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This paper presents major element, trace element and radiogenic isotope data for selected A-type granites (sensu-lato) from the Pan-
African Damara belt, Namibia.  The granites studied include those from Sorris-Sorris, Dachsberg, Horebis River, and a Salem-type intru-
sion from the Swakopmund region.  The first three of these exhibit high FeOt/(FeOt + MgO) and high TiO2/MgO ratios, characteristics 
of A-type granites, and all four intrusions display distinctive enrichments in the high field strength elements (e.g. Nb, Y, Zr).  However, 
only a small number of the high-silica (>73 wt % SiO2) samples exhibit low CaO and low Al2O3, characteristics of many A-type granites 
world-wide.  Magmatic temperatures inferred from the zirconium solubility model (typically in excess of 780°C) are higher than those 
of broadly contemporaneous S-type granites, although elevated F abundances, characteristic of many A-type granites, will result in a 
higher zirconium solubility at a given temperature.  Most of the A-type granites studied here exhibit initial Sr and Nd isotope ratios 
similar to Damara calc-alkaline diorites and granodiorites.  Their major and trace element characteristics are consistent with derivation 
by partial melting of felsic calc-alkaline source rocks, but less silicic examples require a contribution from more mafic material.  On the 
basis of results from recently published melting experiments on felsic calc-alkaline sources, mid-crustal low-pressure (4-6 kbar) rather 
than high-pressure (10 kbar) melting is inferred.  The generation of intraplate trace element signatures (high HFS/LILE ratios) by partial 
melting of calc-alkaline source rocks requires enhanced HFS element solubility in the magmas.  This could reflect higher magmatic 
temperatures which promotes dissolution of HFS-enriched minor phases and/or high F activity in the magma. The data for these A-type 
granites preclude any significant involvement of old metasedimentary material in their genesis.  

Introduction

The geochronology, geochemistry and petrogenesis 
of granites in the Pan-African Damara mobile belt have 
been the subject of numerous studies (Haack et al., 
1982; Hawkesworth and Marlow, 1983; Miller, 1983; 
McDermott et al., 1996; Jung et al., 1998).  Several au-
thors have highlighted the apparent absence of signifi-
cant crustal growth (Hawkesworth et al., 1981; 1983; 
Harris et al., 1987, McDermott et al., 1996).  Here we 
focus on the geochemically distinct HFS element en-
riched granites (sensu-lato) which are equivalent to the 
group II Damara granites of McDermott et al. (1996).  
New major element, trace element and isotope data are 
presented for the Horebis River granite, the Sorris-Sor-
ris granite, the Dachsberg granite and a Salem-type 
granite from the Swakopmund region (Fig. 1).  In ad-
dition, recently published data for three A-type Damara 
granites (Jung et al., 1998) from Oetmeod, Baukwab 
and Albrechstal (Fig. 1) are included for comparison.

While there is no generally accepted formal definition 
for A-type granites, there is wide agreement that they 
exhibit several distinctive geochemical characteristics.  
These include high total alkalis, high K2O/Na2O, high 
FeO/MgO, high TiO2/MgO, high Ga/Al, high F con-
tents and low Al2O3, CaO, MgO, Sr and Eu contents 
relative to I-type suites of similar SiO2 contents (Collins 
et al., 1982; Whalen et al., 1987; Patiño Douce, 1997).  
Typically A-type granites also exhibit high abundanc-
es of the high-field strength elements (e.g. Nb, Y, Zr).  
High magmatic temperatures (>900°C) and low water 
contents (<2.5 wt. % H2O) have been inferred from 
data on experimental charges (Clemens et al., 1986) 
and natural samples (Creaser and White, 1991; Turner 
et al., 1992).

Eby (1992) used trace elements (Nb, Y and Ce) to 
discriminate between so-called A1 and A2 types that 

were interpreted as differentiates of magmas derived 
predominantly by partial melting of mantle and crustal 
sources respectively.  The A1 group is characterised by 
high Nb/Y ratios that reflect high Nb/Y ratios in their 
alkali basaltic parental magmas. These occur in rift en-
vironments.  The A2 group, by contrast, occurs in post-
collisional or post-orogenic environments. These have 
lower Nb/Y ratios, typically between those of average 
continental crust and island-arc basalts (Eby, 1992).  

