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Abstract 

The Deblin Copper Mine is located at the transition between the Swakop rift-basin and the 

carbonate platform of the Otavi Mountain Land. Copper and zinc mineralization occurs mainly in 

carbonate host rocks close to a major thrust fault underlain by bimodal metavolcanics with 

mineralized quartz-calcite veins. Copper sulphides of chalcopyrite and bornite occur as 

disseminated and vein-type mineralization associated with sphalerite and pyrite. The area is 

characterized by outcrops of carbonates and limited metavolcanics. Wall rock alterations include 

sericitization and chloritization of metavolcanics, as well as silicification and dolomitization of 

carbonates. Vein type mineralization is characterized by a relatively narrow range of sulphur 

isotopes (ŭ34S = -4.9ă to +6.0ă) compared to that of disseminated sulphides (ŭ34S= -9.99ă to 

+3.63ă). The two sulphur isotope ranges suggest that both magmatic and sedimentary sulphur 

sources were involved in the genesis of the deposit. Geochemical and petrological data suggest 

that the metavolcanic rocks in the area formed as alkali basalts in an oceanic island geotectonic 

setting. Magnetic data revealed concealed faults which may have acted as conduits for 

mineralizing hydrothermal fluids. The deposit shows ore forming processes associated with both 

VMS and MVT-type mineralization.  
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Chapter 1 

Introduction  

 

1.1 Background 

This study is part of the Kombat South research project, which aims to apply geological and 

geophysical techniques to gain a better understanding of the geology of the area in the southern 

part of the Otavi Mountain Land. The main objective is to develop models that can be applied in 

the identification and location of economic mineral occurrences in Namibia. The Kombat South 

research project is part of a collaborative effort between the University of Namibia (UNAM) and 

the Geological Survey of Namibia (GSN) on the geological and geophysical characterization of 

metallogenic zones in Namibia. The project is coordinated by Prof A.F. Kamona (UNAM) and 

Mr. I. Kahimise (GSN). This study uses field geological mapping, geochemical (whole rock and 

sulphur isotopes) methods and geophysical methods, primarily aeromagnetic and ground magnetic 

data, and magnetic susceptibility data to determine the style of copper mineralization and its 

structural setting in the area around the historical Deblin Copper Mine (Neuwerk Cu-deposit), in 

the southern part of the Otavi Mountain Land. 

 

1.2 Location of the study area 

The study area is situated on farm Neuwerk 507 in northern Namibia (Figure 1.1), about 5 km 

south of the Otavi Valley Syncline and on the southern margin of the Otavi Mountain Land (Figure 

1.1). The area lies about 60 km south of Tsumeb Mine (Cu-Pb-Zn-Ga-Ge-Ag deposit) and 15 km 

southwest of Kombat Mine (Cu-Pb-Zn deposit) (Figure 1.1), which closed in 1996 and 2008, 

respectively. The area is under the Exclusive Prospecting License (EPL) 3743 owned by Golden 

Deeps Limited to prospect for base metals in the Otavi Mountain Land. The term Deblin Copper 

Mine used in this dissertation relates to the shaft that was developed at the Neuwerk Cu deposit, 

which was discovered by Falconbridge Exploration Limited in 1970. Falconbridge Exploration 

Limited (as cited in Adamson, 1976) described the Deblin Copper Mine as a small body of base 

metal mineralization with an estimated tonnage of 260 000 t at 2.6% Cu (Adamson, 1976; 

Schneider and Seeger, 1992 in Kamona and Günzel, 2007; Golden Deeps Limited, 2012). 
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Subsequently, Falconbridge Exploration Limited developed a 2 m diameter concrete-lined circular 

shaft but no mineralization was encountered (Adamson, 1976, Golden Deeps Limited, 2012). In 

1975, the shaft was affected by a strong flood event and hence the mine development stopped 

without any production records (Adamson, 1976; Golden Deeps Limited, 2012).  

 

 

Figure 1.1. Location map of the study area on the northeastern margin of the Damara Belt (taken 

from Miller, 1983 and Borg, 2000). The open green box represents the Otavi Mountain Land. 

Bottom left inset shows location of Namibia.  

 

 

1.3 The Research Problem 

The southern Otavi Mountain Land, including the area around the Deblin Copper Mine, preserves 

valuable records of the tectonic development and associated base metal mineralization (Smit, 

1959; Adamson, 1976; Petzel, 1991; Kamona and Günzel, 2007; Golden Deeps Limited, 2013) in 

the northern Damara Orogen. The recognition of the importance of the southern Otavi Mountain 

Land geology in the base metal evolution of northern Damara belt has been developed through 

extensive studies by several researchers, over several decades (Smit, 1959; Schaum 1960; 

Adamson, 1976; Miller, 1983; Petzel, 1991; Kamona & Günzel, 2007; Golden Deeps Limited, 
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2013; Nangolo, 2014). Structures in the central and northern Otavi Mountain Land appear to 

indicate primary controls on metal-bearing hydrothermal fluid flow (Miller, 1983; Pirajno and 

Joubert, 1993; Deane, 1995; Laukamp, 2006). Although the geological setting and mineralization 

of various base metal deposits in the Otavi Mountain Land including the Nosib Group volcanic-

hosted deposits have been studied in detail (Smit, 1959; Lombaard et al., 1986; Nangolo, 2014; 

Innes and Chaplin, 1986; Hughes, 1987; Misiewicz, 1988; Petzel, 1991; Chadwick, 1993; Chetty, 

1998) the geological framework and mineralization in the Deblin Copper Mine area is unclear due 

to the extensive Cenozoic sand cover. In addition, major geological structures and underlying 

lithologies are concealed by the Otavi Group carbonates. As a consequence, little is known about 

the structural framework and mineralization in the study area and existing geological map 

structures are largely inferred. Moreover, there is limited geophysical data for the area which can 

be used in the identification and location of concealed structures and lithologies associated with 

copper mineralization.  

 

The distribution of the stratigraphy of the area around the Deblin Copper Mine and its relationship 

with base metal mineralization is not well understood. Different authors interpreted the base metal 

mineralization style of the Deblin Copper Mine differently. As a result there are two contrasting 

ideas of the mineralization style of the Deblin Copper Mine. The early authors (Adamson, 1976; 

Petzel, 1991; Kamona and Günzel, 2007; Golden Deeps Limited, 2012) suggested that the Deblin 

Copper Mine is a volcanogenic massive sulphide (VMS) deposit with base metal sulphides located 

in the contact zone between sericite chlorite schist of the Askevold Formation and the overlying 

dolomite of the Abenab Subgroup. In contrast, recent petrographic studies by Golden Deeps 

Limited (2013) suggested a shear-hosted hydrothermal mineralization style with an Iron Oxide 

Copper and Gold (IOCG) style mineral assemblage hosted in the carbonates.  

 

1.4 Aim and Objectives 

This study aims to determine the copper mineralization style of the Deblin Copper Mine and to 

improve the existing local geological map. The objectives of the study are: 

1. To produce a geological and structural map of the Deblin Copper Mine area based on 

geological mapping and magnetic survey data.  
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2. To establish the ore mineralogy and paragenetic sequence of sulphide mineralization in the 

Deblin Copper Mine area.  

3. To establish the origin of sulphur in the sulphides from the Deblin Copper Mine. 

4. To determine the geochemical characteristics and the possible tectonic setting of 

emplacement of the metavolcanic rocks of the Askevold Formation.  

 

1.5 Research Methodology 

The results of this study are based on geological and geophysical field data collected in the area 

around the Deblin Copper Mine. Fieldwork was undertaken between 27 May 2015 and 15 June 

2015 and from 30 November 2015 to 17 December 2015. The geological data were collected on 

sporadic outcrops in the study area. Additional petrographic data were collected from three 

borehole cores that were drilled in the study area in 2013. The borehole cores were provided by 

Sabre Resources Namibia, a company that is exploring for base metals in the study area and other 

parts of the Otavi Mountain Land in collaboration with the Golden Deeps Limited. 

  

Geological mapping and core lithological logging were used to create a new geological map and 

establish the local stratigraphy. Petrography and ore mineralogy were used to determine the host 

rock, main ore minerals and mineralization style. Sulphur isotope analyses were conducted to 

establish the source of sulphur in the sulphides, whereas whole rock geochemistry was used to 

establish the geotectonic setting of the metavolcanic rocks. Aeromagnetic data were used to 

understand the regional structural setting, while ground magnetic surveying was used to decipher 

the local structures and the distribution of the magnetic rocks. Magnetic susceptibility data were 

essential for understanding the magnetism of the rocks in the study area. Aeromagnetic data were 

provided by the Geological Survey of Namibia, whereas ground magnetic and magnetic 

susceptibility data were acquired during the second field session (30 November 2015 to 17 

December 2015). Magnetic data were processed using the Oasis Montaj Geosoft software, version 

8.3. 
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Chapter 2 

Regional Geology 

 

2.1 Geological Setting of the Otavi Mountain Land  

 

2.1.1 The Damara Belt 

The Pan-African Orogeny was responsible for the development of several Neoproterozoic 

orogenic belts of the Gondwana supercontinent in southern and central Africa (Miller, 1983; 

Porada, 1985; Hoffmann and Prave, 1996) (Figure 2.1). The Damara Orogen in Namibia represents 

the collision of the Angola-Congo and Kalahari cratons in Africa and the Rio de la Plata Craton in 

South America (Porada, 1985; Frimmel et al., 1996; Gray et al., 2008; Miller, 2008) (Figure 2.1). 

The Damara Orogen comprises three orogenic belts: (i) the Damara Belt (a north-east trending, 

intracontinental branch) (ii) the Kaoko Belt (a north-south trending coastal branch) and (iii) the 

Gariep Belt (a southern coastal branch) (Martin and Porada, 1977; Miller, 1983; Porada, 1985; 

Gray et al., 2008) (Figure 2.1 and Figure 2.2A). However, Rapela et al. (2011) suggested that 

Kaoko and Gariep Belts formed from two different orogenic events. These three belts are 

considered to express a collisional triple junction (Martin and Porada, 1977; Miller, 1983; Porada, 

1985; Borg, 2000; Gray et al., 2008; Miller, 2008).  

 

The Damara Belt represents an orogenic event that records the amalgamation of the former 

continental fragments of the Gondwana supercontinent (Miller, 1983; Hoffmann and Prave, 1996; 

Gray et al., 2008), between the Kalahari and Congo Cratons (Hoffmann, 1983; Miller, 1983, 2008; 

Gray et al., 2008) (Figure 2.1 and Figure 2.2). Aeromagnetic surveys indicate that the Damara Belt 

structural trends can be traced northeastward through northwestern Botswana (Rankin, 2014) and 

Zambia, and into the Katanga Succession of the Democratic Republic of the Congo (Miller, 1983; 

Gray et al., 2008), as it extends under Kalahari Supergroup cover.  
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Figure 2.1 Map of the Brasiliano and Pan-African orogens showing the position of the 

Neoproterozoic Damara Orogen, Kalahari and Congo cratons as well as other orogenic belts (after 

Gray et al., 2008, Miller, 2008).  

