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ABSTRACT 

Small scale diver-assisted diamond mining has taken place since 1990 in the shallow marine 

«30 m water depth) portions of Mining Licence 45 (Elizabeth Bay) between Halifax Island and 

Elizabeth Bay along the southwestern coast of Namibia. These operations in the northern part off 

the coast of the Sperrgebiet have produced almost 400,000 carats over a period of 17 years. 

Although sparse records remain from the early days, sufficient data from various sources were 

collected, collated and summarised to make meaningful observations. 

From historic and current diamond diving records, 4 submarine areas which have yielded high 

returns were described in terms of their geomorphology, sedimentology and diamond occurrence. 

Using detailed geophysical survey data (Sidescan Sonar and Multi-beam Bathymetry), the 

deposition of diamonds at these sites were modelled in GIS-based reconstructions. 

The diamond size frequency distribution (SFO) of the Shallow Marine (0 to -30 m) deposits in the 

study area is similar to the proximal aeolian deposit mined on land at Elizabeth Bay and the 

deeper Midwater (-30 to -70 m depth) deposits situated southwest of the study area. Although 

similar, the three deposits have distinct SFO signatures. The shallow marine deposit SFO is 

notably consistent over the 4 areas studied along the 30 km section of coastline. The Elizabeth 

Bay, Shallow Marine and Midwater diamonds were deposited at different times and sea level 

varied for each event. It is very likely that each deposit is comprised of a series of complicated 

overlapping smaller pulses of emplacement. However, continuous reworking over a considerable 

period of time smoothed out most of the anomalies in each deposit. 

Within the study area, diamonds were widely distributed down to -30 m, which is the practical 

depth limit for diver-assisted operations. Significant concentrations of diamonds were 

encountered at -12 m, between -18 m and -21 m and between -24 m and -27 m depths. 

Indicating that sea level was most likely at, or about these depths for a significant period of time, 

allowing reworking processes to concentrate diamonds. 

The geomorphology of the coastline at a particular sea still stand provides the opportunity for the 

accumulation, retention and reworking of northward travelling diamondiferous gravel. Although 

south facing embayments play a significant role, additional factors are required for the 

accumulation of discrete pockets of anomalously high grade diamondiferous gravel i.e. Jackpots. 

Surface roughness provided by the bedrock and/or boulders was a significant additional factor 

contributing to the formation of the majority of trapsites in the study area. 
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The appearance of Choromytilus meridionalis and Au/acomya ater shells, which occur in the 

gravel deposits, were used to tentatively assign ages of deposition. Where fresh blue/black 

coloured Choromytilus meridionalis and Au/acomya ater shells were present, deposition is 

inferred to have occurred between 8.0 ka and 4.5 ka ago i.e. after the Last Glacial Maximum 

(LGM). Deposition of gravels for the rest of the areas studied is inferred to have taken place at 

least 80 ka ago, i.e. before the LGM, as the gravel contained weathered, chalky, friable shells. 

As these deposits are generally thin «3.0 m in thickness), it is unlikely that they could have 

survived several millions of years and the numerous regressional and transgressional cycles 

which occurred in that period. It does seem more feasible that these gravels were deposited 

during the late Quaternary. 

The accumulations of gravel mined by the divers were generally thin «3.0 m in thickness). Such 

surficial deposits are prone to erosional processes and likely to be broken down and re­

introduced to the Shallow Marine conveyor during subsequent regressional and transgressional 

cycles. It was found that factors assisting with the preservation of diamondiferous gravel include: 

• Morphology of the trapsite: The bedrock controlled trapsite provides protection from 

erosional processes during emergent periods and from shallow marine processes during 

submergent periods. In these trapsites gravel accumulated and was retained, reworked 

and preserved. 

• The presence of boulders provides surface roughness which not only enhances the 

quality of the trapsite but, it also forms an armoured lag, protecting the gravel body from 

erosional and shallow marine reworking processes. 

• Cementation provides a protective capping which preserves the underlying sediments. 

This is an important preservation factor as about 55% of the carats recovered from the 4 

areas discussed in this study were mined from features where cemented horizons were 

present. 

Assuming that sidescan sonar and high resolution bathymetry data is available to the geologist to 

assist in selection of targets for diver-assisted mining along the southern Namibian coast, it is 

proposed that prioritisation of areas take place along the following guidelines: 

1. Focus on -18 m to -21 m, -24 m and -27 m depths. 

2. Focus on areas where the geomorphology of the coastline provides an opportunity to trap 

and retain gravel being moved northward by wave action and the longshore drift. 

3. Find areas which provide space to accommodate a reasonable volume of gravel. 

4. Preferentially select areas displaying rough gullied bedrock and which are proximal to 

fluvial drainages i.e. a supply of coarse clastic material. 
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Due to limitations of survey data collected in the Shallow Marine environment and as gullies and 

small basins are often covered by a thin layer of sand, it is usually not possible to observe the 

presence of boulders within a target feature. The presence and extent of preservation factors can 

therefore only be determined after prospecting and or mining of a target has commenced and a 

mining face has been opened up by the divers. 
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Chapter 1 

1. INTROOUCTION 

With the break-up of West Gondwana approxima tely 120 m~ lion years (ma) ago. the southern 

At lantic Ocean opened up between the continental masses of &Juth America and Africa 

Eros·.,nal processes transported sediments from the interior where they were deposited along the 

coasloo the cont .,ental shell (Bremner Bt &/. 1990; Olngle & Hendey, 1984; [J;ngle & ScruHoo, 

1974) ~ a res Li t of sediment accumLlat.,n, the shelf is retatively "';00 at the Orange River 

Mouth where the -200 m isobath i. situated approximately 200 km west of Oranjemund Moving 

away from the point source 01 sed iment supply, the continental shelf narrows so that 250 km 

northward the -200 m isobath IS Situated appro~mate1y 45 km west of Uideritz (Figure 1 1) 
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Figure 1 1 Reg looal locatK>l1 map of southwestern Namii;.;a ind icating the Sperrgeb iet the 

landbased e~tent 01 Namdeb-held mining licences and regional bathymetry 
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Chapter 1 

Since the late Cretaceous/early Tertiary the west coast of southern Africa has largely been a 

passive margin (De Wit, 1999; Van der Wateren & Dunai, 2001). Events of continental uplift 

occurred during the early Tertiary, the Miocene and the late Pliocene/early Pleistocene (Partridge 

& Maud, 1987; Jacob et al., 1999; Wigley & Compton, 2006; Bluck et al., 2007). The uplift 

resulted in increased amounts of erosion and fluvial transport of sediments to the western margin. 

Global changes in sea-level (eustatic change) resulted in the shoreline slowly retreating from the 

land (regression) during cold periods of glaciation when water from the world's oceans were 

accumulated and locked-up in ice caps. When warmer periods ensued, the ice caps melted and 

released water into the oceans resulting in relatively rapidly rising sea levels with shorelines 

encroaching on the land (transgression). Large volumes of sediment transported by the Orange 

River would be deposited seaward from where the river enters the sea (Bremner et al., 1990; 

Dingle & Hendey, 1984; Dingle & Scrutton, 1974). During a regression this would be further out 

on the shelf and during a transgression it would be closer to the landmass (Pickford & Senut, 

2002). Several cycles of glaciation and melting have resulted in the coastal shelf, and the 

sediments deposited on it, either being submerged or exposed to wind driven (aeolian) and 

coastal fluvial processes. 

Diamonds occur along the western coast of Southern Africa, starting in the south from the mouth 

of the Olifants River to Angola in the north. It is generally accepted that the diamonds found 

along the southern Namibian coast originated predominantly from Cretaceous aged 

diamondiferous kimberlites in the interior of Southern Africa. These diamonds were released 

from the kimberlites through erosional processes and a significant proportion of them were 

carried towards the western margin of the continent by streams and rivers entering the Atlantic 

through the Orange River (Bluck et al., 2005 & 2001; Pether et al. 2000; Jacob et a/. 1999; 

Corbett, 1996; De Wit, 1999 & 1996; Apollus, 1995; Kuhns, 1995). There is also a school of 

thought that suggests that a substantial portion of the West Coast diamonds originated from pre­

Karoo kimberlites which were then transported from the interior of Southern Africa via Dwyka 

glaciation and then redistributed into the fluvial system after being released through erosional 

processes from tillite deposits (Moore & Moore, 2003). After exiting the Orange River mouth the 

winds, currents and wave action distributed the sediments containing the diamonds largely 

northward along the coast (Bluck et aI., 2005; Bremner et al. 1990; De Decker, 1988, Rogers, 

1977). During prolonged sea-level still stands at various elevations, diamonds were concentrated 

in gravels and other trapsites to form placer deposits. If not protected by being covered by other 

sediments or a cemented horizon, these placers were often re-worked during subsequent 

transgressions and other erosional processes. Subsequently, the southern coast of Namibia 
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Ch"Pter 1 

hosts one of the world's two known diamond m€9"placers i. e, :: 50 million carats (cts) at:: 95% 

gem quality diamonds (Bluck ()/ ai" 21Xl5; Hallam. 1964) 

The discovery of diarnorK!s in Namibia has been accredited to a railway worker Zach",ias 

Lewala who ,n 1908 found a diamond while shovelli"9 sand at Koimanskop (Figures 1.2 3. 1.3) 

Not knowing the , illnifK:ance of his discovery, Lewala handed over the 'pretty stone' to the 

RaiONay Supervisor, August Stauch (levinson _ 1983) UnnotK:ed, Stauch proceeded to peg off 

large dalll1~ It wa, only after the neWs of the discovery of doamonds at Koimanskop was 

confirmed two months later by Dr. Ra"ge, the Government Geologost. that the new, was spread 

by th e med", arK! Luderitz was engulfed in a wave of pro'pectors and fortun e seekers 

(Oppenhemer & W illiams, 1914) 

Figure 1 2. Zacharias Lewala who reportedly found th e first diamond at Koimanskop in 1908 

while emp kJyed a, a railway worter (Photo . Namdeb ArchIVes) 

Shortly after, in 1909 th e German colonial government declared a 120 km wide strip akJ ng the 

coas t as ' Sperrgeb,el" (Forbidden Terr#ory), to keep il legal mine" and rxospectors at bay (Figure 

1 1) To th IS d.:Jy entrance into this area remainscontrolle-d and can only be entered Wi th a permit 

issued by the Ministry of Mines & Energy 

MlninQ comm enced in ea rnest in 1909 when the KoiOl1iaiB Bergbau-GBSBiischafi In which August 

Stauch was th e majority shareholder, comm enced operatIOn' at Elizabeth Bay In what turned out 

to be the world 's iarQest ""oIoan diarmnd pla~er (Oppenhe imer & Williams, 1 914). Between 1009 

and 1921 approximately 6.7 mill>:>l1 carats were mined from the thin superfk;ial d epo~its in the 

IOind ,wept coastal val leys between Koimanskop and Bogen!eis 
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Chapter 1 

After the terminatkm of Work! W...- One '" f 9f B, South Afri<;;a took over th e mandate of South 

We51 Africa Irom the German colonial government In 1921 the Anglo American Corporation 

amalgamated 9 independent diamond companies to lorm the CQIlSolidated Diamond MJfles of 

South West Africa whICh later became Consolidated DIamond Mmes (COM). By 1941 the bul< of 

the dellation deposits mined in the northern port",n 01 the Sperrgebiet were depleted and the 

Consoiidawd Diamond Mines of Sooth West Africa headquarters_ and mming locus, were moved 

from Luderitz to Oranjemund (Corbett 2002) _ 

In 1953 a company called SWA Prospekteerm.1S owned by Mr. Johann Vivier, acquired the lirst 

offshore diamond concession between the Orange RIVer Mouth and [);az Po int, about 250 km 

north After pro~ing th e presence of diamonds in the sea Vivie" was not interested in 

developing a mn ing bUSiness. Sammy Col l""s, a Texan marine pipe laying contractor purcrnsed 

the prospect ln\! concession frOOl SWA Prospekteerriers and lormed the Manne Diamond 

CD/poffiliDll (MDC) In 1959 MDC took the lead in maine diatl'lOnd mining after mining offshore 

marin e diamonds with their converted Royal Navy sal vage tl(l th e Emerson K, at W o'/: Bay 

iFigures 1.3& 14), (Wi l Iams, 1996: Corbett, 1900) 

FigoJre 1 4 The converted Royal Navy salvage tug , the Emerson K with which MDC took 

the lead In the mining of mar",e diamonds in 1959 Whoto Namdeb Archi~es) 
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Chapter 1 

Folk>wlng the slICCessful trials with tha Emerson K, MDC commenced offshore mining in 1962 at 

Cham elS wLth mining platforms Barge 77. later followed by Barge 111 and the Pomona (Corbett, 

1900) In 1965 0., Beers purchased majority shareholding in MDC and offshore mining 

operations continued until 1971 when th e mineab le ore reserves were depleted and mining 

ceased (Joynt e/ ai, 1972, O'Shea, 1985) 

Between 1968 and 1971 , an investig;Jtion into the ecooomic potenti~1 01 oflshore bedrock gully 

systems 01 northern Mlmng Area 1 waS cooducted (Figure 1 1) Divers were used to map the 

submarine area, fo lk:Mted by a detailed sampling programme (FiglXe 1 5) A total of 11 

cootlnuoos, 5 m-wlde, strip samples oriented at right angles to the coast were collected at 1000 m 

interllais Tha results Irom this sampling programme indicated that these inshore depoSIts could 

at that stage not support a full-scale mining operation (Joynt, 1979) Expk>ration actiyities were 

therefore shifted to deeper water 

Figure 1.5: D,yer preparing to enter the water as part cI th e 

Gul y Samplng Prqect (Photo. Namd&b Archives) 

Throughoot til e 1970s and 19BOs De Beers cootn ued With systemat'o samping al\d geophys'oal 

survey programmes to establish a marn e diamond resoorce. In 1989 De Beers Marine fitted th e 

vessel Lows G. M,m~y With a craV>1 er and Dense Media Separat>:>n (OMS) plant to mine and 

process diamondilemus gravel from depths exceeding 100m (Corbett, 1900) 
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Chapter 1 

Ocean Diamond Mining Ltd. (ODM) came in to being in 1983. After a lengthy period of searching 

for start-up capital they commenced with full scale operations in the early 1990s, prospecting and 

mining off the Namibian islands. ODM was acquired by the Namibian Minerals Corporation 

(NAMCO) in 2000. However, NAMCO ran into financial difficulties and were taken over by the 

Sakawe Mining Corporation (SAMICOR). SAMICOR re-commenced the mining of the Namibian 

island concessions in 2004. Diamond Fields International (DFI) have been prospecting and 

mining with various joint venture partners in the LOderitz area since the mid 1990s (Rau, 2003) 

and Gershon Ben-Tovim's companies did extensive marine mining on contract for the mining 

licence holders mentioned above since the late 1980s to about 2004. 

The diver-assisted mining industry has been well established along the west coast of South Africa 

since the late 1970s (Walker & Gurney, 1985; Gurney et aI., 1991). However, it was not until 

1990 when CDM (which became Namdeb in 1994) appointed Windvogel Diamonds as principal 

contractor to prospect and mine for diamonds in the shallow marine portions, not exceeding 

-30 m depth, of CDM-held mining licences between Halifax Island in the north and Bogenfels in 

the south (Figure 1.1). In addition to their own mining activities, Windvogel Diamonds sub­

contracted several companies who used small (generally less than 50 tons) converted fishing 

vessels operating from LOderitz as platforms for diver-assisted diamond mining operations. The 

cold and murky waters of the Atlantic combined with frequently stormy sea conditions make this 

an extreme environment for divers to work in. Diving is done in water depths less than 30 m due 

to practical physiological limitations of working in a pressurised environment. Working close 

inshore in relatively shallow depths, diver-assisted mining operations are prone to adverse 

weather conditions and for safety reasons diving operations are halted when the swell height 

exceeds 2.0 m. 

The divers are used to guide flexible 8-inch diameter suction hoses to pump gravel from gullies, 

potholes and other trapsites. The divers must continuously remove oversize rocks by hand to 

prevent the nozzle of the suction hose from blocking. The gravel is pumped to the vessel on the 

surface. On deck, the gravel is screened to recover the 1.6 to 12 mm fraction using rotary 

trommel screens. The bagged gravel were transported to the Nieswandt Boatyard in LOderitz, 

where Windvogel Diamonds had a facility to recover diamonds from the gravel, initially using jigs, 

and later a DMS plant to concentrate the gravel and a grease table for the final recovery of 

diamonds. In 1999 Namdeb purchased the Nieswandt Boatyard facility from Windvogel 

Diamonds and named it the Contractors Treatment Facility (CTF). All of the companies 

previously sub-contracted by Windvogel Diamonds were subsequently directly contracted to 

Namdeb. By the end of 2003 Namdeb constructed a new CTF on the site with a floating offload 

7 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Chapter 1 

faci lity, crusher OMS arid Flowsort X-ray to reco~er diamonds from th e screened gravel delivered 

to the pant by the diver-assi sted m ini r>g aperaticns (Figu re Hl) 

Flgll re 1.6 The Namdeb Contractors Treatment FaCl llty (CTF) In Uioontz wa~ constructed on the 

Nieswar>dl Boa tyard and was cOOlmiss<lned in 20M 

Since Its concept IOn in 1990 unti 2003 sha ll ow manne do ver-asSl~ted mining actl~ltI"~ ba~ed 'n 

Luooritz were mainly focus ed between Halifax Is larKI in the nOlth and Elizabeth Bay in the south 

(FIglire 1.31, ThIS wa~ largely we to convenience as vessel s cO<I k1 return to the sh e ~er of 

Grossebucht Of Luderi!z pOrt if weather conditIOns tu rned foul There is no safe anchorage to( 

sma l vessels between Possess"", I,!arid (situated just south of Elizabeth Bay) and Alexander 

Bay (Figure 11) Production from the study area peaked dur ing the 1994-1900 perbej wl h the 

mlninQ of the ZWe<~Pltz jackpot from wh ich an .",;tm atod tota l of 80 000 cts were recovered 

(Figure 1 7) 
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Chapter 1 

Annual Production 

Figure 1 7: Annual producllon lrom Namdeb Surf Zooe and Shalow Marine contractor,; 

In 1990 COM apt>O<"ted Oiaz Poi"t ExpiorattOr's (OPE) as a oontractOf to m ine mainly small 

dscreet ra,sed beach depoSits which were irreglJlarly dstrtllJted cklse to the present sooreiine 

between Grossebucht in th e north and Bogenlel s in the sooth In addtion to the mining ct the 

raised beach depoSits, OPE commenced utillsong sOOrebased mining u"its in 1S91 to mi,'" 

damondiferous gravel from th e surf zone portions 01 the contract area USing mobile tractor­

drrven pump units, dNers entering the water from the shore pumped gravel back to land where it 

was screened on-site using mobile trommel screens (FiglJre 1.3) The surf zone operatKlns 

ex:t ended no further than 200 m out to sea lrom the low water mark and were generally limited to 

waler depths ,\Ot exceedlr1g -15 m The surf zone·" the most dynamc portKl n 01 the coastline 

which makes mln"'g actrvitles In thiS environment extremely challenging 
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Cnapter t 

Flg"re 1 8 Dive" preparir"g equipment (4 gr~ve l pump) to dive i" the 0Urf zone 

at Sp::lok Bay area 

Proouctioo fmm too surf zone operations f>€aked short.,. afte r operations comrneoced In 199Z 

when almost 15 ()()() cb were recovered (F igure 1.7) O,rrir>g the early 1900's there were an 

e,tm ated 50 shore pumping units of>€rating along too southern Namtl ,oo coast line With", th e 

OPE contract are~ This early boom C8n 00 equated to too era of August Stauch -pickir>g up 

dlarr>:>nds in the moonllgnt" in too dellat"" valleys dose to Pomona A I~ I[I€ proportion 01 th e 

operators nad no 10rm~1 divir>g training and Similar to tne early surf zone operatloos in So<lth 

Africa 00 productlOO l"Cord, were kept (\\ialker & Gurney, 1985), S"bseque ntly, prod<>etioo arid 

the ",-,mOOr of active units !lave steadily decll r.ed In 20D6 appro"mate.,. 500 cts ooly were 

recovered by 3 0p€ratlf19 ,,,,,ts 

Divers based in Luderitz have been actively minif19 diamonds from tile sea down to water depth<; 

of -30 m since 1990. DlJ'"rng too Inlt",1 years th ere were no geophysical data or geok:Jgical tllOdels 

to aSSist th€ divers in largetir>g mlnir>g aleas Some 01 tile e~ rly opel~tors literal.,. stumbled onto 

diamond OOPQSltS of extraordinary concentration. too so-called J&Ckp<lls A lew 01 these jIlckfjDi 

sites t",ned bleadline <'>\)era tors into million~ire, in ~ very short perioo of t rTl<!. As the rumours of 

rags-Ia-ric/"'s stories 0pread, the town of LOderitz was flooded With Gommerclal diver.; and 

coourful characters in :;e~rch of lortllne dUring the 1900s. ThIS peroo was 81so character ISed by 

fierce rivalry and strife ootween crews 01 the diver vessels operating lor the vamus sub­

contractOfS. These conlllct, sp,awled from the se~ Into the p<Jrn; 01 Luderitz fro m tm e to tme 
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Chapter 2 

2. STUDY OBJECTIVES 

The principal aim of this study is to characterise the nature of the major shallow marine «30 m 

water depth) diamond placers which were mined by diver-assisted operations in the shallow 

marine portions of Mining Licence 45 (Elizabeth Bay) between Halifax Island in the north and 

Elizabeth Bay in the south (Figure 2.1). 

Diver-assisted mining activities along the west coast of South Africa have been summarised by 

Walker & Gurney (1985) and Gurney et al. (1991). Joynt (1979) described a diver-assisted 

sampling programme in the northern part of Mining Area 1 in an unpublished inhouse Namdeb 

report (Figure 1.1). To date, no work has been published on the diver-assisted mining activities 

along the southwestern coast of Namibia. This study will be restricted to the northern part of the 

Sperrgebiet from which the small scale diver-assisted mining activities have produced almost 

400,000 cts during the last 17 years. Although sparse records remain from the early days, 

sufficient data from various sources have now been collected, collated and summarised to make 

meaningful observations. 

From historic and current diamond diving records, several submarine areas which have yielded 

high returns, have been selected. These will be described in terms of their geomorphology, 

sedimentology and diamond occurrence. Using detailed geophysical survey data (Sidescan 

Sonar and Multi-beam Bathymetry), the entrapment of diamonds at these areas will be modelled 

in GIS-based reconstructions, to build an understanding of the genesis of these shallow inshore 

diamond placers. 
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Chapter 3 

PHYSIOGRAPHIC SETTING 

3.1 Landforms 

The southern Namiblan coast is characterised by a fa ~ly extensNe coastal pla,n which IS 

term inated by th e Great Escarpment &am e 100-150 km in land. ThIs feature was formed as a 

result of uplift experienced by the southern African soo-contioont shorttj after the break-up of 

Gondwana aoout 120 rna ago Erosim subsequenttj moved the Great Escarpment eastward, 

leaving behind the coastal pBdlpiain occupied today by the Namib Sand Sea (F>;Jure 3.1), 

(McCarthy & Rubidge, 2D05: Schneider, 2D04, Ward & Corbett, 1990) This pedlplain which 

stretches frorn too escarpment to the ocean. has shown very low denudation rates, in the order of 

Q 5· 1 a mlma since the mid Mioceoo (Van der Wateren & Dunai, 2(01) 

Figure 3 1 Th e dunes of the Namib Sand Sea just north of LUderitz occur m th e pedlplan which 

stretches frorn the escarpment to too ocean 
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Ch"llter 3 

The Namib Sand Sea encompasses an ,..-ea of appfOXIIl1ately 34,000 km' between Luderitz in 

the south and the Ku;,;eb River in the north and is one of th e more significant acti_e desert sand 

and dune accumulations outsKJe the Sahara (Schneider, 2004) 

Figure 3,2 Facn g north, 00 oblique aeroa l view oI ldatal in th e Pomona area of the Sperrgebiet, 

displaying th e yanJ8flg and yard8flg troughs typical of th e "Trough Namib documooted by Ka iser 

'In 1926 (Photo: Namdeb Archi_es - J 0 Ward) 

Th e area of the Sperrgebiet between th e coast and th e es.caqxnent has bee<1 div >J ed ;nto th e 

"Plain Namib" and the "Troogh Namib" by Karser (1928) The Plain Nam ib refers to the sand 

co_ered Ilats of the 'n ter"" The Traugh Namib occurs aiO<1g th e coasta l str ip Irom Chame", Bay 

in the sooth to beyond Lltderi!z in the north and;'; comprised of a series r:J parallel north-.;ooth 

trendn g valleys wh>eh roogh ly coinddes with synclll1 al basement structures W'Bures 1 1 & 32) 

The Troogh Narn lb has d e _~ o ped becau5e r:J the different ial weathering and deflat lOl1 01 an 

initial", leve l ~urtace (StockerL 1978i 

Corbett (fW3) showed that a wedge shaped dellat"", basn exists O_er th e Troogh Namib 

>Jentlfied by Kaiser (1928) Within this deflatlO<1 basin, narrow zones 01 high sandllow ca lled 

Aeolian Transport Corridors (ATC.) occur, Yardang lonnat"'" occurs within th e restricted paths 
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Chapter 3 

01 ATCs. The distribution of palaeoyardar>gs ind>eate that the deflat"", bas;" with its COl1stltue~t 

ATC s moved in conjunctbtl with Sea Ie~el fl .. ,duatlons Ou",'9 regressive perIOds when the 

shorel;"e was situated westwards of the present shore. sarJd sea expa~s"",s occurred Our"g 

subs.equent transgressions, the westem margii1 of the expanded sarJd sea would have been 

reworked by nearshore marine processes and aeolian processes (Corbett 1993) 

From the mouth of the Orar>ge River the coastill1e to the oorth IS straight lor 120 km to Chamels 

(Figure 3.3). The linear beaches which were depoSited at 6 distioct ele""lioos along this sectIOn 

01 coast ha~e been th e locus 01 Namdeb's larJdbased mining operations r.i~ce th e 1940's 

Northward of CharnelS th e coastal C[)(lfiguratlOn changes to log Spiral arJd s.outh-facir>g re-entrant 

bays (Peth", et al. 2000) Elizabeth Bay forms the most Slg",fica~t south-facing re-e~trant 

embayment along th is coast The study area between Halifax Island in the north arJd Elizabeth 

Bay In the south has a rocky shorel"e, olten W1th steeply dipping cliffs, w~h isolated sandy beach 

areas in sheltered emooyments LOr>g Island North is the most Sigtl ificant islarJd which occurs in 

th e study area (Figure 1 3) 

Figure 3 3. Facir>g south, an oblique aerial ~iew of the stralghl coastline between Chameis arJd 

Oran)emund The flooded old mi~ir>g paddocks are viSIble on th e lelt 01 the p>eture (Photo 

Namdeb ArchIVes) 
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Chapter 3 

3.2 Climate 

T~ c~mate akx1g the ooastal strip of southern Namibia is oominated by metemoklgc al fOfce~ 

that originate offsha-e in the Atlantoc Ocean The Sooth Atlantic high pressure cell (SAH), in 

conjunc\lon with the pressure field over tn e ~uthern AI,,,,an ~ubcontnent cau~e 100 large scale 

wind f"ld The SAH moves from a southerly position relatively dose to the coast in summer 

(30'S, 5W), to IlJIther north and off~hore in winter (26'S 10''W) 
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Figure 3 4 Wlndrose~ for the West Coast d Southern Africa IDe Decker 1987) 

'" 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Chapter 3 

Figure 3 7: Sea surfa<;e temperatures along the West Coast of Southern Af r",a Th e wind driven 

upwelll"9 centre of the BCLME is siluated near Luooritz. as reflected by the cold surface 

temperatures encountered in that area (United States Naval Resear~h Laboratar~ - Stennis 

Space Center , 2002) 

An easlward moving band af cyck:mic eels lorm the belt of westerly winds called the " roa,,"9 

fo~ies" wh",h lie between 35uS and 40'S (F ':;lu re 38) These law pressur~ regbns moVe 

appraxrnatety 3' poleward aM equatorward du ""9 surrruer and winter, respectively The effects 

01 these c~~lonic frontal systems are rnore prorninent in winter as th ~,;e systems move fu~her 

north. ~Ioser to th e African sub-continent These klw-pressure storm s~stems can have a central 

pressure of 980 mb and less. With an uninterrupted fetch the powet1ul Winds produced by these 

cycbnic systems generate enormous swellfrants These long periad swells travel consderable 

dlstanc~s, and often ave< a period of several days, before they 'rnpact on the West Coast of 

Southern Africa aM Namib ia 

Univ
ers

ity
 of

 C
ap

e T
ow

n



,," 

,," 

" 

," 

Med~ 

PO '" .00 

'" Saulh 
Atl an ' ,e 

• , 
, 

\ 

," ," 
_ " .• """ . c~"ont 

'<c·",'l "0"' 011,,'9 

Ghl'lPler 3 

,," •• 

\ \ 

,," 
-----"'---- ,,,"'I ,." "" 

___ "",,, br • • ' 

Fogure 3.8 Synopt<:: map diSrMJying the general meteor~ogy and hydrology of the South Atiant", 

with the study area near Luder<tz indicaled (De Decker, 1987) 

Data collected fro m a 'WaverKler' buoy In the regoon of the Kudu gas tield, situated appro<ima lely 

200 km west of Oranjemund, indicate that the waves onginate predominan tly from a Muther", 10 

a Muth-westerly dlrecfi oo wilh Iitlie seasona l vanatoo (Figure 3 9) Th is directooal distribution 15 

relevant to the offshore area in water depths greater than aboot 100 m Howe~er. ck:lser to the 

coast , processes i ke depth-induced retract>:) n influence Ihe charocte"stics of approaching 

waves , in Ihat the Jpproach direct ion is rotated from a SCl<lth-south-westerly direction 10 a SCl<lth­

westerly d,rccton. The r>eak wa~e period ranges predominant", fram g S to 16 S wit h the h'llhest 

occurrence at approxonalely 13 s (Rosr.o<Jw. 20021. The wave base 011 Oranjemund IS at 

approx imate", 80 m (De Decker , 1988) 
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ap,..o~im ate l y 200 ~m west of Oran)em ~r>:j, ind""te that the waves originate predominant~ /rom 

o soother ly to ~ soo t"-weslerly direct"", ""lh . ttle 5eaWrnJ I variat",,, (Ro.soow, 2(02) 
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Chapter 3 

The wave energy impacting on the west coast of southern African coast is considered to be the 

most consistent in the world (Hay & Brock, 1992). These swellfronts dominate the shallow 

marine environment, especially during winter months and cause prolonged periods of low visibility 

in the water column. This is due to the continuous agitation of bottom sediments by the swell 

action and the absence of prolonged strong southerly winds which tends to drive the turbid 

coastal waters away from the coast during the summer months. When swell height exceeds 

2.0 m, diver-assisted mining operations are usually halted as the flexible pipe with which the 

gravel is pumped to the surface becomes too difficult to control for the diver. Weather conditions 

therefore dictate that diver-assisted mining operations along the Namibian coast are seasonal 

and largely limited from September through to May. Virtually no diving takes place during the 

winter months from June to August. 