Turner et al. (1992) developed the theme of a mantle 
source for some A-type suites and argued that A-type 
granites from the Padthaway Ridge, South Australia, 



represent fractionates of coeval mantle-derived basaltic 
parental magmas.  This interpretation is strongly sup-
ported by their positive εNd

t, low initial 87Sr/86Sr ratios 
and the occurrence of contemporaneous gabbros that 
contain A-type felsic rocks generated by fractional 
crystallisation.  By contrast, in a study of predominant-
ly peralkaline A-type granites in the Topsails igneous 
suite (Newfoundland), Whalen et al. (1996) argued that 
the major element, trace element and isotope data are 
best explained by re-melting of the lithospheric man-
tle, with only a limited role for fractional crystallisa-
tion.  King et al. (1997) contended that metaluminous to 
weakly peraluminous A-type granites from the Lachlan 
Fold Belt (southeastern Australia) were derived by par-
tial melting of felsic crustal sources and that aluminous 
types should be distinguished from predominantly per-
alkaline types in the A-type classification. 

Three of the four granites discussed here are consid-
ered unequivocally to be A-type, namely those from 
Sorris-Sorris, Horebis River and Dachsberg. They are 
distinguished from the other Damara intrusions on 
the basis of their high TiO2/MgO and high FeOt/(FeOt 
+ MgO) ratios relative to Damara leucogranites with 
similar silica contents.  In a fourth intrusion, the Salem-
type granite from Swakopmund, these charactersitics 
are more weakly developed.  All four granites exhibit 
strong HFS element enrichment.

Regional geological setting, petrography and 
geochronology

Regional geological setting

The Pan-African Damara Orogen comprises a north-
south trending coastal branch and a north-east trending 
intracontinental branch (Martin and Porada, 1977).  The 
orogen has been subdivided into several zones based on 
stratigraphy, structure, metamorphic grade, geochronol-
ogy and aeromagnetic data (Miller, 1983).  The Damara 
granites (sensu-lato) range in age from 840-460 Ma and 
they crop out over a total area of at least 74,000 km2, 
predominantly within a broad intracontinental orogenic 
belt that extends north-eastwards from Swakopmund 
(Fig. 1).  Granite (sensu-stricto) accounts for some 96% 
of the total granitoid outcrop and the remaining 4% is 
divided approximately equally between gabbro/diorite 
and tonalite/granodiorite associations (Miller, 1983).  
The predominance of granite (sensu-stricto) over other 
granitoid types is in marked contrast to the dominance 
of tonalite-granodiorite compositions that characterises 
many destructive margin environments (e.g. Pitcher, 
1979)  

Field relationships and petrography

The Horebis River granite (Downing and Coward, 
1981) pre-dates the regional D2 penetrative fabric and 
consists of quartz, K-feldspar, plagioclase, biotite and 

muscovite with accessory apatite, sphene, monazite and 
zircon.  The Sorris-Sorris granite is a late porphyritic al-
kaline granite which was intruded into the Omangambo 
pluton of Salem-type granite near the northern margin 
of the Damara belt (Miller, 1980) after the development 
of the regional penetrative fabric.  It consists of quartz, 
K-feldspar, plagioclase (An12), biotite and secondary 
muscovite.  Accessory phases include zircon, apatite 
and monazite. The Dachsberg granite post-dates the re-
gional tectonic fabric and forms a small plug-like intru-
sion on the southern margin of the orogen (Fig. 1) and 
consists almost entirely of quartz and K-feldspar with 
spectacular symplectitic intergrowths. The Salem-type 
granite that occurs 20 km east of Swakopmund (Fig. 
1), hereafter referred to as the Swakopmund Salem-
type granite, post-dates the main regional penetrative 
fabric in the region (Hawkesworth et al., 1983).  Un-
like the other granites discussed here this granite does 
not strongly exhibit the major element characteristics 
of A-type granites (see below) but it is included in the 
discussion because it displays strong HFS element en-
richment.

