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FIG. 2.4. Magmatic evolution of anorogenic alkaline magmatism (Modified after Le Bas, 1977; Smith et al., 1985; Bonin, 1986).
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intergrowths are considered to be of K-metasomatic origin rather than
quenching textures (F. Pirajno, pers. comm., 1986).

The graphic intergrowths in the quartz-feldspar porphyries and granite
porphyry often occur as; replacement along cracks in quartz grains;
replacement of feldspar phenocrysts (Plate 4.4), and as veinlets which
cross-cuts the matrix. The turbid nature of the feldspar phenocrysts is
caused by hematite exsolution during structural re-ordering of feldspar
(Pirajno, 1985). This too may be indicative of K-metasomatism. The
plagioclase phenocrysts in the quartz-porphyries and granite porphyry are
incipiently sericitized. Graphic intergrowths occurring as embayments in
quartz phenocrysts (Plate 4.5) may be interpreted as quench textures, or
alteration (K-metasomatism) products of the groundmass.

The hornblende-biotite diorite of the Salem Suite which is in contact with
quartz-feldspar porphyry is also hydrothermally altered. Plagioclase 1is
pervasively altered to sericite whereas hornblende is altered to biotite
which in turn is chloritized.

D. Geochemistry

Rubidium, Ba and Sr data of different rock types of the Otjohorongo Complex
indicate a differentiation trend from the quartz-feldspar porphyry cone
sheets to the coarse-grained granite (Miller, 1980).

E. Emplacement History

Miller (1980) envisages the following stages of emplacement :

1. Initial eruption of rhyolitic magma along incomplete cone-shaped
fractures to form quartz-feldspar porphyry (cone sheets).

2. A second eruption stage forming incomplete ring fractures in the
concave side of the cone sheets allowed intrusion of quartz-feldspar
porphyry.

3. Intrusion of the coarse-grained granite.







































-63-

Basaltic lavas were the first volcanic material extruded. They consist of
lava flows, tuffs, sills and dykes. Blumel et al. (1979) established an
olivine-tholeiite parent for the basalts and these workers reported

peridotite xenoliths indicating an upper mantle source. Chemical analyses
of basaltic rocks (Blumel et al., 1979) show a general trend from silica-
poor and magnesium-rich at the base towards silica-rich and magnesium-poor
towards the top. In the northern part of the complex this trend is reversed
due to contamination from Damaran rocks. In the Brabant area (Fig. 4.5)
an upward change in the composition of the basalt is present
(Potgieter, 1986 a). Here basaltic lavas are followed upwards in the
sequence by trachybasalt overlain by ignimbrites (Fig. 4.7). The
trachybasalt indicates an increase in alkali feldspar and silica.

Acid volcanic rocks make up the greater part of the exposed complex. The
majority of these rocks are ash-flow tuff (ignimbrite) sequences which

characteristically form high cliffs displaying columnar jointing (Plate
4.11). A typical succession of an ignimbrite sequence from base to top
consists of welded tuff (Plate 4.13), crystal-vitric tuff (Plate 4.14) and
lithic tuff (Pirajno, 1986) (Fig. 4.8). Cooling units within the ignimbrite
sequence have been recognized at a number of localities (F. Pirajno, pers.
comm. 1986). Ash-fall (air-fall) tuffs (Plates 4.15) indicating the start
of the acid volcanism occur at the base of the ignimbrite sequences but are
mostly eroded away. These could also be interpreted as the base surge of
the ignimbrite sequence (F. Pirajno, pers. comm., 1986). The extent of
rhyodacites has not been determined by mapping yet. On the farm Brabant
(Fig. 4.5) rhyodacite occurs in contact with Kuiseb schist and is overlain
by basaltic lava (Fig. 4.7). Potgieter {1986 a) suggests that this reversal
of the volcanic sequence (felsic to basic) may be connected to the absence
of Erongo Breccia in the area. The absence of Erongo Breccia indicates that
no graben development and consequently no faulting was present during rising
of the magma chamber. Melting of the crust took place before the rising
magma formed fractures and on breaching of fractures at surface felsic
volcanics erupted first followed later by basaltic material. The relative
thin development of rhyodacite may be explained by flooding of basaltic lava
which erupted at the same time elsewhere in the Erongo volcano. '
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FIG. 4.8. Typical succession of an ignimbrite sequence in the Erongo Complex (After
Pirajno, 1986).