The tidal range is less than 2.0 m and therefore falls in the microtidal range. The tidal effect on 

inner shelf sediment transport is considered to be negligible (De Decker, 1987). 
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Chapter 4 

4. REGIONAL GEOLOGY 

The oldest rocks in the study area are the basal gneisses of the Namaqua Metamorphic Complex 

which dates back to the Meso-Proterozoic (Greenman, 1966; SACS, 1980). The Neo-Proterozoic 

rocks of the Gariep Supergroup lie unconformably on the basement rocks along a coast bound 

strip (Milne, 1985; Siegfried, 1993; Rispel, 2004). The diamondiferous sediments of the Elizabeth 

Bay Formation were deposited during the Miocene and the Pliocene aged Annental Beds 

represent remnants of a previously more extensive Namib Sand Sea (SACS, 1980; Milne, 1985). 

During interglacial periods of the late Quaternary, diamondiferous gravel beaches were deposited 

along the coast of the study area (Milne, 1985), (Table 4.1). 

PERIOD Unit Description Reference 
Raised Palaeo Sandy, shell-rich matrix supported beach 

Beaches deposits with angular to rounded local 
125-5 Ka clasts. Milne, 1985 

Annental Beds Highly cross-bedded, carbonate 
5.3-3.4 Ma cemented, fine grained sandstone 

Fiskus Sand Member - cross-bedded SACS, 1980 
Elizabeth Bay aeolian sand and diamondiferous grits 

Formation Grillental Clay Member - green coloured SACS, 1980 
21.8-5.3 Ma esturine clay. 
Bogenfels Massive and banded dolomite Milne, 1985 
Formation 

Basic & Ultra-Basic Pyroxenite, amphibolite and hornblendite Greenman, 
Intrusives 1966 

Unit 3: diamictite comprised of a 
Gariep polymictic, matrix-supported 

Supergroup conglomerate 
740-500 Ma Diaz Point Unit 2: Severely weathered chloritic schist Siegfried, 

Formation with extensive quartz veining 1993 
Unit 1: Severely weathered chloritic schist 
Dolomites interbedded with sheared Rispel, 2004 
quartzite, chloritic and phyllitic schist 

Wolf Bay Fissile quartzite Milne, 1985 
Formation Basal clastic unit 

Namaqua Metamorphic Complex 1460-1200 Ma SACS, 1980 

Table 4.1: Summary of the stratigraphy In the study area (Greenman, 1966; SACS, 1980; Milne, 

1985; Siegfried, 1993; Rispel, 2004). 

4.1 Namaqua Metamorphic Complex 

Basement rocks in the study area consist mainly of the Proterozoic Namaqua Metamorphic 

Complex (Figure 4.1), (SACS, 1980). The Namaqua Metamorphic Complex comprises much of 

the basement of the western portion of southern Africa including the Northern Cape in South 

Africa and the southern part of Namibia. 
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ChilP~f 4 

The I .. e~~nl d lIle Kamaqua PrOV'n<;$ .. no! delm~M!1y known a$ rts mar9,ns sre mo»Uy 

hidden by )'Ou"9er rover The Namaqus Pr"",nclI e~tends eastwards benNlh !he Karoo 

Supergroup cover a long Iho southern """gin oI ll'1e I(aapvaal Cralon and bn~$ up w~h lhe Nata l 

i"rov,nce wh, ch has yreiOOd comparab~ mod·ProlerozOlc ,ac:homelric ag.es 10 10000001ho Nama.qu .... 

Natal ea ~ (Tankard BI aI . 19112 , Do Belli' & Meyer 1983) 

Fogure 4 2 OUlcropof Kamalf.l!l MelamorphlC GneISS bOOrock at o.a.z P",nl \,,;;ale ~ 1 0m) 

The NatnarluiI·Natal MeTa"",rpho: 6ek lorms pert oIlI>e KIbaran (or Gr~) BelI$ "has been 

proposed !hal dunng Ihe ilsoombly of the superconllnen1 RO<lonra. appro-.rmillely 1100 rna • . 

Ihe ma'II"" 01 11> .. COfISlllr.oenl conllnenl$ were ma,ked by HOITIaIyan-ril. .. mounls,n . itIIgoll'S Theile 

mounlarns h a~e "u~enlly been erodea 10 Inu fool zones, lea\ll"9 metamorpOowd rock~ 

known all Ki baran (()( GrOM,II<t) Beks (McCarthy & Rubidge, 2005) 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Chapter 4 

In the study area the rocks of the Namaqua Metamorphic Complex are primarily comprised of 

mixed gneiss, consisting of banded and more complex migmatitic material, composed 

predominantly of quartz diorite (Figure 4.2). Bands of quartzite and amphibolite also occur in the 

area. Regional mapping indicates that these lithologies belong to the Gordonia Subprovince of 

the Namaqualand Metamorphic Complex (Greenman, 1966; Kroner & Jackson, 1974; McDaid, 

1975). 

Two metamorphic episodes were recognized by Greenman (1966). The first episode was 

accompanied by migmatisation and local mobilization of gneiss. The absence of orthoclase and 

the presence of muscovite in the silliminite schist indicate that the first metamorphic event 

corresponds to the sillimanite-almandine-muscovite subfacies of the almandine-amphibolite 

facies of regional metamorphism. The second episode was charaterised by epidotization. 

Plagioclase is commonly accompanied by epidote, the genesis of which is attributed to high load 

pressure perhaps augmented by nonhydrostatic stress. Due to the presence of epidote, the 

second episode is correlated to the staurolite-almandine subfacies of the almandine-amphibolite 

facies of regional metamorphism (Greenman, 1966). 

4.2 Gariep Supergroup 

From Halifax Island in the north to Wolf Bay in the south, the coastal geology is dominated by the 

Diaz Point and Wolf Bay Formations of the Gariep Supergroup, which lies unconformably on the 

basement Namaqua Metamorphic Complex (Figure 4.1). The Gariep Belt forms part of an 

extensive network of Neoproterozoic to Eocambrian aged orogenic belts which formed in western 

Gondwana (Frimmel, 2000). It is comprised of the rocks which were deposited in the Adamastor 

Ocean which formed during and after the major rifting event which separated the Rio de la Plata 

craton in the west from the Kalahari craton in the east during the break-up of Rodinia 

approximately 700 ma ago (Figure 4.3). 

Towards the north the rocks of the northeast-southwest trending Pan-African Damara Belt, which 

is closely related to the Gariep Belt, were formed from the rocks which were deposited in the 

Khomas Sea between the Kalahari and Angola cratons (Frimmel, 2000). After the deposition of 

the Gariep Group, the closure of the southern Adamastor Ocean resulted in continental collision 

and is taken as the time when the passive Kalahari Plate margin entered the subduction zone 

and started dipping beneath the active Rio de la Plata Plate margin (Jasper et aI., 2000). The 

northwest-southeast trending coastal Gariep Belt stretches from Luderitz in Namibia to Kleinzee 

in South Africa from where it continues offshore to Vredendal where it enters the continent again 
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Chapter 4 

as the Vredendal outlier The Gariep Be lt possibly extends to the 0001 Feliciano Belt In southern 

Brazil and Uruguay (Figure 4 3). Nan Staden et aI., 20C(6) 

Figure 4 3 The positlOO of the Gariep Belt within the network of Neoproterozoic!early PalaeozOlc 

orogenic belts and the Permo-Triass>::; Cape Fold Belt (CFB) in parts of western Gondwana at 

about 15.(l ma ago (Frimmel, 200D) 

The Gar.ep Belt has been subdivided into an eastern passive continental margin zone. the Port 

Nolioth Zone (PNZ) and the western ocean >::; al ochtr.onoos Marmora Terrain (MT). Too Marmora 

Terrain has been subdivided into three tectooostrat,:)raphic units, namely the SchJkalslJ.erge 

Subterrane, the Oranjernund Subterrane and the CharnelS Subterrane (Frimmel. 20(0) 

4.2.1 Wotf Bay Formation 

The roc~s 01 the Wall Bay Formation were lirst described by Greenman (1966) as Probable 

Bogen{els serJimen/s be/ween I (Ideril. and Wolf 88y' Later Milne (1985) deSCribed it as a 

sequence 01 Garrep aged metasediments compnsed 01 conglomerates (basal clastic unit), arkos>::; 

grit5. quilltZites, limestOi1es and calc-arenites Work by Ri5pel (2004) a5si!)'1ed the limestone. 

schist & quartZite (Wd) unit of the W d.1 Bay FormatlOO bac~ to the basement Namaqua 

Metamorph<; Complex, The calc-arenite unit described by Milne (1985) was redefined as 

dolomites interbedded with sheared quartzites and schists The Wolf Bay Formato n stretches In 

a thin StflP along the coast from Grossebucht in the north to Wolf Bay In too south. It is wedged 

between the overlying D",2 Point FormatiOi1 and the underlying Namaqua Metamorphc Complex 

With the contJct5 between these being north-northeast - sooth-southwest trending thrust faults 

(F']ures44 &4.5) 
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Chapter 4 

Figure 4 4 ' Two different tlYust events resulted in the Wolf Bay FormatIOn being 5and ... '.::he<:! 

between the Proteroroic age<:! basement Namaqua Metamorphic Complex arid th e over~irlg Diaz 

Point Formation (Rispel. 20(4) 

Figure 4 5 Focirlg oorth, contoct between the D1az POint FormatlO~ p~ymictic, matrix-supported 

conglomerate (Unit 3) arid th e dolomites ·.,terbedded ""th sheared quartzite, chklnt lC and phyllit e 

schISt of the Wolf Bay Formation at Reef Bay (scale" 10 em) 
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Ch"pter 4 

These correlate well to the bedding sub-parallet thrust faults wh c h are associated with the 01 

and 02 events of th e strllctllral e,oIution of the Gariep Belt The Wolf Bay fOfmation consists of 

~ b~s~1 clvstic unit which IS overlaon by fissile quartzites and a roomite unit wh.oh is interbedded 

with sheared quartzites and schists (F igure 46) The metamorph ic grade of the format"'n IS 

estimated to be upper greenschist to lower amphibolite (RlSpel. 20(4) 

figllre 4 6 Facmg oorth frC<Tl the southern end of Wolf Bay, the fissi le quartzite unit of th e Wolf 

Bay formation (scale = 10 em) 

4.2.2 Oi~z Point formation 

Between Hallfa~ tsland On the north and Reef Bay in the south a thin s(rver up to 2.0 km ""de. of 

th e highly sheared defO'"med metasediments of the Diaz Point Format ..,n OCCLlrs IFogLlre 4.7) 
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Ch<lpter 4 

These were described by Greenman (1966) to be mixtites of Ganep age with a later re­

ilterpretatioo by Kroner and Jackson (1974) as reworked basement Work by Siegfried (1993) 

~sslgned ~ rllIxed f1uv>Gglacial or;gln of late Proterozoic age to the Diaz Point Formation and 

correlated these highly tectonised lithoklgtes with Nosib Group sediments of the Damara 

SequerlCe In the north and too basal mlxltes 01 the southern Gariep Group The Diaz Point 

Formatioo has been divided into three units separated by thrust faults (Stegfried, 1993) 

• Unff 1 is the lowermost (e~stern) unit and consists mainly of severely weathered ch Kl ritic 

schists with extensive quartz veining. In the f>ald this unit appear.; as subdued outcrop in 

rare exp:>sures due to its susceptibility to weathering The faultzone contact between the 

klwermost Unit 1 and the Namaqua basement is displayed as the linear depressloo 

between Guaoo Bay and Gross.ebucht 

• Ur/it 2 is th e mldJle unit and is also comprised of severely weathered chbrit KO schists with 

extensive quartz vell1ing but irlcludes rare f l;!99Y qu~rtzites interbedded with the schists 

F>gure 4.7 View facing nOrlh to Halifax Island showing O .. z Point Formation Unils 3, 2 & 1 

sePi'r~ted by thrust f~ults 
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Chapter 4 

Figure 4 B: Facll1g south at the Hailiax prnlc spot Dlaz POint F ormat>on Unit j - contact between 

the cobble-rich Jnd more schisto,;e lJyer~ with drapstones transgressing the conlact 

(scale with children = 10m) 

• Unit 3 IS the upper (western) unil and consists 01 quartzite overlain by diamictite WIth 

minor interbedded chloritic quartz schists Th e d'lJmictite is a polymictic, ma;ri.­

suppa1ed conglomHate ""Ih dasts ot pink coloured coarse-grained leucogranite 

leucocratlc bio"te gneiss_ well-rourtded quartzite boukJers quanz pebble~ Jnd occasional 

retrograded amphioollte clasts (FIgure ~ _ 81 _ Most 01 these clasts, except lor the quartzite 

boulder~, have been ~evere~ deformed The matrix is composed of fine-grained quartz, 

I~dspar and chlorite ""th r,..-e bK>tlte flakes which are usually "j,ered to chlorite 

Extensi.e quart2 veining is presen; in the matrix 
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Chapter 4 

4.2.3 Mafic and Ultra Mafic Rocks 

Amphibollte s,..-e found throughout the study area There are numerous sma l lenses measurirlg 

less th an 2 m ., width but th e most prominent of the in trusk:lns is the 2 km wide amphibolite belt 

whK:h forms the lweispitz headlJnd (Figures 4 1 & 4.9) The amphibol ites are generally coarse 

9"alned and conSJstent In texture and cok:lur. It ConSist of prismatIC hornblende and plag'lOClase 

and the wcat h~rcd surfaccs generally exh ibit wind Ilut.,g featLJres aligne<J with the dominant 

southwesterly to south-southeasterly winds (Greenman. 1966; Rlspel 2004) . 

Figure 4 9 Facing north, the lWe1sp ltz headland In th e loreground formed by a 2 km ",de belt 01 

amphibolite oriented in an cast-west dw-ccti<>n Sec Figure 4 1 

4.2.4 Bogenfels Formation 

In the study area th e lJ.ogenfels Formation occu rs as a relatively small semi-circular outcrop In th e 

east~rn part 01 Grossebucht beach, It wnsists of massive and bar>dcd dolomite with abunwnt 

quartz ve1n"g. The banded dolomites have dark mafic bands which alternate ",th lighter oran9€­

brown felsic band s. Weathered surfaces display 9"cy-brown eicphant-sk., pattern wh ilst f resh 

exposures are typically blu~-gr~y '" colour (Figure 4 10) 
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F>;Jure 4 10 Dolormte of the Bogenfels Formation in the eastern 

part of Grossebucht {scale = 10 em) . 

4.3 Elizabeth Bay Formation 

Chapter 4 

As described in SACS (1980) the Elizabeth Bay Formatioo occurs rough ly In the area betw","n 

Elizabeth Bay and K~manskop and It has two formal members name !)" 

• Th e basal Grillen!,,1 Clay Member of early Miocene age The green coloured clay was 

deposHed dUrl"9 the MIOcene under estuarine conditions when te", sea level was 

approximately 9{) m above present sea level Although th Is clay horizon was 

subsequently partIally erooed through marine and fluvial actioo portions of it remained 

preser~ed. mostly In bedrock depressions {Figure 4 11) 

• The Fisk,,:; &100 Member consists of cross-bedded aeolian sand and dlamondlferous 

grits interbedded with pan deposits and were depoSited dUrl"9 th e late Miocene under 

predominantly ae~ian condItions. In portIOns. It has a d istinctive brick-red ooI our due to 

the oxidatIOn of th e sediments following deposition During depositioo, the long-lived 

southerly wind regime distributed shells from th e beaches in the south up the ElIzabeth 

Bay valley towards the oorth Post-depositional groundwater fiuctuatlOl1 s dissolyed th e 
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ChElpter 4 

shells whICh preclp ~ated as CaCa, cementing the Fiskus &ands and grit s during mare 

arid perbds Cemerllatkm occurs up to about 100 m above present sea level 

FIg.ure 4. 11 Facing east in the s""th em pm""" of Elizabeth Bay Mioo. th e Elizabeth Bay 

Formation consi:!J:ir>g of the basal greenish cO Klured Grrllental Clay Member topped by the Fisku s 

Sand Member which is cemented in places 
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4.4 Annental Beds 

Th e Ann ental Beds are comprised 01 highly cross-bedded , carbonate cemented, Ii"" grained 

sandstone It IS usua l y well sorted but may be gritty IOith arJgular basal rubble present 

Rermants 01 th e Annental sandstone are preserved in steep s Oj ed valleys and gu l ..,s in the study 

.,,-ea (Figure 4 12). These aeolian ites are thought to be th e cemented remnants 01 the once more 

extensive Namib Sand Sea and are assigned an early Plocene age (Stocken, 1978; SACS, 

19BO; Jamieson & Talbot. 1983: Ward & Corbett, 1990) 

FIg.xe 4 12' FilCing east remnants of th e An nental Beds sandstone restirJg unconformably on 

Diaz Point Formation rocks In the steep sided valley leading to th e Fjord 
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4.5 Structure 

In the study area, the rocks of the Namaqua Metamorphic Complex have been subject to large 

scale folding on a roughly east-west trending axis. This is evident in the foliation which dips 

consistently north in the southern part of the study area, however in the northern part the dip 

changes to south. These changes in direction of inclination of dip indicate a syncline of which the 

axis is present in the vicinity of Albatroskop (Greenman, 1966), (Figure 4.13). Milne (1985) and 

Siegfried (1993) also noted a general northeast-southwest foliation with variable but generally 

steep dip. The oldest faults in the basement rocks strike uniformably 340° north, perpendicular to 

the foliation strike of the surrounding mixed gneiss. These faults are generally marked by 

sporadic vein-quartz ridges and they also offset gneissic and amphibolite bands by up to 100 m. 

Two different thrust events resulted in the Wolf Bay Formation being sandwiched between the 

Proterozoic aged basement Namaqua Metamorphic Complex and the overlying Oiaz Point 

Formation (Milne, 1985; Rispel, 2004). These correspond to the bedding sub-parallel thrust faults 

associated with the 01 and 02 events of the structural evolution of the Gariep Belt (Jasper, 

1994). 

Later northwest-southeast trending sinistral strikeslip faults cut both the Namaqua Metamorphic 

Complex and the Gariep rocks as well as displacing thrust faults associated with the Wolf Bay 

Formation and the Oiaz Point Formation in the study area. The most prominent of the northwest­

southeast faults is the Albatroskop Fault, which forms a marked positive topographic feature due 

to brecciated quartz infill along the fault plane (Siegfried, 1993; Milne, 1985; Greenman, 1966). 

A series of parallel normal faults trending northwest-southeast occurs between Oiaz Point and 

Grossebucht. These faults have a downthrow of 20 m on the southern block and preferential 

weathering and erosion along these faults has resulted in the formation of inlets such as Fjord, 

Essy Bay, Klein Bogenfels and Witmuur (Figure 4.13), (Siegfried, 1993). The rocks of the Oiaz 

Point Formation which occurs along the coast generally dip steeply into the Atlantic Ocean to the 

west. The dominant foliation occurring in the Oiaz Point Formation is oriented 192/16°. The 

foliation is bedding parallel and associated with intense mineral lineation trending 330/15° and 

vein quartz. In the diamictite of Unit 3, the qtz-granitic clasts have been severely deformed and 

wrapped by the matrix material (Siegfried, 1993). 
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Chapter 4 

4.6 Diamond tr~nsport from the interior to the West Coast 

Diamondlferous kimberlite, w ere emplaced In the Kaapvaal craton In the inte riD< of ""u(hem 

Afroca mainly during th ~ Cretaceous perO:ld {F.gure 4 (4) During th e tranSp:lrl >,"ocess from th e 

kimoorll!e p'rnary source 01 dlarrKmds in the hin terla nd to the coast, Bluck et aJ. (2005) defined 

three types of diamond placers wh<;h were formed : 1 Retw'><KJ Placer$ wh>:::h remained on th e 

craton; 2. TranSient Placers w hen th e placer IS being eroded into th e ex,t drainage and 3 

Tmm;llol PIncers being th ~ final depOsitories of th e dia~s 

NAMIBIA BOTSWANA 

SOUTH AFRICA 

, 

Figure 4 14 T mnsport of di"""", ds from "DUree to sink simplif ied (1) . Dlamoodlferous kinlberlites 

e~oced on the Kaapvaal c raton predominantly during the Cretaceous. Posl -emplocemen l 

denudation ood accumulation 0/ diamonds occur. (2) Uplift 0/ th e I1tenor 0/ southern Afr>ca 

resu lts that a s>ilnificant propc>rtlOn of accumu lated doamondiferoos sediments are flushed to the 

coasl through th ~ Or3<'lge RiY~r dra<nage syst~m in 2 major puls~s Tt>e first during tt>e Miocen~. 

wh <ch gay~ rise to th ~ Proto-O rar>g ~ Grav~ls_ and th ~ second dur1l1g tt>e l at~ PIioc~ne!~arly 

PleIStocene forming the Meso-Orange River Gravels (31 _ Transpo.1 of di3ITK>rlds northward 

through wave action bngshore drilt and w01d act IO n Transport re sult In a well sorted . 95% gem 

quality. diamond POP" lat lOn at West Coast 
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Chapter 4 

During the humid late Cretaceous, severe erosion and subsequent denudation of the interior 

occurred. During this time, two major rivers drained the interior of southern Africa, a southern 

Karoo River and a northern Kalahari River (De Wit, 1999). During the Late Cretaceous the Karoo 

River channeled diamonds from the interior to the Olifants River mouth area in the south - this 

was a major period of transport of diamonds from the interior to the west coast (Dingle & Hendey, 

1984; Kuhns, 1995; De Wit, 1999). 

During the Miocene (De Wit, 1999) or the Eocene (Corbett, 1996), the Karoo River system was 

captured in the interior by the northern Kalahari River resulting in diamonds from the interior 

being channeled to the west coast via the Orange River mouth. Challenging this model, Moore & 

Moore (2003) suggests that a substantial portion of the West Coast diamonds originated from 

pre-Karoo kimberlites which were then transported from the interior of Southern Africa via Dwyka 

glaciation and then redistributed into the fluvial system after weathering of tillite deposits. 

Walker and Gurney (1985) estimated that at least 3 billion carats were removed from known 

kimberlite pipes on the Kaapvaal craton by erosion. De Wit (1996) calculated that less than 1 % 

of that remained in inland alluvial deposits. 

Several major periods of asymmetrical uplift of southern Africa occurred causing an increase in 

interior erosional rates subsequently flushing large volumes of clastic material down rivers 

draining the interior. During the early Tertiary uplift of the interior (Partridge & Maud, 1987), 

gravel sized exotics were transported to the coast. Uplift during the Miocene gave rise to the 

Proto-Orange Gravels and the more recent uplift occurred during the late Pliocene/early 

Pleistocene forming the Meso-Orange River Gravels (Jacob et al., 1999; Wigley & Compton, 

2006; Bluck et al., 2007). The delta front of the Orange Delta was eroded by marine processes 

and the wave action, longshore drift and wind distributed the diamondiferous gravels mainly 

northward of the river mouth (Bremner et aI., 1990; Ward & Bluck, 1997; Aizawa et aI., 2000; 

Bluck et al., 2007). This process continued through various marine transgressions and 

regressions and the gravels were therefore deposited at elevations both above and below the 

present sea level. This marine transport system also acted as a sorting process. As a result the 

diamond placers along the Namibian coast display a clear size-sorted distribution of diamonds, 

with the average diamond size decreasing from the mouth of the Orange River northward 

(Hallam, 1964; Sutherland, 1982; Apollus, 1995). 

4.7 Coastal diamond placer deposits 

Marine, fluvial and aeolian processes shaped the terminal diamond placer along the coast of the 

Sperrgebiet into 4 broadly classified types namely linear beaches, pocket beaches, deflation 

deposits and aeolian deposits (Bluck et al., 2005), (Figure 4.15). 
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Fogure 4 15 TM 4 n\al0' d.amond ~ typeS found along !he coast of tile SpefTqtlClltlt tlte 

I(,,~a, bea<::Mes {Otl Land ;JI',d &ubme,~ool. pocket beaches dellJlioo de~t s and aeol",,, 

d6(lO$R3 (Source Namdetr Archives) 
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F'9Ufe 4 16 General loe3t,ty ""'" of Ihe 5perrgebie4 

• L;"",.r be;oo;hes Thll PlIG-l loiocllnll raliHld gl",,1:1 beach comple • • comprISed of 6 

Yllngle and basal conglomer;>le I)e:a~ and IS parity 00_00 by malllla and seoh .. n 

~nd" whICh re!.U~ed In their prew<yaIo0" ( Hall~, 1964) Be!w&er\ the Orange R'YE<" 

MO<Jlh and AllenrlJCke n 100 km to Ihe north, Ihe bead"". t...,e bl!en d~~ed on a 

ngrrcw marin~ abrasion plat/crm (F.gur'" 4'5 & 4 Hl) The width of the shelf var",s 
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from 3000 m in the south to less than 200 m in the north ar>d it has been cut by various 

river channels whkoh have now been Wed with $ilty clays and quartz rubble (Stocken. 

1978, Rogers uI al 1900). The 6 beaches have been ass';jned letters A (yourogest aOO 

k:lwest) to F (Didest aOO highest) lor ease 01 dentllicatoo (Figure 4.17) . 

The "Upper Terrace" beaches D. E & F, are characterised by warm-water lossillauna 

Sl.'ch as Donax rogersi and Crassestrea margarilacea (Hallam, 1964. Stocken. 1978) 

The aggrawtioml fluvial terraces, the Mew-Qrange III River Gravels found on the lower 

Orange valley , are compo",bonally linked to the D, E 3. F beaches and the Namaqualand 

equivalent is the 30 m P"clwlJ'J (pether, 1994, 2008, Pether uI al . 20001. It now seems 

increasingly 'ke~ that the :J.O m Package was dePOSited dUring the mid-P i ocene '.e 

older than 3 ma (PetheL 2008) 

The "Lower Terrace" beaches A B & C respectively occur at elevat;:,ns of 2, 4 & 8 

metres ab:Jve mean sea level (mamsl) in the Sperrgebiet and were depOSIted from the 

mid Pleistocene to Holoceoo These younger beache~ are characterised by madern 

cold-water fJuna and the absence 01 a red-sand or calcrete capping (Stocken.19781. The 

NamaqualaOO equfoIalent of the A, B & C beaches DI the Sperrgeblet IS the Recent 

Emergont Torrncus comprised of the 2-3 m Package the 4-6 m Package and the 8-12 m 

Package (Rogers e/ al. 1990; PetheL 20(8). 

c"""""~. 
~,-., 

." 

