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ABSTRACT 

This study describes the geology and late Quaternary 
history of the inner shelf just north of the Buffels River 
off Namaqualand. In this area the inner· shelf is only 2km 
to 3.5km wide. An "inner-shelf platform" slopes gently (1°) 
out to -40m. An "inner-shelf slope11 then grades relatively 
more steeply (2-3°) down from -40m to -75m where it is 
buried by a wedge of terrigenous sediment which lies at the 
foot of the inner-shelf slope. Precambrian bedrock is 
exposed over 70% of the inner shelf. 

Bedrock morphology, compiled from high-resolution 
seismic profiles, shows erosional features in the bedrock 
surface which indicate potentially diamondiferous areas. 
Gently sloping (1°) wave-abraded terraces occur at -14m to 
-lam, -22m to -28m, -33m to' -40m and -44m to -53m. Palaeo
channels of the Kwaganap and Kamma Rivers extend across the 
inner-shelf platform. Sonographs show that rugged bedrock 
with NNE-SSW- and NNW-SSE-trending strike-gullies (Acoustic 
Facies 1) occurs mostly at >30m depth and also around reefs 
at Stompneus Shoal and Penguin Rock. Low micro-relief 
bedrock with sediment-filled strike-gullies, also trending 
NNE-SSW and NNW-SSE (Acoustic Facies 2) , delineates the 
areal extent of -14m and -22m terraces. A deposit of 
boulders and cobbles interspersed with patches of gravelly 
sand (Acoustic Facies 3) occurs on the protected, landward 
side of Stompneus Shoal and Penguin Rock. This deposit may 
be associated with a lobate basal unit (shown in the seismic 
profiles) marking a -30m sea-level palaeo-beach within the 
deposit of sand north of Penguin Rock. 

Fine sand (Acoustic Facies 4), up to 7m thick, blankets 
the inner-shelf slope between Stompneus Bay and Twee Pad and 
extends onto the inner-shelf platform at Rob Eiland and 
Deurloop Bay. The sand thins progressively northwards and 
seismic profiles show that it extends seaward beneath the 
Holocene mud deposit (Acoustic Facies 5) which buries the 
inner-shelf slope below -75m. Evidence from this study 
implies that the 25m-30m thick wedge of sediment at the base 
of the inner-shelf slope consists .of seaward-thinning lenses 
of sand overlain by a thin (8-lOm) deposit of Holocene mud. 

The origin of the fine sand is attributed to wave
erosion of a late Pleistocene palaeo-dunef ield immediately 
north of the Buffels River during the Flandrian trans
gression. In much of the study area (>70%) this reworking 
removed the overburden of dune sand originally covering the 
bedrock and the diamondiferous gravels. 

The upper 4m of the mudbelt shows two texturally 
different units and below this depth, gas-charged sediment 
(Acoustic Blanking Layer) masks the remaining internal 
structure. Fields of two-dimensional megaripples of fine 
sand (Acoustic Facies 6) show that the modern inner-shelf 
sand is actively affected by storms. 
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1. INTRODUCTION 

1.1 Background 

Diamonds have been mined from raised beach terraces 

along the coast of Namaqualand since their discovery in 

1925. However, the recovery of diamonds from the sea off 

South West Africa by Texan entrepreneur, Sam Collins in 1961 

gave the impetus needed for geological exploration on the 

continental shelf. For their part, the Geological Survey of 

South Africa is currently running the "West Coast Project" 

(off the West Coast of South Africa) to investigate the 

Quaternary evolution of the inner shelf and present-day 

geological processes. This study details one of the early 

phases of the project, during which saturation side-scan

sonar coverage, high-resolution seismic profiles, sediment 

samples and seafloor photographs were obtained. 

Systematic detailed surveys of the seafloor using side

scan sonar and high-resolution seismic profiling are 

increasingly used in marine geology. Highly succesful 

studies employing this technique have most recently been 

undertaken in Lake Superior, USA (Flood and Johnson 1984), 

in Chesapeake Bay USA, (Hobbs 1986) and in the southern 

Indian Ocean (Green 1986). 

The study area (Figure 1) is on the inner shelf off 

Namaqualand and extends for 30 km beside the coast from 

Stompneus Bay (6 km north of Kleinzee at the Buffels River 

mouth) to White Point (15 km south of Port Nolloth) (Figure 

2) . It extends seaward approximately 5 km off shore and 

covers an area of approximately 150 krn2 in Diamond 

Concession Areas 4a and 4b (Figure 3). 

This investigation parallels that of De Decker ( 1986) 

who mapped the inner shelf off the Orange River at Alexander 

Bay. De Decker's (1986) work is referred to extensively in 

this study to compare and contrast features recognised on 

the inner shelf in both of the study areas. South of the 
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Orange River, Kleinzee is the biggest onland diamond mining 

area and the Buffels River, although it seldom flows today, 

is the largest river between the Orange and Olifants Rivers 

(Figure 1). 

1.2 Motivation 

In contrast to De Decker's (1986) study area which is 

dominated by sediment input from the Orange River, the 

portion of the inner shelf examined here is essentially free 

of modern fluvial sediment input and thus typifies most of 

the inner shelf between the Orange and Olifants Rivers. This 

study describes the nature of the bedrock and overlying 

sediments in an attempt to further the understanding of the 

geological history of the diamondiferous deposits. The 

model of sediment distribution presented in this study may 

therefore help in the exploration of other areas along the 

Namaqualand inner shelf. 

The following opinions were expressed at a symposium on 

offshore mining in Cape Town 1984 and reflect the relevance 

of this study: 

"The way to find diamonds on the sea bed is not to 

haphazardly pump up all the loose sediments but to apply a 

knowledge of the nature of diamond deposition ... " (Wiley 

1984) . 

