 0.12180 (37)
nmSZ2 25 308 41 66 902 0180  0.12041 (.58)
om5Z3 29 241 32 19 2873 0188  0.12216 (.39)
m6Z1 1.8 258 34 23 1595 0.184  0.12290 (.61)
m6Z4 25 574 84 345 310 0220 0.11365 (37)

and containing fine, dark inclusions. Four of the mag-
netic grains were analysed individually (m6.Z21-4); the
other analysed fractions ranged from three to ten grains
each. Both single and multi-grain fractions define a dis-
cordant array indicating the presence of inherited com-
ponents (Fig. 3). Three concordant analyses and one
discordant analysis define an upper intercept age of 746
+ 2 Ma (lower intercept = -17 + 113, MSWD = 0.19),
which is taken as the age of upper Nosib Group volcan-
ism at the sample site.

Lower Ugab rhyolite lava, Summas Mountains
(sample PH.11.93)

The north side of the Summas Mountains dome is a
fault zone across which the thick ash-flow tuffs and por-
phyries of the Lower Naauwpoort Formation are trun-
cated. Rocks of the overlying Ugab Subgroup directly
onlap pre-Damaran Huab gneisses and schists north of
the fault zone (Fig. 4) (Miller, 1980). Regionally, the
Ugab Subgroup is a mixed assemblage of dolomites,
quartzites and schists correlative with the Abenab Sub-
group of the Otavi fold belt to the north (SACS, 1980).
It is overlain disconformably by a unit of diamictite and
iron formation. This is correlated with the Chuos For-
mation which forms the base of the Khomas Subgroup.
The latter is equivalent to the Tsumeb Sub-group of the
Otavi fold belt. On the east flank of the Summas Moun-
tains dome, Lower Naauwpoort ash-flow tuffs are di-

Ages (Ma)

*ph “7Ph mpy WP *Pp
MU %er  ™Pb Geerr mwy ™y w5pp,
€] (8)

1.10510 (.16)  0.06443 (.06} 7556 7558 7558
110350 (23)  0.06442 (.09) 7549 7550 7555
1.10658 (.15)  0.06445 (.09) 7565 7565 7565
1.10681 (25)  0.06448 (.10) 7564 7566 7575
1.10646 (31) 006470 (09) 753.7 1565 7647
1.08149 (40)  0.06412 (.16) 7440 7444 7455
1.09681 (.55)  0.06460 (.18) 7486 7518 7613
1.08301 (31) 006416 (.14) 7445 7451 7468
1.09005 (.65)  0.06434 (.45) 747 7485 7528
1.01590 (.56)  0.06416 (.26) 7008 7118 7468
111471 (63)  0.06487 (.15) 7571 7604 7701
1.08621 (84)  0.06414 (.18) 7468 7467  T46.1
1.07839 (39)  0.06421 (.13) 7409 7428 7486
1.06496 (.63)  0.06415 (23) 7329 7363 7465
1.08072 (42)  0.06416 (.13) 7430 7440 7469
1.08722 (65)  0.06416 (21) 7472 1412 7470
1.00616 (.59) 006421 (41) 6939 7069 7485

Notes: (1) all fractions are air abraded zircons, m. nm = magnetic, non-magnetic at indicated degree of tilt on a Frantz isodynamic separator operated at 1.4
to 1.6 amps. (2) sample weights estimated using a video monitor with a gridded screen are known to within 40%. (3) expressed as ppm U and ppm

radiogenic Pb. (4) picograms common Pb. (5) measured ratio corrected for fi

tion - Pb fr tion correction is 0.12%+0.04% per atomic mass

unit (amu) for multicollector analyses and 0.15%+0.04% per amu for single collector analyses. (6) radiogenic Pb. (7) corrected for fractionation, spike,
blank and initial common Pb: U blank =1pg50%, Pb blank = 3.5pg+50% (for fractions containing less than 3.5pg common Pb, the total comon Pblwas
assumed to be blank); initial comon Pb composition calculated from Stacey and Kramers (1975) using the interpreted age of the sample. (8) errors given

in percentage at the two-sigma confidence interval.
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Figure 3: Concordia diagrams for zircons from the Oas
quartz-syenite, Lower Naauwpoort ash-flow tuff and
Upper Naauwpoort rhyolite lava. Ages (Ma) are
marked on the concordia curves and individual
analyses are depicted as 2 error ellipses identified by
fraction number (see text and table).

rectly overlain by well-bedded rhyolite lapilli tuffs and
intercalated tuffaceous siltstone and dolomite, all of
which are assigned to the lower Ugab Subgroup (Mill-
er, 1980). The lower Ugab volcanic rocks were termed
“Upper Naauwpoort Formation” by Miller (1980) to
distinguish them from the ash-flow tuffs and porphyries
in the core of the Summas Mountains.