, "'," 

Figure 4 17 Schematic cross-section of beach terraces dentilied 

In Mining Area 1 (Stocken, 1978) 

• Pock"t b" ach~s' EustatiC fle>:;tualions and aswci;Jted sea stili stands resulted in the 

formatloo of gravel beaches b:Jth ab:Jve and bek:lw present sea level. These were 

encoun lered as linear beaches aloo1O the straight coastline between the Orange River 
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Mouth and Affenrocken (Figures 4 t5 & 4 16). From Charnels northward ~ome of the~e 

beaches were preserved with in embayments co- 'prx;k.els' along th e rocky coastlin e 

(Figure 415) Apollus (1995). ha~ slmwn that th e greatest dlarrond concentration 

occurred in th e northern part of the + 4m beach facies (Eemian age) in the ~oulhwe~1 

facing pocket beach of Chameis Bay on lhe Sperrgebiet (Figure 4 18). It was also shown 

that diamonds in these intertidal deposits do r<.>t necessarily gravitate to the base of Ihe 

marine gravel sequeoce ~o moch so that the beaches themselves contained 

con~iderable concentrations of dlarronds - not nece~~ltating the preseoce of shore 

platfco-m trapsite~ 10 concentrale diamond~ However. these ra,sed gravel beaches were 

most likely to be destroyed during subsequent sea~ evel fluctuations In the Chameis 

pocket beach specifICally, the rrost important factors in diamond col1Centration in 

intertidal beach facie~ are the processes of beach accretion and wave energy levels 

Gravel clast size appeared to have played a less.er role in the con centrat"n of diamonds 

Several p::>cket beach depOSits of varying grade occur between Chameis in the ~outh and 

Bogenfels in the fIOrth 

Fi\ll-'re 4 18' FaCing north , the Chamel~ Bay pocket !)each SI tuated betw..en two rocky headland~ 

(Photo' Namdeb Archives) 

• Deflation deposits The deflalion depoSits OCClJ" mostly In the "tal le" (valleys) 01 Ihe 

Trough Namb north of ChamelS Bay Through transgress ioo and regres~" n cycles 

~horeline beach sequel1CeS were depoSited at various level~ th rOUgh time in the ClJ"rent 
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Figure: 4 20' VerMac:ed exotcs from the remnant Eocene shoreline at Uiooritzkrater bearir1g 
e.idence or the aggressive wind regrne i Ir I I holies pt>alagraphed orx;lude 

1 black chert 2. agate: 3. chrysop rase; 4 chalcedony and 6 l u t~e banded 

Figure 4 21 Facing north . the pohshed, wind f lu ted surface of a dokJmlte yardang ncar 
Luoofltzkrater bears eVldeflCe of th e aggressive sootherly wind regme in tne centra! Sperrgwiet 
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Aeolian deposits: At present times there are four major coast~ po<nt sources supplying 

sediment to the Namib Sand Sea The strong , consistent southerly wind reg,me deflates the 

beaches from the CMameis Bay, Bakers Bay. Van Reenen Bay and the Pnnzenbucht-E lizabelh 

Bay areas and Ihe sediments arelransported northward along Aeoli<ln Transport Corridors in the 

form of Barchan dunes and surface sediment creep (Figure 4.22). (Corbett , '989; Corbett et ai., 

t993). These dunes are up to 33 m high and move 60-'00 m northward per yea r An Aeoli<ln 

Transport CorrKlor (ATC) is def ..... d as a narrow, wind-paralle l zone about '-2 km WIde, in which 

sediment IS t ransported by aeolian actlOl1 The generation of ATCs are controlled by sedll't1ent 

supply to th e aeo~an system, wh ich is governed by coastal morptdO\lY (log-sPIra l embayments), 

which in turn is a function of dellat"n basin geomorphology and sea-tevel. ATCs move in 

conjunctlOl1 wit h eustatic fiuctuat,ons - parallel to the coast (Rogers et ai., '900) 

I """'M ,~_, c..,;o"Wc' 

I ,- ..... ,-- ,." 

o .~ ..... - ,~, 

"""'a 

, 
t 

Figure 4 22 Present-day dostribut<m of the aeolian transport corridors that maintain 

the Namib Sand Sea (Corbett 1989) 
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The worlds largest econorrllcal aeol"n d"mond placer IS slt~ated at ElizElbeth Bay (Figure 4,23) 

Thi~ area of high sediment llow ,s particularly imp:lrtant to thos study because it is situated at the 

soothern end 01 the study area The south-facing re-entrant embayment effectively oct. as a 

headland bypass system whereby sediment IS moved from a coostat setting into a terrestrial 

setting by the wind, arxJ then re-introduced back into the marioo coastat environment to the north 

of luoo"lz (Corbett et at., 1993) 

Elzabeth Bay 
Treatment Plant 

i· ,.-5( .• ~ 
" ~)..~ .. \ . , ' , . 

Figure 4 23, Facing west, an oblique aeriat photograph of Elizabeth Bay which 'IS the largest south 

facing ermayment found atong the Namibian coast am the Ocation where the workfs largest 

economical aeolian d'iamond placer is situated 

Mining of diamondlferous aeO L:J n g"ts at Elizabeth Bay commenced in 1911 by the [leulsclle 

Kalmialgesel'schafllOr S"dweslafrika who continued mining until 1915 FolloWing WC>'"ld Wot' 

One, the ConsoI!d~ted Di~mood MIOOS of SOIJth Wesl Africa CO<1tinued the mining act"ities until 

the mine was closed In 1948 (Schneider & Miller, 1992) In 1991 the ElizElbeth Bay Mine was 

opened for the third time and Namdeb is expecting that mining will continue well into the future 
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S. CO A5T Al PROCESSES 

5 .1 Sea~eye' change 

Alonll the southern coa~ of N¥I'"Dia Cflanges In sea-tevet h" ..... lalgely oeen dfllltltl by glona! 

d'm"te "h"nge toecau5e SInce the IiItll Crel.,.;eou!llearty T ert",ry IRe w ..... CQII,51 of southem 

Alric;o na.s """"ty Deen a I)aSSfVfI ITI3rg.n (De W .l, 1999 V .. n der w .. reren & OU"", 2001) Two 

eve-n1S 01 awmme1llCi1t cont,nen'al uphft. ce-ntred In the eas1em side 01 southern Atn<::9 <:>C<::Ulted 

dunnll the MIOCene and the lale PllDcener .... rty PI",sklcene (Jacob m III 1999 WIgley & 

ComplOn 2(06) Sooee lhe Eocene there h9S been "global long I .... m chop In :!.ea.levet (FIg,-"e 

5 I ). (H"q 6/ al 1987) 

" 

... 
''''' 

Fi gure 5 , The glOllaI ""SlII"C lea·level CUrye s,,,,,e ,he Eocene w"h the short term and long 

tarm f luctuat.ons >nd,,:ated respec'IVely (ilaq &1 a/ (987) 
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Chapter 5 

Sklw and erratic coo ling saw th e gradual build-up of the ice caps, especially the Antarctic and the 

Arctic, k>cklng up water and causing gklbal sea-leve ls to drop These cokl and dl)' per>ods were 

then briefly broken by warmer and wetter pnterglacia l) periods when the ice melted aoo the sea­

levels rose again (McCarthy & Rubldge, 2005) Several of these cycles occurred at fairly regular 

intervals s ince the PIOCene (Haq el a/. , (987) Durir>g the Pleistocene, th e earth e<perienced a 

success>on of ice ages roughly every 100 thousaoo years (ka) The last of these cycles 

commenced with an interglacial period from apP"'''imately 124 <a to 116 ka ago (Figure 52) 

This was followed by a glaCial period whtch saw sea-levels dropping. At the height of the build-up 

of the ice caps during the Last Glacia l Ma<imum (LGM), about 19 ka ago, the sea-level was 

approximately 125 m below present day level (F"'rbanks. 1900: Yokoyama el al. 2000) A 

transgression occurred over the 10110";,>]12 ka when sea-level rose by 127 m. ouri,>] this period 

sea-level rose dstinctly rapidly On two occasions when Melt Water Pulses (MWP) occurred at 

14.3 ka and at 11 ka ago (Compton el ill 2002) 

" 
C 

," " ,~ ,;II 

'" 
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• 1 ~, , 
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CO" 
_1 .0 

F>:Jure 5.2 Composite sea-level curve for the last 140 ka (Compton. 2001, Compton etai., 2002, 

Yokoyama el ai, 2000, Chappel el aI., 1900', Fairban<s, 1990, Shackleton, (987) 

Folklwlng the last MWP, sea-level rose to approximately 3 mamsl at about 5.5 ka ago (Compton, 

20(5) A regreSSbn fol KlWed With sea-IeYel droppin ~ to about _1 m below present sea-level 

55 <3 ago. whe re after it remained within 1 mol present sea-level (Figure 5.3) 
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, 
, 

Figure 5.3: Hobcene sea-lev," cUr.le (dark, thin line) drawn through the data pDlnts olwork in 

langebaan (Compbn, 2(01) . data from Bogenfels Pan (Compton 20(6) and Anichab Pan 

(Compton, 7007) . The t:<oo.d grey line shows th e sea level Cur'ole predicted lor conti",ntal 

margins from glacio-hydro-isoslatic models assuming no eustatc changes after 6500 year.; BP 

(Compton, 20(6) 

5,2 Mari ne platforms 

In southern Namibia the coast i5 underlain by Precambrian roc~s characterised by phyllites, 

schists aM gnetss. The footwall has been eroded by high-energy surf conditions creating marine 

eros ;:,nal piatfo rms at vario<Js ie,els above aM betow present sea-level Extensi,e marine 

eros",-,al platforms have formed along the coast in the southern Sperrgeblet due to the foliowlng 

factors (Jacob, 7001) : 

• Coarse sedments proVIding abrasIVe agents, 

• Intet)5e wave energy to I"ovide abrasive action: 

• Receptive bedrock Iithok>gy (solter than abrasive agents) dip & stnke aM plntmg 

Horizontal ty bedded. relatively solt or gentty dipping bedrock is more likely to have well de""loped 

terraces than steeply doppmg Of hard tJedrock (0' Shaa, 1 971 ) 

At sea-level sli l staMs, erosion of the bedroc~ has fOfmed seaward sloping terraces which 

usually have wave cut cillts on the landward side The change in gradient between the base of 
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the cliff and the landward end of the terrace is called the nick point. The extent (distance from 

coast and the magnitude of change in gradient) of the nick point incursion depends on (Anderson 

et a/., 1999): 

• Duration of the sea-level highstand; 

• Wave energy; 

• Degree to which bathymetry dissipates wave energy. 

The presence of nick points has been used to identify and map palaeo shorelines. Several such 

terraces have been identified on the inner shelf of the west coast of southern Africa at depths of 

-10 m, -14 m to -16 m, -18 m to -20 m, -22 m to -25 m, -30 m, -38 m, -44 m, -50 m, -60 m and -75 

m (Rau, 2003). 

Using diving surveys, Collina-Girard (2002) identified nickpoints in the western Mediterranean 

Sea and the Carribean Sea at depths of -11 m, -17 m, -25 m, -35 m, -45 m and -55 m. As these 

notches were identified at similar depths at two geographically dispersed sites (Mediterranean 

and Carribean), Collina-Girard (2002) suggested that these were formed by the same lower 

eustatic sea-levels during the Late Quaternary. The similarity in depths of nickpoints identified 

along the west coast of southern Africa adds value to this statement. 

5.3 Waves and Longshore Drift 

Wind-generated waves form due to the frictional stress between the air and the water when the 

wind blows over the water. The size of the waves is governed by the combination of wind speed, 

the length of time the wind has been blowing and the unobstructed distance of water, or fetch, 

over which the wind has blown. The wave base is half of the wavelength and this is the 

maximum theoretical depth at which the wave transfers energy directly to the sea-bed (Brown et 

a/., 1989). 
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Offshore Nearshore 
So, w. rn of I" •• k" 20n, Bro,k.,mno Surfmn' Sw .. h zono 

WATER 
~:;"~d' i Stok~' \.lflOp 8" •. ",formd 80'. ",h ct, d 

MOTI()N ere,15, ",d, 0 wave, sw .. n 
tr"""m; , 

OO MINANT ~" On,nor, 01101",. Lor~,"or.? Lor<)Sll". R,n , Cloon 
TRANSPORT _I>::<, {~<>:l Oad • role","" flo" 
DIRECTI()NS . lJSpenOOd 10 .. ,1} 

-
VELOC ITY 0,"'" A,ymt"' ~" .. '" 10 ~ ".h lto 

VECTORS ~, "OC, • , , • • , • • , 

Hoj' "'"""""""" 
"'~ 'P'" 

-J' / ",?/ 0S' 
." ..... 

. '. 

GRAIN SllE TRENDS c,.'.'" I CO"""" G""" I ",,,,,or 1>'·rTKi<loi 

• , 
• 

PREOOMINANT ACTION _ocr, ton ",- l"n>!'''',I,,,,, , ro~or & 
. molon 

SORTING ~,tt" - m·xod ~ollo, 

, • 
ENERGY ''''"0'''0 "'>' 'l'oo ..... 

• • • • 
Figure 5,4 CI"ssiliG<ltioo 01 W~yeS ""d sedi rn ent transpo<t ~l n ea r~hote and orr~hote 

env ~onments (Martinez & Harbaugh, 1993) 

W<Xk by MartlrJez and Hartmugh (1993) have shown t h~t the highest eocrgy portion 01 the "'mine 

wave system is the breaker mne As a wave approaches the coast the water depth decreases 

At th e po< nt where the w~ter depth is Ic~s th " n the W~ye height , the W~ye break5 This i5 the 

point whe re the waye has it s highest energy "nd 5ui:>5eQuently thIS is the ~rea IIIfhere the break~lg 

wave Wlil bring the h>i)hest amoont of clastic materral in suspensoo, and transport It (F igure 5.4) 

Consequently th e breaker zone is also the are~ where th e h>i)hes l degree of er05ion oo:x:ur~ and 

where the deepest fe~ture" wil be cut into the underlying stmta (F>i)ure 5 5) 
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t Increase in 

I wave energy 

F>:Jure 5 5 ScI'ematic representation of wave energy and its reL:ltion to depth of incision into 

t>edrock du ring a sea-level stand stili (Jacob. 2001) . 

On the manne cut platforms e roslonalleatllres form trapsltes such as glillies, potholes, cliffs and 

wave-cut pL:ltform caves These features create h>:Jh quality trapsites tor the concentratbn 01 

dlam::mds transported northward from the Orange River mouth by tI'e longshore drift (H al lam, 

1[164' Joynt , 1979. Corbett , 1996: Jacob, ?OOl) Based on work between O,anjemund and 

Charneis, Wright (1964) proposed the 1,,"loWl ng KJeal cycle 01 gu l y evolution (Figure 5 8) 

• IrIC"ient Isolated poU'oles and aligned pOtmes 01 wl, i<;h the resulting trends are highly 

vana!>e Very ~ttle «10%) of the bedrock surface dissected 

• Youthful Coalescence 01 potholes into closed gullies with some uniformi ty of trend Up 

to 50% of bedrock surface dissected 

• Mature. Coalescence 01 closed gu llies to form an integrated drainage system of open 

gullies whict' follows a definite trend Up 10 80% of bedrock surface dissected Maximum 

gul", depth;'; reached at the start of maturity 

• Post-matu re' Reduction of inte<-gully ,.-ea &0 ttklt is l.3 nds of tI'e or>:J <rul1 bedrock shelf 

mark the directIOn of alignment 
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.~ 

~~~ ---- .~~ , 

Figure 5.6' Ideal cyde or ~ully evoMion (Wright, 1964: Jacob 2001) 

Along the ooastllne from the Orange f.(lver mouth northward to Chan1€ls, a gradat'-CIn of three 

domonant Iypes or bedrock dla(llor\d trapsites ha.e been identlfred namely 1) Swash paral" l 

gullie~, 2) Strike ~ullie" arrd 3) Joint gu ll ie" (Murray e/ al 1970, Jacob 2001) The gradation is 

related to th e avalabilily of abrasive agents and Influenced by the macro structural features In the 
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bedrock. Studying these features Jacob (2001) found that diamond concentration is directly 

linked to the availability of diamondiferous material, the quality and quantity of the trapsites, and 

the degree of reworking (enrichment) that has taken place. 

• The quality of the trapsites increased with increasing incision into the bedrock. The 

deepest incision into the bedrock was found to be on the seaward end of the palaeo 

platforms, therefore associating the highest quality trapsites with transitions between 

platforms. 

• The degree of reworking is determined by the degree of turbulence and the length of time 

the deposit underwent the turbulence or the length of the sea-level still stand. 

Highly diamondiferous deposits can therefore be encountered on a smooth wave-cut platform due 

to prolonged exposure to high turbulence as a result of a long period sea-level still stand. 

5.4 Cementation 

Cementation of Cenozoic sediments in the northern Sperrgebiet is common in the terrestrial 

setting (Corbett, 1993; Jamieson & Talbot, 1983; Milne, 1985). Offshore in the shallow marine 

environment, cementation of sediments has been widely reported and documented in production 

logsheets by divers conducting diamond mining operations in Namdeb-held mining licences. 

Cemented sediments are also frequently encountered in deeper water mining operations by the 

De Beers Marine Namibia and related contractor mining vessels. 

Using 87Srf 6Sr ratios and 8180 values Compton et al. (2001) showed that groundwater was 

involved in the formation of dolomite cement in sediments recovered from -60 m to -65 m water 

depth off Saddle Hill north of U.ideritz. The dolomite formed during sea-level low stands when 

emergent local depressions focused groundwater and weathered Precambrian bedrock. Through 

evaporation, radiogenic Sr was concentrated in groundwater which in turn mixed with evaporated 

seawater. This enhanced the dolomitization of biogenic marine carbonate in sediments deposited 

during the previous interglacial sea-level highstands (Compton et aI., 2001). 

Pettijohn et at. (1987) states that the precipitation of dolomite is dependant on the brine being Mg­

enriched relative to Ca. The brine may not be sufficiently enriched in Mg because of insufficient 

top-up of seawater, insufficient evaporation or constant addition of meteoric or ground water to 

the mixture. In such cases the solution will be relatively Ca-enriched and calcite is likely to 

precipitate as cement. The depletion of Ca, relative to Mg, by the precipitation of CaC03 from the 

evaporating waters can then be followed by dolomite precipitation from the Mg-enriched brine. 
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Th'ough lhe$e procer.ns. as doescrlbed D), CampIon el aI (2001 ) ar>d Pe ttP'n "' '" (1 987). ~ IS 

hkely thaI variable do1om~eI~lclte ,~um.., ot 1"'P'>~e filled sed,mems in the Study 11' ..... ~e 

'"""ed (Figure 5 7) 

A 

~ C~<t; '_rnet(. '"~ . ..... """",,10,. om~=j 
Hl " 'PSIIO PI ....... "' .. ",, """"I" "'", • .,..,., 

E •• .., ,,,,,,_ 

B 

C' j 

D ' 

.... '" ",0' .. ",. .omo .. .0",_" ., ..... ,. 
OC<hmontoHJ_1o 

" .~ . ...... ,o-

: ~~~~§~s~~~F:~~~~;;::=li r 0 c--.• P""""''''''' V_c n", rr.."" .. , ......... ............ ..... _100 .... "Y"' ... 
"'~ '''"'''c ..... 1>",,, .. _ ;" ..... ., .. 
...-.,. ... /~ .. c. ~"''' ;'i .. ", / "bC 
"""4>"''"'' ro .. .-, ........ "'..."....,." ...... '""""" _I'"~"'_" ''';''Ii ",-...:'" 
~ .. -~.~ ... "., ."' ....... -,,. 

Ftgure 5 7 Cementati on pr~ss of sed lmenl Med depressions 

(Pe1l ljonnMal 1~87 Comptoncllll.2001) 
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6. METHODS 

For the purpose of this study datJ were collected from various sources wh~h range from intormJI 

discussions with div~rs to a formal and structured sampli~9 program"", as summansed In Table 

6.1 1 he combinatbn of several geophys~al surveys i~ the study area pro.ides a platform from 

whiCh geomorphological obsmvations can 00 made and DI1 which th<l divm-assist~d min ing and 

samplirlg actIVities can be dlsplJyed in a meanirlgful context The historical data sets generally 

have a lower assoclat~d Iev~1 of confidence. Nu"",rous Intmvlews With '''p''r'''nc~d divms who 

did the actual minirlg were used to place histor~al records in cootext 

Apart from th~ r~sults for the sampling program"",. the combined dataset contain .ery few 

records wh~h reflect ",ero ,""monds recovered ", BJsicall~ onl~ the areas which yielded poSitIVe 

results were recorded in the historw l Jnd recent prodoctlon records. This situat .,n was brought 

about due to th~ di • ."s conll~uousl~ t~sting their gra.els for diamond cont~nt wh·j st at sea 

Following stnct security procedures gra.el IS concentrated ustng a PI",tz jig and the conc""trat~ 

is sorted on board With JII d .. monds reco.ered recorded in a dtam:lnd register (Figures 6.1 & 

6.2) 

Figure 6.1 A di',er (I' CalitL) Jttendi ng the jig onboard the mv RI'Cl>8i while mln<ng off De Hook. 

S"" Figure 4 1 
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F>gure 6I A diver (lJ Mitchell) sortIng through jigged concentrate for di"",wds onboard the mv 

Racheiwhile mining of De Hoek See Figure 4 I . 

If the material sorted Yielded negative results It would most IKely be discarded overboard The 

vessels used in these mining operations ter>d to be small with a carryi"g capacity of only 20-40 

tons Dive,,; can only spend a limited amoont of time underwater each day due to the 

physiological constraints of working in a pressurised envirooment These factors comb,,,ed with 

the limited access to th e mining grounds due to enVIronmental conditions including swell 

exceeding 2.0 m in height, except"'nally strong winds and poor visitility in the water colum" , 

necessitates thai only dlamo"d bearing gravel be transported back to Luderitz [Of treatmenl " 

Ofder for these operatlOlls to be profitable 
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Data Source Information obtained Rank 
Geophysical Surveys • Airborne Laser Survey (ALS), 2000 

• Sidescan Sonar, using Klein 3000, 1999. A 

• Multi-beam Bathymetry surveys using Reson 
Seabat 8125,2002 & 2006. 

Author's Observations • Dives in De Hoek and Grossebucht areas 

• Examination of rock samples A 

• Field observations 
• 2002-2007 

Sampling Programme • Production data, detailed logs, sketches and 
descriptions A 

• Accurate positional data 
• Relatively accurate area measurement 
• 1999,2000,2002,2003. 

Size Frequency Data (SFD) of • Accurate SFD's of diamond parcels for actual 
diamonds recovered sampling and production data A 

• 1992-2006 
Recent Production Records • Production data, detailed logs, some sketches and 

descriptions B 

• Positional data accurate within 30 m radius 
• Area measurement estimated in low visibility 

conditions 
• 2002-2006 

Interviews • Obtained gravel log descriptions for Zweispitz and 
Spook Bay areas as well as general composition of B 
sedimentary sequence 

• Assigned more accurate positions and depths 
mined to historical surf zone records. 

Historical Production Records • Production data 
- Shallow Marine Vessels • Positional data at best accurate within 100 m radius, C 

questionable in some instances 
• No logs, sketches, descriptions, area 

measurements or other data 
• 1990-1999 

Historical Production Records • Basic production data (cts & stones (stns)) 
- Surf Zone • Positional data - only the place name from which C 

security collected production 
• No logs, descriptions, area measurements or other 

data 
• 1991-2004 

Historical Production Records • Basic production data (cts & stns) 
- Landbased Mining • Position and areas mined and sampled obtained C 

from survey records 
• No logs, descriptions or other data 
• 1993-1996 

Confidence Ranking 
A High confidence, accurate stand-alone records which can be referred to individually. 
8 Medium confidence, use records in conjunction with geographically proximal records. 
C Low confidence, use dataset for features in conjunction with higher confidence sampling and 
mininQ records, interviews and Qeophysical data. 

Table 6.1: Summary of data sources and associated confidence ranking. 
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6. 1 Geophysic~1 Surveys 

Several geophysical surveys were conducted in the study ,..-ea between 1999 Jnd ,01)6 . I" 1999 

a sidescan son,..- EIIld s'.,gle beam bathymetry survey WJS completed using a Klem 3000 

deployed off a catamaran survey vessel, the sv Villa Via Due to its low draught and 

manoeuverability thIS veMel waS able to survey in e<trernely shallow waters (2,0 m depth) In 

ca lm coridltions Multi-beam (swath bathymetry) surveys followed i~ the study ,..-ea in 2002 uSIng 

a Seabat 8125 system A further survey in the Zwelspjjz ,..-ea followed In 2006 also USlrlg a 

Seabat 8125 der"oyed off a converted fIShing traw1er, the SW Soowgoose (Figure 6 3) 

Figure 6,3' The SW Snowgoose, photographed alongside in the LUderitz Po.1 w~S used fo.- th-~ 

2006 mult lbeam survey 

5.2 Diver Sampling Programme 

N3Indeb undertook a diver-aSS'lSted samplIng prograrnrne in the study area belween 1999 arid 

2003 a"d focused activities between _14m and _27m depths (Figure 6 4) The objective of the 

sam~lrIg progr8tnrne was to establish the feasibility 01 uSI~g diver-assISted sampling to develop ~ 

shallow marine resource 01 reasooable confideoce to reduce the risk of the shallow marine diver­

assisted operJtions 
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'",----------------, 

" 

o '--c-c-c~~--
~~~_'~~~4_1'~ 1 ~'_1'~._1'_W_"_1'_W_~'_"~'~'_MMMW'. ~ _~ 

..... ,0.""_'" 
---

Figure 5.4 Depth distributkln 01 diamonds mined JccDrd;ng to the di ver sampling records 

Although good results and a good data-set was obtamed Imm the sampl ing programme (Figu re 

65). th e combmatlon of high s.am~ing cost, lim ited access tQ sampling area arid the Inherent 

weather dependeocy 01 working in the shallow manne environment resulted that the programme 

was discmtin lJed 

Figure 6 5' Some of the diamonds recovered during the diver -assisted sampling pmgramme 

"' 
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The diver sampling team recorded the sampling details and basic geological information for each 

sample, which was collected on logsheets similar to the recent production records (Figure 6.6). 

This information was checked and in some instances the sampling pits were inspected by the 

author to log gravels, ensure sampling quality and to verify the measured sample size (m\ The 

diver sampling dataset contain 25% (n=48) zero values and therefore provides a fair reflection of 

the background values. A total of 192 diver sampling records representing 557 cts were used for 

the purpose of this study. Diamond size frequency data were obtained for 74% (411 cts) of the 

carats recovered in the diver sampling programme. The size frequency sieving was done by the 

Namdeb Geological Laboratory in Oranjemund. 
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• ~M1?~~ Contractor Operations - Diver Production Log 

GENERAL 

CTF OFFLOAD No. .. .. ;.,..3J .. ............... . 
DATE (dd/mm/yyyy) 

CONTRACTOR 

VESSEL 

SUPERVISOR 

No. OF BAGS 

Kg I Bag (average) 

AREA MINED (m2
) 

DURATION OF 
TRIP (days) 

... ?/t.l .. Q~t. .I200.J-. 

.A(i--:/ .. H~F~!f)~" .... 

. f'.r::·6fCc:F .. 

.. f. .. H ..... 1-kA.D. ..... 
i{3 

1 . i 
.i...J -::. l.';':~ 

••.•••••.•••• 1'''1 ••••••••••••••.•.. 

1) 
... 4 1'",\ 

., 
.~ ....... .. 

CTF Bin Numbers 

LOCATION MINED 

TYPE PRODUCT 

EASTING (m) 
UTM 33 WGS84 

NORTHING (m) 
UTM 33 WGS84 

No. OF DIVERS 

TOTAL DIVE TIME 
(hh:mm) 

DIVE ACTIVITY 

. ,", tV':) It: 
/.. L"l .. J ... l:Y.":": .... 

~(DMS Conc.) 

.5 O<c.. ~;O (. 

. YPLI3 (f .1..~ .... 
I 

.. 4. . 