 

The Damara Belt has been extensively studied by both local and international researchers (Martin 

and Porada, 1977; Coward, 1981; Corner, 1983; Miller, 1983; Porada, 1985; Hoffmann and Prave, 

1996; Corner, 2008; Miller, 2008; Gray et al., 2008; Germs et al., 2009; Rankin, 2014; Lehmann 

et al., 2015). The Damara Belt is divided into seven contrasting tectonostratigraphic zones, on the 

basis of stratigraphy, structure, metamorphic grade, plutonic rocks, geochronology and 

aeromagnetic expressions (Miller, 1983, 2008). From north to south these are: the Northern 

Platform, Northern Margin Zone, Northern Zone, Central Zone, Southern Zone, Southern Margin 

Zone, and Southern Foreland (Corner, 2008; Miller, 2008) (Figure 2.2 and Figure 2.3). The zones 

are demarcated by major linear features, including faults, thrusts, lineaments, stratigraphic and 

metamorphic boundaries (Miller , 1983, 2008; Corner, 2008). The focus of this study is the 
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Northern Platform, which forms the northern margin of the Damara Belt, with less deformed 

carbonates than shown by other zones (Figure 2.2) (Miller, 2008). 

 

 

Figure 2.2 The location and architecture of the Damara Belt. (A) Simplified map of the 

Neoproterozoic Pan-African belt systems in southern and central Africa showing the 

intracontinental Damara Belt and the coastal Kaoko and Gariep Belts (after Gray et al., 2008; 

Miller, 2008). (B) Simplified map of the Damara Belt showing the tectonostratigraphic zones 

(taken from Corner, 2008 and Miller , 2008). The X-Y line represents a cross section shown on 

Figure 2.4. 

 

 

According to Miller (2008), the Northern Platform is a broad shelf region bordering with both the 

Kaoko and Damara belts (Figure 2.2). The characteristic features of the Northern Platform include 

the thick, low grade platform carbonates of the Otavi Group overlain by molasse sediments of the 

Mulden Group (Figure 2.3 and Figure 2.4) and the presence of open folding (Miller, 1983). In 

addition, the east-west trending fold structures in the southern part of the Northern Platform are 

conspicuous in the magnetic data (Corner, 2008; Miller, 2008). Although the Northern Margin 

Zone is non-magnetic in general, it displays positive remanent magnetic anomalies in places, 
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ascribed to the presence of pyrrhotite in the Mulden Group phyllite and quartzite. While the 

Northern Margin Zone is characterized by molasse sediments, the Northern Zone is characterized 

by a southward transition into deep water facies rocks, syn-rift metasedimentary and volcanic 

rocks, low grade metamorphism and, highly deformed facies (Miller, 1983, 2008; Corner, 2008). 

Notably, the Northern Zone shows a strong magnetic signature attributed to the presence of a 

banded iron formation within the diamictite unit of the Chuos Formation (Figure 2.3) and to the 

mafic volcanic rocks of the Askevold Formation (Corner, 2008; Miller, 2008). 

 

The Central Zone records the high-temperature-low-pressure conditions of the Damara Orogen 

and is characterized by sillimanite-cordierite metamorphic assemblages (Miller, 1983). The 

Central Zone is further subdivided into a north Central Zone and south Central Zone, both 

characterized by syn-to post-orogenic granitic plutons and dome structures. However, the magnetic 

signatures of the two zones are different. The north Central Zone consists of Karibib Formation 

carbonates and Kuiseb Formation schists (Figure 2.3) deformed in basin and dome structures 

(Miller, 2008) and down-thrown to the north of the Omaruru Lineament (Figure 2.2b) on a regional 

scale (Corner, 1983). Although the rocks of the north Central Zone are magnetically quiet, some 

fabric is noticeable in the high resolution aeromagnetic data (Corner, 1983, 2008). The south 

Central Zone, by contrast, is characterized by positive magnetic anomalies caused primarily by the 

mafic volcanic rocks of the Nosib Group, the Chuos Formation diamictites and the Meso- and 

Paleoproterozoic basement rocks (Corner, 2008; Miller, 2008). Corner (1983) observed that the 

Nosib Group formations are strongly magnetic where the metamorphic grades are high. 

 

The Okahandja Lineament Zone is located between the Central Zone and Southern Zone (Corner, 

1983, 2008; Miller, 1983; 2008) (Figure 2.2b). The Okahandja Lineament Zone marks major 

changes in the stratigraphic succession, structural style, age of early deformation, metamorphic 

records, aeromagnetic signatures and seismic characteristics of the lower crust (Corner, 1983; 

Miller, 1983). The Okahandja Lineament Zone together with the Southern Zone form the so-called 

Khomas Trough (Martin and Porada, 1977) (Figure 2.4). The Okahandja Lineament Zone is 

characterized by upright structures and a linear structural grain (Miller, 1983). The Okahandja 

Lineament Zone hosts the 350 km-long, post-tectonic, garnetiferous, two-mica Donkerhuk Granite 

batholith (Haack, 1983; Miller, 1983). Both the Okahandja Lineament Zone and the Southern Zone 
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contain one lithostratigraphic unit, the schistose Kuiseb Formation (Figure 2.3) (Miller, 1983), 

which is non-magnetic (Corner, 2008; Miller, 2008). The Southern Zone therefore has a quiet 

regional magnetic signature. However, there are some schist units in places that are magnetic and 

the magnetite quartzite associated with the Matchless Amphibolite Belt (Corner, 2008; Miller, 

2008) (Figure 2.2b and Figure 2.4).  

 

Miller (1983) described the Southern Margin Zone as consisting of intensely thrust pre-Damaran 

rocks in the southern part, while the northern part consists of thrust rocks of both Damara and pre-

Damara Sequences (Figure 2.2b). In addition, the Southern Margin Zone is characterized by 

kyanite-chlorite-muscovite assemblages, which signal low-temperature-high-pressure 

metamorphic conditions (Kasch, 1983; Miller, 1983). The Southern Foreland is characterized by 

the Nama Group (Figure 2.3) rocks deposited on the stable Kalahari Craton and deformed along 

its margins in the north and west during the Damara Orogeny (Miller, 1983, 2008). The high-

amplitude magnetic fabric and low magnetic signals, particularly in the high resolution 

aeromagnetic data in the Southern Margin Zone are associated with the Chuos Formation 

diamictite and the Nosib Group rocks, respectively (Corner, 2008; Miller, 2008). Aeromagnetic 

data show the continuation of the Southern Margin Zone regional structure and the folded northern 

edge of the Southern Foreland below the Kalahari Supergroup cover of northern Botswana into 

the Lufilian Arc where the Katangan rocks have been thrust southward (Miller, 1983, 2008; 

Rankin, 2014). The Damara Belt shows contrasting styles of metamorphism (Miller, 1983). While 

the Northern Platform and Northern Zone record less deformation and low grades of 

metamorphism, the south Central Zone, Southern Zone and Southern Margin Zone are the highly 

deformed zones of the Damara Belt (Germs et al., 2009). The grade of metamorphism decreases 

progressively from upper amphibolite facies in the Okahandja Lineament Zone to greenschist 

facies in the Southern Margin Zone (Miller, 1983; Germs et al., 2009).  

 

The evolution of the Damara Belt is made up of several phases: continental rifting, ocean floor 

spreading, glaciation, subduction, collision, metamorphism and magmatism (Pirajno and Joubert, 

1993; Miller, 2008). According to Miller (2008), the northeast-trending Damara Ocean formed 

during the spreading of the north-south Adamaster Ocean joining both Kaoko and Gariep belts. 

During this early stage of the evolution, two parallel northeast-trending rift basins formed: (i) the 

Northern Rift (Outjo Sea) in the Northern Zone and north Central Zone, and (ii) the Southern Rift 
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(Khomas Sea) in the Central Zone of the Damara Belt (Martin and Porada, 1977; Miller, 1983, 

2008; Frimmel and Miller, 2009). These two rift basins formed about 746 ± 2 Ma ago (Hoffmann 

and Prave, 1996). Several rift shoulders gave way to numerous shelf regions during the early stages 

of the development of the Damara Belt (Miller, 2008). These rift shoulders include chiefly an 

elevated rift shoulder along the southern edge of the Northern Platform that formed the Northern 

Margin Zone and, a narrow shelf region, marginal to the deep Outjo Sea (Miller, 1983, 2008).  

 

The Damara Sequence (Miller, 1983) (Figure 2.3 and Figure 2.4) is defined by a succession of 

siliciclastic and carbonate rocks that constitute part of the Damara Belt in both the Outjo and 

Khomas seas. This sequence includes felsic and mafic lavas, and sills with a U-Pb zircon age of 

746 ±2 Ma (Hoffmann and Prave, 1996) that define the age of the basal successions. Deposition 

of the Damara Sequence during the Neoproterozoic lasted between at least 770 and 600 Ma (Mill er, 

1983; Hoffmann, 1983; Hoffmann and Prave, 1996). The main part of the rift was filled with high 

energy, coarse clastic and turbiditic sediments of the Nosib and Swakop groups, respectively 

(Miller, 1983, 2008) (Figure 2.4). 

 

While rifting and spreading continued in the central part of the Damara Orogen, pure, post-rift, 

platform carbonate sediments (Otavi Group) (Figure 2.4) accumulated along the northern margin 

of the Northern Rift reaching a thickness of 4000 m (Hoffmann and Prave, 1996; Miller, 2008). 

Subsequently, extensive sea floor spreading in the central part of the Damara Orogen resulted in 

tholeiitic basaltic volcanism at ~700 Ma (Nagel, 1999) that formed a mid-oceanic ridge now 

represented as the Matchless Amphibolite Belt (Miller, 1983; Killick, 2000; Miller 2008) (Figure 

2.4).  The Matchless Amphibolite Belt is highly magnetic and it is associated with several Besshi-

type Volcanogenic Massive Sulphide (VMS) Cu-Zn-(Ag-Au) deposits, which formed in a sea floor 

spreading environment (Killick, 2000; Miller, 2008).
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Figure 2.3 Lithostratigraphy and correlation across the Damara Belt with approximate deposition age for the Damara Sequence (modified 

after Miller, 2008). The vertical thickness of the sequence is not to scale.
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Figure 2.4 Generalized pre-orogenic section across the Damara Belt (from X to Y as shown in 

Figure 2.2b) with a simplified stratigraphic compilation showing basal, initial rift grabens, the syn-

rift Nosib Group and the post-rift units of the Otavi, Swakop and Mulden groups (modified after 

Borg, 2000).  