Geochronology

Samples from the Horebis River granite yield an 
eleven-point (M.S.W.D. = 11) Rb-Sr whole-rock iso-
chron age of 633 ± 39 (2σ) with a high initial 87Sr/86Sr 
ratio of 0.712 ± 6 (Downing and Coward, 1981).  An 
eight-point Rb-Sr whole-rock isochron (M.S.W.D. = 
4.3) for the Sorris-Sorris granite defines an age of 495 
± 15 Ma (2σ) with an initial 87Sr/86Sr ratio of 0.709 ± 
0.001 (Hawkesworth et al., 1983).  The Dachsberg 
granite yields a Rb-Sr whole-rock isochron age of 526 
± 5 Ma with an elevated initial Sr isotope ratio of 0.722 
(Esquevin and Menendez, 1975).  The Swakopmund 
Salem-type granite yields a six-point whole-rock Rb-Sr 
isochron (M.S.W.D. = 0.03) age of 563 ± 63 Ma (2σ) 
with an initial 87Sr/86Sr ratio of 0.707 ± 4 (Hawkesworth 
et al., 1983).  The A-type granites from Baukwab, Al-
brechstal and Oetmoed (Jung et al., 1998) yielded Rb-
Sr whole-rock ages of 507 ± 44 Ma (5 whole-rocks, 
M.S.W.D. = 3.05, initial 87Sr/86Sr = 0.70686), 436 ± 58 
Ma (5 whole-rocks, M.S.W.D. = 14.3, initial 87Sr/86Sr = 
0.70897) and 510 ± 48 Ma (6 whole-rocks, M.S.W.D. 
= 12, initial 87Sr/86Sr = 0.70725) respectively.  The age 
uncertainties were reduced by whole-grain (zircon, 
monazite, sphene) 207Pb/206Pb evaporation analyses to 
yield ages of between 521.8 ± 1 and 528.6 ± 1.1 Ma 
for Baukwab (zircon), 484 ± 2 to 488 ± 2.5 Ma for Al-
brechstal (zircon), and 490.3 ± 1 (monazite) to 496 .7 ± 
3 Ma (sphene) for Oetmoed.  A detailed discussion of 
these results and an account of the analytical techniques 
employed is given in Jung et al. (1998).

Major element data

The Damara A-type granitoids define a wide compo-
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sitional range (61-76 wt% SiO2).  For comparison in 
Figure 2 we show the averages of major element analy-
ses for well characterised A-type samples from the Top-
sails granite (Whalen et al., 1987, 1996) and the Lach-
lan Fold Belt (White and Chappell, 1983; Turner et al., 
1992).  These are relatively silicic (>73 wt.% SiO2, ar-
rows T and L).  The three A-type Damara suites studied 
by Jung et al. (1998) from Albrechstal, Oetmoed and 
Baukwab (localities 5-7, Fig. 1) include samples that 

are less silicic (<67 wt.% SiO2) than most of the gran-
ites for which new data are presented  in Table 1.

Recently Patiño Douce (1997) drew attention to the 
high FeOt/(FeOt + MgO) and high TiO2/MgO ratios that 
appear to characterise many A-type granite suites.  The 
Damara A-type granites exhibit a range in FeOt/(FeOt 
+ MgO) and TiO2/MgO but it is noticeable that most 
have FeOt/(FeOt + MgO) and TiO2/MgO ratios that are 
higher than those in Damara leucogranites and alaskites 
with similar silica contents (Figures 2a and 2b). 

With the exception of the highest silica samples (from 
the Dachsberg and Horebis River granites), the Damara 
A-type granites do not exhibit the marked Al2O3 deple-
tion that characterises typical average A-type granites 
from the Topsails suite or the Lachlan Fold Belt (e.g. 
Whalen et al., 1987; Turner, 1992; T and L in Fig. 2c).

Low CaO is considered to be a characteristic of A-
type granites (e.g. Whalen et al., 1987) and CaO con-
tents in the range 0.75-1.1 wt.% are typical for the Top-
sails and Lachlan Fold Belt A-type granites.  In Figure 
2d it is clear that the broad negative trend of the data for 
the Damara A-type granites encompass the average val-
ues for A-type granites from the Lachlan Fold Belt and 
the Topsails suite (L and T, Fig. 2d).  High CaO contents 
in the Albrechstal, Baukwab and Oetmoed suites (Jung 
et al., 1998) reflect their lower silica contents.  By con-
trast, the Dachsberg samples and most of the Horebis 
River samples have lower CaO contents than average 
A-types (Fig. 2d) reflecting their highly differentiated 
character.  There is considerable overlap between the 
Damara A-type granites and Damara two-mica pera-
luminous S-type leucogranites granites (McDermott, 
1996) on CaO vs. SiO2 and Al2O3 vs. SiO2 diagrams 
(not shown). There is, therefore, no strong evidence for 
CaO or Al2O3 depletion in the Damaran A-types relative 
to the S-type leucogranites.