(Minin~pecting) "") 
(Re-minmw--

RESULTS (To be completed by CTF Foreman) 

I i'-, HEADFEED WEIGHT (TONS)jY-:-/"'" RECEIPT NUMBERS. /9 J 

RECOVERED 
'-' 

STONES CARATS 
Potjie (jigged) .- --
~(CTF) 

--~ ._. --

~DI /? 7). 
"/ 

Specifieds .---

TOTAL 
)C/ Lf r -? -} 

7 -'-_ 
., ---

I..!) 
LIST SPECIFIEDS. /'1/1 ................................ , .... ". ,. , .... , .,. ', .............................. .. 

SEA CONDITIONS 

WATER DEPTH DIVED (m) From )-<4 .. meters To. ";'I~ .. meters 

VISIBILITY AT BOTTOM: «1m) (1-2m)~riiD(>3m) 

SWELL HEIGHT «1m) ~ (2-3m) (>3m) 

SWELL DIRECTION (COMING FROM) (N) (NE) (E) (SE) (S) tJf'!!i)W) (NW) 

BOTTOM SURGE (None~ (Strong) (Very Strong) 

BOTTOM CURRENT: .~ (Slight) (Strong) (Very Strong) 

CURRENT DIRECTION (FLOWING TO): (N) (NE) (E) (SE) (S) (SW) (W) (NW) 

Figure 6.6: Example of a production and sampling logsheet (page 1/4). 
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GEOLOGY 

Bedrock IFootwall 

BEDROCK REACHED?® (No) 

BEDROCK CONTACT:~ (Gradational) (Irregular) (Weathered) (Other) 

OTHER CONTACT: 

ROCK TYPE (Gneiss) (Conglomerate) (Cla~ (Sandstone) (Other) 

OTHER ROCK TYPE ................................................................... . 

BEDROCK SHAPE (Flat) (IrregUlar)~potholed) (Other) 

OTHER SHAPE 

BEDROCK CONDITIO€~~(Weathered/SOft) (Jointed/Cracked) (Other) 

OTHER CONDITION: ...................... . ..................... . 

Morphology 

FEATURE MINED (Platform) (Basin) (Cliff Base) (Against Ree~othole) (Other) 

OTHER FEATURE 

EXOTICS (1. Absent) (2 Rare <25%) (3 Scarce 25-50%) (4. Common 50-75%) (5. Abundant <75%) 

Jasper (red) ......... ~..... Chalcedony (clear yellow) .. ~ .. . 
/"\ 

Agate (blue-grey) ..... "' ........... . Makwassie (speckled) . .... .l.. 

Epidote (lime green) ... 1... .. .2 Yellow BIF (honey) ......................... . 

Ilmenite (black) ...... -' .. 
,.., 

Banded BIF (black bands) ... -<..-
( 

Garnets (red) ....................... . Chrysoprase (dark green) ... '. 

Other .............. . Other Description 

EXOTICS COMMENTS: .. SP/~1(" ...... (~Q1.(~:,.:; ..... ef<:.Cs¢.:". . ./T. .. 1/'"./.:/1(; .. . 

fJV&?J.I¢:.C .. !ie/). //1./ .711¢;, ./f1'.s./l:( ... (!:~«¢~:U7E .. {) ... Ct?.f;(.,Q/c~~C!S'/C . 

GENERAL COMMENTS: 

ROCK SAMPLE COLLECTED FOR GEOLOGIST: (YES) (NO) 

Figure 6.6: Example of a production and sampling logsheet (page 2/4). 

64 

Univ
ers

ity
 of

 C
ap

e T
ow

n



"Tl 
cO' 
c 
CD 
Q) 

Q) 

m 
X 
III 
3 

"0 
CD 
Q, 
III 
"0 a c.. 
c 
n­o· 
:::J 

III 
:::J 
c.. 
en 
III 
3 

"0 

:::J 
co 
o co 
en 
~ 
CD 
m. -"0 
III 
co 
CD 
w --~ 

DEPOSIT D_E_S_C_R_IP_T_IQ~~~_ 
TOP 

~~~~~-~~~~---~-----.. - .. ~----- .. ---

THICKNESS 
CLAST SIZE. (Cla~COarse sand) (Grit) (Small Pebble) (Large Pebble) (Small Cobble) (Large Cobble) (Small Boulder) (Large Boulder) (Conglomerate) (Bedrock) 

DOMINANT CLAST SHAPE (Sphere) (Disk) (Blade) (Rod) (Block) 

ROUNDING (Angular) (Sub-angular) (Sub-rounded) (Rounded) -----
GRADING' (Upward Fining) (Upward Coarsening) <{Qo_nstant~ 
CEMENTATION' ~ (Poor <25%) (Moderate 25-50%) (Nodular 50-75%) (Lensoid >75%) (Totally cemented) 

. ," 
IV. .. cm 

SORTING: (Poor) (Moderate) (Well) 

COLOUR: (White'/..jg~laCk) (Yellow) (Orange) (Brown) (Pink) (Red) (Maroon) (Purple) (Blue) (Green) 

QUARTZ: ~(present) (Abundant) AND (Angular) (Rounded) /?IIJ( ({ t .. iv .. ft.I/.'.J.ry; .. . ' .. t .. '._ .. 
~~~~~ __ ~+---S_H_E_L_L_: ~~~~ (Absent) _ (Rare <25%)(~_a~C,,-2~~0%) (Common 50-75%Q._J~ant >75% HELL TYPE .1.)(· .... ...... . 

CLAST SIZE <'Pay) ~.'2.e~~~arse s~d) (Gri~L~;a~~':~~I~~(Large p~b'ble) (Small Cobble) (~~ble) (Small Boulder) (Large Boulder) 5onglomerate) (Bedrock) 

THICKNESS' DOMINANT CLAST SHAPE: f ~(Sphere) (Disk) (Blade) (Rod) (BloCk) . -----

ROUNDING (A~) (~b-angular))Sub-rounded( (Rounded) 

GRADING ~ard Fininlij)(Up;';rd Coarsening) (C-;;;stantGrading) 

CEMENTATION' ~.(POo;' <25%) (Moderate 25-50%) (Nodular 50-75%) (Lensoid >75%) (Totally cemented) 

SORTING (~(MOderate) (Well) 

COLOUR: (\White) (Greyi)Black) (Yellow) (Orange) (Brown) (Pink) (Red) (Maroon) (Purple) (Blue) (Green) 

QUARTZ '(Ab~;"t~s~~tDAbundant) AND-~gular) (RO~ 
f---~~~~~~-+-"S"-H-,,E,-,L,=L,--~~~_ (AbsentL.lRare <25%t~arce 25-50%jJ(Common50-75%) (Abundant > 75'(o)J3I::fELL TY'=.E",.",. ====-"-=:~===:::::~='-'--~I 

CLAST SIZE (Clay) (Fine Sand) (Coarse sand) (Grit) (Small Pebble) (Large Pebble) (Small Cobble) (Large Cobble) (Small Boulder) (Large Bouldetl}ConglomeraieJ':sBedrock) 

THICKNESS: DOMINANT CLAST SHAPE f.~(Blade) (Rod) (BloCk)_ -- -_ .. -• .....-' 

ROUNDING (Angular) (Sub-angular) (Sub-roundedY, (Rounded) 
GRADING __ .. _~ __ 

CEMENTATION (Lensoid >75'10)0~~~IIY ~~ 
SORTING: r~oderate) (Well) .. 

COLOUR: (white) (Grey) (BlaCk~range) (Brown) (Pink) (Red) (Maroon) (Purple) (Blue) (Green) 

,.em 

QUARTZ (Absent)1 ~ (Abundant) AND (Angular) ({!3,ounQ.<!:aD ., , /.' . f .,f! '.'_ 
-'~ -~- C{./iO{ 1,'7i/~":£( vlJ/d'jn((f ~~~ ____ .. ~_i~IiEJ,~.:._ (Absent) (Rare <25%) (Scarce 25-50%)~1110~_~~ul'-dant >75% SHELL TYPE: V.' L ..... t .... ,< ...... , ..... : ...... ' . 

CLAST SIZ~ine Sand) (Coarse sand) (Grit) (Small Pebble) (Large Pebble) (Small Cobble) (Large Cobble) (Small Boulder) (Large Boulder) (Conglomerate) (Bedrock) 

THICKNESS: 

.cm 

BASEl 
BEDROCK 

DOMINANT CLAST SHAPE (Sphere) (Disk) (Blade) (Rod) (Block) 

ROUNDING' (Angular) (Sub-angular) (Sub-rounded) (Rounded) 

GRADING: (Upward Fining) (Upward Coarsening) (Conslant Grading) 

CEMENTATION: f~(PoOr <25%) (Moderate 25-50%) (Nodular 50-75%) (Lensoid >75%) (Totally cemented) 

SORTING (Poor) (Moderate) (Well) 

COLOUR: (White) (Grey) (Blac~I.,(Yello'iD (Orange) (Brown) (Pink) (Red) (Maroon) (Purple) (Blue) (Green) 

QUARTZ: .:~ (Abs~ (Present) (Abundant) AND (Angular) (Rounded) 

'--~~~~~~--'--'So:.H-"E'-'L==Lo.:.· ~~~~~~~......;'-"'=;;;:..=='---'="'-'--'-~rce 25-50%) (Common 50-75%) (Abundant >75!,'"-'Sc.:.H-"E'-'L==L~TY~P-'E=:'-'-. ============='---~----' 

() 
~ 
III 
"0 
CD ..., 
Q) 
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Chapter 6 

SKETCH PLAN (REMEMBER NORTH SIGN AND SCALE BAR), INDICATE DIRECTION (COMPASS 
BEARING) WIDTH AND LENGTH OF GULLEYS AND OTHER PROMINENT FEATURES. 

/ 

" ! 

, 
iii. 

: I' 
! ! 

, 
\ 

Figure 6.6: Example of a production and sampling logsheet (page 4/4). 
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Chapter 6 

6.3 Size Frequency Distribution of Diamond Population 

The s i~e frequerlcy distribution data of 125.588 cts reco~ered from the study area between 1992 

atid 2006 were collected from 3 ""urees The results are plotted On an industry standard 

dlaroond size frequency graph O1d.:atlng diamond sie~e size and the damond 5ieve round 

aperture diameter 011 the .-axis (F>:Jure 6.7) The equiyalent Wentworth s i~e class ',S itidicated in 

Table 6 2 No size frequency data coukj be obtairled tor the landbased mining as the diamonds 

reeo~ered from the raised beach minir1g were rolled tOgether with prod",t >:>n from olher areas 

during the consignrnent process 

5 .... CI ... 

_.F,·,· , , .*~. I~r ",""' .'l 
-r.~" .. 1 T,~'~ C<.-""~ '"' ''',''''' ' "j 
_ .. w""" p " ",","", "" .... '_1"." "" <><l 

• 

" 
• 

" 

" 
, , , 

" , 

" 

" 
• 
• 

Figure 6 7' The dlarnond size frequency distribution data far 125,5B8 cts recovered from the 

study area between 1992 and 2000, plotted by "OUrce With the ent~e dataset to highlight the 

cOIls;stellCY of distributbn from the 3 sources namely the D1amond Trading Company Namcleb 

Product>:>n Sorthouse and th e Namdeb Geologk:al Laboratory 
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Wentworth size class 

Granu\;!. 

Very Coarse Satld 

Diamond Sieve Ctass 

Chapter B 

Diamond Sieve Round 
Aperture Di"",eter (mm) 

Table 6 2, The comparahe W entworth size cl;)ss, dlarnond S", ye clas~ arid d,arnond Sieve rourld 

aperture diameter for the size fractIOn range of the diamonds recovered from the study area 

6.4 Recent Prod uction Records 

These records stretch from 2002 to 2006 for the purpose of this study arid are comprised of 

prodoction and basic geo logical information recorded by the Namdeb shallow marine diver­

aSSisted diamond recovery operations based in Llid.!rltz 

"""'" ... " .. ,,"'" or eo, ... _..., 

l 

1 ~ _ . .. _, .. _, , _. _" _11 _j? ". " " ,. " ." ,. "" " Z2 '" 2< " '" zc '" '" 1O 

Figure 6 B Depth distribution of diamonds recoyered from the ~tudy area between 2002 and 

2006, accord ing to recent sha ll ow marrne productIOn records 
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Chapter 6 

Since 2002 the bul~ of the shalow marine vessels shifted the" focus to production areas further 

south and out 01 the study area Although varoos vessels did some prospecting w~hin the study 

area Since 2002, ooly one vessel rernairoed active in the area. Durirog this peroo they recovered 

in eWe's of 33% 01 the carats recorded from -27 m depth (Figure 68). A lotal of 228 recent 

productIOn records represennrlg 28,142 cis were used /Dr the purp;:>se of this study The size 

freqlJency distribution data were obtained from th e Olilmond Trad"ng Company for 41% of the 

productbn 

6.5 Historic~1 Shallow Marine Production Records 

From 1990 to 1999 all of the shallow ma""" contractors aclue in the stUdy area were sub­

contracted under Wlndvog~ Diamonds. the prnclpal Namdeb contract hoider Durir.g this peroo 

only basic prodtK:tKln informatKln (Iocat>::>n, depth. di ~mond recovery, gr~de, etc) were recorded 

lor the diver-assisted mining actr .... 'hes These data sheets were recorded by the dive Dperators 

wh en they offioaded th eir gravel at th e treatment foolity In Luderitz h~roour 

COpt" ""~I""" " '" " .... -
~,-------------------------, 

. , ., , , , , , • • " " " " " . , " " " ,. 2'l , . '" ZJ" '" '" " " >0 '" W_"',,"'_ 
F tgure 6.9 Depth distribution of diamonds recovered from th e study area between 1900 and 

1999 according to the historical shallow marine product"" records 

Dunng the early years the diver-assisted minirog activities were mostly focussed In the study area 

I.e. in r~atlvely clo~e proximity to the safe harilo<Jr of Luderltz. Due to the exposed nature of the 

coastline in the study area the vessel b~sed divirog operations mostly oper~te in w~ter depths 

deeper than 16 m (Figure 6.9). The deepe< water al.,vn; them to work In h"hef ~well condotKlns 

A total of 973 01 the histOrICal records representing 181 ,341 cts Were found SU itable to be used for 

the p"'DOse of thIS study During th is period th e pOsit>::>nal d~ta were determined USIl19 
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Chapter 6 

navigational GPS aM Irom naval charts Due to "selective availability" 01 GPS satel ,te signals 

and the inherent Inaccuracy 0/ calculating positlOrlal coordinates Irom navigatFonai c:harts, It is 

estimated that th e positional data are likely to ha.,., an error of up to 100 metres, Some do vers 

purposelully reported positional data irtCorrectly, in order to keep prodoc:tion sites secret These 

obviously inGcnect records whK';h for instance plotted either on land or in water depths where 

do vers colAd not operate, were discarded 

Size Irequency data (carats per sieve class) were obtamed lor the Windvogel Diamonds 

cooSlgnments lor the 1992-1999 pe riod The si,e frequency Sieving was done by the Diamond 

Trading Company (previ01.Jsly known as the Central Seiling Organlsat>on) lor valuatIOn purposes 

At that t ime the production from vark>us subcootractors mining in different areas were combined 

l or valuatoon purposes, The constituent contributors 0/ each p,.-cel were checked and 47 parcels 

totalling 112,390 c:ts were lound to have been mined Irom within the confines cJ the study area 

6,6 Hislori~a l Surf Zone Production Records 

Surf zon e min ing comm enced in 1991 in the study area The land based pOrtk>n of the Elizabeth 

Bay Mining LK';ence extends only to Grossebucht akJng the coast Therelore surf zone rrwning in 

the study ,.-ea was only COMUc:ted from Grossebuc:ht in the north to Eli,abeth Bay In the south 

Due to the coastal profile the surf zone operations were generally Im lted to below IS m depth 

(Figure 6, I 0) 

.,.".h ._ 01 " .... _ 

' ~_'~_'~~~_'_~ " " 'J ·" ,~ , '_·",_~_"._~, _~ __ ,'.a_~ 
, .. ",-,,-

Figure 6.10 Depth dIStribution 01 diamonds recovered Irom the study area between 1991 ood 

2004 acc:ordong to the surf zon e reGords lor which mining depths could be aSSIgned 
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Chapter 6 

From 1991 to 2004 all of the surf zone operations were sub-contracted under Diaz Point 

Explorations, a Namdeb contract holder. During this period limited production information was 

recorded. However, the security logbook contained the records of each parcel of diamonds which 

were collected from the various operators along the coast. The "collection runs" were usually 

done on a weekly basis. In the logbook relevant production information were recorded including 

the carats & stones and the location name of the area from which the production was collected by 

the security personnel. These collection locations were fairly closely distributed along the coast 

so they give a fair reflection ofthe area from which the production was mined by surf zone divers. 

The records were digitally captured and divers who have been active in the industry since 1990 

were interviewed regarding specific mining locations and depths. In total 1406 records 

representing 69,866 cts were captured and contained suitable information to be used for the 

purpose of this study. From the interview data specific locations and mining depths could be 

assigned to 75% (52,581 cts) of the surf zone production (Table 6.3). 

n= cts stns cts/stn 
Records with depth data 753 52,581 199,158 0.26 

Records without depth data 653 17,285 69,338 0.25 
TOTAL 1,406 69,866 268,496 0.26 

Table 6.3: Summary table of available surf zone production information. 

For the remaining 25% (17,285 cts) of the surf zone production records, only approximate 

locations could be deducted from the locations from where the production were collected - no 

depth data exist. None of the production records included tonnage data so grade calculations 

were not possible. No size frequency data exist for the historical surf zone production. 

6.7 Historical Landbased Production Records 

Landbased mining focused on the mining of raised palaeo beach deposits. Remnants of the 

+2 m and +4 m beaches were mined within the Elizabeth Bay Mining Licence Le. from 

Grossebucht southwards. Between 1993 and 1996 available records indicate that 20,502 cts 

were mined from remnant beach deposits within the study area at an average stone size of 0.20 

cts/stn. 
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Chapter 6 

6.8 Age of d.posits 

All of te., gravel deposits encountered w,tnin the study area contained variable arlXlunts of sea 

500lls and therelore man"" oflg n s lor all are assumed. Te., sh e ~ material encountered ir1 te., 

gravel is broadly being divided ir1to two categories namely "fresh " and "oId " sooll. 

Th e "fresh" se.,lI s have an obviously fresh appeJrJnce The shetls ;Jfe structuf;Jlly compelenl and 

do not break easily or crumble when handled Te., blue/purp le coloured sheis like Robbed 

Mussel Aul"Gomy~ aie, and Black Mussel Cl><xumyiillJs meridionalis retain the cok)ur in the 

shells - although the coklur may be faded, the shells stili appears blue/purpl e (Figu,e 6.11) 

F>gure 6. 11 The "N'Csh" stJe l s appear obviously fresh and are structurally competent. Th e 

blue/purple coloured shells Ok e Aulacomya ater and Chommytilus mefid,onalis feta"" the colour in 

the sheh - although the colour may be faded, the shells stili have a blue!purple appearance 

Too blue/purple appearance of a "flUsh" sooll accumulation is evklent on a modern day ooacl1 

situated just sooth of Grossebochl in tile study area 
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Chapter 6 

The "o/(f' shells appear weathered They are usua ly chalky and Irtable, breaking and crumbling 

easi~ when handled Shells usual~ blue/Neck in c,,"our like Au/acamya at"r and Clw(omyiihrs 

,ooridiona/ls appear orange/brown (Figure 6 12) 

F>gu re 6.12: The "oJa shells have a weathered appearance These shells are chak y and friable 

and break easily when handled Shetls usual~ blue/pu rple In coIou r IKe Aulm;omy~ ~ter and 

ChoromytilU5 meridlonalls appear orange/brown. The bfown dlscolouration of "ok!' CIKHOmylilus 

m~fldionalis she l s can be seen ,n the hand specimen 01 conglomerate from the De Hoek area 

and from a raised palaeo beach situated just south of Grossebucht in the study area 
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Chapter 6 

ThO"uMt Of Y.'''' b. fo", p", .. nt{ko) 
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Figure 6 13. Composite sea·level curve lor the last 140 ka highlighting A- The Huocene +2 m 

palaeo-~trand,ne wh >:h i~ inla-mally identified at"'g th e West CMst by the presence 01 ·Ire~ h" 

shell matenal and B, the Late-Pleistocene <4 m p.Jlaeo-strandlioo which is inrormally identfied by 

the preseoce 01 "old" shell material (Compton_ 2001, Compton e/ aJ., 2002; YDkoyama Bt ai., 

2000. Chappel Bt ai., 1996: Fa"bank~. 1990; Shockketon, 1987) 

Field observ"tior" 01 arch"""loyists "nd geUO(list, runductillg l'Ia-k Cil the m~rine head-NO' ~Iong 

the W~"- COil,t h~ve flut."j that the blL>e/purple ccbJatiCil r:J ,hells like Awlacomya atBr and 

CnolDmylilus mofidion"lis is reldi~d or faded in Huoc.ene depo'iit' i.e. +2 m palaeu-,trandline. 

HOI'<ever, the 'hell mlOJr chang'" to an orange/brown cuour i fl samples ucler than the HcHorene 

"nd ossocidl."j with Idle Plei,locene (Eem;"n) depo>il, i. e +4 m palaeo ~r;ndline (Figure 6.13). 

The bluelpurple colouratioo in the shell~ are caused by a protein wh>:h breaks down o"er time 

and changes coklur to orangelbrown alter about 10 ka Auiocomya "tor and Clloromyt4(J$ 

moridlan"li~ encountered in the aixlve -30 m elevation which have a blue/black colourat>:ln 

(Iresh) were the refore depoSJted no more than 10 ka ago as this was th e first time th.:Jt th 'lS 

elevation 01 the co.Jst would have been sUbmergent after the Last Glacial Maximum (LGM). 

(Figure 514) 
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Figure 6 14 Composite sea-level GUrYe for the last 140 k8 highlightl rlg the 0 to -30 m eleva!"", 

(CDmpton 2001, Compton et aI. , 2002; Yokoyama et ai., 2000 Chappel et aI., 1996; Fairbanks, 

1990, Shackleton, 1987) 

Aulocomya aler and Choromytil<ls meridionalis shells wh ICh are discooored orange/brown and 

whK:h are typ k:a lly chalky arid friabie when hand led, wook! be older than 10 ka and have been 

exposed to weathering. It i~ unl ike " that shells displaYing such characteristics cooid have been 

entrapped ""lh the diamondiferoos gravel r.orizons aoo subsequently exposed to weathering 

Gondit>::>I1~ to attain the said charactenstlcs, during the period 01 rapKJ rise in sea-level 10110,","9 

the Last Glacial Maximlll" (Figu re 5.14) , The eNst above th e -30 m elevation wa~ emergent 

from 80 ka to 10 ka ago (Figure 6.14) It IS toorefore assumed that 'ok! weathered shells were 

entrapped ,n the gravel horizons before this emergent perioJd The first opportoo ity where too 

shore line above the -30 m elevatlO!1 w ould have been submergent - and therefore exposed to 

shallow marine processes, was 80 ka ago (F \:l ure 6 14) Sedimentary horizons in which the 

Aulaoomya aler and CI'oromyldus rooridiorwl,s shells occur wh>ch are discoloured orange/brown 

and are generally ch;Jl ky and friat>e are therefore considered to be not younger than aoout 80 ka 

DUring observation in the field care was taken to dist inguish between actu al age nd uced 

dlscoiouratOon of ~hell" and Fe-stain ing 01 shells 
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Chapter 6 

6.9 Cementation 

To distinguish between calcite and dolomite cementation, the standard field acid test using a 10% 

HCI solution was used (Tucker, 1996). When the acid applied to the specimen was slow to 

bubble dolomite cement was assumed and when the acid was fizzing lively, calcite cement was 

assumed. During the tests care was taken to apply the acid to freshly broken or clean surfaces 

free of loose fine rock particles or shell material occurring within the matrix. 
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Chapter 7 

7. DE HOEK 

7.1 RESULTS 

De Hoek (meanin~ "The ComB!'") is situated approximately 5 km south of Halifax Islaoo roughly 

hallway between Halifax Island and Grossebucht (Fi~ures I 3 & 2.1) The underlying bedrock 

consists 01 the Ganep SuperQroop Olaz Point Formalion, in part~lar Unit 3, which is composed 

of quartzite overlain by dlamiclile with minor interbedded chlontlc quartz schists (Figure 4 1), This 

is th e dominant formation which occurs along Ihe coasl,ne between Halifax Island and Reef Bay 

F '9u re 7.1 Fadng north-east. an ooliqoo aerial photograph of!he De Hoe" area with the 

appromn"te locations of Ihe 2 rrining areaS (Shal ow & deep) Ind>eated 

De Hook is a south facing semi-embayment, or notch, in the fa ~ly straight section of north-south 

trending rocky co",lline between Halifax Island and Grossebucht (Figure 7. I) From the digil,,1 

aerial photograpy and sidescan Mnar images of the De Hoek area it is eyident that the southwest 

facng part of the coast .ne coincides with a northwest-southeast trending normal fault (Figure 

7.2) There are a series of parallel normal faults treooinQ -300" along th is part of the coast 

Similar basement faults and preferential weathe ring and ero,"on aklng these features have 

resulted in the formatIOn of the inlels Essy Bay and Fjord, immediately north and south of De 

Hoek (Siegfried 1993) 
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Figure 7.2: De Hoek 
S,descan SO ..... ano Allnal Photograph 'ma!J"5 ""Ih d,aln.lg!> 
channel. a ~onent lauh IhlllocabOOs cflhe De Hoek data 

poonl$ (n~84) arod Pro/ole LfIle'S I 8. 2 pIoI1OO See Fl!Jur .. 7 I ror 
app'o~'!I"I9tlllocatr:lns of ·shall"", and de" p- a,eas 

n~, POinl le>cl:r~on 
Qr""<age a ..... ''' .. 
F.ur. 

'''' "". 

eMple.7 

• 
-,-
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Chapter 7 

The seabed comprises exposed Pre-Cambrian bedrock within which gullies are evident (Figure 

7.2). The De Hoek area is flanked on the west by a drape of fine sand, the landward margin of 

which lies at approximately -24 m depth. This margin is a function of the wave base (half the 

wave length). The minimum and the maximum dominant wave base along the southern 

Namibian coast are approximately -40 m and -80 m respectively (De Decker, 1988; Bluck et al., 

2007). The unconsolidated fine sand display a light coloured acoustic facies in the sidescan sonar 

image (Figure 7.2). Also present are isolated patches of a darker coloured acoustic facies within 

which mega-ripples can be observed. This indicates unconsolidated, rippled, pebble gravel 

locally known as "travel gravel" amongst the divers. A drainage channel flowing westwards into 

the fine sand area is also evident (Figure 7.2). 

To date mining activities at De Hoek have mainly been focused on two areas: the shallow areas 

close to shore and the deeper areas situated approximately 350 m offshore (Figures 7.1 & 7.2). 

Initially, mining activities were concentrated in the shallow water depths of -1 m to -8 m (Figure 

7.3). Following the depletion of the diamondiferous gravel in the shallow areas, economic 

diamond concentrations were identified through prospecting at depths ranging from -24 m to 

-27 m (Figure 7.4). The deeper mineralised area is situated where the northeast-southwest 

trending drainage channel meets the landward edge of the larger sediment drape. 