 

Although the Matchless Amphibolite Belt is made up of basalt relics with MORB (Mid Oceanic 

Ridge Basalt)-like chemistry and age of ~635 Ma (Foster et al., 2015; Lehmann et al., 2016) 

derived from the Kuiseb Formation schists in which the Matchless basalt emplaced, recent studies 

by Lehmann et al. (2016) suggested that the Amphibolite Matchless Belt is too young to suggest 

the breakup between the Congo and Kalahari Cratons. 

 

Thereafter, two Neoproterozoic ñSnowball-Earthò glaciation events resulted in the deposition of 

the older Chuos Formation (Sturtian) at about 750 Ma and the younger Ghaub Formation 

(Marinoan) with a constrained age of 635 ±1.2 Ma based on zircon dating (Hoffmann and Prave, 

1996; Hoffmann et al., 2004; Halverson et al., 2005; Miller, 2008). Eventually, with the reversal 

of the plate motion, the Damara evolution ended with: (i) the subduction of the oceanic crust 
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towards the northwest under the Congo Craton, and (ii ) the collision between the Congo and 

Kalahari Cratons (Coward, 1981; Miller, 1983; Porada, 1985; Gray et al., 2008; Miller, 2008; 

Germs et al., 2009). However, this has been challenged by Longridge et al. (2014) and Milani et 

al. (2015), who used geochemical evidence to show that there has not been pre-collisional 

subduction in the Damara Belt. The Congo and Kalahari Cratons collision, followed by crustal 

thickening is understood to have occurred between approximately 580 Ma and 540 Ma (Longridge 

et al., 2014; Milani et al., 2015).  

 

2.1.2 Geology of the Otavi Mountain Land 

 

Introduction  

The Otavi Mountain Land is situated on the northeastern margin of the Damara Belt in the Northern 

Platform and Northern Zone. The Otavi Mountain Land is characterized by platform carbonates, 

which were deposited during the advanced stages of continental rifting, interrupted by the 

volcanism and subsequently affected by the Damara Orogeny and hydrothermal activity (Söhnge, 

1957; Smit, 1959; Miller, 1983; Laukamp, 2006; Miller, 2008; Frimmel and Miller, 2009). The 

northern part of Otavi Mountain Land forms part of the Owambo Basin (Figure 2.2b) and the 

southern part is within the Northern Rift (Kamona and Günzel, 2007; Miller, 2008). The Otavi 

Mountain Land platform carbonates occur in generally east-west trending synclines and anticlines 

attributed to the folding and overturning of the Damara Sequence formations (Figure 2.5 and Table 

2.1). The Otavi Mountain Land, and the geological units within, has been the subject of several 

geological studies resulting in different conceptual theories of its formation and mineralization 

styles. The first study of the geology and stratigraphy of the Otavi Mountain Land by Söhnge 

(1957) described it as a metallogenic province with stratigraphic controls on base metal 

mineralization. 

 

Stratigraphy 

The stratigraphy of the Otavi Mountain Land is predominantly composed of three major groups of 

the Damara Supergroup: (i) the Nosib Group with arenaceous clastics, (ii) the Otavi Group (a thick 

succession of carbonates) and (iii) the Mulden Group (a molasse succession) (Söhnge, 1957; 

Hedberg, 1979; Kamona and Günzel, 2007; Miller, 2008) (Figure 2.5 and Table 2.1). Early work 

on the Otavi Mountain Land stratigraphy was undertaken by Söhnge (1957) and Hedberg (1979), 
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who established the first regional stratigraphic framework for the Otavi Group in the Otavi 

Mountain Land in detail. Hoffman and Prave (1996) reviewed the stratigraphy of the Otavi Group 

with reference to the two glacial deposits predominantly the Chuos and Ghaub Formations and the 

associated cap carbonates. The geology and stratigraphy in the vicinity of the mining areas have 

been described by Lombaard et al. (1986), Innes and Chaplin (1986), Hughes (1987), Misiewicz 

(1988), Chadwick (1993), Chetty (1998), Chetty (2000) and Kamona and Günzel (2007). 

 

 

Figure 2.5 Geology of the Otavi Mountain Land with locations of major deposits and some 

prospects (modified after Söhnge, 1957; Kamona and Günzel, 2007 and map of 1:250,000 of the 

Geological Survey of Namibia). Generally, the Tsumeb type consists of sulphide ores containing 

Cu, Pb, Zn, Ag, As, Ge, Cd and Ga, whereas the Berg Aukas type contains primarily Pb-Zn and V 

sulphide ores with little Cu.  
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Paleoproterozoic Basement: Grootfontein Inlier 

The basement rocks in the Otavi Mountain Land belong to the 1.946 ±299 Ma Grootfontein Inlier 

located on the southern Congo Craton (Miller , 2008). The Grootfontein Inlier is further subdivided 

into the older Grootfontein Mafic Body and the younger Grootfontein Metamorphic Complex 

(Misiewicz, 1988; Miller, 2008) (Figure 2.5 and Table 2.1). The Grootfontein Inlier is poorly 

exposed and its lithologies are given in Table 2.1.  

 

Nosib Group 

The Nosib Group unconformably overlies the basement rocks (Kamona and Günzel, 2007). The 

Nosib Group developed as a result of intracontinental rifting of the Congo Craton at approximately 

756 Ma ago (Kamona and Günzel, 2007). According to Miller (2008), the basal Nosib Group of 

the Damaran Supergroup was deposited in two northeast-trending rifts, in half grabens formed 

between the two rifts and in fluviatile platform and shelf areas bordering the rifts in the Northern 

Platform and Southern Foreland. Kamona and Günzel (2007) contended that rifting and clastic 

sedimentation lasted until 746 Ma, when rift related volcanism produced bi-modal volcanic rocks 

in the Northern Rift of the Damara Orogen. The Nosib Group succession in the Otavi Mountain 

Land has been described in detail by Söhnge (1957), Botha (1960) and Porada (1985). The Nosib 

Group consists of Nabis and Askevold formations (Table 2.1) which are sporadically exposed in 

the central and southern parts of the Otavi Mountain Land (Kamona and Günzel, 2007; Miller, 

2008). According to Söhnge (1957), the Nabis Formation in the Otavi Mountain Land is deposited 

in a series of east-west to northeast-trending basins. The Nabis Formation consists predominantly 

of basal conglomerate that reaches a thickness of about 400 m and interfingers with feldspathic 

sandstone in the upper part of the succession (Söhnge, 1957; Botha, 1960; Grobler, 1961). The 

overlying Askevold Formation occurs within the Northern Zone right up against the bounding fault 

of the Northern Rift (Miller, 2008). The Askevold Formation occurs as a metavolcanic unit limited 

to the southern part of the Otavi Mountain Land (Kamona and Günzel, 2007; Miller, 2008). The 

main lithologies of the Askevold Formation include epidotized basic volcanic rocks (epidosite), 

tuff (leucitite) and sericite-chlorite schist (Smit, 1959; Kamona and Günzel, 2007; Miller, 2008). 
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Table 2.1 The stratigraphy of the Otavi Mountain Land with stratigraphic positions of the main 

deposits and prospects (Kamona and Günzel, 2007). The Otavi Group is dominated by shallow 

marine carbonates with stromatolites whereas the Mulden Group rocks are mainly the siliciclastic 

sediments.  

 
 

 

Otavi Group 

The Otavi Group forms the main succession in the Northern Platform (Miller, 1983) (Figure 2.4) 

and is dominated by a carbonate platform (Figure 2.5 and Table 2.1). The thickness of this group 

is estimated at about 4 km in outcrop and at about 6 km below the Cenozoic cover in the Owambo 

Basin (Hedberg, 1979; Miller, 1997). According to Miller (1983), the Otavi Group is the platform 

equivalent of the deep marine carbonate-bearing portions of the Swakop Group (Figure 2.3 and 

Figure 2.4). In the Otavi Mountain Land, the Otavi Group is subdivided into the Lower Abenab 
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and Upper Tsumeb Subgroups (Smit, 1959; Söhnge, 1975; Miller, 1983) (Figure 2.5 and Table 

2.1). 

 

a) The Abenab Subgroup 

The Abenab Subgroup consists primarily of dolostone beds, but includes limestone, marl and 

shale, as well as the glacial deposit of the Chuos Formation diamictite (Kamona and Günzel 2007). 

In general, the Abenab Subgroup occurs in the central and southern parts of the Otavi Mountain 

Land (Figure 2.5). The Abenab Subgroup is subdivided into four formations (Söhnge, 1957; 

Hedberg, 1979; Kamona and Günzel, 2007; Miller, 2008). From oldest to youngest, these are the 

Chuos, Berg Aukas, Gauss and Auros Formations. The basal Chuos Formation (Table 2.1), 

formerly known as the Varianto Formation occurs in the central, western and southern parts of the 

Otavi Mountain Land (Kamona and Günzel 2007; Miller, 2008). The Chuos Formation 

unconformably overlies the Nosib Group or basement rocks (Miller, 2008). This glacial deposit is 

represented by a massive to poorly stratified diamictite with scattered and unsorted, polymict 

pebbles, cobbles and boulders derived from the underlying rocks of Nosib Group and basement 

granites (Miller, 2008). In addition, this formation consists of conglomeratic siltstone, feldspathic 

sandstone and banded iron formation (Söhnge, 1957; Hoffmann and Prave, 1996). The Chuos 

Formation diamictite was deposited during the Sturtian glaciation (Hoffmann and Prave, 1996; 

Hoffmann et al., 2004; Halverson et al., 2005), which was accompanied by volcanism dated at 746 

± 2 Ma (Hoffman et al., 1996) as shown by its andesitic and basaltic clasts in the matrix. The 

associated cap carbonates of the Berg Aukas Formation (Table 2.1) have been used in global 

correlations of the Sturtian glaciation by most researchers (Hoffmann et al., 2004; Halverson et 

al., 2005; Hoffman and Li, 2009). These cap carbonates are characterized by negative ŭ13carbon 

anomalies, whereas the carbonate successions underlying the glacial deposits have high delta 

ŭ13carbon (Frimmel et al., 1996; Kennedy et al., 1998; Hoffman and Li, 2009). 

