
MINISTRY OF MINES AND ENERGY



GEOLOGICAL SURVEY OF NAMIBIA 

MINISTRY OF MINES AND ENERGY 

 

Deputy Permanent Secretary: Gloria Simubali 

 

 

MEMOIR 23 

 

THE GEOLOGY OF THE KAMANJAB INLIER, 

NORTHERN NAMIBIA 
 

 

 

Editor: M. Pickford 

Manuscript reviewed by: M. Pickford 

 

Obtainable from  

Geological Survey of Namibia 

Private Bag 13297, Windhoek, Namibia 
and 

https://www.mme.gov.na/publications/?designation=gsn 

 

 

ISSN 2026-8262 (Online) 

ISSN 2026-8270 (CD-ROM) 
 

ISBN 978-99945-0-093-2 (Online) 

 

 
 

Copyright reserved 

2023 



CONTENTS 

Introduction................................................................................................................................2 

Regional Geology.......................................................................................................................3 

Kamanjab Inlier (KI)..................................................................................................................5 

 Huab Metamorphic Complex (HMC).............................................................................5 

 Khoabendus Group (KG)................................................................................................6 

 Fransfontein Granitic Suite (FFG)..................................................................................8 

Geochronology of the Kamanjab Inlier...........................................................................9 

Problems of stratigraphy, tectonics and metamorphism in the Kamanjab Inlier.............9 

Analytical Methods and Laboratories..........................................................................................11 

 Whole rock geochemistry.................................................................................................11 

 Sr-Rb, Sm-Nd whole rock isotope analysis......................................................................11 

 U-Pb single zircon age dating.......................................................................................12 

  SHRIMP method...............................................................................................12 

  LA-ICP-MS method..........................................................................................12 

 K-Ar muscovite age dating............................................................................................12 

 40Ar/39Ar muscovite/hornblende age dating...................................................................13 

  Sample preparation and neutron irradation........................................................13 

  40Ar/39Ar isotope dating.....................................................................................13 

 Mineral geochemistry....................................................................................................13 

Geological Mapping..................................................................................................................14 

 Kamanjab-Grootberg area.............................................................................................14 

  Khoabendus Group (KG)...................................................................................14 

   West End Formation (MWs)..................................................................14 

    Ombonde Member (MWsOm)..................................................19 

    Bruno Member (MWsBr)..........................................................19 

    Eendrag Member (MWsEe).......................................................19 

   Otjovasandu Formation (MOv).............................................................20 

    Voorspoed Member (MOvVs)...................................................21 

    Doorslaan Member (MOvDo)....................................................21 

    Arendsnes Member (MOvAd)...................................................21 

  Fransfontein Granitic Suite (FFG).....................................................................22 

 Huab area......................................................................................................................26 

  Huab Metamorphic Complex (HMC)................................................................26 

   Rooikop-Lofdal Subdomain (SD).........................................................29 

   Suiderkruis-Aandgloed Subdomain (SD)..............................................30 

   Ehobib Subdomain (SD)........................................................................35 

   Magmatic rocks.....................................................................................38 

Tectonics...................................................................................................................................41 

 Kamanjab-Grootberg area – Khoabendus East and West domains...............................41 

  Kinematics.........................................................................................................42 

 Transition Zone.............................................................................................................42 

 Huab Metamorphic Complex (HMC)............................................................................43 

  Ehobib Subdomain (SD)....................................................................................45 

  Suiderkruis-Aandgloed Subdomain (SD)..........................................................47 

   Kinematics..............................................................................................54 

  Rooikop-Lofdal Subdomain (SD).....................................................................54 

  Post-D2 / pre-Damara deformation....................................................................56 

  Pan-African deformation...................................................................................57 

Geochemistry and Sm-Nd systematics.....................................................................................57 

(i) 



 Felsic rocks....................................................................................................................57 

  Geochemical classification................................................................................59 