The interim depths and related areas have been intensely prospected on a local scale and 

although preserved gravel packages were encountered, the associated diamond yields were of 

uneconomic concentrations and therefore not further pursued. Because no diamond parcels from 

this work were delivered for treatment at the CTF in LOderitz, no records exist of the prospecting 

activities apart from the local knowledge of the divers who have been mining in this area for 

several years. 
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From historical prodoxt (J n records and in teNiews with divers it IS est imated th at approximately 

25,000 carals (cis) have been mined from De Hook For th e pu rpose of thIS stlJdy some 84 

records with geD\lraphical bcat (J ns totaling 22,729 cis and nu mb' '''ng 91 ,489 stones (s Ins) were 

used. The 8verage stone size of d'",monds mined from the De Hoek 8rea is 0 25 cts/stn whk;h is 

slightly small er than the average stone size of 0.26 cts/stn for the entire study area The stone 

sIZe for the shallower depths (-1 to -8 m) IS 0.23 ctsJstn and for the deeper 8reas (-24 to -27 m) rs 

027 cts/stn Th e screened gravel (+1 6 mm, · 10 mm) grade for lhe area IS in e.cess rA 1000 

carats per hundred ton (cphtJ, (F>gu re 7.5). The 8verage sc reened gravel grooe of the sha llow 

area is about double th e grade of the deeper area 

,-
~ 

.,. 
, 
,j "'~ 

-
• 

-

• 
_, _j _, _ •. \ , _, _. -' _10 _" _" _" ' . " " " " " '" " Z2 .n.",." ,. " _,. _20 _'" 

""r,..,_ 
Figure 7.6 Water depth dlstnbutio!1 of total carats mined from th e De Hoek 8rea 

The carat product ion by water depth graph was compiled from 84 data pomts representl rY;l 22 ,729 

cts and shows th8t mining in De Hoek area W8S concentrated in shallow water depths ranging 

from -1 m to -8 m and that maxImum product ion was oblained from -27 m water depth (Figure 7.6 

& 77) 
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De Hoek - Shal low 

Ftgure 7_7: Three dimensional vi ew of De Hoe+< area 
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F\lure 7,8 Profile Low 1 of terraIn elevation in De Hoek sha llow mining area 
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E .. , 

Profje Line 1 situated in the De Hoek area (Figures 7 2 & 7 5) iook:ales that the Sleep proflie of 

the bedrock exposed above present sea-level continu es below th e " ur/ace d: the water (Figure 

7_81 Although the Shallow min'lI1g area was not covered by geophysK:al 5urveY5, a sch ematic 

p"ofil e coukJ be compiled from intervi ews with the divers who conducted the mining of this 
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feature The feature consists of wave-cut caves wh",h are situated at approximately 1-2 m below 

present sea-level The calles extend about 3-4 m laterally with the floor slopirlg lar>dward The 

cave IOOr has large potho les irwoised up to 2 m deep (F igures 7 9 A B & C) 

L~g~nd 

IlI<lmandlfefou, ymvel 
c:: ~eo:Jmck - t ~ "Z Peo n! o 

A 

""",,. 
, , 

Figure 7 9 A' Schemat" of wave-cut caves ar>d narrow shelves between -1 m to -S m 

depth at De Hoek 

I ""'"' 
ffi o,. moochl'",,,,,, gr.",' 
L.I CI .y 
c:: ""clc""'- _ 0,., Pa '" Fm 3 

B 

o 

Figure 7 9 B Schemat'" of the caves wh'''h exter.d atJDUt 3-4 m latera lly W1th the 

IOOr sbping lar.dward 
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c 

Figure 7 9 C SchematK; of the Gave - the floor has large pot~es incised up to 2 m deep 

1\ thin but oonti nooll5 layer of ye llow clay. Unit 2 (Fogu re 7.10) occurs at th e bedrock (Unit 1) 

Interface The clay layer Iol ows the contoors 01 the pothole The dJY layer is topped by a 

horiwn of well compacted, poly-modal clast supported gravel wh ich '", generally about 60 cm 

thick (Unrt 3) Roonded to we ll rounded c lasts include pebbles 01 dJrker sch ist Jnd white veIn 

qUJrtz up to 30 mm in diameter 

GULLY 

'0<" (1-' ,,,,., roo", """ ... "."', ..,"""" (0) 

- , "" ,""",_, ... ",""' ""'.'" "" I "''' ~ , I" 

" . 
G< .... ~ 1'1' , ~." ~",,,, ,,,i , ~"'_'""'" '''",_ ,."" ." ,~ .. '" ., _-' c."",,,," " ....... ~,. , ."" ".~ r,.~ ., ... "'". r",c,. 
"'" •• ,..-,omono,.,. ~ .,n , ... """" .." """"'_1 '" 
"~,, , .. ~ " .• BF ~,i '"" '"",~ "~,"., ..... ,, ... ,~.,,,~ ,," 
.,... .. "" .... " " .• ,."'" I_I. " . , C;>,~ •• ,." ho< '"", ~ 

-"""-""'-"""""'~I 

• ",""" ,",,., ~ "" "'~" " _ _ """' '''_111 
c.,,,,,, ~'" _h_,." "" ..... '" ~ ~ 

Figure 7 10 SchemaiK; strat ig r8phic oolumn of features mined in water depths 

between -I m and -8 m at De Hoek 

Both white and darker coloured exotic agates, up to 25 mm in diameter are also presenl Who le 

and broken Cl>oromytil<ls meridionalls shell With a distinct ~uelblack colour made up a sig:-.ilicant 

portIOn of th e gravel The gravel is cemented towJrds the ba$e The cement is general ly fria ble 
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but well cemented (hard) close to the edges of the boulders and the side walls (Unit 4). The 

cement does not extend into the potholes but rather forms a capping over the potholes. A thin 

layer «5 cm thick) of unconsolidated but compacted coarse sand and grit occurs on top of the 

gravel horizon (Unit 5). Large (1-3 ton) rounded to subrounded boulders of local bedrock covered 

the gravel (Unit 6). These boulders were suspended in the gravel horizon and not in contact with 

the bedrock base of the features. Approximately 4,000 cts were mined from the caves situated in 

De Hoek 1 (Figure 7.11). The two similar small embayments (De Hoek 2 & 3), situated 

immediately to the northwest of De Hoek 1, were prospected by divers but were found not to be 

economically mineralised (Figure 7.11). 
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09 H09k - 0gep 

Al l clthe prodvct <J n mined from the deeper areas at De Hoek was obtained from gullies Divers 

locate the gullies on the exposed bedrock The gullies were then prOgressi vely mined and 

followed inlO the sediment drape area The bedrock platform lies at -24 m depth and the guUIIl" 

are inCised to a maximum depth of -27 m (Figure 7.12) 

---------

Profil<> Line " (W-EJ 0. Hoek 

Figure 7 12 Prclil e Line 2 of terra·.., elevation in De Hoek deep mining area 
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Not '" ,,~ • 

•• 

"'~"'_,,,.,, ... '~1 =" .. """' 1'1. ",,,,, ''''' no 
;'"''"'" '' ~ .. , ~I 

,,"""' Bod """' .• ",.n. ~ ~" . , co. '",i ",t, "" ' , ' 0 ...... ,"''' I', 
Smocth "'" "-"'YO ~i" po",,,. ~ ~OC" 

Figure 7.13 Stra1igraphic column of guil es on -24 m \0 -27 01 wa1er depth a1 De Hook 

A schematIC stratigraphic column (Figure 7.13) 01 th ese deeper gu I y systems, has from the base 

of the sequence gully wal ~ which are typically water wcrn and smooth with potholes in the gu lly 

f\Qo( (Unit 1) A thin discontinuous layer of yellow clay occurs at the bedrock interface (Ur~t 2) 

Above th e clay occurs a dark grey coloured gravel hcrlzon wh ich is matrix sup,.ort!!d and ,.oly­

modal (Unit 3) The matrix consists of I!iable. chalky, rine shell fragments wi th lesser amount!; d 

line to coarse sand Shell clasts consist 01 mostly mtact sma ll gast 'orods, limret~ and bivalves 

includi rlQ Ribbed Mussel Aulocomyo aler (Figure 7 14) 
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hgu"e 7.14 Hand specimen of cemented graoei recovered from -26 m depth In a gully at 

Dc Hoek contains o",iOl1> shells inclloding fra[p1ents of brown discoloured Ribbed Mu,sel 

Aulacomya ate r_ 

lithic cI~sts Include well rounded pebbles of darker schist ~r.d M1lte Vi'in quartz up to 3() mm In 

dl,.,.,-,eter. Well rounded exotIC agates, up to 25 mm In d",meter, were also present The agates 

are e.ther white In colour, indictng prolonged sub ·~erial e<posure ~nd SUbsequent we~thering, or 

blue-grey on cob"r indICating unweathered clasts Further exotICs incllode jaspers, wh'lCh are 

common. with rare ballded Ifonstor.e ~nd chalcedooy This horizoo typic~lIy h~s constant grading 

arid the dominant clast fOfm IS sphencat The gravel IS dlScontlnlJOlJsly moderately cemented 

(frlablel to 1'1 .. 1 cemented (h~rdl towards the top 01' the hOrizon (Unit 41 . (figures 7.13. 7.14 & 

7151. Rounded to subrounded boulders of ",cal bedrock are typICally situated within this gravel, 

although these boulders are r~rely ., contact with the bedrock (Unit 51_ The Ir1 ferred 

Holocene/Pleistocene oontact is betwe€n the ",wer gravels and boulders arid the overlyirlg 

l"",onsOiKiated sand and shell 
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Chapter 7 

Figure 7.15 Hand specimen of cemented grav~ recovered from ·26 m depth In a gully at lie 

Hoek - small diamond in the matrIX Indicated by the pen 

Above the gravel a horIZon 01 COOlpocted coarse sand with varying amounts of ~hel "",teria! is 

typically encountered (Units 6 & 7) The coorse sand hOflzon may c(>1tain minor amounts of 

rounded gravel clasts The top of the sequence typically consists 01 a fone unconsolidated sand 

cover which is on average about 75 em thick (Unit 8) However the thic~ness coukj vary 

depending On the underlying bedrock feature This fine sand drape covers the bedrock and the 

gullies conta J1ed within 
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Figure 7.16 Size frequency dlslrib<JtlOn 01 diamonds mlood from the De Hoek area pioHed with 

the size frequency distribuhon of car~ts m'rli"d from the whole sludy area 

No sire frequency data could be obtJlned for the shalklw water prod....::!!on ~t De Hoe!< The 

cumulative size fr"quency distribution (percentage carats per sieve class) 01 diamonds recovered 

from the deeper area~ at De Hoek. dsplay a uni-modal siu distribution peaking In the ~9 si~\le 

class (Figure 7.16). It is a well sorted diamond population with 83% of the carats occurrirJg In the 

'7 to +11 Steve cla~se" The De Hook pOpulatIOn (n=10 633 cts) mime s the enlire p:lpul~tion 

plot lor the whole 01 the sludy area (n=125 588 cis) 
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7.2 DISCUSSION 

The average stme size of diamonds mined from the De Hoe~ area is a 2~ ctshtn wh>ch IS very 

similar to the average ~ton e size of 0 26 cts/stn for th e entire study area The size frequency 

distribution of the diamond population mined from De Hoek is virtually ide!1t>cal to that of the 

entire doamond popL:Jatim for the whole of the study area (F Igu re 7.16) Based on the similarities 

in stOrIe size arxi size frequency distlibut ",n, it can be assumed that the diamorxis mined Irom th e 

De Hoek shallow and deep areas are part of the shalklw marine diamond population encountered 

within the study arlOa 

Figure 7.17: Facing south-west, the mv Ri>Chel mining shalklw deposits In th e narrow conlin es 01 

De Hoek 1 on a very calm day (see Figure 7 11). The divers had to place several mooring lines 

on land to secure th e vessel'In pos~lon 

Dc Hock _ Sh~lIow: At present day sea -level De Hoe~ forms a south facing semi-embayment 

'Mlh 3 micro sooth lacing embayments (F'i)ure 711). Combll1ed with bedroc~ leatlJfes such as 

wave-cut ca\ICS, potholes and gull " s thIS cmfigurabJn is condllCive lor the retent<"', re-working 

and cOflCM tmtlon of dlamondlferous gravel transported northward by wave act"" and the 

brlgshore drill (Hallam, 1004, Joynt, 1979; Corbett. 1900 Jacob. 2001) DIamonds were 

recovered from highly concentrated gravel mined from confined shallow cave, at -I m waler 

depth and also na rrow ledges sitooted at -4 m and -8 m water deplhs I Fig" re 7.17) 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Chapter 7 

The bedrock in this area consists of Diaz Point Formation Unit 3 which is a diamictite containing a 

large proportion of coarse-grained leucogranite and quartzite boulders, as well as quartz pebbles 

as clasts (Siegfried, 1993). These resistant clasts would act as abrasive material when released 

from the conglomerate through erosion. The erosional features would have formed when sea­

level, and consequently the breaker zone, were aligned with these depths (Martinez & Harbaugh, 

1993). The earliest evidence for a southerly wind and swell regime driving the northward-directed 

longshore drift and associated aeolian activity dates back to the Eocene, although this transport 

system strengthened during the Neogene (Ward & Jacob, 1999; Spaggiari et a/., 2002). As these 

features (caves and narrow ledges) are not extensive, it is likely that the period of time that this 

level of the coast was exposed to the breaker zone and the erosional forces that formed these 

features were of short duration (Anderson et aI., 1999). However, despite the relatively short 

exposure to erosional forces, the diamond grade of the material mined from the shallows was 

double that of the deeper mining area. The small embayments situated further to the west (De 

Hoek 2 & 3 in Figure 7.11), were not mineralised because they are too exposed to the 

approaching swell regime. Gravel are therefore not retained and reworked within these features. 

This can be observed during storm events when approaching waves break on the shoreline of the 

features. 

The gravel, including the cemented portions, contained broken and whole Choromyti/us 

meridiana/is shell which was distinctly blue/black in colour. Therefore a Holocene emplacement 

of less than 10 ka is assumed (Figures 6.13 & 6.14). The caves therefore provided a superior 

trapsite within which a very high concentration of diamonds could be accumulated within a 

relatively short period of time. The presence of Charomyti/us meridianalis shell also indicates that 

the environmental and physical conditions during deposition were similar to the present day 

scenario i.e. a cold water, high energy, rocky coastline. The cementation of the gravels would 

most likely have occurred during sub-aerial exposure 4.5 ka ago when sea-level dropped briefly 

to -1 m below present sea-level (Compton, 2006). The yellow clay layer is in the form of a thin 

continuous drape and occurs at the bedrock-gravel interface. It is inferred that the clay was 

deposited after the diamondiferous gravel package was entrapped. The clay was either washed 

in during rain events and/or formed due to the break down of clay-forming minerals from material 

within the sedimentary package during periods of sub-aerial exposure while the trapsites were 

filled with a briny solution. The large boulders which covered the gravel acted as the primary 

preservation factor to protect the gravel from subsequent erosion. 

95 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Chapter 7 

Do Hoek _ Deep: The main area of moneralizat"n occurs where the westward f"wlng drainage 

channel meets the larger sediment drape area. Here a bedrock platform OCClXS at -24 m water 

depth which has gJllies incised to a maxImum depth of -27 m (Figure 7 12) Dianuoos are 

predomnootly recovered frem the north-nortirwest onented gullies On the southern bank of the 

stream Due to the fine sand drape. the lull e.tent of the platform is not known. However, the 

gJllles woukj most likely have been incised when sea-levet waS at or abolJt _24 m below preser~ 

sea-level (Martll1ez & Harball9h, 1993; Jacob. 2(01). The landward edge of the line sand drape 

i$ a good ind"'Jtioo of the location of the coastline at a -24 m sea stl l stand Durll1g flasll floods 

th e stream would troosport clastic material to th e -24 m coastline At the coa$t the stream enters 

a small south faCIng embayment appro.imJtety 100 m WIde (Figures 7 4 & 7.18 A). Th~ clast!c 

material introduced by the small stream wOIJId ad as abrasive Jgent$ on the COJstai processes 

which would as~ist with the oncis"" of the gullle~. Th e small fan 01: coarse clastiC material would 

al so lorm a trapsite for diamonds transported northward with the "ngshore drilt (Figure 7.18 A) 

A 

\ 

SEDIMEKT 
DRAPe AREA 

NORTH 

EXPOSED BEDROCK 

F.XPOSED BEDROCI : 

SEQlJElfCE. ot.MlfIS 
.s.. ... no .. _2< "", 
. C""~ ",,"-.;0< w",i>od down .,. 

" " ,,"' k<",,>(;' c""~ ,~, " ".-­
~ 

Ftgure 7.18 A Depos!tional nu del for diamonds occurring at De Hoek D""D The sma ll fan of 

cOJrse clast '" material in the $uri zooe port"" 01: the · 24 m $hore i oo woukj form a traps,te for 

dloo>:>nd~ transported northward with th e loogshore drift 
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The reworked and enroched gra~el would be deposited through storm events at a slo:Jhttj ho:Jher 

elevation and therelore eastward relatIVe to the -24 m coastl ine Gravel would 00 deposited 

together With boulders in gully trap~ltes The south lacIng embayment was fu l y exposed to the 

southwesterly oriented wave energy and gravel was not preserved in them to the same extent as 

the shellered north facing gullies on the south bank (Figure 7.18 8). The boulder,; and 

cementation greatly assisted to preserve the highly reworked dlarr<Jnd rich gravel packages 

wllhin these gUI >es situated on this steeply dipplr1g, high energy, rocky coastll"" 

B .,,", 
, . , '"" NORTH 

EXPOSED BEDROCK 

" 

\ 

Fi~ure 7 18 B DeposltK>nal rrodel for d"'rr<Jnds =u"'ng at De Hook Deep The reworked and 

enriched gravel would through storm events 00 entrapped together w~h boulder,; in gul ly 

trap Sites The south facing embaytro'lnt was too e,posed to the southwesterly oriented wave 

ener~y and gravel was not preserved in thiS area to the same extent as the sheltered gullies on 

the south and north bank 01 the stream 

The diarr<Jndilerous gra~el. including the cemented portions. contains Ribood Mussel Aur,=mya 

ater shells wh (:h appear relatively old as they are dlscokl ured brown ar.J friable {Fo:J ure 7. 14). It 

is therelore assumed that deposition of the diamondifero1l3 gra~el in the deeper gllirll)S (-24 m to 
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-27 m) at De Hoek tOOk place 80 ka ago dunng the Pleistocene as thIS was the first sllbmerger>t 

period for the ·24 m coostl)efore the LGM (Figure 7 19) 

U Emergen1 

F tgure 7.19 Comp:lSlte Se.:J -level curve for the last 140 ka Indicabng sllbmergent and emergen1 

p" riods for the -21 m 10 -27 m Goostline (ComptO<1. 2001 ComptO<1 et al. , 2002. Yokoyama et al., 

21)()(), Chappel er 81, 1996, Fairbanks, 1900 Sha<;kletOl1, 1987) 
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8. GROSSEBUCHT 

81 RESULTS 

For too purpose of this study. the area ' Gmssebocht refers to the area where dlver·assisted 

mining took place between Kle l1e Bogenfel s in the north and the Grossebucht head",nd In the 

sC>Jth The actual Grossebucht . meaning "Big Bay'. IS sll""ted approximately hallway between 

Halifax Island In the north and Elizabeth 8ay in the south (Figures 1 3. 21 & 8 1) 

The area is mostly underla", by the D,az Point FormatIOn of the Gariep Supergroup The 

e<posed north-south trending section of rocky cMslline situated 10 the west of Grossebucht 

co,,. ists of Diaz Point Formation Unit 3. whICh IS composed of quartzite over""n by dlamCi,le W1th 

m l10r interbedded chloritic quartz schists (Figure 4 1) These rocks form a straight. seaward 

dipping. high energy coastline. To the east of the coastline the bedrock consists of [l;az Point 

Formation Unit 2, which are severe ly weathered schists with exlensive quartz ve in ing and rare 

I1terbedded flaggy quartzItes The preferential erosion of [l;az Point Formation Unit 2 formed the 

Grossebucht embayment (Siegfried 1993) 

Figure 3. ' Facing north , an obliqoJe aerial photograph of Grossebucht with the appro~lmate 

bc~tion of the mining area Indicated Nc(e the rocky coosti ne in the west wth a se ri es of 

blinders e<tendlng sooth to form the "fool grounds" 
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Grossebucht is a large south facing embayment which is fairly well protected from the 

southwesterly swells by a rocky headland which extends southwards forming the "foul grounds" 

along the western edge of the embayment. The northern portion of the bay is therefore not 

directly exposed to swells and consequently gently sloping sandy beaches have accumulated 

here (Figure 8.1 & 8.2). The inner portion of the bay is sediment filled and this large south facing 

embayment serves as a minor headland sediment bypass. Through the prevailing southerly wind 

regime, the sand deflated from the beach is re-introduced into the marine environment 9 km 

further up the coast at Guano Bay and Shearwater Bay, which is situated immediately to the west 

and east of Diaz Point respectively (Figure 4.1). 

The seabed in the Grossebucht area is mostly comprised of exposed Pre-Cambrian bedrock. 

Two isolated areas of sediment drape also occur in this area. The sediment drape areas 

basically display two types of acoustic facies. The light coloured acoustic facies indicate 

unconsolidated fine sand. The darker coloured acoustic facies, within which mega-ripples can be 

observed, is unconsolidated, rippled, pebble gravel. This unconsolidated sediment drape does 

not extend shoreward beyond the -24 m isobath (Figure 8.2). From the aerial photograph and 

sidescan sonar images of the Grossebucht area, a series of parallel normal faults trending -300° 

and an intersecting set of faults trending -210° occurs along this part of the coast. These 

structurally controlled features extend offshore where they have been preferentially eroded to 

form gullies (Figures 4.13, 8.2, 8.5, 8.7, 8.10 & 8.12). 
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figure 8.2: Grossel>ucht 
Sd e>G,,'lIl Sc<l. r and Aerial Photograph images '" t~ tI,. k>cat,on, 
and >our~ . cf th e G'o"ebucht d3t, p<<nts In=281) pkltted. The , 

I-'mlje Llr>f's 1_4...-.:l th e 4 d"hr>ot ".,., A-D a'e " d>oat.d A 
sun shO<led DTM Imo9" W3S u, ..:l " t~ NE com.r of the m.p - r\ -

Legend D.t. SoLlr.e 

.• [~vo, SarTVtng Records 

o ~,00UCti0rr Record' _ Roc.nt 

'''' 0 250 "" 

~- ..... " 
~. 110 "" 

."".,~,- ... 

Sampling and mining activities in th. Gross.ebucht area revealed that dillmonds were roughly 

i nearly distributed aklng a 3 km stretch rUflning parallel to co ost In the south the diamonds were 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Chapt.,,- B 

found In a shallow bedrock depressIOn. whereas towards the north diamond occurrences were 

largely limited to bedrock contrOI .,d gull ;"s (Figure B 2) 

Th .. Grossebvcht datas .. t accounts for a total of 281 records which hM .. b",, " compiled from 3 

sources (Figure 8 2) HIstorical records for product"" m.,ed between 1900-1999 accounts for 

150 datJ pOinls (20,310 cIS) Mor~ recent prcxjcx;lIon records which w~re recorded sinc~ 2002 

account for 37 data pOints (1,497cts) Olver-assisted sampling carried out between 1999 and 

2003 ",pre""nts 94 r~cords (340 Gts) Th .. historicJI records are conc~ ntrated ., Ih .. soulh whil .. 

the more recent productbn records and di.er-assisted sampling records are i" the north 

0.,,,, """""""" '" ".,.to .. ".,, 

_14_'~. 4 ~_'4"_11_1'_I' I'_~_._I'_~_·'~_"n~' __ ' •• &.~_~ ,, __ ,_ 

F;gur~ B 3 Depth dlsl"but(ln of diamonds m in ~ d from tr., Grossebudlt JrM 

Ol<l monds were ",covered over a rang .. of water depths focused between -15 m Jnd -27 m. The 

bulk of the diamonds were mined from between -18 m and -24 m waler depths wah a notable 

""ak in production at -24 m (Figur .. 83) 
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Figure 8 4 A 3D perspective of Grossebl.cht Wlth datapo<nts a 00 the 4 distinctive mineralised 

Jrea5 mJrked A -- D 

The Jvemge stOlle size for the diamonds recovered from the Grossebucht area is 028 cts/5tn_ 

wh;;h is s i ghlly larger IhJn Ihat of the entire ct.Jtaset wh;;h is 0.26 cts/stn There is a nolJb le 

dec'ease in slone size from 029 ct5lsln in a,eJ A in Ihe sO<Jlh to 0 24 ct ... 'sln in areJ D 

approximately 3 km further north (Figure 84) 

The MerJge grJde of screened grJvel (+1 6 mm, -10 mm) recovered from the areJ is in eXCeS5 

011000 cpht. There is however coosKJe ra bie variance In grade Within the Grossebucht area With 

the highest grade encountered in area B The grades of screened gravel recovered in 

Grosseoocht will be expressed as a relative percentage of the average grade of a'ea B The 

relative average grade of screened g,avel was 50% in A, 100% In B, 25% in C and 6'Y. in D 

(F igure 8 4 & 85) _ 
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E"v>!'"" ("""'''1 
."." ." " .".".".'--' ." "". " . 10 " "" "" , 

Figure 8.~: Grossebucht 
Comp.:><lte ll1yltal T er,"Ifl M.p w,l'l I',", data pair«; planed 

to ~"pI"y vamtK"' ''' ,cr~~ ned 9,"00 TM 10000""s 01 ~ 
Prolile Lin<'s 1--4 ore indoc" led No yeophy;ooai data cwld 

oc oo""",,d Ie< IOC narrow . urf Z""", . Inp - r., 

Grade {cpMt) 

() > ,roJ 

• 1LlO ,OO(J 
.~ 00 '00 
• , 

" "". , "" • , .. -.... -

ArN A The seabed in the soothern end 01 the mineralised zone in Grossebl.lCht is composed d 

exposed bedrock which on the sidescan son~r image ap>",a," relatively smOOlh w ith few incIsed 

gu llies (F"" re 8 8) The mineral ised gravel was mined from a shallow bedrock depression wIth a 
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smoolh ftao, Although covered by the ear10er sde$C<ln sona, survey, thl! .. 'ea W;'IS only parhally 

covered by the muho-beam s ..... '!Y (F'II'l"~ 8.4 & 8 5) It ,$ ttre,efore no! PQ$1rOle to comp,1e ill 

mean,ngful ~ 'olile "cws~ the baSIn aru ThI! gra vel m,,,,,d by the d",,,,, from the oepr""on 

WOt unconwl, dated 

<), ... ~ · .-<lr • __ , 
~. " .. 
• • • · .. 

' 1 ... 11. __ .. - ..... . 
~, __ ._..., __ .... _"" ... _O'<_ 

> 

I 

TIle Gala pornts .. ,e .. comblna1ron of HostOJlCIII lind Recent P,oductlon data (F.gure 8 2) Several 

of tile ~o,,,,,,1 Records have identICal locatIOn cor;o-dinates in the datahilw Tnes<! records 

ndocate the approxim<lle m,n ,ng ilO4I't, ons 01 the veswls Inter;iews w'th thtr dIVa's con firmed 

th aI the encrrded arw it>d ic3ted on F,gY'" 8 8 wa s completely m,ned out The 'eiatlv'! average 

Univ
ers

ity
 of

 C
ap

e T
ow

n



ellapte r 8 

lYade 01 mat erial recovered from th.,; area wiS approxomat~1y 50 '", of tM graCie 01 the area 8 

situated II'1"OTIediately to th e oorth (F,.ure 8 2 & B 5) Appro xmately 10,500 eta were reoovered 

f rom this area at an aVe/age stone sIZe 01 0 29 etl!l5tn 

Ar"" 8 Snuared north 0I1h!! bedrock depresSlOIl ,II area A the seabed ill area 8 IS ~ 

01 e. posad bedrock ,oersed by gutlres A large ,,",oporl/OOl 01 ""'iet> are geroerelly trend" ..... -300". 

8",,10<;10,,1 to the regoonal paral'", normal fauk features The smooth le .. t,,~d Ioglr, coloured 

acoost " lades of the ieodw .. rd edge 01 the $ed'ment drape .,; V1 sibie in the west (F.gyre 8 7) 

...... 1 . "-< ....... _ ..... 8 
s.r.-.... _ "' __ ... _ ..... -.. """"" ' ...... 