 

The Berg Aukas Formation consists of the basal laminated and banded grey dolostone (Söhnge, 

1957; Kamona and Günzel, 2007, Miller, 2008), which were deposited directly onto the Chuos 

Formation during the flooding event that followed the Snowball Earth glaciation (Hoffmann and 

Prave, 1996). The laminated and banded grey dolostone is overlain by a light grey dolomite 

characterized by stromatolitic reef facies associated with reef debris and consisting of light grey 
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dolomite with sparry calcite cement and algal chert layers. The youngest unit of the Berg Aukas 

Formation is a black to dark grey banded and laminated dolostone rhythmite. The overlying Gauss 

Formation (Table 2.1) consists of a dark grey dolomicrite, light grey dolomicritic, light grey 

boundstone or dolo-arenite and oolite,  laminated mudstone and light grey dolomicrite or dolo-

arenite at the base (Chadwick, 1993). The successive Auros Formation (Table 2.1) is made up 

primarily of dolostone, limestone and shale (Kamona and Günzel, 2007). This formation is 

characterized by three to four upward cycles made up of shale horizons occurring with interbedded 

limestone and dolomite layers (Kamona and Günzel, 2007; Miller, 2008). Each cycle begins with 

marl and terminates with the stromatolitic tidal flat facies (Kamona and Günzel, 2007). 

 

b) Tsumeb Subgroup 

The Tsumeb Subgroup is made up of the basal Marinoan age glacial deposit of the Ghaub 

Formation, and subsequent carbonate formations of Maieberg, Elandshoek, and Hüttenberg 

(Figure 2.5 and Table 2.1). Each of these formations is divided into different units based on 

lithology (Söhnge, 1957). The units are labeled T2 to T8, following the usage of T for Tsumeb 

Subgroup. Unit T1 is accorded to the Ghaub Formation, whereas units T2 to T8 can be subdivided 

in two groups: (i) the lower T2-T4 sequence and (ii) the upper T5-T8 sequence (Mill er, 2008). The 

Ghaub Formation unconformably extends across the Auros and Gauss Formations (Miller, 2008). 

The Ghaub Formation is defined principally by diamictite, conglomerate and minor shale, 

sandstone and dolomite (Miller, 2008). The diamictite of this Formation is characterized by 

unsorted boulders of predominantly dolomite, limestone and quartzite hosted in a fine-grained 

calcareous and dolomitic matrix (Kennedy et al., 1998; Hoffmann et al., 2004; Miller, 2008). The 

clasts are up to 1 m in diameter and can be striated. The succeeding Maieberg Formation is widely 

distributed within the Otavi Mountain Land (Kamona and Günzel, 2007). The base of the Maieberg 

Formation is made up of the Keilberg Member, which is the cap carbonate of the glaciogenic 

Ghaub Formation diamictite (Hoffmann and Prave, 1996; Hoffmann et al., 2004; Halverson et al., 

2005; Hoffman and Li, 2009). Where the Keilberg Member lies directly in contact with the Ghaub 

Formation diamictite, it is thin and consists of a laminated dolomite. However, where the Ghaub 

Formation is missing, the Keilberg Member forms the basal Tsumeb Subgroup dolomite 

(Halverson et al., 2004; Hofmann at al., 2005). The top part of the Maieberg Formation is 

composed of the T2 limestone and T3 dolomite (Söhnge, 1957; Miller, 2008). 
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The Elandshoek Formation is highly karstic with an irregular blocky terrain. The Elandshoek 

Formation is persistent on the northern side of the Otavi Valley Syncline (Figure 2.5), where it 

reaches a thickness of approximately 1500 m (Miller , 2008). The Elandshoek Formation is 

conformably overlying the platy T3 dolomite of the Maieberg Formation and contains primarily 

largely uniform, light grey dolomite (Miller, 2008). This formation is subdivided into T4 and T5 

dolomite units. The lower T4 dolomite unit is characterized by massive, light grey dolomite with 

layers of bedded to laminated dolomite. In contrast, the upper T5 dolomite unit is very uniform 

and consists of repetitive well bedded, medium to light grey, dolomite mudstone and grainstone 

with layers of massive dolomite. In addition, the T5 dolomite has a general medium grey to buff 

weathering colour (Miller, 2008). The T6, T7 and T8 units of the Huttenberg Formation constitute 

the uppermost part of the Tsumeb Subgroup. The T6 unit conformably follows the Elandshoek 

Formation and has a dolomite with conspicuous chert layers (Miller, 2008). The subsequent T7 

unit is made up of dark grey, bedded, carbonaceous, dolomite mudstone or grainstone and 

alternating layers of light and dark grey dolomite mudstone or grainstone with minor limestone 

mudstone (Miller, 2008). This unit has subordinate thin shale beds and rare chert bands. The 

ensuing T8 dolomite is defined by light grey massive to medium-bedded dolomite mudstones and 

packstones with interbedded silicified oolite-oncolite beds, and wavy stratiform, domal, columnar 

stromatolites (Söhnge, 1957). 

 

Mulden Group  

The Mulden Group is unconformably to paraconformably overlying the Otavi Group (Figure 2.4 

and Table 2.1) and formed from deposition of the erosional products of the Otavi Group (Hedberg, 

1979; Miller, 2008). According to Miller (2008), the Mulden Group is syntectonic and was 

deposited between D1 and D2 phases of Damaran deformation in the Northern Platform. The 

Mulden Group rocks are eroded from the anticlinal areas of the central Otavi Mountain Land and 

deposited within the synclinal valleys (Figure 2.5) along the folded southern and western margins 

of the Northern Platform (Kamona and Günzel, 2007; Miller, 2008). In elevated margins of the 

Northern Platform, the Mulden Group rests directly on pre-Damara basement gneisses, whereas, 

in the Owambo Basin its rocks are extensively covered by the Karoo and Kalahari successions 

(Söhnge, 1957; Miller, 2008). 
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Like the Otavi Group, the Mulden Group is subdivided into two subgroups, chiefly the 

Etoshafontein and Welkom Subgroups accordingly (Miller, 2008) (Figure 2.3). While the 

siliciclastic Tschudi and Kombat Formations constitute the Etoshafontein Subgroup in the Otavi 

Mountain Land (Kamona and Günzel, 2007; Miller, 2008), the Welkom Subgroup is absent in the 

Otavi Mountain Land (Miller, 2008). The Tschudi Formation is further subdivided into a lower 

pelitic and an upper psammitic unit (Miller, 2008). The lower Tschudi Formation comprises dark 

grey shales, slates, feldspathic greywackes, marls, quartzite and interbedded, 2 m thick, 

conglomerate layers. The upper Tschudi Formation, by contrast, consists of immature sedimentary 

rocks. The typical Kombat Formation area is the Otavi Valley Syncline (Figure 2.5), where it 

overlies the Tschudi Formation (Kamona and Günzel, 2007). In this area, the Kombat Formation 

consists of the tightly folded, dark grey phyllite and silty to sandy phyllite, often pyrrhotitic or 

pyritic (Miller, 2008).  

 

Deformation and Metamorphism 

The Otavi Mountain Land is dominated by the Otavi Group carbonates in a foreland fold-and-

thrust belt setting of the Damara Belt. The Otavi Mountain Land is located at the transition between 

the highly deformed and metamorphosed central part of the Damara Belt and the 

unmetamorphosed, less deformed molasse succession of the Owambo Basin in the north (Miller, 

2008, 1983; Frimmel et al., 2004) (Figure 2.2b). The Otavi Mountain Land underwent three 

regional deformation events during the pan-Afri can Orogeny (Miller, 1983). The first 

deformational event, D1 occurred at approximately 650 Ma marking the closure of the Proto-

Atlantic with the formation of recumbent southeasterly vergent folds in the Kaoko Belt (Miller, 

1983; Deane, 1995) and was responsible for the east-west shortening (Laukamp, 2006).  As a 

consequence, highly deformed high grade rocks were thrust over the platform carbonates on the 

southwestern margin of the Congo Craton. The effects of this deformation are minimal in the Otavi 

Mountain Land (Deane, 1995). Lehmann et al. (2016) interpreted that D1 north-south shortening 

event in the northern Damara Belt records an early stage of convergence between the Congo and 

Kalahari Cratons. According to Lehmann et al. (2016), the early convergence between the Congo 

and Kalahari Cratons occurred at ~590 Ma.  
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Previously, the second deformation event, D2 was recorded at approximately 537 to 550 Ma 

(Deane, 1995), however recent work by Lehmann et al. (2016) demonstrated a new zircon age of 

512 ±7 Ma for the D2 activity, which appear to contradict the age of D3, which is approximated at 

530 Ma to 460 Ma as reported by Deane (1995). D2 is the main deformational event in the Otavi 

Mountain Land (Deane, 1995; Laukamp, 2006; Miller, 2008). This was marked by the formation 

of the Damara Belt, which resulted in a north-south shortening of the Otavi Mountain Land (Miller, 

1983; Deane 1995, Laukamp, 2006). Consequently, the northwest vergent folds and thrusts were 

developed and eventually formed the outstanding Otavi Valley Syncline (Figure 2.6) (Deane, 

1995). The D2 event was accompanied by a metamorphic event, M1 (Kröner and Clauer, 1979; 

Deane, 1995) ranging from lower greenschist facies (Miller, 1983; Miller, 2008; Pirajno and 

Joubert, 1993; Deane, 1995) near the Kombat area (Figure 2.6) to zeolite and prehnite-pumpellyite 

facies for the Mulden Group rocks (Kröner and Clauer, 1979; Pirajno and Joubert, 1993). The 

metamorphic gradient in the Otavi Mountain Land diminishes northwards, coinciding with 

decreasing deformation (Smit, 1959; Söhnge, 1964; Miller, 1983; Pirajno and Joubert, 1993). The 

ensuing closure of the Khomas Sea with the subduction of the Kalahari Craton under the Sao-

Francisco-Congo Craton caused the uplift and karstification of the Otavi Group rocks (Miller, 

1983; Miller, 2008). The dominating structures associated with D2 include the east-trending large 

folds, which are open to tight and upright to northward vergent in the southern Otavi Mountain 

Land (Coward, 1981). The distribution and the northward movement of the metalliferous 

hydrothermal fluids were facilitated by pre- to syn-D2 structures as conduits. Additional 

remobilization of former base metal sulphide bodies into D2-structures is evident from the Kombat 

(Innes and Chaplin, 1986; Deane, 1995) and Tsumeb (Hughes, 1979) deposits. The D3 event 

formed large scale faults and dyke swarms attributed to the Paleozoic uplift and extension (Söhnge, 

1957). 

 

In general, the Otavi Mountain Land structures are oriented more or less east-west (Miller, 2008). 