  REE-normalised and trace element multi-element diagrams (spidergrams).....60 

  Sm-Nd (Rb-Sr) isotope systematics...................................................................61 

 Mafic and intermediate rocks (SiO2 < 60%)..................................................................63 

  Geochemical classification.................................................................................67 

  Plate tectonic setting..........................................................................................69 

  Normalised REE and trace elements diagrams (spidergrams)..........................70 

  Sm-Nd (Rb-Sr) isotope systematics....................................................................72 

Metamorphism..........................................................................................................................74 

 Petrography...................................................................................................................76 

  231104-1 (Suiderkruis SD).................................................................................76

  260406-14 (Suiderkruis SD).............................................................................76 

  290709-3 (Suiderkruis SD)................................................................................77 

  290709-8 (Suiderkruis SD)................................................................................77 

  200900-1 (Aandgloed SD)....................................................................................78 

  260406-10 (Aandgloed SD)..............................................................................78 

  101203-2 (Transition Aandgloed-Rooikop SD)................................................79 

  101203-1 (Rooikop SD)........................................................................................79 

  260406-4 (Rooikop SD)....................................................................................80 

  020809-3 (Lofdal SD).......................................................................................80 

  020809-4 (Lofdal SD).......................................................................................81 

 Mineral chemistry…………............................................................................................81 

  Garnet................................................................................................................81 

  Amphibole.........................................................................................................85 

  Biotite................................................................................................................86 

  Feldspar.............................................................................................................86 

 Geothermobarometry....................................................................................................87 

  Conventional thermometry................................................................................87 

   Suiderkruis Subdomain (SD)….............................................................88 

Aandgloed Subdomain (SD)..................................................................88 

Transition Aandgloed-Rooikop subdomains.........................................88 

Lofdal Subdomain (SD).........................................................................88 

  Conventional barometry....................................................................................90 

Suiderkruis Subdomain (SD)….............................................................90 

Aandgloed Subdomain (SD)..................................................................90 

Rooikop-Aandgloed Transition…………….........................................90 

Lofdal Subdomain (SD).........................................................................90 

  P/T diagrams......................................................................................................90 

Suiderkruis Subdomain (SD)….............................................................92 

Aandgloed Subdomain (SD)..................................................................92 

Transition Zone Aandgloed-Rooikop.....................................................92 

Rooikop Subdomain (SD) .......................................................................92 

Lofdal Subdomain (SD).........................................................................92 

  P/T pseudosection modelling............................................................................92 

Geochronology..........................................................................................................................95 

 LA-ICP-MS U-Pb single zircon analysis......................................................................95 

  Fransfontein Granitic Suite (FFG)....................................................................98 

   Kamdescha Granite (sample 260205-4).................................................98 

   Franken Granodiorite (sample 280205-6)..............................................99 

 

(ii) 



Kaross Granite (sample 170405-6).......................................................101 

  Huab Metamorphic Complex (HMC).............................................................103 

   Mylonitic Red Granite Orthogneiss (ROG, sample  

210900-2/HU0........................................................................................103 

Gneissic K-feldspar porphyry (sample 130503-1)..............................105 

K-feldspar porphyritic granodiorite (augen) gneiss (POGD,  

Sample 100900/HU-03).........................................................................107 

SHRIMP U-Pb zircon analysis.......................................................................................110 

 Fransfontein Granitic Suite (FFG)....................................................................111 

  Kamdescha Granite (sample 081203-2)...............................................111 

 Huab Metamorphic Complex (HMC)................................................................111 

  Metarhyolite (sample 270802-1)............................................................ 111 

   Fault breccia (sample NA101-2)...........................................................112 

 K-Ar muscovite geochronology.........................................................................................114 

 40Ar/39Ar hornblende geochronology.................................................................................115 

Discussion...........................................................................................................................................117 

 Depositional environment, magmatism, plate tectonic setting.......................................117 

  Huab Metamorphic Complex.................................................................................117 

  Khoabendus Group.................................................................................................118 