"- ' " 
, 

... ..- I -.---
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Chapter 8 

The data points are a combination of Histoncal and Recent Prooucbon data (Figure 82). The 

average grade of material recove red frOOl this area was the htghest cl the 4 areas 11 Grossebucht 

(Figure 8.7) Approximatetj 7 300 cts were recovered frOOl this area at an average size of 0. 28 

cts/stn 

Profil< Line 1 IWSW-ENEI Gro.5. buoht 

, '.~ 

Figure 8 B: Profile Line 1 of terrain e':lYation in Grossebucht area 

Prali e line 1 (Figure B.8) situated in th e southern part cl Grossebucht Ind""tes the area cl 

Increased diamond concentratloo is associated I'oith a depression in the bedrock at the base of a 

well deyeloped 3 m cliff 'll -13 m water depth 

Profile Linol {WSW_ENEI Gro,.obuoht .. " 

, 
! 
j 

'" '',''''' ''''' .... , 
Figure " t area 
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Profile LIne 2 (FIll",e 69) snuated In the souIhern pan 01 Gros&ebuLhl ' 1'IlIIc~1e5 the arca or 

Int~ase<I d"Ynond concentration OS ~s$OClated wIth II depres5000 in the bedrock 81 the base 0111 

poorly dcvek>ped 4 m tllff in -24 m wate' dePth 

Area C: T ho'! seabed in am3 C 15 cfuefiy comPOSed or e.posed bedtoc'.< inCised by gu ll, es The 

~h lc.-tured light coloored "COYSlJC facoes 01 (he ,,, .... sand drape os vr.;ibje "" the lIOulhWC$lem 

COffle( of Flllure 8 10. A pajeh 01 darker coloured acou"1lC facies ""lh m&ga .... 'PP!es ... SItuated 

on lhe rIOr1hIlm edge of me sediment drape 

. -. -, -• • .. 
.......... "' .. _ .. _ ~ ... c ...... -........ _ ........ _., ...... ..." .. -,.... .. ,..,.., 

-""" ---
I , 
I 

.c, 

Univ
ers

ity
 of

 C
ap

e T
ow

n



Chapter B 

The data points are a cOOlbinattOn of Diver Sampling, HistorICal and Recent Product"", dat~ 

(Figu", 8.2) The rel<ltive average grade of matenal recovered frOOl thIS are~ waS appfOxmately 

25% 01 the grade of the area 8 Approximate~ 4 SOD cts were recovered from thi s area at an 

average stone size 01 0 27 cts/stn 

PrO/ile line 3 (WSW_ENE) Gro55< bu<:;ht 

"" 

Figure 8 11 ' Profil e Line 3 of terrain elevat,"n in GrosswLlcht area 

PfOllle Line 3 (Figure B. l1), also situated in the northern part of Grossebucht indICates that the 

areas of Increased dlamorld concentration are associated with depress,"ns In the bedrock In 

water depths of approxmate~ -24 m and -15 to -20 m 

Th e feature at -24 m is a dep"'SSKln at th e b~se of a 3 m cliff The profile ind ioa tes ~n area of 

relat",e~ steeply dipping rough bedrock between -10 m arid -20 m. A depression is sHuated at 

the base of the eMff at -20 m This sect"", of th e profil<: line waS rrineralised between -20 m and 

-15m(F'gure8.11) 
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Chapter 8 

Area D: The exposed Pre-Cambrian bedrock in area D in the northern part of Grossebucht 

dlspla~ interse.;ting sets of preclominantly NW-SE and NE-SW trending structure~ (Figure 8. t 2) 

These structures have been preferenti;)lIy eroded to form gullies Very little sediment has 

accumulated on the exposed bedrod surfaces and pl<ltforms Howe~er, within gull"s and 

trapSites sediments ha~e accumulated 

• 

. ~ . " • 
The data points in this area are deri~ed from Diver Sampling data, The samples were collected 

and treated at th e CTF in Luderilz and the OMS concentrate was sorted at the Namdeb 

Geok'>glCal Laboratory in Oranjemund, The relative averag e grade 01 material recovered from thIS 

area was approximatel y 6'1, 01 the grade of th e area B AppfOximately 100 cts were recO\lered 

frorn this area at an aoerage stooe size of 0 24 cts/stn 
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Chapter 8 

Profilo line 4 (WSW-ENE) OrQ .. ~bucht 

I .'" , 
" • • , 

• 

Figure 8 13 Profile LiI1e 4 in Grosseixx;ht area 

Profile Line 4 (Figure 8.13) in the oorthem part Qf Groosebucht Irldlcates the areas Qf increased 

diamond concentration are associated with depressions in the bedrocK In water depths of 

approximately -19 m ahd -13 m. The feature at -19 m IS a depression at the base of a 3 m cliff 

The feature at -13 m appears to be a slight depression at the seaward end Qf a platfQfm 

l' l' , , • ; , , , , i' , , I , , 
i • , , , , l i , , , , t' , , , , , 

Sampl . numbo", 

Figure 8.14' Re~ult~ (cis recovered per sample) from samples catlected in area D In 

Grossebucht See Figure 8.121Qf "callons 

, 
;, 

The results from the 42 samples whICh were collected display an irregular dlsttibutlO/1 af 

dlarnooos w~hin the gully system sampled (F>;jure 8 14) 

'" 
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Chapter 8 

The gully systems I~ the Grossebucht a-ea typica lly host Iwo types of sequences. tn the first 

type, a schemat" stratigraphic column basICally conSists of gully walls wh>ch are generally 

waterworn ",-,d smoot~ (FIgure 8 15 U~it 1), The guily is filled with a mat ri. supported package 

where the polymodal clasts are angular to sub-angular (Unit 2),,,,,d the matrix consistK1g of fine 

to coarse lll1Consol>:Jated sand with varying amounts of mlstly fresh shell present (Unit 3) 

There IS a notable absence of exot>cs and other well rounded clasts. Local bedrock dasts which 

are angular to slJbroond are present (Unit 4). No cemented material and no clay are present at 

the bedrock interface. ThIS sedimentary package of gully fill material is ~ot restrded to a speci!" 

depth These gu ll >es are generally not mineralised 

GULLY 

"",to.,,'" 

"" - <>c .. 

Po,,,_l "' .... offl<, """~ "'-',"'" ' '''' t,,,,,,,,,,- """-, 
"""" " . ... , " " >0 """"""" u," ,"*--.. c, .... r"." 
",_ '" """""' . "" ..... 141 

..... " _ _ ""''''' __ ... - ot", com" '" 
,n'""", ""'''' k 'e ,'co"'''' '"'''' t'I,~ " ""'''''l """' .... 
of ""' I') 

- ",":/000", 

.--"'" '. rIO"'."" " "_ ,crt"" ... , "'""" ... 
"'~ ','.",,, t1). """-"~ , ~,.,.,.. ",., ",,,,,,,,,-,,,, 

Figure 1I 15 Schematic stratigraphic cohJmn of unminerallSed gullies regula rly encountered 

through the diver sampling programme in the Grossebucht area 

A schemat,c ~ct"n throug~ the second type of gUlly W can be described as follows gully walls 

are generally walerWorn and smooth With potholes In the gully floor (Figure B.16, Unott) A thin 

disco~t""lOus layer of yellow clay may be prese~t at the bedrock interface (lklit 2). The mud 

layer generally follows the co~tours of the potholes T~e gravel package (Unit 3) consists of a 

whitish to grey coklured. well compacted, poly-modal clast supported gravel whw is generally 

30-50 cm th"k Rounded to well rounded clasts incl\Jde pebbles of darker schist and white vein 

quartz Rare slobangular to slobroumJed clasts of vein ql",rtz are also present The pred<xninant 

exotic clasts present are agates, both the white and darker coloured varieties , and jaspers whK:h 
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Chapter 8 

are also common Further exotICs Ire lude rare banded Ironstone and chalcedOny This horizon 

typkally has constant gradir>g or is upward fif'\lng aM the dOllllnant clast forms are spheres and 

discs. The gravel is moderately to well cemented in places (Unit 4) (Figure 8.16 & 8 17) lNhen 

the cemented layer is cl05e to the base of the horizon It generally does riOt extend Into the 

potholes but rather forms a capping Sorting IS generalto' poor with a range of cl<lst ~izes up to 

GObbles and sometimes boukJers beir>g po-esent (Unit 5) Large wh t e arid brown coloured shell 

fragrnent5. mostly bI-valve5. make up a significant portion 01 the gravel Thi . includeS brown 

dlscok:lured frag:nents 01 Ribbed Mussel A"I(lcomya aler. 

l 
cx.oo-"""",,,, .... "", ,,,,.dod r ... " """ .. """ !7I. """ 
'"'Y no orr""",," "'"' 1'1· 

;;,... 

" .... 
• ~ ~;:~'f ,>0<", 

",,"'ocl ""oh. ~ _, c< -"'" .. I, """,".., """""'"" I 'I. """"'" "'" ~.-~ .,., """"'" ~ ~""" 
Figure 8 t6 Schematic stratigraphic column of minerahSed gulli es encountered in the 

Grossebucht area 

The sequence is generally topped off by a layer of unconsolidated fine to coarse sand with 

varying amounts 01 fresh shell present (Units 6 & 7) . The interred Holocene/Pleistocene contact 

is between the lower gravels and boukJe" and the overlying unconsolidated sand alld shetl 
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Chapter 8 

Fogure 8.17 Cemented gravel (Unit 4) recovered from a gully al-24 m water depth, 

oole the brown dIScoloured Aulacomya ~j<if shells 

The size frequency distribution dataset for Grossebuc:ht is relal;" ely small as it is comprised QI 

data obtained from the drver-assisted sampling prog",mmes which were conducted in the area 

between 1999 and 2003 No size frequency dJta could be obtained for the diver prodllCtion 

which was recovered from Grossebucht The curmlalive size freq uency dlstrlbut",n (percentage 

carats per sieve class) of diamonds recovered frem Grossebucht display a uni-modal size 

distributoo peaking in the +9 sieve class (Figure B 18) It is J w ell sorted dl8rnl11d popu laton 

""th H% of the carat. occurntog in the +7 to +11 s",ve classes Altholl9h it is a limited !>ample, 

th e Gro5sebucht population (n=281 cIs) mimics the entire populatoo plot for the whole of ttle 

study area (n=125,583 cts) fair ~ closely with slightly lower percentages 01 C'""ats in the +7 & +9 

sieve classes and correspondingly sfo:lht IrlGrease in the _11 & +12 sie~e dasses 

'" 
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Figure 8 18. Size f requency distribut ion Qf diamonds obtained freon sampling act lV11Ies in the 

Grossebucht area plotled 'Mth the size IrequerlCy dist ribut ion 01 carats m l1ed f reon th e who le 

stlldy mea 
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8.2 DISCUSSION 

The average stone size of diamonds mined from the Grossebucht area is 0.28 cts/stn which is 

similar to the average stone size of 0.26 cts/stn for the entire study area. Although the size 

frequency distribution of the diamond population from Grossebucht is based on a relatively small 

sample size (281 cts), it is very similar to that of the entire diamond population for the whole of 

the study area (Figure 8.18). Based on the similarities in stone size and size frequency 

distribution, it can be assumed that the diamonds mined from the Grossebucht area are part of 

the shallow marine diamond population encountered within the study area. 

Data points from the central and southern portions of the Grossebucht area are mostly from 

production records whereas the data in the north are solely derived from Diver Sampling data. 

The production records rarely reflect "zero diamonds recovered" records as barren material would 

not have been transported to the CTF for treatment. The sampling data do however give a more 

representative view of diamond distribution within these gully systems (Figures 8.12 & 8.14). In 

addition to the Diver Sampling programme, the area has also been prospected by divers trying to 

find extensions of the high grade material situated to the south. No such extensions were 

however found by the formal or informal prospecting activities except for small, isolated, 

preserved pockets of high grade material. Although the samples were collected with a different 

aim in mind than the mining production was collected in, the combined data can be used to draw 

meaningful conclusions from. 

The diamonds were found roughly linearly distributed along a 3 km stretch running parallel to 

coast in water depths ranging from -15 m to -27 m (Figure 8.2 & 8.19). The bulk of the diamonds 

were recovered from -21 m to -24 m water depths (Figure 8.3). The quantity of diamonds 

recovered and the average stone size peaks in the south and decreases northward. This is 

typical for a diamond population which has been transported, even over short distances 

(Sutherland, 1982). The grade distribution does however not follow the same pattern as it peaks 

north of the bedrock depression in area B and then declines northward in areas C and D (Figure 

8.19). 
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GROSSEBllCHT 

Fogure 8.19 Diamooo occurrence in the shallow marine environment at Grossebl>::ht 

In area A th e diamond~ were recovered from LJnconwlidated gravel situated in a shallow basin or 

depre~sion with smooth uncomplicated bedrock. The Quantity of diamond~ aoo the high grade of 

the gravel encoontered on the basin ,ndlCate signifiQlnt reworking Most likely the resu l! of 

prolonged exposure to high turbulence during prolonged periOOs of sea-level still stand (Jacob, 

2001) Towards the north in areas B C & D, diamonds were recovered from bedrock inci~ed 

gull'les Some gullies contained material composed mostly of a sandy she~ r:eh matrix with 

angLJlar clasts (Figure 815) The facl tMt these gLJllies were ge.-.erally unmineralrsed 

substantiated the lack of evideoce of conc entratIOn processes Conversely. the mineralised 

gullies were Wed Wlth [1"avel containong well rounded clasts and exotics w,th a discontinoous thin 

layer of yellow clay at the bedrock interface The gravel was generally cemented (Figure 8.16\ 

which acted as a preservatoo factor aoo prevented reWOfking during subseqLJent tranS[1"essOons 

ood regressions 

The cemented portOns of gravel recovered from a gully at -24 m water depth contained 

fragments of Rtlbed Mussel Au/oeomyo o/ur shell which were discoloUfed omngelbrown (Figure 

8.17). Field obs.crv~ticm of ~r[h~C'flIogi'ts iYld 9"<>ogist, working on the beaches of the West 

(oo,t have noted that the ~ue/plJ'"PIe cO;O\Jralion d; '>he;;, like Aulocomya ater and Choromytilus 

meridional,s i, fetaine<1 or fade<1 in Hdocf't)!' depo'Ot, hut that tt'le ,t'lell cdolJ'" change< to "" 
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oronge/brown (01",,, in 5<lmples older th~n the Holoc,-"", and a,s.ociated with lete Plf'I,tocf'lle 

(Ef'I11liln) df'po,its. The first submergent period for the -24 m coast t>efore the last Glacial 

Maximllm was 80 k~ ago (Figure 8.20) This horizon is therefore at least 80 ka okJ. CementatlOl1 

would most likely ha~e taken place during sub-aerial exposure subsequent to deposit"'"' . 

Thouund< 01 Y.'" bel.,... .,.....,nt ("'1 
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• Submergent C Emergent 

Figure 8 20 Composite sea-le~el cur.e for th e last 140 ka indicating sut:mergent and emergent 

perbds for the -20 m to -24 m coastline (Compton 2001, Compton et aI .. 2002; YokoYOOla el al._ 

2000 Chappel eta!. Hi96; Fairbanks. 1990, Shackleton, 1987) 

The presence of AuJocomya flter shel also indicates that the environmental and physo::al 

cond,h::lns during depOsitlOO were similar to the present day scenario i e a cokJ wate<, high 

energy, rocky coastlir1e. The cementation of the gravels woutd most likely have occurred dcring 

sub-aerial exposure during the last glacial period The yellow clay layer is in the farm of a th,n 

cootir1uous drape and occurs at th e bedrock-gravel in terface It is Inferred that the clay was 

depo$lted af(er th e diamond,leroos gravel package was emplaced The clay waS either washed 

in during rain events and/or formed due to the !>reak down 01 clay-forming minerals from material 

within the sedimentary package during perbds of sub-aerial exposure while the trapSites were 

filled w t h a briny solullon 

"" 
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The main area of mirrerallsatlon occurred in the southern shallow bedrock depres~on area 

between -21 m and -24 m waler depth (Figure B.21). ThIS dlemoooiferoos gravel package would 

most like ly have been emplaCfld when &tla- Ievel was at or about ·21 m below present sea-level 

(Martinez & Herbuagh, 1993: JacoD. 2001) 

_11..-. 

NORTH 

...... ~!C:':.:.:.:.:,!' ...... , 
,. 0' 10 '-, 

GRO:,.'S ',8UCHT 

_11 m 

Figure 8 21 . Emplecem€nt model for Grossebucht at -21 m sea still stand 

At the -21 m sea stili stand too coastline forms a south lacing embayment whICh mimICS the 

present day Grossebuchl on a smaller scale The embaymenllS narrower end therelore Slightly 
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Chapter 8 

more sheltered than its present day equivalent. The emplacements of diamonds are proposed as 

follows (Figure 8.21): 

i. Diamondiferous gravel transported northward through wave action and longshore drift is 

retained in the NW section of the south facing embayment. Here the gravel body 

accumulates on a smooth bedrock surface at between -21 m and -24 m depth (area A). 

Prolonged exposure to reworking processes upgrade this package to a relative grade of 

50%. The stone size is 0.29 cts/stn and 10,250 cts have been mined from this feature. 

ii. In the NW corner there is an area of shallow reefs which forms a breach in the headland. 

During periods of sea-level rise and during high tide storm events this would form a 

conduit for gravel to "escape" the shallow depression. The already reworked 

diamondiferous gravel would be re-introduced into the high energy coastal environment 

to the west of the headland. 

iii. Immediately north of the breach is an area where high grade gravel was mined from 

gullies and potholes between -17 m to -21 m depths (area B). Already reworked and 

upgraded material from the shallow depression would be reintroduced into the high 

energy environment in pulses dictated, most likely, by storm events. Here the gravel 

would be further upgraded in bedrock controlled trapsites (gullies and potholes) to a 

relative grade of 100%. The average stone size has decreased to 0.28 cts/stn and the 

quantity of diamonds recovered has decreased to 7,300 cts. 

iv. Approximately 1 km north, production and sampling records indicate that the relative 

grade of gravel within bedrock controlled trapsites has decreased to 25% (area C). The 

average stone size has decreased to 0.27 cts/stn and the quantity of diamonds recovered 

has decreased to 4,500 cts. 

v. A further 1.5km north, sampling in gully systems indicate that the relative grade has 

decreased to 6% (area D). The average stone size has decreased to 0.24 cts/stn and 

the quantity of diamonds recovered has decreased to 100 cts. 

The results from the samples collected in area D give a realistic indication of the background 

carat count and illustrate the "nugget effect" which characterises marine diamond placers 

(Figures 8.12 & 8.14). The nugget effect being the small, seemingly randomly dispersed parcels 

of the high grade material within the gully system. During deposition, the high grade material was 

more extensive, but only portions of it survived subsequent reworking during regressions and 

transgressions. One factor which attributed to the survival of these high grade pockets in 

Grossebucht was the cementation which formed a protective capping over the gravel in places 

(Figure 8.16). 
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Chapter 9 

9. ZWEtSPtTZ 

9.1 RESULTS 

ror the p<Jrpose of thIS study, "Zweispltz" refers to the area between Attas Bay in the north and 

Abenteuerbu~ht on the south Zweispitz, meaning "Two Peaks' , is situated approxirn<ltely 8 km 

north of Elizabeth Bay (Figures 1 3 2.1 & 9 1). It fo,"", the prominent headtand of the shallow 

sooth la~ing embayment ""med Abenteuerbucht 

eu ...-.'P loeaIioft of 
,.mnIn4 faIS<!d paIaoeo 
Dekh~~ 

Fig<Jre 9 I ' Fac't1g north, an ooique aerial photOgraph of Zweispltr with the approximate K:>catlon 

01 the areas wh",h were mined ind>::ated 

Too area is predominantly underlain by Proterozoi~ aged rocks of the Namaqua Metamorphi~ 

C~Ie~ In part>::;ular a tate stage amphibolite intrus<on (Figure 4 I) The amphibolite fc,"ms a 

seaward sloping coastal profile whl~h IS steepest in the sooth. be~orni ng gentler towards the 

north A prominent blinder (semi-submerged rock pinnacle) with near .ert>::;al si:Jes is situated 

500 m north 01 the headland The dark ccHoured amphibolite lorms a recognisable feature on 

aerial photos and satellite mages of th e area (Figures 4. I & 9 1) 
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Chapter 9 

The seabed in the Zweispitz area is mostly comprised of exposed Pre-Cambrian bedrock which 

displays coast parallel NNW-SSE trending features close to the headland (Figure 9.2). Westward 

of these features the profile dips significantly more gently towards the west (Figures 9.3 & 9.4). 

Very little sediment has accumulated on the exposed bedrock surfaces and platforms. An area of 

sediment drape is visible on the sidescan sonar image (Figure 9.2). The sediment drape displays 

two types of acoustic facies. The light coloured acoustic facies indicate unconsolidated fine sand. 

The darker coloured acoustic facies, within which mega-ripples can be observed, is an area of 

unconsolidated, rippled, pebble gravel and can be observed in the central portion of the sediment 

drape area. The unconsolidated sediment of the sediment drape does not extend shallower than 

-24 m depth (Figure 9.2). 

In Zweispitz the main focus of mining activities was a trench situated close to the shore (Figure 

9.2 A). The trench is a coast parallel NNW-SSE trending feature bounded on the landward side 

by a steep cliff and on the seaward side by a bedrock ridge. It is about 45 m wide in the south 

and 300 m northward it widens to 85 m whereafter it opens up in a trumpet like fashion. At this 

point the elevation of the trench floor increases from -25 m to -23 m. The mining in the trench 

area was carried out between 1994 and 1999. Leading from the trench approximately 300 m 

northward another mining site, area 8, was situated. 
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Figure 9.5 Facing west the mv Simollsl>erg and mv Cov, V respectively mining south and north 

of the blinder at Zweispltz in June 1 &98 (Photo: Namdeb Archi~es _ E. Bolha) 

The geog-apho;;al bcations 01 the data points pk>t on the western edge 01 the trench, indicated by 

Prolile Lir>e 4 in FOgures 92 & 9,3 Howe~er, Irom inter",ews with di~ers wOO conducted the 

mining and the depths from whkoh mining took place It IS clear that the bulk 01 the actl~ltle" were 

locussed within the trench The slight offset to the west 01 the data po.,ts is most likely because 

th e di~ers recorded the posit""'s of the ~essels and not the actual Incatbn of the dl'lers. Early on 

in the mining 01 Zwe;spllz the area was divKJed in two. The podian of the blinder and beacons, 

which were erected on shore, were used to indicate the boundary between the two areas. This 

was an attempt to regulate the mining actIvities and to prevent encroachment by the ~essels on 

each others mining areas (Figure 9.5) 

SC>'l1e 265 records representing 94% of the marine proouctiDl1 lor the Zweispllz area have the 

depth from which the product"" were m·.,ed recorded When Gonsiclering carat prOOlJCtlDl1 by 

depth it is clear that the bulk 01 ttle diamonds in the Zwelsptz area were mined lrom between -24 

m and -27 m depths with a notable peak In proouctlon at -25 m (Figure 9.6). The bulk of the surf 

zone product"", was mfled from -15 m depth 
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-> , ~ ., ~ ., ., .• . ~ ." ." ." .,. ." _. ·n 

'''- ''''',-=,'---
Figure 9.6 Depth dlstrib\Jtoo of diJmonds mined from the sea in the Zweispilz area 

The Zweispitz dataset accounts for a toWI of 483 records (87,363 cts) which has ooen cc.np'l ed 

from 3 sO<."ces Hlstorbll records for shal ~;:1W marine production mined bctwcon 1990-1999 

accounts for 186 data point~ (76,972 ct~) . More recent production rccord~ wh i:;h were recorded 

w'lCe 2002 accO\mt for 25 data POllltS (537 cts) Surizone minll1g octi,itles account lor 272 data 

pomt~ (9,854 ct~). On land some 722 cts were mined from remnants of raised pJl;)eo beJch 

deposits awut 1 km north of the head land (F'9ure 9 2) 

Some 172 shallow marine records account"':;] for 74,778 cts had the screened tons mn ed 

recOfded The average screened gravel (+1.6 mOl, -12 mOl) grade for shallow marlll e rlffiing In 

ZWCISpitz IS high (> 1000 cpht) and thc a,erJge stone size for the m<J rine operatc ns IS 

0.23 cts/stn, wh c h is slightly lower than that of the entire dataset whch is 0 26 ctslstn 

For the slXf zone operat"ns no tons mined we re recorded fhe average stone size fOf thc ~urf 

zooc mining opcmlioos was 0 28 ds/stn which is slightl~ hlf]hcr than that of the entire d<.itaset 

wh c h is 0.26 cts!stn. However this is most likely due to inefkient treatment processe. Lrnlted 

I;)ndbased min ing took place The average headfeed grade fre." reml1<.ints of raised palaeo 

beach depoSits was low (1 0 - 100 cpht) and the stone size was also relatIVely low at 0.20 cts/stn 

The minll1g at Zwei~p .s cssentiall~ took place from two areaS nJmciy the trench in the sO\Jth 

(area A) and the northern mining area (area B), (F>gure 9.7) The average gmde of screened 

gravet (+1 6 mOl , -10 rnm) recovered rrom the area is in excess 011000 cpht There is however 

oonsiderablc variance in grJde within thc Zwoisp',tz area With the h'>ghest grade encountered in 
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"'e ...",hern port"'" of area A The gradeS 01 SC!e<!n...:! gravel !OCOYereCI In ZwetSPltZ will be 

•• ptf!'$Sed as a rel""ve per<:entallfl 01 th. a"er~ grade of the northe.n porto)<> oIa!e~ A 

I'll1Jre 9 1 30 P""'pectMl 01 ZwelSPOtz WIth the 2 r.~"e a,,",," cI shalk>W mBo"ln. mlnl"9 

,=. 
Area A _ the Tr~nch 

The 'ienr.;, ~n baslGaI~ be d l~ i ded into 3 z0<18S b~Sfld on the morphology, d~r'r\OI1d SlOne size, 

grade and volume 01 diamonds reCC'>'e,ed IFl{jures g,S /l. 9 9) 
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Fig,,'e 9 .8: Z_isp;lz. Area A 
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In the southern portIOn of the treoch the feature IS approximately 45 m wide, 3 m deep and the 

fk>or depth at -25 m (figures 9,S. 99 & 9 10) The western seaward wall of lhe trench is steep 

sood W1lh a more gent!)' sloping eastern lar1dward margin About 9,0CXl GIS waS reco,ered from 

this portion of the treoch at an average slooo size of 0.28 cIs/sIn. The relatIve grade was 68% of 

highest grade Approxm ately 150 m further north along the trench , the a,erage stooe &ize 

decreased to o,n ct&lstn and the relative grade is 44"" ollhe h>ghesl grade AtxxJt 7.500 cts 

were recovered from thiS portKm of the trench. 

I 

P,o/lle I-In~ 1 IWSW_ENE) ZW"'pitz 

>whm " "", " """ _ ,_or 
,~, .. _ """""_. r.,,,,, 
"'" -. ", -. ""'" ~ .,,., .,.,., ,.",.,,,,",~ '-. "'" -,.,.,-,." 

" .. ,,,"'" .. ~.", 

Figure 9 to : Profile Line t (WSW-ENE) of terra ,., elevation in Zweispotz 

'"' 

A 1.0 m high ridge separates the southern portion, where prolile line 1 is situated, Irem the central 

part of the trench where profile line 2 is klcated In too centra l port"" of the trench, "qacent to 

the bi nder, the leature has w,jened to approximately 85 m Here th e side wa is 01 the trench are 

5 m h ':J h and the flOOf is at its deepest depth at -255m (F':Jure 911) Profi .. line 2, 

perpend K:ular to the strike of the feature, sr.:.,.,s that the trench has a deep, bowl shape here 

About 14500 cts was reco_ered frem thIS portion of the trench at an average stone size of 

020 cts/stn The relative grade was 36% 01 the h':Jhest grade. 
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Profile Lin . 2 (WSW-ENE) I_i.pitt 

'"' 

f",ure 9.11 ' Profde Line 2 (WSW-ENE) <1 terrain ele'Jlion in Zweispitz 

North of the central bowl area th e trench widens furth er to 130 m but the trench becomes 

shallower and th e side walls are onl~ 2 m h"'h. The flOO( of th e trench starts to rise tC""ards the 

north and is -23 m deep at the intersectbri w ith profile line 3 (figure 9 12) The profile lioo 

perpendicular to the strike of tile feature, shows that the trer1d) has widened and flattened out, nO 

longer ha,ing the deep bowl &hJpe here. About 17.000 cts were reco,ered from th is portion of 

the trench at an average stone size of 0 21 ctsfstn The relative grade was 30% of tile h",hest 

grade 

Prom. Line 3 IWSW·ENEI Zwei.pitz 

""" 

' -~'I--"I 

figure 9.12: Profile l ine 3 (WSW-ENE) of terra in elevJtion in Zweispitz 
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South Profite Line ( N-SI Zweispi\Z Nonh 

Figure 9_13, Profile Lirte 4 (N-SI oI1errain elevation along the longitud nal axis 

of the trench in Zweisp<tz 

A profile line aloog the trench f\oor shows that th e elevation of the floor of the southern port"" ct 

the trench vanes between -24.5 m and -25.5 m A 10m h>ilh ridge separates the southern 

portion of the trench from th e central bowl area. The maximum depth of the centra l bO'o'o1 area is-

25.5 m Moving out of the central 001'01 towards the north the trench widens further while the 

elevation of the trench floor stead~y rises forming a gentle northward-rising slope (F>ilure 9 131_ 

As the trench widens it opens up into an area characteri sed by la rge boulders , In this area north 

of th e trench app'oximately 17,500 CIS was recovered at an average stOrie size of 0.24 cts/stn 

This area had th e highest grade of all of th e areas in the Zweispitz feature and coo .equently all of 

the grades are expressed as a relative percentage 01 th e screened grave l grade of tro s area 

"o,to ... ,. 