This orientation is influenced by basement inliers (Miller, 1983). Folding in the Otavi Mountain 

Land is predominantly east-west striking and is associated with northward overturning of the strata 

(Smit, 1959; Pirajno and Joubert, 1993; Laukamp, 2006). According to Pirajno and Joubert (1993), 

a number of northward-trending faults and fractures, which are characteristic of the Damara 

Orogen occur throughout the Otavi Mountain Land (Figure 2.6). During the higher temperature 
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D2 regime, Swakop Group rocks were thrust northwards onto lower temperature Mulden schists 

in the western Otavi Mountain Land (Miller, 1983). The F2 folds along the southern margin were 

warped into doubly plunging anticlines and synclines during the late stages of east-west 

compression that ended D2 in both the Kaoko Belt and the Northern Platform of the Damara Belt 

(Deane, 1995; Miller, 2008). 

 

 

Figure 2.6 Geological map showing the regional architecture of the Otavi Mountain Land 

metallogenic province, the main base metal deposits (Mississippi Valley Type), the Deblin Cu 

Mine and other Cu prospects in the southern Otavi Mountain Land (modified after Kamona and 

Günzel, 2007 and map of 1:250 000 of the Geological Survey of Namibia).  
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Base Metal Mineralization 

Base metal mineralization in the Otavi Mountain Land occurs throughout the Neoproterozoic 

Damara Supergroup units, including the basal Nosib Group, the middle Otavi Group and the 

uppermost Mulden Group (Emslie, 1979; Söhnge, 1957; Kamona and Günzel, 2007). Additionally, 

dif ferent styles of mineralization affected the Neoproterozoic rocks in the Otavi Mountain Land at 

various tectonic stages (Deane, 1995; Laukamp, 2004; Laukamp, 2006; Kamona and Günzel, 

2007). The mineralization of key deposits in the Otavi Mountain Land was described in detail by 

Innes and Chaplin (1986), Lombaard et al. (1986), Misiewicz (1988), Frimmel et al. (1996) and 

Hughes (1987). Various genetic models have been proposed based on the nature of ore-forming 

solutions, metal sources and timing of mineralization to explain the origin of the hypogene 

sulphide ores in the Otavi Mountain Land (Hughes, 1987; Misiewicz, 1988; Pirajno and Joubert, 

1993; Kamona and Günzel, 2007). Over 600 mineral occurrences of Cu-Pb-Zn-Ag sulphide 

mineralization and V-rich non-sulphide mineralization have been reported in the Otavi Mountain 

Land (Söhnge, 1957; Cairncross, 1997; Boni et al., 2007). Most of the mineral occurrences are 

located in the Huttenberg Formation (52% of the occurrences) and the Gauss Formation (17% of 

the occurrences) (Table 2.1) of the Tsumeb and Abenab subgroups, respectively (Kamona and 

Günzel, 2007). The deposits that have proven to be economically viable with ore tonnage in the 

range of 0.5 to 30 Mt are all hosted in carbonate formations of the Otavi Group, chiefly, the Gauss 

(Berg Aukas Zn-Pb-V), the Auros (Abenab West Pb-Zn-V), the Maieberg (Abenab V and Khusib 

Springs Cu-Pb-Zn) and the Huttenberg (Tsumeb Pb-Cu-Zn-(Ge), Kombat (Cu-Pb-Zn) Formations 

(Kamona and Günzel, 2007) (Table 2.1). The distribution of these hydrothermal deposits in the 

Otavi Mountain Land is shown in Figure 2.5 and Figure 2.6. These deposits are good examples of 

the Mississippi Valley-Type (MVT) of mineralization. 

 

a) Mineralization in the Nosib Group 

The Nosib Group contains substantial occurrences of small, low-grade Cu deposits in 

conglomerate, sandstone, quartzite, tuff and agglomerate (Kamona and Günzel, 2007; Petzel, 

1991). At the Deblin Copper Mine and Askevold South deposit (Figure 2.6), Cu is the major base 

metal with minor Au, whereas the Nosib Prospect (Figure 2.6) contains Cu and Ag with 

subordinate Pb and V mineralization. 
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b) Mineralization in the Otavi Group (Carbonate rock-hosted) 

The carbonate-hosted mineral deposits in the Otavi Mountain Land represent multistage processes 

of ore genesis (Lombaard et al., 1986; Pirajno and Joubert, 1993; Frimmel et al., 1996). Pirajno 

and Joubert (1993) recognized at least three episodes. The first is marked by the low-temperature, 

high-salinity, Cu-poor, basinal fluids, which formed MVT deposits. The second episode is 

characterized by higher temperature and higher salinity, Cu-rich fluids (Pirajno and Joubert, 1993). 

The last stage is associated with recent weathering processes which locally caused the 

remobilization of the ores formed during the first two stages. Also, the last stage introduced non-

sulphide Pb-Zn ores and V-ores in the Otavi Mountain Land (Boni et al., 2007). The formation of 

these carbonate rock-hosted base metal deposits was thought to be controlled by karst structures, 

faults and shear zones as well as joints and fractures (Miller, 2008; Pirajno and Joubert, 1993; 

Laukamp, 2006; Laukamp, 2004; Lombaard et al., 1986; Innes and Chaplin, 1986; Misiewicz, 

1988; Deane, 1995).  

 

The distribution of carbonate-hosted hydrothermal mineralization in the Otavi Mountain Land led 

to the identification of two broad types, namely Tsumeb type and Berg Aukas type (Lombaard et 

al., 1986; Innes and Chaplin, 1986; Hughes, 1987; Misiewicz, 1988; Pirajno and Joubert, 1993) 

(Table 2.2). The two deposit types were characterized on the basis of stratigraphic position (Table 

2.1), mineralogy, metal association, lead and sulphur isotope characteristics and fluid inclusion 

data (Lombaard et al., 1986; Innes and Chaplin; Hughes, 1987; Misiewicz, 1988; Pirajno and 

Joubert, 1993) such that the Berg Aukas type are Pb-Zn-V ores derived from low temperature and 

high salinity basinal fluids whereas Tsumeb ores are complex and Cu-bearing and were formed 

from high temperature low salinity fluids. 

 

a) Mineralizatio n in the Mulden Group 

The Tschudi deposit is located in the northwest part of the Otavi Mountain Land (Figure 2.6). The 

Tschudi deposit is the only known economic deposit hosted entirely in siliciclastic rocks, 

particularly in the medium-to fine-grained feldspathic arenites and sub-greywackes of the Mulden 

Group (Table 2.1). This deposit shows characteristics of MVT mineralization (Emslie, 1979; 

McKinney et al., 2009). The Tschudi deposit is likely to have formed from metal-bearing 

hydrothermal fluids that ascended through karst cavities in the Otavi Group carbonates and spread 
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within weakly cemented sandstone in the Mulden Group (McKinney et al, 2009). The Tschudi 

deposit is primarily a Cu-Ag deposit, with no significant Pb or Zn (McKinney et al., 2009). In 

addition, since the recorded Pb and Zn concentrations have values not more than 0.1%, the main 

economic metal target is solely Cu. This deposit is currently owned by Weatherly International Plc 

and was put into open pit operation in 2014.  

 

Table 2.2 A summary of different characteristics of the Tsumeb-type and Berg Aukas-type 

mineralization (after Lombaard et al., 1986; Innes and Chaplin, 1986; Hughes, 1987; Misiewicz, 

1988; Pirajno and Joubert 1993; Laukamp, 2006; Kamona and Günzel, 2007). 

Tsumeb-type mineralization Berg Aukas-type mineralization 

Consists of complex sulphide ores containing 

Cu, Pb, Zn, Ag, As, Ge, Cd and Ga. 

Consists of Pb-Zn and V sulphide ores and 

little or no Cu. 

The known deposits are: Tsumeb Pb-Cu-Zn-

(Ge) ; Kombat Cu-Pb-(Zn); Khusib Springs 

Cu-Zn-V 

The known deposits are: Berg Aukas Zn-Pb-V 

deposits and Abenab West Pb-Zn-V. 

Ore bodies are not stratabound and are 

confined to the upper part of the Tsumeb 

Subgroup. The ore bodies formed by copper 

bearing metamorphic fluids during the D2 age 

event (syntectonic) and extended during D3. 

Tsumeb type may contain remobilized 

material from Berg Aukas type. 

Member of Mississippi Valley type deposits of 

pre-D2 and is confined to the Abenab 

Subgroup. The main fluid source was basinal 

brines. 

The mineralization is largely hosted in pipes 

that developed at cross junctions of different 

tectonic trends 

The mineralization is largely hosted in 

carbonate breccias. 

Tsumeb type is characterised by high 

temperature conditions and low salinity fluids. 

Berg Aukas type is characterized by low 

temperature and high salinity basinal fluids 

 

 

2.1.3 Summary 

The Otavi Mountain Land is located on the northeastern margin of the Damara Belt. The Otavi 

Mountain Land contains platform carbonates, which were deposited during the advanced stages of 

continental rifting of the Damara belt evolution (Miller, 2008; Frimmel and Miller, 2009). The 

stratigraphy of the Otavi Mountain Land is made up of the Damara Sequence namely the Nosib 

Group, the Otavi Group and the Mulden Group (Söhnge, 1957; Hedberg, 1979; Kamona and 

Günzel, 2007; Miller, 2008). The Otavi Group is further divided into the Abenab and Tsumeb 

Subgroups and its platform carbonate deposition began after 746 Ma and ended between 630 and 

550 Ma (Kamona and Günzel, 2007). The carbonate successions of the Abenab and Tsumeb 
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Subgroups consist of basal glacial deposits, namely the Sturtian Chuos Formation and Marinoan 

Ghaub Formation, respectively (Halverson et al., 2005; Halverson et al., 2007; Kamona and 

Günzel, 2007). The Otavi Group constitutes a large record for the Neoproterozoic for it preserves 

a complete carbonate record from the end of Sturtian glaciation to the middle of Ediacaran Period 

(Halverson et al., 2007).  

 

Base metal mineralization occurs in all the three groups (Kamona and Günzel, 2007). The Otavi 

Group is composed largely of carbonates and records several base metal deposits (Kamona and 

Günzel, 2007; Miller, 2008). The large base metal deposits such as the Berg Aukas and Tsumeb 

deposits hosted in the Otavi Group carbonates are good examples of the MVT-type of 

mineralization. The timing of MVT-type Pb-Zn deposits in the Otavi Group is not well 

constrained, however, based on radiometric age data the Cu-rich polymetallic Tsumeb-type 

deposits in the Otavi Mountain Land appears to have been concentrated after the peak of the 

Damara orogeny at around 530 Ma, which coincides with the 535 Ma peak of M2 regional 

metamorphism (Kamona and Günzel, 2007; Miller, 2008).  
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Chapter 3 

Local Geology 

 

3.1 Introduction  

The study area is located on the westernmost portion of the Askevold Trend (Figure 3.1) on the 

northeastern margin of the Damara Belt within the Northern Zone of Corner (2008) and Miller 

(2008). The study area covers a surface area of about 2 km2. This area is characterized by thorn 

bushes, thick sand cover and has limited outcrop exposure. The thick extensive Cenozoic Kalahari 

Supergroup sand cover in the study area and limited surface geological data precluded researchers 

from fully understanding the stratigraphy and petrology. 