  Mafic magmatism....................................................................................................119 

  Fransfontein Granitic Suite – HMC orthogneiss – Felsic volcanism 

  Khoabendus Group.................................................................................................119 

 Tectonics and metamorphism.............................................................................................120 

  M1 tectono-metamorphic event..............................................................................120 

  M2 tectono-metamorphic event..............................................................................121 

  Mesoproterozoic thermal event..............................................................................126 

  Post-M2 / pre-Damara deformation.................................................................126 

  Pan-African deformation..................................................................................126 

 Regional context..........................................................................................................127 

  Palaeoproterozoic era.......................................................................................129 

   Magmatism and sedimentation............................................................129 

   Metamorphism.....................................................................................130 

  Mesoproterozoic era.........................................................................................130 

   Magmatism...........................................................................................130 

   Metamorphism.....................................................................................131 

Conclusions..............................................................................................................................132 

Open questions.........................................................................................................................135 

Acknowledgments...................................................................................................................136 

References...............................................................................................................................136 

Annexes 

 I - Kamanjab Inlier - sample locations, geochemistry and isotope analyses 

II - Mineral analyses, Depiné (2008) 

      III - Mineral analyses, Nolte (2012)        

      IV - 1: 100 000 Geological Map of the Khoabendus Area 

       V - 1: 100 000 Geological Map of the Huab Metamorphic Complex  

      VI - Abbreviations 

     VII -Toponymics 

 

 

Cover image: Sunset on farm Aandgloed – view of the Huab valley (photo: T. Becker) 

(iii) 



1Geological Survey of France (BRGM), Orléans, France
2MASA Institute, Göttingen, Germany

3University of Erlangen, Germany
4University of Tübingen, Germany

5Geological Survey of Namibia
6University of Göttingen, Germany

7Centre of Isotopic Research, St Petersburg, Russia
8University of Potsdam, Germany 

t.fullgraf@brgm.fr



Memoir of the Geological Survey of Namibia

et al

et al



et al

et al

et al

et al

et al

et al



et al

et al

et al

et al et al









et al



et al

et al

et al

et al



sensu stricto



et al

et al

et al

et al



SHRIMP method 

et al

et al

et al

LA-ICP-MS method 

et al

et al et al

et al



et al

Sample preparation and neutron irradiation 

et

al

40Ar/ 39Ar isotope dating 

et al et al

et al

et al



14 
 

studied under an optical microscope. Mineral 
composition was determined by using JEOL 
JXA-8200 microprobe at the GeoZentrum 
Nordbayern of the University of Erlangen. 
Analysis was done using wavelength dispersive 
spectrometers with an accelerating voltage of 15 
kV, a current of 15 nA and a beam diameter of 
ca 1 µm. Matrix corrections and data reduction 
were done by matrix correction software 

supplied by the manufacturer. All iron was 
calculated as Fe2+. The relative errors are ±1 % 
for major elements and ±5 % for minor and trace 
elements. Calibration was done at regular 
intervals by using mineral standards orthoclase 
(K), albite (Na), barite (Ba), andradite (Ca, Si); 
corundum (Al), MgO (Mg), Fe2O3 (Fe), Cr2O3 
(Cr), and MnTiO3 (Mn, Ti). 
 

 
Geological mapping 

 
Geological field mapping at a scale of 

1:50,000 was carried out intermittently from 
2000-2005 in (i) the area from Khorixas to the 
Grootberg Pass and (ii) the Huab Region (Fig. 
6). This covered the previously unmapped 
portion of the KG and the FFG in the north (3 
sheets) and the entire HMC that was mapped by 
Frets (1974) at a scale of 1:100.000 (6 sheets; 
Fig. 7) including the part that was subsequently 
distinguished as southern Khoabendus Group 
(Hugo & Schalk, 1974). Geological mapping 
was complemented by two profiles (in the 
following sections named the “Transition 
Zone”) between these areas for additional 
structural information. The field data base of the 
area includes about 5500 georeferenced entries 
providing information on rock type, 
sedimentary and tectonic structures, meta-
morphism, contacts, samples, photos, etc.  
 