Directly north of the Summas Mountains, the top of
the Lower Naauwpoort Formation is not exposed and
the base of the Ugab Subgroup is composed of poorly
sorted boulder conglomerate and paraconglomerate
derived from the Huab basement (Fig. 4). Above the
conglomerate are rhyolite lavas and tuffs, intermediate
porphyries, greenstones, and conglomerates composed
of volcanic and subordinate gneiss and quartzite clasts.
If the fault zone bounding the Lower Naauwpoort ash-
flow tuffs and porphyries is a cauldron subsidence
structure, the Upper Naauwpoort volcanics may be re-
lated to “resurgent doming” (Smith and Bailey, 1968)

of the cauldron. Alternatively, the Lower Naauwpoort
Formation and lower Ugab rocks to the east and north-
east may have been thrust northward over the Huab
gneiss and lower Ugab strata exposed directly north of
the Summas Mountains (K.H. Hoffmann, pers. comm.,
June 1994).

Sample PH.11.95 was collected at 20°28°40S,
15°17°25”E on the north side of the Lowenfontein Riv-
er near the east boundary of farm Renosterkop 389. The
sample site lies directly north of the Summas Mountains
and the fault zone bounding the Lower Naauwpoort For-
mation (Fig. 4) (Miller, 1980). The 35 kg sample was
collected from a reddish, spherulitic, feldspar-phyric,
massive to flow-banded, rhyolite lava dome that over-
lies lower Ugab paraconglomerate and dolomitic sand-
stone. The base of the Ugab Subgroup is not exposed
directly beneath the sampled rhyolite but, according to
Miller (1980), the paraconglomerate should represent
the basal unit. The paraconglomerate is a dark greenish
grey phyllite containing matrix-supported boulders of
Huab gneiss up to 1.5 m in diameter.

Zircons separated from the rhyolite are mostly clear,
stubby, euhedral prisms, 100-200 pm in length. Five
single grains, three magnetic (m6) and two non-mag-
netic (nm5.Z1-2), and one multi-grain fraction (nm.Z3)
were analysed (Fig. 3). The data define an upper inter-
cept age anchored by one concordant analysis of 7471:
2 Ma (lower intercept = -15 £ 147; MSWD = 0.34),
which we take to be the eruptive age of the rhyolite lava
dome.

Conclusions

Our results imply that igneous activity associated
with early Damaran extensional tectonism at the south-
ern promontory of the Congo craton lasted for at least
10 m.y. Lower Nosib Group rift-related sedimentation
began before intrusion of the Oas quartz-syenite at 756
+ 2 Ma and volcanism in the Summas Mountains lasted
at least until 746 + 2 Ma.

Rift-related magmatism at about 750 Ma is globally
widespread, presumably associated with the fragmenta-
tion of a Neoproterozoic supercontinent. It occurs in
the basal Windermere Supergroup of western North
America (Roots and Parrish, 1988; Devlin et al., 1988)
and the basal Beardmore Group of the Trans-Antarc-
tic Mountains (Borg et al., 1990; Storey et al., 1992).
These sequences developed on conjugate margins of
the Pacific basin (Moores, 1981; Ross, 1991; Powell et
al., 1993; Li et al., 1995). Contemporaneous intraplate
magmatism occurred in northwestern India (Crawford
and Compston, 1970; Kochhar, 1994) and southeast-
ern North America (Aleinikoff ef al., 1995; Fetter and
Goldberg, 1995). These areas evolved into continental
margins bordering the Mozambique (Dalziel, 1981;
Stern, 1994) and lapetus oceans, respectively, although
the latter did not finally open until the Vendian (Wil-
liams and Hiscott, 1987; Kumarapeli et al., 1989; Kamo
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Figure 4: Geological sketch map of the Summas Mountains area (modified after Miller, 1980), showing the Lower
(PH.12.93) and Upper (PH.11.93) Naauwpoort rhyolite sample sites.

et al., 1989, 1995).

Young (1995) proposed that Neoproterozoic glacial
deposits fall into two age groupings, the older (Sturtian-
Rapitan: ca 750 Ma) associated with the opening of the
Pacific basin and the younger (Miranoan-Varanger: ca
600 Ma) associated with opening of the lapetus basin.
The age of 746 + 2 Ma for the Lower Naauwpoort For-
mation establishes a maximum age for the glaciogenic
Chuos Formation east of the Summas Mountains and,
assuming stratigraphic equivalence of the Ugab and
Abenab Subgroups (SACS, 1980), the age of 747 + 2
Ma should be a minimum age for the glaciogenic(?)
Varianto Formation, which occurs discontinuously at
the top of the Nosib Group in the Otavi fold belt. The
Varianto and Chuos Formations appear to belong to
Young’s (1995) older glacial suite (Hoffmann, 1994),
but tectonic links between the opening of the Adamas-
tor basin (Hartnady et al., 1985; Stanistreet et al., 1991)
in southwest Gondwanaland and the contemporaneous
opening of the Pacific basin remain unresolved.
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