Figure 3, a plot of molecular Al2O3/(Na2O + K2O) vs. 
Al2O3/(Na2O + K2O + CaO), highlights the wide range 
in major element compositions exhibited by the Damara 
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A-type granites.  Most of the granites are peraluminous 
with A/CNK ratios in the range 0.92 to 1.2 (Fig. 3) and 
so are aluminous A-types in the terminology of King 
et al. (1997).  The strongly peraluminous character of 
the two samples from Oetmoed (A/CNK >1.2, Fig. 3) 
analysed by Jung et al. (1998) reflect their low CaO 
and Na2O contents (<1.35 and <2.2 wt.% respectively), 
rather than unusually high Al2O3 contents.

Trace element data

Sr contents decrease with increasing SiO2 (Fig. 2e) 
and the samples with >75 wt.% SiO2 have low Sr con-
tents (<10 ppm in the Dachsberg granite and <30 ppm in 
many of the Horebis River samples).  Many of the less 
silicic Damara A-type granites have Sr contents that are 
higher than those of average A-type granites.  For ex-
ample, some samples from the Oetmoed granite with 
>72 wt.% SiO2 (Jung et al., 1998) contain >200 ppm 
Sr, more than double that in the Topsails suite at similar 
silica values (Fig. 2e).  Rb fails to define clear trends 
when plotted against silica or TiO2 (not shown) but does 
become compatible in the highly differentiated Dachs-
berg granite.  Rb/Sr ratios are highest in the Dachsberg 
(9-28) and Horebis River granites (2.4-10.1). 

Most of the samples analysed plot in the within-plate 
granite fields on Rb vs. Y+Nb, Nb vs. Y and Ta vs. Yb 
discrimination diagrams (Pearce et al., 1984), (Figs 4a-
4c). On a Nb-Y-Ce triangular plot (Eby, 1992) samples 
from the Horebis River granite plot in the A1 field while 
most of the other Damara A-type granites for which 
these trace element data are available plot in the A2 
field, reflecting lower Nb/Y ratios (Fig. 5).  However, 
the well characterised A-type granite suites from New-
foundland (Whalen et al., 1996) and Padthaway Ridge, 
South Australia (Turner et al., 1992) which have been 
interpreted as fractionates from mantle-derived melts 
also plot in the A2 field, suggesting that these trace ele-
ment ratios are not diagnostic of the granitoid sources 
(see below).  

In the Damara A-type granites, Zr contents vary from 
94 ppm in the Sorris-Sorris sample with the highest sili-
ca content (65.26 wt.% SiO2 , Table 1) to more than 900 
ppm in the Albrechstal sample with lowest silica (60.57 
wt.% SiO2, Jung et al., 1997).  In all cases zirconium 
behaves compatibly, indicating zircon crystallisation 
and removal from zirconium-saturated magmas.

Rare earth element (REE) data for selected A-type 
granites (Sorris-Sorris, Horebis River and Swakopmund 
Salem-type granites) exhibit high total REE contents 
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(Table 2), negative Eu anomalies (Eu/Eu* = 0.23-0.39), 
high HREE contents and relatively low LREE/HREE 
ratios (Lan/Ybn= 3.8-11.4, Fig. 6).

Radiogenic Isotope data

εNd and εSr values for selected samples, calculated for 
the time of intrusion of each granitoid, are plotted in 
Figure 7.  Also shown are recently published data from 
Jung et al. (1998) for the HFSE enriched granites from 
Albrechtstal, Oetmoed and Baukwab (Fig. 1).  Data 
fields for the other Damara granitoid types (Groups I 
and III, McDermott et al., 1996) are shown for com-
parison.  The data exhibit a restricted range in εSr and 

most granites also have a limited range in εNd
t.  Howev-

er, samples from the Sorris-Sorris granite exhibit a wide 
range in εNd

t (-3.3 to -16.4).  Most of the Damara A-type 
granites have εSr

t and εNd
t values (Fig. 7) that overlap 

with those from the calc-alkaline Group III granites (di-
orites and granodiorites) but are distinct from the leu-
cogranites (McDermott, 1986).