Kamanjab-Grootberg Area 

Geological mapping in the northern 
Kamanjab-Grootberg area was supported by 
interpretation of high resolution airborne radio-
metric and magnetic data combined with remote 
sensing of Landsat TM7 scenes. The new 
geological map shows refinement of the 
stratigraphy of the KG, the new subdivision of 
the Fransfontein Suite into ten igneous rock 
types and their geometry and illustrates the 
overall structural architecture.  

 
Khoabendus Group (KG) 

Detailed geological mapping was 
carried out in the southwestern part of sheets 
1914 CB and DA which exposes the West End 
and Otjovazandu formations. All formations are 
extensively invaded by the FFG into which they 
continue forming large slivers that are 

progressively assimilated by the surrounding 
magma. Three profiles through the Bruno, 
Oortrek and Honib synclines resulted in the 
detailed stratigraphy of the West End, Blyerus 
and Otjovazandu formations (Fig. 5, Table 3). 

The stratigraphic terms Robin and 
Smalruggens Member have been omitted, 
because rhyolitic and andesitic volcanic rocks 
occur within the Voerspoet quartzite both 
locally at the base and as intercalations higher 
up and it is unclear which specific horizons 
correspond to the units in the type locality in the 
Huab area. 

 
West End Formation (MWs) 

The West End Formation starts with a 
clastic to volcaniclastic succession that higher 
up grades into the classic porphyritic ignimbrite 
and rhyodacite, which was formerly considered 
to be the base of the formation (Porada, 1974). 
This succession is here distinguished as the 
Ombonde Member, whereas the ignimbrites are 
classified as the Bruno Member, with both 
names derived from the farms of the respective 
type localities (Fig. 5). However, the Ombonde 
Member probably does not represent the base of 
the Khoabendus Group. The basal sediments of 
the unit are intruded by foliated Kamdescha 
Granite that was formerly classified as part of 
the HMC (Porada, 1974). The geological map 
clearly reveals the discordant nature of the 
contact with the granite intruding towards the 
south successively into higher stratigraphic 
levels. Slivers of fine-grained sandstone and 
quartz-sericite schist up to several deccametre 
size occur within the Kamdescha Granite near 
the contact demonstrating the continuation of 
the KG into underlying older units.  
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Figure 5. Stratigraphic profiles of the Bruno, Oortrek and Honib synclines in the Kamanjab-Grootberg area.  
 

 

 

 

 

 

 

 

 

 

 



16 
 

Table 3. Revised stratigraphy of the Khoabendus Group in the northern area. 
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Figure 6. Revised geological maps of the northern KI (Kamanjab-Grootberg area). A) West End and Otjovazandu formations in detail; B) Fransfontein Suite in detail. 
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        Figure 7. Revised simplified geological map of the HMC and overlying Damara rocks (Huab Region). 
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Ombonde Member (MWsOm) 

The Ombonde Member is characterised 
by overall normal grading coinciding with the 
change from clastic to volcaniclastic deposition 
(Fig. 5). Locally preserved conglomerate (20 m) 
at the base comprises sub-rounded to rounded 
clasts of vein quartz and quartzite of 2- 50 cm 
size set in a coarse sand quartz-feldspar matrix 
with abundant magnetite. Tectonic deformation 
results in both flattening and stretching of the 
clasts (Fig. 8a). The conglomerate grades into 
pebbly sandstone that further up turns into pink-
to-grey, well-sorted gritty quartz-feldspar sand-
stone (900 m). Sedimentary structures comprise 
both planar bedding at cm-scale and more rarely 
cross-bedding of 15-40 cm size indicative of 
fluviatile deposition. Sedimentary structures are 
often outlined by heavy mineral seams of 