The Ombu granodiorite 1is a medium-grained, locally porphyritic granitoid
consisting of quartz, Na-plagioclase, orthopyroxene, biotite and Fe-Ti
oxides (Blumel et al., 1979) (Fig. 4.5). This rock contains numerous
xenoliths of Damaran rocks (Plate 4.16). Field evidence and geochemistry
indicate that the acid volcanics were derived from the venting of the Ombu
granodiorite (Blumel et al., 1979; Pirajno 1986). Acid volcanics in the
Ombu area show a definite dip towards the granodiorite which indicates a
possible eruptive centre. Pirajno (1986) proposes a second eruptive centre,
located on the farm Ekuta (Fig. 4.5). In this area features typical of
rhyolite doming has been identified by Pirajno.

The last product of the Erongo magmatism was the intrusion of a biotite-
granite (Erongo granite), which forms stocks of irregular shapes and sizes
distributed around the caldera structure (Fig. 4.5). This granite consists
of quartz, orthoclase-perthite, albite, Dbiotite and accessories of
tourmaline, zircon, fluorite, apatite and topaz (Pirajno, 1986). A distinct
feature of the Erongo granite is the presence of ubiquitous quartz-
tourmaline "nests" up to 30 cm in diameter (Plate 4.17). The nests consist
of tourmaline, quartz, with minor amounts of feldspar, mica, fluorite, topaz







C. Alteration

A characteristic feature of all the lithologies of the Erongo Complex as
well as the rocks the complex is intruded into is the widespread alteration.
Field evidence points to two separate metasomatic and hydrothermal
alteration events. One is related to the Ombu granodiorite and the other to
the Erongo granite.

1. Ombu granodiorite

This rock displays evidence of both K-metasomatism and B-metasomatism
(Potgieter, 1986 a). K-metasomatism initiated along fractures from
where it spread out as metasomatic fronts which often resulted in
complete alteration of the host rock (Plate 4.19). Potassic feldspar
replacing plagioclase commonly has a turbid appearance in thin section
due to minute hematite inclusions (red colouration of feldspars).
Sericitized plagioclase and chloritized biotite in the granodiorite are
considered to be part of the K-metasomatic process forming during the
later more hydrous phases. B-metasomatism is represented by small
tourmaline nests within potassic altered granodiorite (Plate 4.20).
This tourmalinization may indicate the start of a greisen =zone. The
Ombu granodiorite is probably eroded to its core and the major part
of this rock which has been affected by K- and B-metasomatism, and
possibly Ht-metasomatism (greisenization), is eroded away. These K-
and B-metasomatic effects spread into the Erongo Breccia near its
contacts with the granodiorite.

2. Erongo granite

The exsolution of volatile phases of the Erongo granite resulted in
widespread alteration of all the lithologies of the complex as well as
Karoo and Damaran rocks.

In the Etemba-Anibib area (Fig. 4.5) progressive alteration from
albitization (Na-metasomatism) (Plate 4.21) through greisenization (H*-
metasomatism) (Plate 4.22) to tourmalinization (Plate 4.23) and finally
sericitization has been recognized in Salem granite not far from its
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At least 2 mineralizing events have been recognized (Pirajno and Schlogl, in
prep.) : greisenization and hydrothermal alteration. The greisen stage is
represented by quartz + topaz + muscovite + tourmaline whereas the
hydrothermal stage is characterized mainly by sericitization accompanied by
tourmaline, fluorite and later pulses of hematite and wolframite.
Wolframite often replaces fluorite.

Near the C-Zone Erongo Breccia is greisenized and tourmalinized (Plate 4.12)

and this alteration extends up to 70 m from the lower contact (Schlogl,
1984). The matrix of the breccia consists mainly of tourmaline, with
fluorite, muscovite, topaz, beryl, sericite, quartz and cassiterite also
present.

The Greisen Zone is located within quartz-biotite schist and consists of 2

to 5m wide veins developed along east-west to east-north-east trending
fractures (Pirajno, 1986). They contain quartz, tourmaline, topaz, fluorite
and wolframite. i

Haughton et al. (1939) report two pipe-like bodies (100 and 30m diameters)
at the south-eastern part of the Kranzberg. These bodies are interpreted as
explosion-type breccias caused by streaming of B-rich volatiles.
Cassiterite is concentrated as fine disseminations of bands and patches
along the periphery of these pipes.

2. Etemba Sn and W Occurrences

On the farm Etemba (Fig. 4.5) a small occurrence of cassiterite together
with beryl is hosted in a quartz- albitite rock (Plate 4.21) with abundant
tourmaline veins and nests (altered Salem granite) (Pirajno, 1986).
Greisenization consisting of quartz + tourmaline aggregates with
disseminated cassiterite as well as selective-pervasive sericitization of
feldspar are also present. About 1km to the west of this locality
wolframite occurs within a north-west trending shear zone in Salem granite.
The granite within the shear is greisenized whereas in the surroundings of
the shear, granite shows selective-pervasive alteration of its feldspar to
quartz and sericite (Pirajno, 1986).
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