In general εNd
t in the Sorris-Sorris suite does not cor-

relate with trace element ratios that might be indicative 
of increased crustal contributions in the samples with 
lower εNd

t (e.g. Rb/Sr, Rb/Ba).  However, the Sorris-
Sorris samples with highest εNd have high Nb/Y ratios 
(Fig. 7 inset) largely reflecting high Nb rather than low 
Y in the high εNd samples. 

Discussion

Some models for the genesis of metaluminous to 
mildly peraluminous A-type granites invoke high-tem-
perature melting of a residual granulitic lower crust 
from which a felsic melt had been extracted previously 
(e.g. Collins et al., 1982; Clemens et al., 1986; Whalen 
et al., 1987; Landenberger and Collins, 1996).

However, there are compelling arguments that the 
“residual source” model cannot readily explain the 
enrichment of alkalis over alumina that characterises 
many A-type suites.  These arguments centre on the 
paucity of alkali feldspar and quartz in granulitic source 
rocks, and are supported by experimental results.  Thus, 
Creaser et al. (1991) compiled data on the mineralogy 
of residues after experimental melting of amphibolite 
(Wolf and Wyllie, 1989) and felsic igneous rocks (Con-
rad et al., 1988, Rutter and Wyllie, 1988) at lower crus-
tal pressures (10 kbar) in order to assess their suitability 
as sources of A-type granites.  Residual assemblages 
comprised amphibole, clinopyroxene, orthopyroxene, 
plagioclase ± opaque minerals and garnet, and so were 
devoid of the required potassic phases such as alkali-
feldspar or biotite.  Recent experimental data (Patiño 
Douce and Beard, 1995, 1996) support these arguments 
and indicate that granulitic residues remaining after 
felsic granitic melt extraction have low alkali/alumina 
ratios and low TiO2/MgO ratios, the opposite to those 
observed in most A-type granites.

 Alternative models envisage the generation of meta-
luminous to mildly peraluminous A-type granites by 
partial melting of H2O-poor calc-alkaline felsic igne-
ous rocks (Sylvester, 1989; Creaser et al., 1991).  Ex-
perimental studies have demonstrated that liquids with 
major element characteristics similar to those of A-type 
granites can be generated by vapour-absent melting of 
biotite and amphibole-bearing tonalitic gneiss at pres-
sures of 6-10 kbar (Skjerlie and Johnston, 1992, 1993), 
although in these experiments the melts typically had 
higher alumina contents than those commonly observed 
in A-type granites.  More recent dehydration melting 
experiments on two felsic calc-alkaline rocks, a tonalite 
and a granodiorite  (Patiño Douce, 1997) are in general 
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agreement with these results but the role of pressure in 
controlling plagioclase crystallisation was emphasised 
in the latter study.  Selected major element data for the 
experimental melts produced during Patiño Douce’s 
(1997) experiments are plotted as large symbols on 
Figure 2.  At low pressures (<4 kbar), profuse crystal-
lisation of plagioclase and orthopyroxene accompa-
nies incongruent dehydration melting of calc-alkaline 
tonalites and granodiorites (open circles and squares 
respectively, Fig. 2), and this was offered as a mecha-
nism to generate melts with the low Al2O3, CaO and Sr 
contents of A-type granites (Patiño Douce, 1997).  At 
higher pressures (>8 kbar) the residual mineral assem-
blage produced during dehydration melting of the same 
calc-alkaline rocks is dominated by clinopyroxene, 
with little or no plagioclase crystallisation resulting in 
higher Al2O3 (stipple-filled large circle and square, Fig. 
2c).  These experiments strongly suggest that typical A-
type magmas (with Al, Ca and Sr depletions) may be 
produced by low-pressure (mid-crustal), but not high-
pressure (base of crust), dehydration melting of felsic 
calc-alkaline rocks.  This is our preferred model for the 
generation of many of the Damara A-type granites with 
silica contents in the range of about 73-75 wt%. It is 
important to note that high temperatures (c. 900°C) are 
required to generate significant melt fractions from wa-
ter-poor felsic calc-alkaline rocks. Thus, the high mag-
matic temperatures inferred for many A-type granites 
and consequent HFS element enrichment do not require 
a depleted residual source (Creaser et al., 1991; Patiño 
Douce, 1997).