magnetite (Fig. 8b) and in the airborne magnetic 
data the unit represents a prominent marker. The 
upper portion of the Ombonde Member 
comprises thinly bedded quartz sericite biotite 
schist interbedded with volcanic fragment-
bearing quartz sandstone, felsic to intermediate 
tuffs and rare basalt (<120 m). These rocks are 
exposed in the south and north of the study area. 
On Bruno 614 the transition from clastic to 
volcaniclastic deposition is marked by pale-
green andesitic tuff alternating with gritty 
sandstone. One intercalated, massive basalt 
flow about 30 metres thick, locally contains 
amygdales filled with calcite and epidote. The 
quartz sericite is intruded in the south by sills of 
Fransfontein Granite and finally forms major 
slivers within that intrusion. 

 

 
Figure 8. Ombonde Member. A) metaconglomerate alternating with sandstone overprinted by steep foliation 
transposing the clasts; B) cross-bedded sandstone; the cross bedding is outlined by heavy mineral seams.  
 
Bruno Member (MWsBr) 

The Bruno Member corresponds to the 
classic porphyritic ignimbrite sequence of the 
West End Fm documented in detail by Porada 
(1974) and Miller (2008; Table 1).  

 
Eendrag Member (MWsEe) 

Clastic and volcaniclastic rocks that are 
now classified in this member occur on farms 
Kaiserfontein and Eendrag 619 in the SW 
corner of the study area and on Farm 
Wilhelmsville 615 in its central northern part. 
To the south they are in faulted contact with the 
Ombonde Member of the West End Formation. 
To the east and north quartzite of the Voorspoed 
Member overlies it and in the west basal 
conglomerate and sandstone of the Neoprotero-

zoic Nosib Group. In the NW the unit is bound 
by a fault with the FFG suite which, in addition, 
intrudes the formation in various places. Due to 
the mostly tectonic or intrusive nature of 
contacts between Khoabendus rocks, the 
stratigraphic position of the volcaniclastic 
succession remains uncertain. The base of the 
formation is not exposed and the strati-
graphically lowest horizon consists of a 
polymict small-pebble conglomerate, which is 
exposed in the core of an anticline (Fig. 5). It is 
overlain by a succession of clastic, epiclastic 
and pyroclastic rocks at least 500 m thick. Its 
lower part is dominated by immature medium-
grained planar-bedded quartz-feldspar sand-
stone with alternating grey and red-brown beds 
between 3 and 50 cm thick. Higher up these 



20 
 

rocks grade into cream planar-bedded quartz 
sandstone alternating with green, up to 5 cm 
thick beds of fine-grained epiclastic or 
pyroclastic rocks (Fig. 9). The latter are marked 
by an abundance of volcanic fragments and 
interpreted as metatuff or tuffite of andesitic to 

dacitic composition. In the Honib Syncline, 
andesitic rocks at the top of the Blyerus Fm are 
up to 200 m thick and are distinguished as the 
Smallruggen Member. The formation is 
overlain disconformably by the Voorspoed 
quartzite.  

 

 
 
Figure 9. Lower Eendrag Member; pale sandstone alternating with pale-green fine-grained pyroclastic rocks.  
 

A second isolated volcaniclastic 
succession on Farm Wilhelmsville 615 
documents the great variation in volcanic and 
volcaniclastic facies; the base of the unit is 
intruded by granite and at the top it is 
unconformably overlain by quartzite of the 
Otjovasandu Formation. The lowermost rocks 
are sheared metabasalts or mafic tuffs 
transformed into chlorite schist. They are 
overlain by a succession of quartz-sericite-
biotite schist with intercalated, grey, occasion-

ally banded chert (Fig. 10a). Petrography 
reveals fine-grained crystals of quartz, K-
feldspar and plagioclase in a microcrystalline 
matrix suggesting their interpretation as former 
ash beds. Higher up these rocks grade into 
immature tuffaceous sandstone and quartz 
sandstone that contains dark grey angular 
volcanic fragments 0.5-1 cm in diameter with a 
second series of quartz-sericite-biotite schist 
terminating the succession (Fig. 10b). 