 

For example, Adamson (1976), suggested that in the Deblin Copper Mine area, the Askevold 

Formation metavolcanic rocks are overlain by Gauss Formation dolomite units. However, on the 

regional geological map (Figure 3.1), the dolomite units in the Deblin Copper Mine area are shown 

to belong to both the Askevold and Chuos Formations, and the Gauss Formation is absent. Thus, 

it is not clear which formations of the Abenab Subgroup are present in the study area. 

Although early workers (Söhnge, 1957; Kamona and Günzel, 2007; Miller, 2008) suggested that 

the Ombombo Subgroup facies (Figure 3.1) are absent in the southern Otavi Mountain Land and 

present only in the Kaokoveld, west of the Otavi Mountainland, local geologists (from the 

exploration companies in the Otavi Mountain Land) speculated that the carbonate rocks in the 

Deblin Copper Mine area belong to the Ombombo Subgroup. Therefore, a better understanding of 

the stratigraphic elements, including both exposed and concealed lithologies present in this area, 

developed through geological mapping, borehole lithological logging and petrography, could help 

improve the existing interpretation of the local geology. 

 

3.2 Previous Work  

Previous workers in the southern Otavi Mountain Land, have identified the Askevold Trend, in the 

Kombat South area and described the occurrence of base metal mineralization (Smit, 1959; 

Adamson, 1976; Petzel, 1991; Golden Deeps Limited, 2012, 2013). The Askevold Trend is a 30 
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km long east-west trending series of copper occurrences and geochemical anomalies (Golden 

Deeps Limited, 2012). From east to west, these copper prospects are: Askevold South Cu-Ba 

prospect, Border Post (Redrob) Cu prospect, and Neuwerk Cu prospect (Deblin Cu Mine) (Figure 

3.1). These copper occurrences are thought to be associated with the rift-related mafic volcanic 

rocks of the Askevold Formation (Smit, 1959; Adamson, 1976; Petzel, 1991; Laukamp, 2006; 

Kamona and Günzel, 2007).  

 

 

Figure 3.1 Regional geological map of the southern Otavi Mountain Land with the Askevold Trend 

defined by Cu prospects closely related to the Askevold Formation volcanics. Taken from the 1: 

250,000 of the Geological Survey of Namibia (2008). The black dotted line indicates the Askevold 

Trend. The black box shows the local study area (Figure 3.4). 

 

 

The occurrence of the volcanic-hosted base metal mineralization in the southern Otavi Mountain 

Land attracted a number of researchers and mineral prospectors. The local stratigraphy and 

geology of the southern Otavi Mountain Land was described in detail by Stahl (as cited in Schaum, 

1960) when he advanced on the local stratigraphic work of Wagner (as cited in Smit, 1959) who 

investigated the area in 1910. Stahl (as cited in Schaum, 1960) described the local stratigraphy in 

this area and defined the diamictite unit as a conglomerate, which he grouped together with the 
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grits and quartzite of the Otavi Group. However, Schaum (1960) challenged the description of the 

conglomerate by Stahl (as cited in Schaum, 1960) and argued that the unit observed is instead a 

tillite. During his mapping work, Schaum (1960) suggested that there are two tillite (diamictite) 

horizons in this area, which he assigned to the Otavi Group. Today, these glacial deposits are 

referred to as the Chuos and Ghaub Formations (Figure 3.2). In addition, Stahl (as cited in Smit, 

1959) established that the metamorphic grade across this area decreases from south to north. 

 

 

Figure 3.2 Stratigraphic column for the accepted Otavi Mountain Land stratigraphy with mineral 

deposits of Kamona and Günzel (2007). 

 

 

Smit (1959) mapped the southern Otavi Mountain Land on a regional scale and produced new 

information on the stratigraphy and structural framework of the area. He recognized the northwest 

and northeast trending faults; with or without noticeable displacements. Furthermore, Smit (1959) 

described in detail the epidotised basic volcanic unit of the Askevold Formation (Figure 3.2). The 

epidotised basic volcanic unit is referred to as an epidosite in the recent literature. Smit (as cited 

in Miller, 2008) initially referred to the Askevold Formation as the Kombat Suid Formation. 

Adamson (1976) investigated the geology of the Deblin Copper Mine area and described the local 
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petrology and the mineralization. According to Adamson (1976), the stratigraphy of the Deblin 

Copper Mine area comprises the older Askevold Formation of the Nosib Group overlain by the 

younger Gauss Formation of the Abenab Subgroup of the Otavi Group. 

 

The lithologies include the hydrothermally altered, Askevold Formation schist unit with minor 

marble intercalations and the upper dolomite unit of the Abenab Subgroup. Adamson (1976) stated 

that the host rock of the Deblin Copper Mine is a sericitized and chloritized basic to acidic volcanic 

pyroclastic rock of the Askevold Formation. Later, Liedtke (1976) investigated the extent of the 

Askevold Formation volcanic rocks further east of the Deblin Copper Mine area to establish a new 

general stratigraphy and to assess the mineral potential of the volcanics. The petrology of the 

volcanic rocks of the Askevold Formation in this area has been subsequently studied in detail by 

Söhnge (1957), Smit (1959), Adamson (1976), Liedtke (1976) and Miller (2008). The Askevold 

Formation is understood to be composed of the green epidotised basic lava (epidosite) and dark 

greyish green sericite-chlorite schist, tuff (leucitite), schistose pyroclastic rocks and the 

agglomerate (Söhnge, 1957; Smit, 1959; Schaum, 1960; Adamson, 1976; Miller, 2008). The 

schistose rocks contain mainly various angular to rounded lithic fragments of quartzite as well as 

minerals including quartz and dolomite, with minor epidote, chlorite and amphibole (Smit, 1959; 

Miller, 2008). 

 

3.3 Current W ork  

This chapter revises and updates the stratigraphy, and the petrology of the Deblin Copper Mine 

area using the most recently collected geological data and data compiled from the literature. This 

chapter focuses on the distribution and description of the local stratigraphy and geological features 

together with, the relationship between the copper mineralization and the host rocks. In addition, 

the chapter presents new petrographic data of the rocks from the study area. The new thin section 

petrographic data are used to supplement the lithological logging and geological mapping 

descriptions, and to elucidate the microstructures that are invisible at outcrop scale. Fieldwork was 

undertaken in the area around the Deblin Copper Mine and included geological mapping, sample 

collection, and drill core lithological logging. Subsequently, laboratory work primarily involving 

microscopy was conducted on the collected samples.  
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Poor rock exposure within the study area made it difficult to delineate the contacts between various 

different rock units. The study area comprises 11 mappable rock units at the scale of 1:2500. In 

addition, drilling revealed the existence of rock types that are not exposed in the area. For this 

reason, not all the rock types on the geological map (Figure 3.3) appear in the drill cores (Figure 

3.4-3.6). The rock types in the study area correspond to traditional formations of the Otavi 

Mountain Land geology and have been documented here in detail. The metapelites and metabasalts 

from the study area have experienced greenschist facies metamorphism. Despite deformation and 

metamorphism, in most places, preserved primary structures, textures, composition and alteration 

allowed the identification of the carbonate rocks. As a result, the prefix ñmetaò, which should 

precede the name of the carbonate rocks, is omitted for clarity. In the thin sections, the term 

carbonate has been used to represent both calcite and dolomite minerals.  

 

Hydrothermal alteration is the most common characteristic feature in all the rock types from the 

study area. Carbonatization is the leading alteration type and is distinguished by late carbonate 

growths that overprint the primary minerals. Depictions in this chapter are later supplemented by 

mineralogical studies, whole rock geochemical and sulphur isotope analyses, and geophysical 

interpretations in the subsequent chapters to interpret the mineralization style of the Deblin Copper 

Mine area. 

 

3.3.1 Methodology 

 

a) Geological Mapping 

Surface geological mapping was conducted over an area of about 1800 m x 1300 m during the first 

phase (27 May 2015 to 15 June 2015) of field geological data collection. Mapping was limited to 

outcrops and these cover no more than approximately 30% of the study area. Geological mapping 

was conducted to acquire all data exposed on the surface, including all petrological features, 

structural features and their orientations, and copper occurrences. These basic data were later 

integrated with magnetic data to establish the structural framework of this area. Geological 

mapping was conducted via traverses perpendicular to the strike of the rocks. In addition, rock 

samples were collected during mapping. 
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b) Drill Core Lithological Logging  

Drill core lithological logging was undertaken during the first field session in the core yard of 

Sabre Resources Namibia. A total of three drill cores were logged for detailed description of the 

intersected lithologies including their mineralogy and other macroscopic petrographic features. In 

addition, lithological logging was undertaken to determine the location of the copper sulphide 

mineralization in the stratigraphy and ultimately guide the sampling process for geochemical 

analysis and petrographic studies. The logging techniques include the description of the 

lithological variations relative to depth, hydrothermal alterations, degree of weathering, 

mineralization and structures. The names of the boreholes are: DBDD0001, DBDD0002 and 

DBDD0003. The names are given by Sabre Resources Namibia and the abbreviation DBDD stands 

for Deblin Diamond Drillhole. It should be noted that, however, the first two boreholes, 

DBDD0001 and DBDD0002, are collared in the same place but drilled at different angles. 

DBDD0001 was drilled at an inclination of -72° with 0° azimuth and a maximum depth of 170.50 

m, whereas DBDD0002 was drilled at an inclination of -60° with 0° azimuth and a maximum 

depth of 120.00 m. DBDD0003, located 947 m west from the first two boreholes was drilled at an 

inclination of -55° with 354.5° azimuth and a maximum depth of 90.60 m.  

 

c) Petrography 

A total of 75 fresh and least weathered representative samples were collected from the outcrops 

(12 samples) and drill cores (63 samples) during field work. These samples were selected for the 

petrographic studies. Subsequently, 115 polished thin sections were prepared and examined using 

petrological microscopes with both reflected and transmitted light at the Petrology Laboratory in 

the School of Geosciences, University of the Witwatersrand.  