  How might intraplate trace element signatures 
arise from partial melting of felsic calc-alkaline source 
rocks?  Two explanations are possible.  In the first, al-
luded to above, the higher magmatic temperatures of 

A-type magmas promote dissolution of HFS-enriched 
phases (Watson and Harrison, 1984; Montel, 1993).  In 
the second, halogens play an important role by form-
ing strong complexes with HFS elements (Harris et al., 
1986) thereby increasing the HFS element content of 
the melt relative to the large ion lithophile elements.  
In order to evaluate the evidence for higher magmatic 
temperatures compared with those of typical Damara 
leucogranites, we have calculated the temperatures at 
which the zirconium and LREE contents of each sample 
are in equilibrium with zircon and monazite respective-
ly.  We note that felsic (but not mafic) crustal protoliths 
typically contain sufficient Zr and LREE to saturate 
a peraluminous melt (Watson, 1979; Miller and Mit-
tlefehldt, 1982; Rapp and Watson, 1986).  The amount 
of Zr and LREE that can be accommodated depends 
upon melt temperature, melt composition, halogen ac-
tivity and, in the case of monazite solubility, water con-
tent (Harrison and Watson, 1983; Watson and Harrison, 
1984; Montel, 1993).

Calculated monazite and zircon solubility tempera-
tures are in broad agreement (± 50 °C) in those Damara 
A-type samples for which both LREE and Zr data are 
available.  Calculated temperatures are based on solu-
bility data derived from low-F systems and, therefore, 
are likely to represent maximum temperatures if like 
many A-type granites, those from the Damara belt are 
F-rich.  In Figure 8, the apparent temperatures are plot-
ted against TiO2. At a given TiO2 content, the A-type 
granites are displaced to higher temperatures compared 
with the S-type leucogranites and alaskites (McDermott 
et al., 1996).  A similar pattern is observed if the data 
are plotted against other indices of differentiation (e.g. 
silica content, not shown).  Thus, if we consider the 
least fractionated samples (highest TiO2 contents) from 
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each granite suite, temperatures inferred from the zircon 
solubility model are in the range 800 to 910°C for the 
A-type granites.  Leucogranites with similar contents of 
TiO2 (and SiO2, not shown) exhibit systematically lower 
temperatures, typically in the range 675 to 825°C.  The 
A-type granites studied by Jung et al. (1998) tend to be 
less silicic than those studied here and it is noticeable 
that they yield high temperatures (c. 880-910°C, see 
data for Albrechstal, Baukwab and Oetmoed in Fig. 8).  
The least evolved sample from the Sorris-Sorris granite 
yields a temperature of c. 850°C, but the more evolved 
samples from this granite plot in the field defined by 
the leucogranite data.  Unfortunately no fluorine data 
are available for these A-type granites, and so we can-
not evaluate the extent to which halogen-Zr complexes 
(e.g. Harris et al., 1986) may have accentuated or even 
generated the differences in inferred temperatures com-
pared with the leucogranites.  In practice it is likely that 
the two factors are linked because experimental data 
(Skjerlie and Johnston, 1993) shows that A-type melt 
generation from F-rich, calc-alkaline source rocks oc-
curs at higher temperatures than from F-poor sources, 
due largely to the higher thermal stability of F-rich bi-
otite.

The Swakopmund Salem-type granite is unlike the 
other intrusions discussed here because all six sam-
ples plot in the leucogranite field, reflecting low cal-
culated temperatures.  Its lower apparent temperatures 
(reflecting lower zirconium contents) might reflect 
either (i) derivation from a more mafic crustal source 
which had insufficient zirconium to saturate the melt 
and/or (ii) lower F contents.  This granite has low 
FeOt/(FeOt+MgO) and TiO2/MgO ratios (Fig. 2a) and 
does not strongly exhibit the major element character-
istics of A-type granites, yet its Nb and Y contents are 
relatively high and samples plot consistently in the so-
called “within-plate granite” field (Pearce et al., 1984) 
on trace element discrimination diagrams (Fig. 4).