 

 
Figure 10. Eendrag Member. A) black banded chert of volcanic origin; B) arkosic sandstone with disseminated 
angular volcanic fragments. 
 
Otjovasandu Formation (MOv) 

Most of the MOv outcrops north of the 
study area and the initial stratigraphy is derived 
from mapping by Porada (1974) in that area. 
Later the MOv was subdivided from the base to 

the top into Voorspoed Quartzite, Robyn 
Felsite, Arendsnes Pelite and Dinteri Carbonate 
Members (Miller, 2008). In the study area, the 
MOv crops out in the northern half of sheet 
1914CB and in the NW corner of sheet 
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1914DA. The predominantly sedimentary rocks 
were deposited unconformably on the West End 
and Blyerus formations and were intruded by 
FFG granites. Some of the facies can be 
correlated with those known from the north, but 
important changes render such correlations 
tenuous. Two profiles across the Ootrek and 
Honib synclines are described in the following 
section, documenting the considerable facies 
variation over less than 3 km along strike. 
 
 
 
 

Oortrek Syncline  
Voorspoed Member (MOvVs) 

The unit starts with a basal conglom-
erate which is overlain by the characteristic 
white orthoquartzite. On Kaiserfontein 619, a 
continuous, about 70 m thick conglomerate 
horizon was mapped over more than 5 km along 
strike. The clast-supported and oligomictic 
conglomerate comprises rounded to subrounded 
clasts, 1-20 cm in diameter, of vein quartz and 
quartzite. The matrix is fine-grained and is 
pervasively altered by hydrothermal chert-
epidote, transforming the rock into a breccia 
(Fig. 11). 

 

 
 
Figure 11. Hydrothermal breccia at the base of the Voorspoed Quartzite Member.  

 
On Wilhelmsville 615, white ortho-

quartzite overlies arkosic sandstone, less than 2-
3 m thick, that grades laterally into gritty 
sandstone and a small-pebble conglomerate. 
The contacts of these rocks with the underlying 
volcaniclastic rocks is also gradational. The 
white massive quartzite forms a prominent 
horizon 200-500 m thick. The medium- to fine-
grained recrystallised rock is commonly devoid 
of any sedimentary structures, however bedding 
at decimetre-scale is suggested by the preferred 
layer-parallel wide cleavage that probably 
traces altered laminae of interbedded fine-
grained sediments or pyroclastic rocks. 
Oscillation ripples locally occur in beds less 2-
3 cm thick and in other places cross-bedding is 
outlined by heavy mineral seams. The 
sedimentary structures document a very shallow 
marine depositional environment. 
 
Dorslaan Member (MOvDo) 

A first cycle of carbonate deposition 
recorded in the Oortrek syncline identified 
during the present mapping programme is 

classified as the Dorslaan Member; the contact 
with the underlying Voorspoed quartzite is 
transitional. Up to 2 m thick carbonate and calc-
silicate layers alternate with grey quartzite and 
locally record microbialite structures (clotted 
thrombolite; Fig. 12a). The overlying, ca 30 m 
thick, carbonate sequence starts with light grey 
limestone, which occasionally displays 
microbial mat structures (Fig. 12b) attesting to 
very shallow marine deposition. It is overlain by 
brown micritic occasionally carbonaceous 
dolomite that in the upper part alternates with 
thin beds of black shale. The overlying graphite-
bearing laminated calcareous shale, up to 300 m 
thick, alternates with grey thinly bedded 
carbonaceous siltstone. Intercalated are up to 2 
m thick beds of cream brown micritic carbonate 
rocks. 

 
Arendsnes Member (MOvAd) 

The MOvAd overlies the Dorslaan 
Member in the Oortrek Syncline along a sharp 
sedimentary contact. The unit starts with a 10-
15 m thick horizon of dark iron-rich rocks 
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