 

3.3.2 Local Stratigraphy 

The stratigraphic succession of the study area is located close to the transition zone from Otavi 

Group facies to Swakop Group facies (Figure 3.1). These facies are underlain by volcanic rocks 

and clastic sediments of the Nosib Group (Figure 3.3). The local stratigraphy of the study area is 

subdivided into the older Askevold Formation of the Nosib Group and the younger Chuos 

Formation of the Otavi Group based on the petrological features (Figure 3.3). The Askevold 

Formation consists largely of schistose mafic and felsic metavolcanic rocks, whereas the Chuos 

Formation (Abenab Subgroup) is characterized by pyritic dolomite, grey limestone, banded 
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limestone, phyllite, silicified dolomite, dolomite breccia and diamictite as intercalations in 

association (Figure 3.3). The revised stratigraphy of the area around the Deblin Copper Mine area 

was constructed through geological mapping, lithological logging and petrographic descriptions. 

 

The local stratigraphy from the new local geological map (Figure 3.3) was used to modify the 

regional geological map (Figure 3.4) in the area around the Deblin Copper Mine. On the regional 

geological map, the carbonates in the area around the Deblin Mine area were described as part of 

the Devon Carbonate Member of the Askevold Formation. However, detailed local geological 

mapping from this study identified more units such as the dolomite, limestone, phyllite and 

diamictite of the Chuos Formation (basal Otavi Group), which were previously collectively 

described as dolomite of the Devon Carbonate Member placed under the Askevold Formation of 

the Nosib Group. 

 

 

Figure 3.3 Stratigraphic column for the study area and comparison with the accepted Otavi 

Mountain Land stratigraphy with mineral deposits of Kamona and Günzel (2007). 
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3.3.3 Petrographic Description of the Local Stratigraphy 

The new geological map (Figure 3.4; Appendix F) of this area is dominated by carbonate rocks of 

the Abenab Subgroup (Chuos Formation) with minor metavolcanic rocks of the Askevold 

Formation. In addition to the lithologies displayed on the geological map, the lithologies that are 

not exposed in the study area are revealed by the drill holes (Figure 3.5) and their descriptions are 

given in Table 3.1-3.3. The dolomite in DBDD0001 is brecciated at different levels with depth and 

thus it appears to have more dolomite breccia zones than DBDD0002. This explains why the two 

closely collared drill holes show different rock types at the same depths (Figure 3.6). Drill core 

data were then combined with geological mapping data to determine the general geology and local 

stratigraphy of the study area. The sample localities are shown on the drill cores in Figure 3.7. The 

detailed descriptions of all the samples are given in Appendix A. 



35 

 

 

Figure 3.4 Detailed geological map of the area around the Deblin Copper Mine constructed at the scale of 1:2,500. In addition, the map 

shows the location of the twelve hand samples and three boreholes drilled in the study area. This geological map was constructed from 

the outcrop geology.  
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Figure 3.5 Lithological logs of the three boreholes from the Deblin Copper Mine area. A) DBDD0001 lithological log showing the 

succession of both the Nosib Group metavolcanic rocks and Otavi Group dolomites, and the location of the copper sulphide 

mineralization in the stratigraphy. Grid reference: 758547 mE, 7814734 mN. B) DBDD0002 lithological log showing the succession of 

both the Nosib Group metavolcanic rocks and Otavi Group dolomites, and the location of the copper sulphide mineralization in the 

stratigraphy. Grid reference: 758547 mE, 7814735 mN. C) DBDD0002 lithological log. This borehole intersected solely the Nosib 

Group metavolcanic rocks. Note the lack of a mineralized unit. Grid reference: 757600 mE, 7814885 mN. 
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Figure 3.6 Cross-section of the three boreholes from the Deblin Copper Mine area showing their orientations. The drill holes were 

plotted with Leapfrog Geo 3.1 and digitized in ArcMap 10.2.2.  
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Table 3.1 Lithological log sheet of DBDD0001 with the detailed description of all the intersected units.  

From 

(m) 

To 

(m) 
Lithology  Lithological Description Colour Texture Weathering Alteration Type Sulphides Structures 

0.00 3.30 
Dolomite 

breccia 

Dolomite breccia with deformed 

stromatolites, oxidized calcite and 

quartz veins. In addition, the unit has a 

thick quartz-calcite vein with minor 

disseminations of pyrite grains 

between 3.14m and 3.21m depth. 

Light 

grey 

Fine-

grained 
Fresh  Carbonatization Pyrite (2%) Fractures 

3.30 4.60 
Silicified 

dolomite 

Silicified dolomite with moderate thin 

quartz and calcite veins. Rare 

disseminations of pyrite are present 

throughout the unit. 

Light 

grey 

Fine-

grained 
Fresh  Silicification Pyrite (3%) Fractures 

4.60 6.70 
Dolomite 

breccia 

Dolomite breccia with rare, thin 

quartz-calcite veins. 

Light 

grey 

Fine-

grained 
Fresh  Silicification   Fractures 

6.70 8.03 
Silicified 

dolomite 

Silicified dolomite with minor calcite 

veins and fractures with oxidized 

surfaces. Minor malachite and pyrite 

occur within the rocks matrix. 

Light 

grey 

Fine-

grained 
Fresh  Silicification Pyrite (3%) Fractures 

8.03 27.70 
Dolomite 

breccia 

Dolomite breccia with clasts size 

ranging from 0.5 cm to 4 cm, frequent 

quartz-calcite veins. The unit consists 

of stromatolites. Ubiquitous cross 

cutting carbonate veins occur between 

14 m to 15 m depth. The fractures are 

filled with calcite linings. The unit 

records minor amounts of pyrite. 

Light 

grey 

Fine-

grained 
Fresh  Silicification Pyrite (2%)    Fractures 

27.70 41.47 
Silicified 

dolomite 

Silicified dolomite with various 

calcite veins and fractures filled with 

calcite. A 4 cm thick calcite vein with 

pyrite grains occurs at 31.91 m depth. 

In addition, there are minor grains of 

pyrite within the matrix. 

Light 

grey 

Fine-

grained 
Fresh  Silicification Pyrite (3%) Fractures 

41.47 45.00 
Dolomite 

breccia 

Dolomite breccia with various 

fractures with oxidized surfaces. 

Light 

grey 

Fine-

grained 
Fresh  Silicification   Fractures 
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45.00 47.00 Cu Sulphides 

Frequent chalcopyrite and subordinate 

pyrite hosted in quartz and quartz-

calcite veins. 

Light 

grey 

Fine-

grained 
Fresh  Silicification 

Chalcopyrite 

(10%)    

Pyrite (2%) 

Fractures 

47.00 53.00 
Dolomite 

breccia 

Dolomite breccia with various 

fractures with oxidized surfaces. 

Light 

grey 

Fine-

grained 
Fresh  Silicification   Fractures 

53.00 59.32 
Silicified 

dolomite 

Silicified dolomite with patches of 

fresh and oxidized, brown pyrite 

grains. 

Light 

grey 

Fine-

grained 
Fresh Silicification Pyrite (4%) Fractures 

59.32 82.00 
Dolomite 

breccia 

Dolomite breccia with disseminations 

of pyrite between 64.50 m and 67.50 

m depths. 

Light 

grey 

Fine-

grained 
Fresh Silicification Pyrite (3%)     Fractures 

82.00 91.08 
Silicified 

dolomite 

Silicified dolomite with greenish 

chloritized thin (<cm thick) layers and 

pyrite grains. 

Light 

grey 

Fine-

grained 
Fresh Chloritization Pyrite (2%) Fractures 

91.08 100.50 
Dolomite 

breccia 

Dolomite breccia with rare 

disseminations of pyrite. 

Light 

grey 

Fine-

grained 
Fresh Silicification Pyrite (2%) Fractures 

100.50 135.93 
Silicified 

dolomite 

Silicified dolomite with frequent 

stromatolites and ubiquitous thick 

calcite veins (4 cm thick) between 

100.50 m and 103.50m depths. Calcite 

vugs occur within the fractures. Rare 

pyrite grains occur at 133.50 m depth. 

Light 

grey 

Fine-

grained 
Fresh Silicification Pyrite (2%) Fractures 

135.93 136.58 
Quartz-

Calcite Vein 

Thick quartz-calcite vein. The vein 

has both calcite and dolomite 

carbonate minerals. 

White 
Coarse-

grained 
Fresh Silicification Pyrite (4%) Fractures 

136.58 137.73 Cu Sulphides 

Numerous vein type mineralization 

with chalcopyrite in the silicified 

dolomite. 

Brown 
Fine-

grained 
Fresh   

Chalcopyrite 

(5%) 
  

137.73 138.71 Agglomerate 

Deformed agglomerate rich in chlorite 

with weakly developed foliation, sub-

rounded pebbles and patches of 

euhedral pyrite grains. 

Green   Fresh 

Chloritization 

(70%) 

Carbonatization 

(30%) 

Pyrite (10%) 
Foliation 

and Veins 

138.71 139.30 
Mafic 

Metavolcanic 

Greenish, fine grained layer of the 

metavolcanic enriched in micas and 

chlorite. 

Green 
 Fine-

grained 
Fresh 

Chloritization 

(60%) 

Carbonatization 

(40%) 

  Foliation 
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139.30 157.50 Agglomerate 

Deformed agglomerate rich in chlorite 

with weakly developed foliation, sub-

rounded pebble. 

Green 
Fine-

grained 
Fresh 

Chloritization 

(70%) 

Carbonatization 

(30%) 

  
Foliation 

and Veins 

157.50 157.62 Cu Sulphides 
Minor amounts of chalcopyrite hosted 

in quartz-calcite veins. 
Green 

Fine-

grained 
Fresh   

Chalcopyrite 

(2%) 
  

157.62 170.50 Agglomerate 

Deformed agglomerate with sub to 

rounded elongated volcanic clasts. 

The unit in enriched in chlorite rich 

and have ubiquitous quartz-calcite 

veins. Pebbles range from <1 cm to 5 

cm in the elongated direction. 

Green 
Fine-

grained 
Fresh 

Chloritization 

(70%) 

Carbonatization 

(30%) 

  
Foliation 

and Veins 

End of 

Hole 
                  

 

 

Table 3.2 Lithological log sheet of DBDD0002 with the detailed description of all the intersected units. 

From 

(m) 

To 

 (m) 
Lithology  Lithological Description Colour Texture Weathering Alteration Type Sulphides Structures 

0.00 35.00 
Dolomite 

breccia 

Dolomite breccia with deformed 

stromatolites, frequent calcite and 

minor quartz veins consisting of 

minor pyrite grains. Manganese oxide 

staining occurs on the surface of the 

fractures. 

Light 

grey 

Fine-

grained 
Fresh Carbonatization Pyrite (2%) Fractures 

35.00 59.34 
Silicified 

dolomite  

Silicified dolomite consisting of 

various calcite veins and frequent 

deformed stromatolites. The unit has 

minor zones affected by brecciation 

and fractured along the quartz-calcite 

veins. Cross cutting quartz-calcite 

veins contain pyrite at 37.89 m depth. 