Some A-type granites are interpreted as the products 
of extended fractional crystallisation of mantle-derived 
magmas with insignificant (Turner et al., 1992) or vari-
able degrees of crustal contamination (Kerr and Fryer, 
1993; Poitrasson et al., 1995).  The highly differenti-
ated nature of the Dachsberg and Horebis River granites 
probably reflects protracted fractional crystallisation, 
although the nature of their parental magmas is diffi-
cult to constrain.  The Dachsberg intrusion is a single 
feldspar (hypersolvus) granite, which as discussed by 
Turner et al. (1992) is consistent with prolonged low-
pressure crystallisation of potassic feldspar over a wide 
temperature interval.  These intrusions have the high-
est Nb contents and highest Nb/Y ratios of any of the 
Damara A-type granites (sensu-stricto).  The Horebis 
River granite plots in the A1 field of Eby (1992).  How-
ever, the high ratios are best developed in the highest 
silica samples (not shown) suggesting that these are not 
features of the parental magma.  One difficulty in evalu-
ating the role of crustal interactions accompanying frac-

tional crystallisation is that their extreme Sr depletion 
as a result of feldspar fractional crystallisation (typical-
ly <20 ppm Sr in the Dachsberg samples), renders their 
Sr isotope ratios highly sensitive to change as a result 
of interaction with more radiogenic crustal rocks.  In 
this regard we note that the two Damara A-type granites 
with highest initial 87Sr/86Sr ratios (Horebis River and 
Dachsberg) also have the lowest Sr contents.

In contrast with these high-silica granites, several 
Damara A-type granites (Albrechstal, Baukwab, Oet-
moed) exhibit silica values (60-69 wt.% SiO2) that are 
lower than those in melts generated by experimental 
partial melting of tonalites and granodiorites, (74 ± 
1.5 wt.% SiO2, Patiño Douce, 1997, see Fig. 2).  The 
low silica contents of the Albrechstal, Baukwab and 
Oetmoed granites contrast with, for example, the high 
silica contents (>70 wt.%) of the Lachlan Fold Belt A-
type granite intrusions discussed by King et al., (1997).  
The latter were interpreted as high-temperature melts 
of felsic crustal sources, consistent with the experimen-
tal data discussed above.  In view of the requirement 
to produce magmas with lower silica values than those 
of typical A-type granites, we concur with Jung et al. 
(1998) who, on the basis of their isotope data, interpret-
ed these lower silica A-type granites as mixed sources 
involving juvenile mantle-derived and crustal rocks.

Conclusions

The Damara A-type granites exhibit a wide compo-
sitional range and vary from low silica examples (the 
Albrechstal granite) to highly fractionated, high-silica 
granites (Dachsberg and Horebis River granites).  The 
restricted range in initial 87Sr/86Sr in most of the A-type 
granites precludes significant involvement of old (pre-
Damara) high Rb/Sr, upper crustal granitic or meta-
sedimentary sources.  The parental magmas for several 
of the Damara A-type granites (Sorris-Sorris, Horebis 
River, Dachsberg) may have been generated by high-
temperature, low-pressure (mid-crustal) partial melting 
of felsic calc-alkaline source rocks.  With the exception 
of the Sorris-Sorris granite, the Damara A-type granites 
exhibit a narrow range in εNd

t indicating derivation from 
juvenile crustal sources. Early diorites and granodior-
ites intruded during the Damara orogeny exhibit similar 
isotopic characteristics and are plausible source materi-
als for the post-tectonic A-type granites.  While mod-
els that require some coeval contributions from mantle 
sources are difficult to rule out, a major role for felsic 
crustal lithologies as sources seems inescapable in view 
of the observation that sufficient zirconium was avail-
able to saturate the melts, and so yield high zircon solu-
bility temperatures.  By contrast, some A-type granites 
(Albrechstal, Oetmoed and Baukwab) have lower silica 
contents and higher TiO2, MgO, CaO and total Fe (Jung 
et al., 1998) than those typically generated in melting 
experiments on felsic calc-alkaline source rocks.  These 
probably require more mafic source rocks to generate 
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the observed low silica, high CaO and high Sr contents.  
Nevertheless, their sources probably contained some 
felsic crustal lithologies in order to provide sufficient 
zirconium to saturate the melts and so yield high zircon 
and monazite saturation temperatures.  As discussed 
by Jung et al. (1998), such a mixed-source rather than 
crustal assimilation by a mantle-derived magma is con-
sistent with their trace element, radiogenic and stable 
isotope data.  