"'" 
Sc;..,. <h.,.~",'" '" ,_riI "" ..... 
,,""'," "" .. i" "",,' "")0",,) I') 
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F>ilure 9.14 T '(plfied strati graph :c cc>umn 01 gravel package encountered in tile Zweispitz trench 
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The Zweispitz trench contained a gravel package which was approximately one to two metres 

thick and developed on a fairly smooth bedrock su rface (Unit 1) with which it was in sharp contact 

(Figure 9.14). The western sidewall of the trench comprised friable bedrock. The gravel (Unit 2) 

generally had a white colour due to the presence of weathered shell material and consisted of a 

well packed, unconsolidated, clast supported, polymodal package with a constant grading. 

Cobble and small boulder size fraction clasts were rounded to well rounded and the dominant 

clast form was discs. The pebble size fraction clasts were very well rounded and the dominant 

clast form was spheroidal. Exotics consisted predominantly of agate and jasper. Recent dives 

(June 2008) revealed rare clasts of bioturbated calcite cemented conglomerate on the north­

eastern edge of the central bowl area (Unit 3), (Figures 9.14 & 9.15). These clasts are 

considered to be in situ as the gravel prospected appeared undisturbed and several slabs 

exceeded 0.5 m in diameter and would therefore not have been moved significantly by possible 

previous diver mining activities (pers. comm. Bjorn Basler). The matrix of the conglomerate 

consists of friable, chalky, fine shell fragments with fine to coarse sand. Shell clasts consist of 

mostly intact small gastropods and limpets with casts of bivalves including Ribbed Mussel 

Au/acomya ater evident. Lithic clasts include well rounded pebbles of quartzite and white vein 

quartz up to 30 mm in diameter. No exotics were present. Occasional large subangular to 

subround boulders of local bedrock (Unit 4) were present in the gravel. No internal bedding or 

other such features could be identified in sections of this gravel package. The gravel presented a 

competent face during mining operations which could survive a storm event. The surface of the 

gravel consisted of well rounded pebbles which were in symmetrical megaripples with a wave 

length of approximately 100 cm and a wave height of approximately 40 cm (Unit 5). 

MacDonald (1997) recorded that the slimes (-1.6 mm) made up a minor portion of the package. 

The gravel fraction (+1.6 -10 mm) constituted approximately 60% of the gravel. The oversize 

fraction (+10 -250 mm) made up approximately 30% of the package and boulders (+250 mm) 

about 10% volume of the gravel. 
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Fi9ure 9.15: A clasl of t:< oturbated , w ocite cemented congbrnerate recovered frern -25.5 m water 

depth, On the eastern ed9€ of the central bowl area In Zweisptz See figure 9.9 lor bcation 

Area 8 _ the South Facing Embayment 

Situated about 300 m northwest of the trench the northern mining area lies in an open south 

facing embayment at the ·21 m sea stili stand (Fi9ures 9.16 & 9 17) Univ
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Situated mostly 011 a relatIVely rough bedrock surface at the base of a -21 m ct,ff, aboot 4.000 cts 

was reco~ered from this area at an average stone size of 0.20 cts/stn (F>:Jure 9 13) The relat ive 

grade was 15% of t~ highest gcade 

w • • , E .. , 

Figvre 9 13 Profi le I ine 5 (WSW_ENE) of terrain e le~atlOO in Zweispitz 

As illustrated in Figvre 9 19, t~ bedrock is generally rough and cut by shallow ( ~ 1m deep) 

gu tlies. The bedrock is soft aM weathered in places but generally smooth and In sharp cootact 

With the overlying sediments (Unit 1) At the base of the gravel a cootinuous layer of whitish 

coloored day is encountered at th e bedrock interface (Unit 2) 

The gravel is a matrix supported package wh'och is general" l>:Jht grey in colour The matrix 

conststs of urtCOI1soMated fine to coarse sand with varying amounts of decomp:>sed shell 

material The gravel is pelymo(!a l un-graded and well sorted , consisting of k:>cal bedrock clasts 

which are rounded to well rounded, and ranging In size from pebble to cobble fraction ~.; th 

occaslOl1al subrour!ded kx;al bedrock t:>ou k1e rs present (Units 3 & 4) Th e sequence ,s topped by 

a layer of ur>COI1soMated hne to C03rse sand containing varioos amounts of shell (Unit 5) 
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Figure g, 1 g TYPified slrallg".ph ic cc> umn 01 sedmentary package e"collntered in gulli es in the 

northern mining k'>calion at Zwelspitz 
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Figure 9.20 Size fr"'1ueocy dIstribution of diamond parcels whICh contain 79% contents from 

ZweispllZ area plotted with the sIZ e frequency distr'bu tion 01 carah mir>ed from the ...mole study 

area 
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The size frequency distribution dataset for Zweispitz has been compiled from 2 diamond parcels 

totaling 4,666 cts. During the time when Zweispitz was actively mined, production from the 

various mining vessels was rolled together for valuation. The parcels making up the Zweispitz 

SFD dataset comprise of 79% carats from Zweispitz with the remaining 21% originating from 

production obtained from shallow marine vessels mining in other locations in the study area 

(Halifax Island to Elizabeth Bay). 

The cumulative size frequency distribution (percentage carats per sieve class) of the Zweispitz 

data displays a uni-modal size distribution peaking in the +9 sieve class (Figure 9.20). It is a well 

sorted diamond population with 77% of the carats occurring in the +7 to +11 sieve classes. The 

Zweispitz population (n=4,666 cts) mimics the entire population plot for the whole of the study 

area (n=125,588 cts) perfectly. 
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9.2 DISCUSSION 

The average stOrie size 01 diamoods mined from the Zweispt z area," 0.23 ctslstn which is similar 

to the average stooe size of 0 26 cts/stn for the entire stlJdy area Although the size frequer>ey 

distribution of the diamond population from Zweisp,tz is based on a combined parcel (4.666 cts) 

01 which 79% are from Zweispit.z, it is very similar to that of the entire diamond population for the 

whole 01 the stUdy area (Figure 9.20) . Based on the sm ilaritoes In stooe size and size freqlJency 

distribution. it Gan be asscrned that the diamonds mined from the Zweispitz area are part of the 

sh<lllov; marine diamond population encountered w~hin the study area 

\ 
Figure 9.21 : The ZwelSpitz. area had two major mineralised zones at the -2' m sea still stand 

namely the trench and a sooth facing embayment 
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The primary mineralised zone in Zweispitz consists of a trench from which the bulk of the 

diamonds were recovered (Figure 9.21). The trench is a funnel shaped coast parallel feature 

about 350 m in length oriented with its narrowest part in the south. The average diamond size 

peaks in the southern portion of the trench at 0.28 cts/stn which then decreases rapidly to 

between 0.22 cts/stn and 0.20 cts/stn. This is typical for a diamond population which has been 

transported, even over short distances (Sutherland, 1982). The trench floor then rises up and the 

feature opens up into a well packed boulder field where the stone size increases to 0.24 cts/stn 

and the highest grade material is encountered. A lesser amount of production was recovered 

from within bedrock gullies at the base of a cliff situated in a small south facing embayment on 

the -21 m isobath (Figure 9.21). The deposition model for the -21 m sea still stand scenario is 

proposed as follows (Figure 9.22): 

i. Diamondiferous gravel transported northward through wave action and longshore drift 

enters the southern part of the Zweispitz trench. The floor of this southern portion is 

characterised by a rough bedrock surface which presents a good trapsite within the 

trench. As a result the relative grade of screened gravel recovered from this section is 

very high at 68%. The average stone size is 0.28 cts/stn and 9,000 cts have been mined 

from this part of the feature. 

ii. For the next 100 m section of the trench the bedrock floor is smooth and flat lying 

between -25.0 m and -25.5 m. The average stone size has decreased to 0.22 cts/stn and 

only 7,500 cts has been mined from this part of the feature. This is most likely due to the 

smooth floor surface in this part of the trench which does not present trapsites to retain 

diamonds which were steadily transported northward through wave action and longshore 

drift. This is also evident in the relative grade which has decreased from 68% to 44%. 

iii. The central bowl area is separated from the narrow smooth bedrock portion of the trench 

by a 1 m high ridge. Situated adjacent to the present day blinder, the trench widens to 

form an elongated bowl with 5 m high sidewalls being -25.9 m at its deepest. The 

average stone size is 0.20 cts/stn and 14,500 cts were recovered from this part of the 

feature. The deepest part of the trench is found within the bowl which resulted in the 

increased volume of gravel and consequently diamonds which were retained here. The 

relative grade of material mined decreased further to 36%. 

iv. The floor of the trench rises gently from -25.5 m in the northern part of the bowl to 

-22.2 m, 100 m northward. Moving up against the rising slope the trench becomes 

shallower with sidewalls only 2 m high, simultaneously the feature opens up laterally 
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towards the north The average stone size was 021 cts/stn and approximately 

17,000 ds were recovered from this p~rt of tre feature The gravel in this area was 

relatively thick presenting a mn ing face up to 20m thick , Thi$ is ~Iso reflected n the 

relative grade of material mn ed which was 300/0 

, 

(:lj:l§~; 11 OO'~ c """ ) 

,~ , 
" • 

11 9'1 1361> of '""",J 

" , 

" 

Figure \I 22: Deposition model for Zweispitz Note the bedrock rKJge whic:h forms the western 

margin of tre trench Diamondlferous gravel would be transported northward via longshore drill 

and would be fed "'to the trench from the south and the gravel would be retair.ed n the ek>ngated 

trapslte Waves refr<>cted ,.,.-,:j di!frii\cted ~round the NW edge 01 the bedrock ridge wouk:t ~SSISt to 

ret~m grave l In the trench and boulder lleld 

v North of the rising slope is an are~ c:hiVactensed by boulders whic:h were notlceab" less 

rounded than those encountered within the trench The gravel package 01 the boulder 
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field area had a very well-packed framework which presented difficult mining to the divers 

who had to 'un-pack' the gravel framework by hand. This boulder field formed a good 

trapsite as the relative grade of material mined was the highest in the whole Zweispitz 

area. The average stone size of this area also increased to 0.24 cts/stn. 

vi. A small south facing embayment formed at the -21 m sea still stand is situated northwest 

of the trench. Here limited amounts of diamonds were trapped within bedrock gullies at 

the base of a cliff. The average stone size was 0.20 cts/stn and about 4,000 cts were 

recovered from this area. The relative grade was the lowest of mined areas in Zweispitz 

at 15%. The diamonds trapped here were obviously also transported northward via 

longshore drift. At a -21 m sea still stand a series of small islands and a bedrock ridge 

emerge to the south of the south facing embayment. Swells approaching from a south­

southwesterly direction would have been refracted and diffracted around this bedrock 

high feature resulting in a southeastward flowing current during storm events. This would 

most likely have prevented the north westward distribution of material being transported 

northward along the trench. The diamondiferous gravel encountered in the south facing 

embayment was therefore most likely never trapped by the trench but bypassed the 

bedrock high and islands on the western margin. 

A series of NNW-SSE coast parallel features are evident in the bedrock situated immediately 

west of the trench (Figure 9.10). These features probably mark the western edge of the contact 

between the gneisses of the Namaqua Metamorphic Complex basement rocks and the later 

stage amphibolite which forms the prominent Zweispitz headland (Figure 4.1). This boundary is 

likely on a fault which was preferentially eroded. The amphibolite is more erosion-resistant than 

the gneiss of the NMC. Clasts eroded from the amphibolite lying at the base of the cliff would 

form the abrasive agent to scour the trench at the base of the cliff. The bulk of these larger clasts 

were transported a few hundred metres along the trench by longshore drift. These clasts were 

deposited in the present day boulder field (area V) where they formed a trapsite. The most 

significant portion of the process is likely to have occurred when the sea-level was at 

approximately -21 m. At this sea still stand the trench would have been situated at the base of a 

cliff in the breaker zone, where the highest energy would have been dispensed by breaking 

waves, and consequently, the most erosion would take place (Jacob, 2001). 

The Zweispitz deposit contained significant amounts of white, chalky, friable shell material. 
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F>gure 9.23 Composite sea-level Curve for the last 140 ka irtdicabng SUbmergent and emergent 

perIOds for the -18 m to · 22 m coasti oo (Compton , 2001 Compton et al. , 2002 ', Yokoyama et al., 

2000; Chappel et al 1996, Fairbanks, t 990. Shackleton, 1987) 

These she l~ therefore have a weathered appearance wh>oh makes it likely that they were 

entrapped at lea~t 100 ka ago a~ this was the fir~t opponunlty before the LGM where the -Ill m to 

-22 m shDretine would have been sut>mergent and exposed to shallow marine processe~ ThiS 

areawoukJ therefore have been sub-aerially exposed from 100 ka to 10 ka ago (Figure 9 23) 

Although the main gravel OOdy is not cemented. the presence of if) situ cabte cemented 

co"glomerate 0" the nonh-eastern edge of the central t>ov,; area. it"idlcate that con do tions were on 

a prev·.,us occasion, probably since the Femian, conducive to th e pre-cipitation of calcite cement 

lh ,~ was mo~t likely lor a limited period 01 time as the sparse ev iJence for cernentat.,n has only 

been reported from the edge of th e depression 
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10. THE SOUTHERN AREA 

1 0.1 RESULTS 

The "Southern Area" refers to the area between Abenteuerbucht in the north and Elizabeth Bay 

Point in the south. It includes the areas which will be referred to individually in the text as the 

submarine channel flowing out of Abenteuerbucht, Bains Bay Reefs, Bains Bay, Nursery and 

Spook Bay (Figures 1.3, 2.1 & 10.1). The area is predominantly underlain by Proterozoic aged 

rocks of the Namaqua Metamorphic Complex which is composed of mixed gneiss consisting of 

banded and more complex migmatitic material with the predominant composition of quartz diorite 

(Figure 4.1). Bands of quartzite and amphibolite also occur in the area (Greenman, 1966). 

Elizabeth Bay Point forms the headland of the largest south facing embayment and sediment by­

pass systems along the southern Namibian coast. North of the Elizabeth Bay Point headland the 

rocky coastline is oriented in a north-easterly direction with numerous small embayment features 

(Figures 10.2 & 10.3). Spook Bay is a small north facing embayment situated halfway between 

Bains Bay and Elizabeth Bay Point (Figures 10.1 & 10.2). Bains Bay is a small southwest facing, 

kidney shaped embayment situated 1 km south of Abenteurbucht and approximately 3 km north 

of Elizabeth Bay Point. The Nursery is the southern part of this embayment. The Bains Bay 

Reefs are a series of blinders situated approximately 1.5 km offshore of Bains Bay. 
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Chapter 10 

The seabed between Abenteuerbucl1t and Elizabeth Bay Poont IS comprised of exposed Pre­

Camb",m bedrock n which a series of northwest-southeJst trending parallel faults occurs 

PreferentIJI erOS"" along these faults has resulted In the format"" of &lins &ly and Sped< &ly 

(F>gu re 10.2). He area IS fl8l1ked 00 the west by a sediment drape, tile insh;lre margin of whd1 

lies at approximately -25 m depth A small",- sedlmfmt drape longue' or offshoot measuring 

approximately 1600 m X 500 m extends off the main sediment body in a rlOrthear.lerly direction 

The western margn of this sediment offshoot lies at -14 m depth. The ripple-like leatures whch 

are cleJrJy visible in the sediment tongue area are data artefacts and riO! megaripples (F>gure 

10.3) The sediment 01 the deeper and shallower portions of the drape area displays a light 

colo ured acoustic faci es wlld1 indicates utlCoosoildated, fine sand Also present along the 

margins of the sediment drape are isolated patches of a darker cO,j\Jred acoustic faci es within 

which mega-ripples can be obser~ed This ndocates areas of unconsolidated, rippled, pebble 

gravel Apart from the sedment offshoot ment>:>ned above, the bedrock surfaces are relatIVely 

free of unconsolidated sediment down to depths of approximately -25 m The bedrock rises 

sharply Irom -25 m depth to surface to form the topographically ~roud Bains Bay Reels. At the 

-21 m sea still stand the Bains Bay Re efs woukJ have fOfmed the headland to a small south 

facing emtl:lymen, (F>';lureg 10.3 & 10.4) 

t-t;.on to,o~ 

,-"",."",, 

\ 
80 ..." H.y 
"eel; 
"Vnefgej 
hcad onil 

SpoooO [\;>, ,,,rt 
"',., .",1 
,,", lie>., ,,,"',.., 

" . J' 

Figure 10.4: Three dmenslooal view at the &'}IJtI1ern Area indkoating the four areas where 

diamonds were concentraled and &ubseqL>ently minin~ took plJce 
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The dataset for the mining and sampling which have taken place between Abenteuerbucht and 

Elizabeth Bay Point accounts for a total of 647 records which have been compiled from 5 

sources. Historical records for production mined between 1990-1999 accounts for 281 data 

points (38,701 cts). More recent production records which were recorded since 2002 account for 

25 data points (987 cts). Diver-assisted sampling carried out between 1999 and 2003 represents 

18 records (28 cts). Surf zone mining activities account for 323 data points (24,170 cts). On land 

some 9,336 cts were mined from remnants of raised palaeo beach deposits in the Bains Bay 

vicinity. 

Some 586 shallow marine records accounting for 60,565 cts had the screened tons mined 

recorded. The average screened gravel (+1.6 mm, -12 mm) grade for shallow marine mining in 

the Southern Area is high to very high (> 1000 cpht) and the average stone size for the shallow 

marine operations is 0.29 cts/stn, which is slightly higher than that of the entire dataset which is 

0.26 cts/stn. For the surf zone operations no tons mined were recorded. However, divers who 

mined in the area indicated that the grades recovered from this area were exceptionally high 

compared to recoveries from other areas within the study area. The average stone size for the 

surf zone mining operations was 0.30 cts/stn which are notably higher than that of the entire 

dataset which is 0.26 cts/stn. No tonnage data were recorded for the landbased mining in this 

area and the average stone size was relatively low at 0.20 cts/stn. 

The carat production by depth graph indicates that the diamonds in the Southern Area were 

mined from a wide range of depths (Figure 10.5). The graph was compiled from 647 data points, 

representing 63,886 cts, which were mined from the sea in the Southern Area. There are notable 

peaks in production at the -12 m, -20 m and -25 m depths. 
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f-Igure 10.5 Depth distribution of d,amonds mined from th" s"a n tile area i:><>tw""n 

AbenTeuerbl£11t in tre north and Elizabeth Bay POint In lhe SO<Jth 

Mining In tt1e So"thern Area was cnncentrated in 4 areas namely lhe rough bedrock area in the 

SOUTh iarea A), lhe area aroooo Bains Bay Reefs (area B). raised palaeo beache5 In Bains Bay 

(ar~a C) and wil~r" Ab<'nteu~rbucI1t Channel cuts through a kJw r>oge n lhe north (are~ D) The 

average grade of screened gravel (+1.6 mm, -10 mm) recovered from the area is in exceS5 of 

1000 cph\ There i5 t>ow~ver varianc" in grade within til" South<>rn Ar"a with the high~st grad" 

""""ount,,red in area A in lhe south The grades of screened gr~lI~ recovered in the Southern 

Area will b" ~xp""ss<"d ~5 a r<"iabve p"rc"ntag" of tl", avemge grad" of 50""n"<1 grav"l 

recovered fr om ~rea A 

Area A 

Tilis ar"a is situated imm"<1iately nortl1 of FOlizabeth Bay ro int akJng th" coaMlin" to Bains Bay 

iFlgures 10.6 & 10.7). The rocky coast,ne is o"ented In a SW-NE dlrecllon and il has selleral 

embayment f"al<"''" of vario"s sizes A rough b<>drock surface i5 exposed to a depth of about 

-25 m from where it is covered by a sediment drape e.lertding westw~rds. API""0 •• mt,,'I 

b2. 000 Gts w"''' r"Goy<"r"<1 from this ",ea. Surf zoo" d,ver5 focu5"<1 00 this area and recovered 

over 19,000 Cis from d"Pths between -2 m ~nd -12 m. The bulk of th~ surf zon<" prod"ct"'" was 

r<"Cov"r"d from -12m d"pth and th" average stooe 5ize wa s 0 27 cts/stn. ThiS area was also the 

locus of shallow marine operatIOns who. in thiS area specifica l y. recovered 33.000 cTs betWf'<"f1 

depths of -15 m arid -30 m with ~n aY<"rag" 5t""'" size 01 0 30 cts/5tn 
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Profile Li"" I (E_W) S"u'hom Aroo 

~" E .. t 

", 
" , " ! ~ 

, .<0, ""'" ~ -..-..-, ,=,"".- I 
· P T ., ,," ~ .'.'~ ' .,"~ , '" If\ /" , , , - , , 

V 
<0. 

~ 

"""~e "",',""> 

Figure 10. 8: Profile line I (E-W) of terrain elevat ",n in th e Southern Area (see Figure 1 0, 7) 

East _west oroenred Prof,., lines I & 2 indICates a fairly gently westward dlppmg coastal profile 

with a rough bedrock surface (Figures 10 8 & 10 9) , 

Profile LinQ 2 (E_WI Southern Ar~' 
E .. , 

Figure 10.9 PrO/il e Line 2 (E-W) of terrain elevation in th e Southem Nea i""e Figure 10.7) 

Area 8 

This area is situated 011 th e wuthwestern sk:Jpe 01 the pinnacles forming th e Bains Bay Reefs 

where approx>mately 8,300 cts were recovered at a relative screened grade of 72% aM an 

average stone size of 0.3 I ctf;istn (Figures 10.10 & I 0 I 1) 
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Promo Lino J (S_NWI Southorn Aroa 

Figure 10 12 Profile Lone 3 01 terrain elevation over Bains Bay Reefs 

in Ihe &>uthp.rn Arp.a (&ee Figure 10 11) 

Chapter 10 

North .... ' 

On both $ide8 of lhe 810pe the diamorld distribution was o~er a wide range of depth8 (Figure 

10.12). TM average screened grade do d nat differ significantly ootwp.p.n the rp.coverip.s from the 

southern pushing slope and the northern lee slope LikeW1se the average stone sIZe was 

0.31 Cis/stn for both 8idp.s aflhe p nnacle 

Area C 

This area is situated Inshore Irom Barns Bay Reels aM covers the landbased mmrng wh"h 

occurred in the vicinity 01 Bain8 flay proper, Just over 9,~OO Cis were mined from remnant 

portions 01 palaeo raISed beaches in tile Bains Bay area (figures 10.13 & 10.14) Thp. a~p.rage 

stone 8ize was 020 cWstn notably smalb than the average lor the study area which rs 0.26 

cts/stn No tannage data were recorded SO gradp.s could not be determined Only the carats and 

stones recovered tor the combined areas mined are known lor thIS port>0l1 of the landbased 

mining Most 01 the ama8 minfld were Sltualfld below 7 mamsl w ith only a minor port.,n 

exterlding above th " level Both Profde Lines ~ & 5 ,rld,cates thai klw ridges occur on the 

&eaward s>de of thp.&e small prp.scrved pockets 01 gra~el (figures 10.15 & 10.16) 
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Profil . Lino 4 (SW_NEI Southern Am. 
wo .. 

F lgur~ 10.15 Profile Line 5 o( terran eleva t"" at Ban~ Bay wh~ re raised dePO~lts 

were mined (see F\lure tOt 4) 

Profile Line 5 (SW-NEI SOllthern Area 
wo. ! 

---"'."",- -, ~~ , , 
Ir-00 - --- . ",.,,,.,, .. ~ .,.. to .,,, 

I , 
00 

_1.0 _ .. 

J 
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~~ _lH • ,. '" ~ ." 
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Figure 10.16 Profi le Line 5 of terram elevat ion Jt E3ams Bay where rJlsed deposits 

were mlled (~~ e F>;JLJre 10_14) 
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Area D 

Fiqure 10.17 Southern Area - Are. 0 

Side"""n Sonw and Aerial Photograpl1 images with 
the locator," of data points and Profile Line 6 plotted .. , " ", ," 
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f 

ThIS area LS sLtuated to the north of the Bams &ly headland Ln the channel leading from 

Abenleuerbucllt (Figures 10 17 & 10.181. Nearly 2,6(]0 cts were mined from Ihi5 area at J dep!h 

01 -20 m. The average stone sae of 0.27 cts/stn for the area is very smilar to that of the entLre 

sludy area at 0.26 ctS/sln The relative screened grade In this area was very SImilar to that 0/ 

/" ~a " at 98%, The bLJ I< of the diamonds we re recovered from the base of a cliff'.., the vicinity 

where the Abenteuerbucht channel cuts through the cliff (rigure 10.18 & 10.19) 
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Profi .. line 6 (SW_NEI Southorn Aro. 
w .. t E." 

" ' O l-- ------------'--C--'H" ~ "~ ~l---.... --., -----.-----_: 
, "'''''''''' .. ,'' "'" i 

to. t 9 Prolile line 4 01 terrain elevat IOn at AbentcuerbllCht Channci (sec Fipure 10.181 
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Figure 10.20 Sdmmat .o stratl",aphic ccl\Jmn 01 ",avel package encoontered '" the Southern 

Area 

In the Soothern llrea the divers encountered a gravel package which was approxirmtciy one 

rnetre thick arld developed on a fairly Smootll bedrock surtace ""th wlllch it was in sharp contact 

iUn,t 1 Figure 10.701 The grave l (Uni t 21 was an ur.::onsolidated c"'st supported, poIyrnodal 

package with a COrlst""t grading Cobbie arid small boulder size Ira<;t"' rl clasts were 'e<mded to 

well rounded and the dominant clast lorm were spheres, dir.cs and blades The pebble ,"ze 

fracticn clasts were ver~ well rou rlded and U-.e dornir"-,,,t c last farm was spl>eroidal Exotics 

consisted predominantly of apatc and jasper Clear internal beddl'P could be distinpuished 
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between gravel. fir>e sand and sl1e1l ImnzOr1S in sechans of thIS package Tc" shells were 

gener~lIy wl1lti&l1 in appearance, chaf<y and friable A very well cemented layer was often 

erlCOuntered at the bHse of tile horizon ~I ~ppra"m~tely -22 m depth (Unit 3) The cemented 

horizon '" reparTedly very hard and resistant even to pr>eumat>e hammers in places OccaSlonat 

large subangular to subround boulders of local bedrock were preserlt in Ihe gmvel (UnI14). The 

sequence is gerlerall~ lopped <1/ by " layer 01 urlconsotdated flt1e sand (Unit 5) with varyng 

amaunts of fresh shell present (6) A Hoioc:ene/Pleistoceoo contact IS inferred between the 

gravel package Hr>d lhe unconsalid.1ted &"Id~ shell ,'yer abme it 

MHcDonaid (1997) recorded that lhe slimes (-1 6 mm) made up a major portim d; the package 

The gravel fr""han (+1.6 -10 mm) constituted appfO~mately 30% af the gravel The oversize 

fractoon (+10 -250 mm) made up approximately 50% of the package arid baukJers (+250 mm) 

aboul 20% volume d; the grave l 

_ [ ,. e "'''-''''' ( ,~' '','''''' dol 
&>_ """1' ',"'0"" 

f'lgure 10.21 Size frequency distrlbulion of a diamond p~rcel which c"nIM ," 75% contents from 

the Saull1errl Ne~ plolled with lhe SlZe freql.Olncy distribution of carats mlood from the whole 

study area 
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Chapter 10 

The size frequency distribution (SFD) dataset for the Southern Area consist of 1 diamond parcel 

totaling 2,757 cts. During the time when the area between Abenteuerbucht and Elizabeth Bay 

Point were actively mined, production from the various vessels was rolled together for during the 

monthly consignments for valuation purposes. The parcel making up the Southern Area SFD 

dataset comprise of 75% of the carats from the Spook Bay area with the remaining 25% 

originating from production obtained from shallow marine vessels mining in other locations in the 

study area (Halifax Island to Elizabeth Bay). 

The cumulative size frequency distribution (percentage carats per sieve class) of the Southern 

Area data display un i-modal size distribution peaking in the +9 sieve class (Figure 10.21). It is a 

well sorted diamond population with 78% of the carats occurring in the +7 to +11 sieve classes. 

The Southern Area population (n=2,757 cts) mimics the entire population plot for the whole of the 

study area (n=125,588 cts). 
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10.2 DISCUSSION 

The average Slone size of di.amonds mined frem the m"flne port"" of tre Southern Area IS 0.29 

cts/5tn whICh me slightly h>;lher than the average stone size of 0.26 r-Wstn far the entire study 

area Although the size f requency distributIOn of the d iamond populatIOn frem the Sootrern Area 

15 based on a single parcel 12,757 GIS) of when 75% Jre from the Southern "'ea, it is almost 

identK;al to that d th e entore diamond population for the whole of the study area IFIg1lf8 10.21). 