Frequent pyrite disseminations occur 

in the rock matrix between 42.88 m 

and 45.12 m depths, and also from 

45.12 m to 55.85 m depths. 

Light 

Grey 

Fine-

grained 
Fresh Silicification Pyrite (3%) Fractures 
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59.34 60.68 Cu Sulphides 

Frequent chalcopyrite and minor 

amounts of pyrite in quartz-calcite 

veins within the silicified dolomite. 

Light 

Grey 

Fine-

grained 
Fresh Silicification 

Chalcopyrite 

(25%)          

Pyrite (20%) 

Fractures 

and Veins 

60.68 75.47 
Silicified 

dolomite  

Deformed silicified dolomite 

dominated by calcite veins and 

disseminations of pyrite in the rock 

matrix. 

Grey 
Fine-

grained 
Fresh Silicification Pyrite (5%) Fractures 

75.47 75.75 
Quartz-

Calcite Vein 

Thick quartz-calcite vein. The vein 

has both calcite and dolomite 

carbonate minerals. 

White 
Coarse-

grained 
Fresh     Veins 

75.75 96.18 
Silicified 

dolomite  

Deformed silicified dolomite with 

pyrite hosted in calcite veins aligned 

along the drill core and cut across 

bedding in some places. 
Grey 

Fine-

grained 
Fresh Silicification Pyrite (10%)   

96.18 96.71 Cu Sulphides 

A small layer of chalcopyrite and 

pyrite disseminations at the bottom of 

the silicified dolomite. 
Brown 

  Fine-

grained 
Fresh   

Chalcopyrite 

(20%) and      

Pyrite (10%) 

  

96.71 120.00 Agglomerate 

Deformed agglomerate with frequent 

quartz-calcite veins and sub-rounded 

mafic clasts hosted in a chlorite rich, 

highly foliated matrix. Most quartz-

calcite veins cross cut each other. 

Coarse grains of pyrite are evident in 

the top part of this unit. 

Green 
 Fine-

grained 
Fresh 

Chloritization 

(70%) 

Carbonatization 

(30%) 

Pyrite (5%) 

Fractures, 

Foliation 

and Veins 

End 

of 

Hole     
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Table 3.3 Lithological log sheet of DBDD0003 with the detailed description of all the intersected units. 

From   

(m) 
To       

(m) 
Lithology  Lithological Description Colour Texture Weathering Alteration Type Sulphides Structures 

0.00 34.12 
Chlorite 

Schist 

Fine-grained chlorite schist 

dominated by chlorite with minor 

micas and quartz. In addition, the 

unit has frequent quartz-calcite veins 

and a strong foliation. Some quartz-

calcite veins are parallel to the 

foliation, whereas some cross cut the 

foliation. Malachite linings occur 

along foliation planes between 2.70 

m and 3.73 m depth. In addition, rare 

fine-grained pyrite grains occur in 

quartz-calcite veins between 12.70 m 

and 13.30 m depth. In places, pyrite 

grains are oxidized to brown. 

Green 
Fine-

grained 
Saprock Chloritization Pyrite (2%) 

Fractures 

and 

Foliation 

34.12 40.80 Tuff 

Fine-grained tuff composed of micas, 

chlorite and calcite. The unit has a 

strong foliation and frequent calcite 

and quartz-calcite veins. In some 

places the veins are oxidized to 

brown. At 40.07 m depth, calcite and 

quartz-calcite veins exhibit cross-

cutting relations. 

Dark 

grey 

Fine-

grained 
Fresh Carbonatization 

  

Fractures 

and 

Foliation 

40.80 44.15 
Chlorite 

Schist 

Chlorite schist with weak foliation 

cross cut by quartz veins.  

Light 

green 

Fine-

grained 
Fresh Chloritization  

  

Foliation 

44.15 76.45 Tuff 

Fine-grained tuff with dark grey, thin 

mafic foliated layers and frequent 

calcite and quartz-calcite veins.  

Dark 

grey 

Fine-

grained 
Fresh Carbonatization 

  

Foliation 

76.45 82.75 
Chlorite 

Schist 

Chlorite schist with weak foliation 

and  frequent quartz veins 

Light 

green 

Fine-

grained 
Fresh Chloritization  

  
Foliation 
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82.75 90.60 Tuff 

Tuff with thin mafic foliated layers, 

frequent calcite veins and 

subordinate quartz veins. The quartz 

and calcite veins gives the unit a 

white spotty appearance 

Grey 
Fine-

grained 
Fresh Carbonatization 

  

Foliation 

End 

of 

Hole     
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Figure 3.7 Lithological logs of the three boreholes (DBDD0001, DBDD0002 and DBDD0003) from the Deblin Copper Mine area 

showing sample localities. 
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Nosib Group 

Askevold Formation 

The Askevold Formation is a set of unexposed tuff, poorly exposed chlorite schist, mafic 

metavolcanic, agglomerate and felsic volcanic breccia. The descriptions of the Askevold 

Formation units are based on the well exposed, albeit limited outcrops, and drill cores. 

 

Tuff  

The tuff is not exposed in the study area and thus it does not appear on the detailed geological map. 

However, it was intersected in DBDD0003 at different intervals, alternating with the chlorite 

schist. These intervals are at the following depths: (i) 34.12 m to 40.80 m, (ii) 44.15 m to 76.45 m 

and (iii) 82.75 m to 90.60 m depths. Based on drill core observations, the tuff is dark grey, very 

fine-grained and highly foliated. This rock has frequent quartz-calcite veins (Figure 3.8). The tuff 

is fresh in hand specimen. The mineral composition is characterized by 35-40% sericite, 15-20% 

plagioclase, ~15% biotite, ~10% chlorite, 15-20 % carbonates (mainly calcite), ~7% quartz, and ~ 

3% microcline. The opaque grains that are present as accessory minerals are primarily pyrite. 

Generally, different mineral grains of this rock vary in size and shape (Figure 3.9a-d). For instance, 

the grains of plagioclase are anhedral and are very fine-to fine-grained (0.088-0.25 mm) and in 

some samples the plagioclase grains are fine-to medium-grained (0.35-1.167 mm). The anhedral 

quartz grains are very fine-to fine-grained (0.088-0.162 mm) and medium-grained (0.117-0.35 

mm) in some places. In addition, calcite is fine-to medium-grained (0.117-0.35 mm), although 

present as very fine-grains in places. Chlorite and the micas are very fine grained (0.041-0.098 

mm). 

 

In thin section, the tuff exhibits a well-developed widely spaced, sinuous foliation with poorly 

developed S-C fabrics defined by two foliations, labeled S and C (Figure 3.10a-b), both of which 

developed during a single deformation. The S-foliation is continuous and defined by mica foliation 

that curves towards an orientation parallel to the C-foliation. The C-foliation, in turn is a set of 

shear bands in the rock that develop parallel to the shear zone boundaries. This S-C fabric appear 

similar to extensional crenulation cleavages. The bedding (So) is not observed in this unit for it is 

completely obliterated by the primary foliation (S1). The cleavage domains are made up chiefly of 

sericite (Figure 3.10). The microlithons are composed of quartz, carbonates and plagioclase 

(Figure 3.10c-d) as well as late biotite and chlorite stacks. Notably, coarse-grained biotite is not 
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always parallel to the foliation. This observation suggests the presence of late coarse-grained 

biotite growth, which overprinted the sericitic alteration (e.g. Figure 3.10d). 

 

 

Figure 3.8 Photographs of the tuff. A) Half drill core of the tuff with frequent quartz-calcite veins. 

DBDD0003: 39.20 m ï 39.40 m ï DB3S10. B) Half drill core of the tuff with quartz-calcite veins 

and numerous calcite vugs. DBDD0003: 67.40 m ï 67.60 m ï DB3S14. Magnetic pen for scale.  

 

 

The micaceous cleavage domains display a range of volume percentage between 60% and 70% 

(zonal foliation) defining a disjunctive foliation type. The spatial relation between cleavage 

domains is mainly anastomosing and there is a gradational transition between cleavage domains 

and microlithons. About 55% of the quartz and carbonate minerals population displays undulose 

extinction. Notably, some plagioclase grains are not deformed nor foliation-parallel indicating that 

they post-date the deformation responsible for the observed foliation. However, in other cases, 

plagioclase grains are slightly deformed and cut by the micas. The reason for the occurrence of the 

two scenarios of plagioclase is not well understood. 
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The tuff exhibits multiple types of alteration including carbonatization, chloritization and 

sericitization (Figure 3.11-3.12). The most prominent feature in this unit is the ubiquitous calcite 

grains that overgrow the foliation and all other mineral phases (Figure 3.11-3.12). Moreover, 

calcite grains and the micas replaced plagioclase (Figure 3.11d-3.12a-b), whereas calcite grains 

are overgrown by coarse-grained biotite and microcline in places. Chlorite occurs as overgrowths 

superimposed on other minerals such as the plagioclase and the micas although biotite hosted by 

calcite grains are protected from alteration (Figure 3.12c-d). The tuff records subordinate 

chloritization (5%) second after carbonatization (10%).  

 

 

Figure 3.9 The tuff mineralogy, grain size and textural relationships. A) Randomly oriented fine-

grained plagioclase, very fine-grained quartz and medium-grained calcite (XPL). DBDD0003: 

39.20 m ï 39.40 m ï DB3S10-D17a. B) Fine-grained microcline overgrown by biotite and fine-

grained calcite grains (XPL). DBDD0003: 47.28 m ï 47.48 m ï DB3S13-D18d. C) Coarse-grained 

plagioclase replaced by finer-grained calcite and sericite. The biotite grain is replaced by calcite 

(XPL). DBDD0003: 75.04 m ï 75.24 m ï DB3S15-D141d. D) Frequent very fine-to fine-grained 

plagioclase overgrown by calcite (XPL). DBDD0003: 34.20 m ï 34.40 m ï DB3S9-D131b. (XPL= 

crossed-polarized light; PPL= plane-polarized light).  
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Figure 3.10 Spaced foliation in the tuff. A) S-C fabric with C-shear band foliation transecting the 

sericite dominated main foliation (S-foliation) during shearing (XPL) and B) same image shown 

in plane-light (PPL). DBD0003: 39.20 m ï 39.40 m - DB3S10-D17c. C) Carbonates and 

plagioclase constitute the microlithons of the sericite cleavage domain (XPL). DBD0003: 39.20 m 

ï 39.40 m - DB3S10-D17e. D) Sinuous cleavage made up of sericite. Biotite overgrowth on sericite 

(XPL). Conspicuous calcite overgrowths over the foliation. DBDD0003: 75.04 m ï 75.24 m ï

DB3S15-D140c. The white lines define S and C surfaces. (XPL= crossed-polarized light; PPL= 

plane-polarized light). 

 

 