In summary, we tentatively conclude that some of the 
lower silica Damara A-type granites preserve evidence 
for the involvement of mafic sources, in marked con-
trast with the more voluminous S-type leucogranites 
that dominate the orogenic belt.  However, many of the 
Damara A-type granites have major element, trace el-
ement and radiogenic isotope data that are consistent 
with derivation by low-pressure, intracrustal melting of 
felsic calc-alkaline rocks.  Their relatively old Nd mod-
els ages (typically mid-Proterozoic, Table 3) appear to 
preclude significant involvement of contemporaneous 
juvenile mantle-derived material.  An important unre-
solved issue is the heat source required to generate hot 
magmas (>800°C at mid-crustal levels).  If heat was 
transferred into the lower to middle crust primarily by 
conduction in response to basalt underplating, little or 
no mass-transfer to the crust is required.  However, in  
a recent re-appraisal of the Ivrea zone (southern Alps, 
northern Italy) Barboza et al. (1999) demonstrated that 
regional high-grade metamorphism pre-dated the intru-
sion of mafic magma into the lower crust, implying that 
emplacement of basaltic magma into the base of the 
crust does not necessarily cause large-scale anatexis.  
If, as seems more likely, heat was advected to the mid-
dle crust by upwelling of hot asthenospheric material, 
crustal growth estimates based on the present erosion 
level could underestimate of the amount of new mate-
rial added to the crust during the Damara Orogeny.
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Appendix 1 - Analytical techniques

Major elements were determined on fused glass discs using an energy 
dispersive XRF system at the Open University (Link Systems Meca 
10-44).  Detection limits for the major elements were generally 0.05 
wt. % except for the light elements Na, Mg, Al and Si for which detec-
tion limits were between 0.2 (Si) and 0.96 wt % (Na).  Precision was 
typically better than 1% relative (2) except for Al (2%), Mg (3%) 
and Na (10%).  Trace elements were determined on pressed powder 
pellets using a Phillips PW1400 wavelength dispersive XRF spec-
trometer at Nottingham University.  Precision for all trace elements 
was approximately 2% at the 100 ppm level.  The REE, Th, Ta, Hf and 
U were determined on 0.3g powder samples by instrumental neutron 
activation analysis (INAA).  Full details of the counting conditions, 
peak fitting, calibration and corrections are described in Potts et al. 
(1985).  Rock powders were dissolved in pressurised teflon reaction 
vessels (bombs) for the Sr and Nd isotope analyses. All dissolutions 
and chemical separations were performed in a clean-air laboratory, 
and the total procedural blanks were less than 1ng for both Sr and 
Nd.  Isotope ratios were measured in peak-switching mode using a 
single collector mass-spectrometer (VG 54E) at the Open University, 
and the peak intensities were calculated using a double interpolation 
algorithm. 87Sr/86Sr ratios were corrected for mass-fractionation using 
a linear fraction law and a 86Sr/88Sr ratio of 0.1194 and 143Nd/144Nd 
ratios were corrected for mass-fractionation assuming a 146Nd/144Nd 
ratio of 0.7219.  NBS 987 gave a value of 0.71024±2 and the Johnston 
Mattey Nd standard gave a value of 0.511848±15.

Appendix 2 - Field Descriptions of sampling sites

Field notes on samples collected by F. McDermott in 1984 and 1985.

Dachsberg granite.  
Post-tectonic granite. Sampled at farm Sandflats (123) and farm 
Omakuara (142), Gobabis District. Samples 1010, 1011 from the N. 
side of the intrusion; samples 1012, 1013 and 1014 from the east side 
of the intrusion. Sample 1015 from the other distinct koppie to the 
north of Sandflats. Samples 1030 - 1035 inclusive from the Dachs-
berg granite on farm Omakuara. (McDermott, 1986).

Sorris-Sorris granite
Post-tectonic granite. Samples 2198-2200 inclusive collected from a 
single freshly blasted site on north-side of road to farm Sorris-Sorris.  
Sampled site was 2.5 km along road from the junction that is approxi-
mately 3 km north of Uisberge.  Sample 2204 is from a roadside blast 
exposure at Ugab river bridge (farm Onverwag 412) on the main road 
southwards from Khorixas to Omaruru.  RM series samples from Sor-
ris-Sorris collected by R. Miller (see Miller, 1980 and Hawkesworth 
et al., 1983).
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