Based on tre similarities in stone sIZe and sIze frequency distribution. it can be assum<3d that the 

diamonds mined from the Southern Area are part of the shallow marine diamond populaban 

encountered within the stlJdy area 
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F>ijure 10.22 The bcatiQn 01 the Southern Area rekltlve to Elizilbeth Bay which forms the largest 

sooth fEICing embayment ar>d sediment bypass systems akJ rY] the coast 
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The Southern Area is situated immediately north of Elizabeth Bay Point where the coastline 

orientates in a roughly northeast-southwesterly direction again after the large Elizabeth Bay 

embayment (Figure 10.22). The Bains Bay Reefs forms the headland of a small south facing 

embayment at sea still stands between -24 m and -14 m. This headland would interrupt the 

northward flowing longshore drift. 

Area A 

This area is situated as the corner is turned northward after Elizabeth Bay Point (Figure 10.23; 

Area A). The area has a fairly gently sloping coastline with a rough bedrock surface which offers 

numerous bedrock controlled trapsites. As the waves approach this section northeast­

southwesterly oriented section of the coast at an oblique angle, the rough "washboard" surface 

provides trapsites within which gravel can be retained and reworked. This resulted in the 

concentration of a substantial amount of diamonds at various depths between -2 m and -30 m in 

this area. Surf zone divers recovered approximately 19,000 cts at an average stone size of 0.27 

cts/stn from depths between -2 m and -12 m. Boat based divers recovered 33,000 cts at an 

average stone size of 0.30 cts/stn, primarily from depths between -20 m and -25 m. The relative 

screened grade for gravel recovered from this area was very high at 100%. 

Area B 

Situated to the north of Area A are the Bains Bay Reefs which form the headland of a small south 

facing embayment at sea still stands between -24 m and -14 m (Figure 10.23; Area B). At 

shallower sea still stands it forms an island. The south facing slope of this area is slightly 

protected from the oncoming wave energy by two small outcrops/islands. These small islands, 

combined with the rough bedrock surface, provided trapsites and the environment within which 

gravel could be retained and subsequently reworked. Divers recovered 4,100 from the south 

facing slope at an average stone size of 0.31 cts/stn from depths between -16 m and -28 m. 

Approximately 2,700 cts were mined from the north facing slope also at an average stone size of 

0.31 cts/stn between depths of -17 m and -27 m. The slightly larger stone size of 0.31 cts/stn of 

Area B compared to the 0.30 cts/stn recovered from the deeper sections in Area A, may be a 

reflection of the higher energy environment within which reworking took place. The exposure to 

oncoming waves, especially during storm events, are not conducive for sediment accumulation 

and that is most likely the reason why more diamonds were not concentrated in this specific area. 
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50"," 
prom., LiM J (S_NW) Southern Aro. 

Figure 10.24 Profj e Line 3 of termon elevat,Dn over Bains Bay R~efs indicating th ~ possibl ~ 

transport of diamands aller the reef (see Figure 10.13) 

It '" feasible that same ct the diamands conc~ ntrat~d an th ~ sauth facing slope ar~a w~ r~ 

transport."j aver the reef durir>g storm events and came to rest In the gullies on the north focnq 

lee slope (Figure 1024) TII 'IS would ~xplaln the r~ lativ"! y w OJ ~ range of depths av~r wllicll 

diamonds occur on both sldes af the reel. 

Aroa C 

Area C IS situated onshore In Bains Bay and covers the landbas."j mining of rais~d pal""o 

beach ~s whicll took pIac~ h ~ r~ (Figur~ 10.23) Approximately 9,300 cts were recovered at an 

average stone size d: 0.20 ctS/5tn whICh " SlgllfK;ant~ smaller than the average for the 5tudy 

ar~ a which is 0,26 cts/stn However, the 0.20 ctslstn is cansistent with ather raised beach 

deposits mined 11 the area No tonnage data were recorded lor the lan<lbased operations In the 

Soutllern Ar~ a 50 the grade of the deposit is not known. Th ~ k:lw ridges faund an the seaward 

side ct the small raised beach depOSIts would most Ilke ~ have aSSisted In the preservation 01 

these remnants (F"ur~ s 10,15 & 10 16) 

Approximately half of the mined areas ocCur below 5 mamsi and practically all 01 the ,..-eas are 

situat~d at ~ Ie'atia ns be low g mams!. Campton (2006) showed that at Bogenfels Pan, Sltuat."j 

approximately 70 km southeast ct th ~ study area, th ~ sea-l ~v~ 1 did not ~xc~ ",j 5 mamsl dUring 

the M OJ -Holocene highstam from 7.300 to 5,gOO years ago. The portions af the remnant 

beaches Situated bekJw 5 mamst were therefore most like~ dePOSited during tile last 7,300 years 

(Fi;jure 5.31. ICDnl'ton. 2(06) The portian of the remnant beaches situated at elevations 

between 5 and 9 mamsl were formed at least 120 ka a9O, as thIS was the first submergent period 

lor these elevations 01 the coastline (Figure 10.25) 
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Figure 10.25 COO1posite sea-level curve Icr the last 1~0 ka indicating submergent and emergent 

periods lor the +5 m to +10 rn coasti ne (Cornpton, 2001 , Cornptoo el M, 2002; Yokoyama el ~I 

2000; Chappel el al. . 1996; Fairbanks. 1990; Shackleton. 1987) 

Area 0 

The Abenteuerbucht Channel is the 3"' area where diamonds were concentrated in the present 

day rnarine environment 0/ the Soothern Area (F':lure 10.25: Area DJ At Abenteuerbucht 

Channel the diamonds were recovered IrOO1 an area close to where the dm ll1 age channel cuts 

throogh a NW_SE trending ridge. This ridge formed a dlff at lower sea Stl . stands and ,t is at the 

base 01 this cliff where the most 01 the diamonds were recovered in this area at the -20 m (Figure 

1021) At this sea st ~1 stand any malerial washing out 01 Abenteuerbucht would also be 

reworkE>d In th IS high energy surf zone env ironment at the base of the cliff Clastic material 

Introduced to this -20 m shoreline woold iocrease bedrock rougl1ness and enhance this areas 

ab< ity to retain diamonds. About 2,600 cts were recovered frOO1 this area at an average stone 

Size 01 0.27 cts/stn The relative screened gravel grade was very high at 98% This suggests 

that area where fl uvial and manne procesf.es interact forms an en\oironrnent cooducive to the 

GOI1Centmilon of diamonds However, this is a small feature and subsequently only relailvely 

small arnounts 01 d""rnonds were retained 
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Ch;lpter to 

The dianx>nds recovered versus depth profile indICate that diamond dep:lslts were spread over a 

wide range 01 depths in this area The profile of the coa~t Jiang this stretch of COJst is less steep 

and therefore offers space for a wider range of sea stili stands, especially at -12 m. to dep:lSlt and 

rework grav~ depOSits, The consi~tently high to very high grades recovered in thi~ Jrea gives an 

Ind>eation to the degree of reworking and cor>:::entratlon which Iccl:: place The cernentatioo and 

presence of large boukJers aSSisted Wlth the preservat>:>n of these deposits 
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Figure 10 26 Comp<J'Slte sea-level curve lor the "'~t 140 ka indlCaling submergent and emergent 

per"'ds for the -20 m to -24 m coastline (Corl1pton, 2001, Compton ~I &1., 2002, YDkoyama el &1., 

2000: Chappel d ill, 1996, Fl'irb;lr1\o;S, 1900: Shackleton, 1987) 

The cemented horizon~ wh >c h were encountered by the diver.; in various areas Jt depths 01 

approXimately -22 m. indicate that the gravel was most likely sub-aerially eXp:lsed and cabte 

cementation took place dur"g thl~ emergent pemd As the shells encountered rn thiS gravet 

package had a weathered. white and chalky appearance - it IS mosl ' kely that dep:lSit"" 

occurred Jt least 100 kJ ago. This was too first sut>rnergent period for the -22 m shore lO1e before 

the Last GlaciJI Max'mum (Figr.rre 10 26) Cementat"'" WOlrkl have taken ~ace during sub-Jerial 

eXp:lsure subsequent to depOSition 
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Chapter 11 

11 . SUMMARY 

11 .1 Diamond Size Frequency Distributions 

There 15 ~ery little sedirnent (lCcumLJlatOo" a~r>g the coastal ~trip in the study area Onshore the 

rare pockets d accumulated sediments consist almost entirely 01 locally derived clasts A 

negjig ible portion by valume c:onsists af erosion_resista rl t e<a!" clasts trJrlsported by Iluyia l, 

rnarirle aoo aeolian proce5ses from the hinterland of Southern Africa In th e study area, these 

exotICs are generally smaller than 25 mm In d i am~tcr (pebbl~sl with t h~ most noti c:eat>e 

litholog oe s ~i" g >lgate, jasper, banded iroostan~ and diamond From a bs~rvati an , the offshore 

accumu lations of gravel within the shallow rna""" portions ri the study area reliect the same as 

the orlshare scerlar.a. The Marall drop In sea- leve l since the Palaeogene and asymmet rical LJpllft 

ct the contInent has resu lted in poor sediment preservati on in the coastal plJln of the West Coast 

(Wigley & Compton , 21)()6) 

Th~ diamonds in the stLJdy area we re mostly recovered from water depths <}() m by divers This 

diamond POPUia l lon, mined from a re l atl~ely narrow c:oas lal .one, displays notable co ns istency in 

terms of particle size frequency diStribution (SFD). Despite a mean decrease in stone size frcm 

south (029 dslstn) to rlorth (025 clMstn) Ihe SFD5 fo r each of Ihe 4 areas discussed de~iated 

very w~ frcm the ComPOSlt~ SFD lor the whole study area ihgure 11 1) 

Entl~ d.' ..... and $'udy a ...... 

, , , , 
• , , , , • •. , • • 

• , , 

-:----- -, " 
- ' ''' ''"''''''''1' '''', '''''oIoj 
- De 1_1'~ 1O.'" ct>i 

-"'''''''~'' I' "" ,~l -L"",.,oz ',~',00i) ct.) 

. , .- ~. 

_,hM l"'>,"' '''') 

, 

Sieve Cia • • II. tRoolKl Apc"",e Diame'er in mm) 

Figure 11 1 Size frequency dlstnbutoon 01 the 4 stLJdy areas plo/t~d With th~ size freqLJency 

distribu tion of carats mired from the whale stLJdy area 
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Figure 11.2 SIze frequency dostrlbutlon for 3 dePOSits occu,n""l at v,.-ious elevat ""'s within close 

proximity of anoH"" IF"ure 11.3), 0" land the SFD lor E'zabeth Bay Mlt"IIl the Stk, I OIII Mar.,8 

10 to -}O m) dataset compIled for tr.s stlldy and the Mdwater (-30 to -70 m) data from the 

Pennlnr.uIaIChannel deposit sit uated !mmediat~ ly SW of the Sjvdy Elfea are pictted 

Situated east of the study area IS th ~ Elizabeth Bay a~i"" diarnond depJs lt and to the west 01 

t~ stLJdy area" the Md'wate< I-}O to -70 mi deposit Although occurrltlg 00 different elevations, 

th ~"" th''''' dl~tlr>Ct clepo~it" are jrl do~e geograph':;a l prcmm ity to each ot~r I FiglJl"e 11 .3) The 

SFDs for the three depoSitS display variations IFiqllre 11.2i_ The SFD 01 Elizabeth Bay M",e 

peaks In the '9 sieve class and has a greater relative pe r<;entag., 01 ston es in the srnal"' r sieve 

cias",, " compared to the Shallow Marine and M>;Jwate, d,tasets Th is is due to th e sma l er 

stones benQ preferentially transported and removed from the marine beach ,-",tt in9 by wind 

act ion in the Elizabeth Bay aeoiiarl transpott condor (/\ TC) dUring regre~""'n~ The Midwater 

SFD shows lar9"r stones with peaks in the +1' and +13 sieve classes ThIS is a different 

POPUlation of dramonds, which were transported and dlstnbllted northward along th e coast when 

the ""a-level was lower 
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" 

Figure 1 1 3 Map ,n(l ICIt(I"9 the approxim ate locatK:<1s of th ~ Ei 7atJ ~th Ba~, Shal~w MarIOe and 

Mo:::\water areas Trom where th e production we<e mined which were used for the diamond 917e 

frequo:r1c~ cnmpa 'lSCln (see F\lure T 1.21 
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11.2 Sea·level 

The manno placers wore formod along palaeo-strandlines at vJmus elevation" subj..ct to cyc les 

of transgression ""d ragress"m No evidence of aeolian upgrading (presence of ventifacts in 

gravel) of tho shallow manne aM ~urf zone cWpc>sils h.:ls be en ,,,ported hlstor;ca l y or recently, 

The rleJrest palaoo and present-day ATe is situated to tho east of the sludy area at Elizabeth 

Bay IF>gure 4.20), ICorbelt, 1993). Furthermore the drainage channels are relatively short and 

000{ occasionally mobilised during rare flash fkJDds Altrough ewm small drainage channels 

p,,:wided "",ne essential clastic material to traps to~ In the stl.'dy area, thoro IS no evodence to 

~uggest that a s\lnlfc anl amount of fluvial upgrading took place The drain"9" channels 

themseOJos most probably played J biqger ro le by t,,'pplng wlndbkJwn diamonds on their 

oofthwardJoumoy (Rall. 2003). However, dlle to the lack of ATCs in the study area, the streams 

themselves prowbly contnbuted a r><>gllgoble port.m of th e trapped d",monds 

The htghest amount 01 onerqy is disp"r»ed in the breaker zone. which is where ..-osionJI forces 

and reworking processes are therefore concentrated (Martinez & Harbaugh, 1993; Jacob, 2001) 

Wo can themforo assllme that the elevatoos at which diamond depo,."ts are encountered in the 

study Jrea Were the approXlrmte elevJtion~ of the &la·leve l at the time of deposition. W t hin the 

study aroa, diamonds "",ro mom concontrated at -12 m. between -18 m and -21 m and botween 

-24 m and _n m depths (Fiqure 11 4) These depths generally coincide with n(:k points identified 

by Rau (2003) working In too Hottentots Bay Grant and Saddle HIli Prospect areas to the north 01 

LlJdenlz 

.'"'' • 

, , 

... , ., ..... , -) " ., ."" -" .. , 

F,"ure 11,4 Within the study J'eJ. increJsed concentrations of diamonds ~m encountered at 

-12 m, botween -18 m and -21 m and between -24 m and -27 m depths 
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11.3 Bedrock and Boulders 

Bedrock lithology and competence combined with the presence of lithic clasts plays an important 

role in the formation of trapsites both in the fluvial as well as the marine setting (De Wit, 1996, 

Jacob et al., 1999; Jacob, 2001, Rau, 2003). 

The dominant underlying bedrock in the southern part of the study area, between Wolf Bay in the 

north and Elizabeth Bay in the south, is Namaqua Metamorphic Complex gneiss. The gneiss is 

cut by a regional series of parallel normal faults and preferential erosion along these features has 

resulted in the formation of numerous inlets and embayments along the coastal strip of the study 

area. This preferential weathering and erosion has assisted greatly in shaping the morphology of 

the present day coastline by creating numerous inlets. 

The amphibolite which forms the topographically proud Zweispitz headland seems to be more 

resistant to weathering than the NMC gneiss which it intruded. The weathering-resistant clasts 

would have contributed significantly to the mechanical erosion of the structural feature which 

marks the inferred contact between the amphibolite and the NMC gneiss when sea-level was at 

or about -21 m. The exploitation of this structural feature resulted in the formation of the 

Zweispitz trench. 

At Grossebucht Area D, the Diaz Point Formation (Unit 3) consists of quartzite overlain by 

diamictite. Coarse-grained leucogranite, gneiss, quartzite boulders, and occasional retrograded 

amphibolite clasts from the diamictite are more resistant to weathering than the matrix, which is 

composed of fine-grained quartz, feldspar and chlorite. Once released from the matrix these 

clasts act as abrasive agents and contribute to the mechanical erosion of the bedrock, especially 

in the surf zone (Figure 11.5). Like the underlying bedrock of the NMC gneiss, the rocks of the 

Diaz Point Formation are cut by a regional series of parallel normal faults trending -300° and an 

intersecting set of faults trending -210° also occurs in places. At Grossebucht Area D the 

preferential weathering and erosion of these features has resulted in the formation of gullies that 

acted as effective heavy mineral trapsites. 
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Fog."e 11 5: racing we5t at De Hook. th e CleTa rrn&d pinkish c.o"ured leucog r~ n\te boul(ler Clasts 

In the D197 POint Format lOll Un it 3 (Ire rel9ased from the diam<;t lle th'Ol'll h weatherng Dnd 

erOSlOO and lren oct as abfa.N<l !!ganlS '" th e ftLJrf zone envir(ll1ment to form gul ~ e, ~nd "'he< 
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The presence of boulders therefore enhances the quality of the trapsite in several ways: 

• It causes surface roughness which is required to trap and concentrate diamonds (De Wit, 

1996; Jacob et a/., 1999; Jacob, 2001). 

• When the clastics are more resistant to weathering than the surrounding bedrock on 

which it rests, the clasts will act as abrasive agents which greatly assists in the incision of 

wave-cut platforms and trapsite features in the bedrock (Jacob, 2001). 

• Large boulders form a protective armour over the gravel it covers and which occurs within 

the framework, protecting it from post depositional erosion during subsequent 

transgression/regression cycles i.e. it is a preservation factor. 

11.4 Geomorphology 

The morphology of the coastline, and how it changes with various sea still stands, plays a key 

role in the formation of trapsites (Corbett, 1989, Jacob, 2001; Rau, 2003). It is thought that the 

southerly wind and swell regime has been driving the northward transport of sediments from the 

mouth of the Orange River since the Eocene, although this transport system strengthened during 

the Neogene (Spaggiari et al., 2002; Pether et a/., 2000; Ward & Jacob, 1999; Ward & Corbett, 

1990). Headlands and subsequent embayments, islands and other topographical features 

emerge at various sea-levels. As the waves approach the coast from a south-southwesterly 

direction (Rossouw, 2002), they enter progressively shallowing water and depending on the 

bottom profile and the shape of the coastline in relation to the approaching waves, the wave 

energy will be focused in some areas and dispersed in others (Brown et al., 1989). The areas 

where wave energy is focused will be areas where active erosion takes place. The predominantly 

rocky coastline in the study area is an indication that it is a high energy coast subject to erosional 

forces. However, in areas where features like headlands offer shelter, the wave energy is 

dispersed and deposition of sediments takes place i.e. Abenteuerbucht, Atlas Bay & Grossebucht 

(Figure 4.1). The ideal geomorphological feature, in terms of forming a trapsite, would offer some 

degree of shelter in order to retain gravel on its northward journey. Too much shelter would result 

in the accumulation of fine sediments and the formation of sandy beaches, such as at 

Abenteuerbucht, Atlas Bay & Grossebucht. A degree of exposure to energy is therefore required 

to rework the gravels without removing them from the site. Ideally the site would be effective as a 

trap through a range of depths as that would increase the amount of time that the gravels would 

be exposed to reworking processes. Examples are the Southern Area A - rough gullied bedrock 

(Figure 10.23), and the Zweispitz trench, northward-rising slope and boulder field (Figure 9.22). 

South facing embayments often provide a favourable coastal profile in order to retain gravel to 

form a good trapsite, such as at De Hoek Shallow, Grossebucht Basin, Zweispitz North Cliff and 
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the Southern Area A - rough gullied bedrock. The most significant island which occurs in the 

study area is Long Island North (Figure 11.3). It forms a barrier against the approaching waves 

and therefore creates a low-energy leeward shore. This does not seem to have influenced 

diamond concentration significantly as the leeward side of the island was reportedly not 

economically mineralised. This situation is similar to that encountered at Possession Island 

(Figure 1.3), which is also a north-south elongated island. At Possession Island only one small 

embayment on the leeward side in the southern part of the island was mineralised. This small 

mineralised pocket was in very shallow water «2m) and formed due to an accumulation of wash­

over gravel. 

11.5 Cementation 

Cementation of sediments in the northern Sperrgebiet is common in the terrestrial setting and has 

been widely reported and documented in production logsheets by divers operating in the shallow 

waters and by the large mining vessels operating in the deeper waters off the coast (Corbett, 

1993; Jamieson & Talbot, 1983; Milne, 1985). During sea-level low stands it is likely that a 

variable mixture of seawater and groundwater accumulated in emergent local depressions. 

Evaporation concentrated the resultant brine. The precipitation of dolomite is dependant on the 

brine being Mg-enriched relative to Ca. When the solution is relatively Ca-enriched, calcite is 

likely to precipitate as cement. The depletion of Ca, relative to Mg, by the precipitation of CaC03 

from the evaporating waters can then be followed by dolomite precipitation from the resultant Mg­

enriched brine (Pettijohn et a/., 1987). It is therefore possible to encounter calcite and dolomite 

cementation within the same cemented horizon. All of the cemented conglomerate samples 

obtained from the shallow marine portions of the study area were tested with a standard 10% HCI 

solution. These acid tests indicated calcite cementation within all of the samples. The calcite 

cementation process, as described by Pettijohn et al. (1987), was most likely responsible for the 

variable cementation of trapsite-filled sediments in the study area. 

About 55% of the carats of the 4 areas discussed in this study were mined from features where 

significant cemented horizons were present. The cemented horizons generally formed a 

protective capping which assisted in preserving the reworked deposits during post depositional 

cycles of transgression and regression. Although preservation factors assist greatly in preserving 

the gravel in trapsites - they are not always present. They are noticeably absent from Zweispitz, 

for example. There, an anomalously large volume of diamonds was accumulated within series of 

trapsites conveniently arranged along the axes of transport. Although the gravel package is 

thought to be at least 80 ka in age and was therefore sub-aerially exposed for a considerable 

period of time during the LGM, there were no significant signs of cementation. 
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11.6 Size of trapsite 

The size of the trapsite plays an important role in the search for prospecting targets. Large 

features are easier to identify than small. The larger the area, the more material can be 

accommodated and reworked. With the increased volume of material being reworked there is a 

greater opportunity for more diamonds to be accumulated in a large trapsite. However, being 

large and accommodating more material, the gravel in the large features tends to be more diluted 

and of lower average grade, as in the Grossebucht Basin. Although they can retain large 

volumes of material, they are generally exposed to low to medium intensity wave energy which 

reworks the gravel over a longer period of time. 

Referring to the gully systems encountered along the coast between Oranjemund and Chameis, 

Jacob (2001) stated that the quality of a bedrock controlled trapsite increased correspondingly 

with the depth to which it was incised into the platform, as long as it remained a closed system. 

An example of a high quality trapsite would be the De Hoek Shallow Caves. These caves are 

situated 2 m below present sea-level and are exposed to high wave energy levels. They 

produced the highest average grade of screened gravel from the features studied. The condition 

of the shells in the gravel indicated that the gravels are not older than 8.0 ka. The reworking and 

concentration of diamonds in the gravel most likely took place within the cave in a time period not 

exceeding 8.0 ka. The presence of large boulders and the cementation of the gravel undoubtedly 

served to preserve this small extremely high grade deposit. It is therefore possible to concentrate 

gravel to a high degree over a short period of time with high energy levels in a good trapsite. 

These isolated and rarely encountered small, high grade jackpots are what every diver is 

searching for. 
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12. CONCLUSIONS 

For the purpose of this study data were collected from various sources which range from informal 

discussions with divers to a formal and structured sampling programme and geophysical surveys. 

The bulk of the historical mining records have relatively lower associated level of confidence and 

must be viewed in conjunction with geographically proximal records and higher confidence 

sampling and mining records. However, keeping the limitations in mind, using the combined 

dataset in conjunction with geophysical survey data made it possible to make sound observations 

and to display the available data of diver-assisted mining in the study area in meaningful context. 

The diamond size frequency distribution (SFD) of the Shallow Marine (0 to -30 m) deposit in the 

study area is similar to the proximal aeolian deposit mined on land at Elizabeth Bay and the 

deeper Midwater (-30 to -70 m depth) deposit situated southwest of the study area. Although 

similar, the three deposits have distinct SFD signatures. The shallow marine deposit SFD is 

notably consistent over the 4 areas studied along the 30 km section of coastline. The Elizabeth 

Bay, Shallow Marine and Midwater diamonds were deposited at different times and sea-level 

varied for each event. It is very likely that each deposit is comprised of a series of complicated 

overlapping smaller pulses of emplacement. However, continuous reworking over a considerable 

period of time smoothed out most of the anomalies in each deposit. 

Within the study area, diamonds were widely distributed down to -30 m, which is the practical 

depth limit for diver-assisted operations. Significant concentrations of diamonds were 

encountered at -12 m, between -18 m and -21 m and between -24 m and -27 m depths. These 

depths indicate that sea-level was most likely at, or about these depths for a significant period of 

time, allowing reworking processes to concentrate diamonds. 

The geomorphology of the coastline at a particular sea still stand provides the opportunity for the 

accumulation, retention and reworking of northward travelling diamondiferous gravel. Although 

south facing embayments play a significant role, additional factors are required for the 

accumUlation of discrete pockets of anomalously high grade diamondiferous gravel i.e. 

"Jackpots". Surface roughness provided by the bedrock and/or boulders was a significant 

additional factor attributing to the formation of the majority of trapsites in the study area. 

The accumUlations of gravel mined by the divers were generally thin «3.0 m in thickness). Such 

surficial deposits are prone to erosional processes and likely to be broken down and re­

introduced to the shallow marine conveyor during subsequent re- and transgressional cycles. 

Factors assisting with the preservation of the gravel include: 
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• Morphology of the trapsite: The bedrock controlled trapsite provides protection from 

erosional processes when emergent and shallow marine processes during submergent 

periods. The Zweispitz Trench and Bowl and the Grossebucht Basin are examples of 

such bedrock controlled trapsites in which gravel was accumulated and was retained, 

reworked and preserved without assistance from additional preservation factors. 

• The presence of boulders provides surface roughness which not only enhances the 

quality of the trapsite but it also forms an armoured lag, protecting the gravel body from 

erosional and shallow marine reworking processes. 

• Cementation provides a protective capping which preserves the underlying sediments. 

This is an important preservation factor as about 55% of the carats of the 4 areas 

discussed in this study were mined from features where cemented horizons were 

present. 

The gravel mined from the caves in the shallows at De Hoek, where fresh blue/black coloured 

Choromytilus meridionalis shells were present, are inferred to have been deposited between 8.0 

ka and 4.5 ka ago i.e. after the Last Glacial Maximum (LGM). Deposition of gravels for the rest of 

the areas studied are inferred to have taken place at least 80 ka ago, i.e. before the LGM, as the 

gravel contained weathered, chalky, friable shells. In the instance of deeper gullies in De Hoek, 

some brown discoloured Choromytilus meridionalis shells were also present. As these deposits 

are generally thin «3.0 m in thickness), it is unlikely that they could have survived several 

millions of years and the numerous re- and transgressional cycles which occurred in that period. 

It does seem more feasible that these gravels were deposited during the Late Quaternary. This 

aligns with work by previous authors as summarised by De Decker (1987): the prominent wave­

cut cliff and the palaeostrandline at about -20 m depth encountered along the West Coast of 

southern Africa (Murray et aI., 1970; O'Shea, 1971), is thought to have formed since the last 

interglacial. 

Extremely high grade gravel (even by diver-assisted mining standards) was mined from the caves 

in the shallows at De Hoek. This shows that diamonds can be concentrated to a very high 

degree over a relatively short period (8.0 ka) of time. This would only be possible as long as 

there is a regular supply of diamondiferous gravel, a high quality trapsite and a high energy 

environment. These small high grade features or jackpots are not regularly distributed and are 

virtually impossible to identify using geophysical data. 

Due to limitations of survey data collected in the shallow marine environment and as gullies and 

small basins are often covered by a thin layer of fine sand, it is usually not possible to observe the 

presence of boulders within a target feature. The presence and extent of preservation factors can 
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only be determined after prospecting and or mining of a target has commenced and a face has 

been opened up by the divers. 

The normal tools available to the geologist to assist in selection of targets for the divers are 

sidescan sonar and high resolution multibeam bathymetry data. Using these tools it is proposed 

that target selection for diver-assisted mining along the southern Namibian coast be done in the 

following manner: 

1. Focus on -18 to -21 m depth and -24 m and -27 m depths. 

2. Focus on areas where the geomorphology of the coastline provides an opportunity to trap 

and retain gravel being moved northward by wave action and the longshore drift. 

3. Find areas which provide space to accommodate a reasonable volume of gravel. 

4. Preferentially select areas displaying rough gullied bedrock and which are proximal to 

fluvial drainages i.e. a supply of coarse clastic material. 
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