" ... more attention needs to be given to .. the zone 

outside of wave movement (breaker zone). This is the only 

unexplored area which has not been looked at by existing 

operators (marine diamond miners)." (Cleland 1984). 

1.3 Literature review 

According to Wilson (1972) erosion of kimberlite pipes 

on the central plateau of South Africa since their 

emplacement during cretaceous times has released more than 3 

billion carats of diamonds into the catchment area of the 

Orange River. current geological opinion is that the 
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diamonds have been eroded from kimberlite pipes on the 

central plateau of South Africa since their emplacement in 

the Late Cretaceous and carried to the sea primarily by the 

Orange River (Stocken 1962, Hallam 1964, Wilson 1972, Keyser 

1976, Hawthorne 1975, Sutherland 1982). 

Diamonds were supplied to the southern part of 

Namaqualand during the Palaeogene when the Orange River 

exited via the Olifants River palaeo-channel (Dingle and 

Hendey 1984) . The diamonds were then redistributed along 

the palaeo-shorelines by wave-induced northward littoral 

currents throughout the numerous Tertiary and Quaternary 

sea-level fluctuations of up to 300 m above and 600 m below 

present sea level (Milliman and Emery 1968, Shackleton and 

Opdyke .. 1973, Bloom et al 197 4, Siesser and Dingle 1981, 

Hendey 1981, Dingle et al 1983, Hendey 1983, Barwis and 

Tankard 1983, Nunn 1984). 

In a review of the Cainozoic development of the marine 

diamondiferous deposits, De Decker (1986) concludes that 

diamonds on the present day inner shelf occur in Quaternary 

deposits derived from the erosion of Tertiary marine 

terraces. Crustal movements and climatic amelioration in 

the early Pleistocene terminated active fluvial diamond 

supply (Rooseboom and Harmse 1979, Mercer 1983, De Decker 

1986). Sea-level fluctuations over the last l25 000 years 

have affected mainly the inner shelf to a maximum depth of 

about 130 m (Shackleton and Opdyke 1973, Bloom et al 1974, 

Tankard 1976) and littoral drift has therefore only 

redistributed the pre-existing diamondiferous deposits (De 

Decker 1986). 

Today, large quantities of diamonds are being recoverd 

from the nearshore and littoral zone. Diamonds are usually 

concentrated in gravels lying on or near bedrock (Gurney et 

al 1982). The diamondiferous gravels occur in selective 

locations such as palaeo-beach deposits, palaeo-drainage 

channels, the southern, exposed side of headlands and on 
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wave-abraded terraces (Hallam 1964, Keyser 1972). Bedrock 

features such as gullies, potholes, reefs and depressions 

are known to be favourable trapping sites for diamonds 

(Murray et al 1970, Gurney et al 1982, Walker and Gurney 

1985} . The diamondiferous gravels are recovered from the 

seafloor using remote or diver-operated suction pipes 

(Plates la to lf). 

1.4 Objectives 

This study investigates the nature and geological 

history of the bedrock surface and Quaternary sediments on a 

part of the inner shelf off the coast of Namaqualand. It 

aims to reveal aspects of the bedrock microtopography, to 

delineate bedrock structure and to increase the general 

knowledge of sediment texture and stratigraphy in the 

coastal environment off Namaqualand. It is hoped that this 

investigation will contribute to a rational and pragmatic 

approach to future diamond-prospecting activities off this 

coast. 

1.s Thesis outline 

The regional setting of the area is given in Chapter 2, 

which is followed by a description of the methods of data 

acquisition and reduction in Chapter 3. Chapter 4 

highlights aspects of the bathyrnetry and observations made 

from the geophysical records regarding bedrock morphology, 

and data on Quaternary sediments are presented in Chapter 5. 

In Chapter 6 these observations are interpreted and 

discussed in terms of their late Quaternary geological 

history and potentially diamondiferous features are 

identified. The main conclusions of the study and the 

implications for diamond-prospecting activities are given in 

Chapter 7. 
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Plate la Plate lb 
Diamonds are mined from the nearshore zone (Plate la). 
A diver assesses a potential mining site (Plate lb). 

Plate le Plate ld 
A diver operating a 6 inch suction pump (Plate le) recovers 
diamondiferous gravel (Plate ld) from beneath a rock. 

Plate le Plate lf 
After processing, diamonds are manually retrieved from the 
gravel concentrate on "picking tables" (Plate le). The 
hard-won prize from the sea - diamonds! (Plate lf). 
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2. REGIONAL SETTING 

2.1 Introduction 

De Decker ( 198 6) presents a detailed review of the 

climatic and oceanographic features affecting the inner 

shelf off the Orange River mouth, from the work of Davies 

(1964), Taljaart et al (1972), Bang (1976), Bailey (1979), 

Shannon and Anderson (1982), Brundrit et al (1984), Nelson 

and Hutchings (1983), Rossouw (1984) and others. Due to the 

relatively close proximity of the study area to the Orange 

River, only the most important of these features are 

therefore reviewed. 

The main features of the meteorology and hydrology 

along the coast of Namaqualand are shown in Figure 4. 

2.2 Meteorology 

The climate on the West Coast of Southern Africa is 

strongly affected by the South Atlantic high-pressure cell, 

eastward-moving cyclones and the pressure over the adjacent 

subcontinent (Nelson and Hutchings 1983). 

2.2.1 Wind 

The South Atlantic high is maintained throughout the 

year but shifts position seasonally, from a median position 

around 3o 0 s 5°E in summer to a more equatorward position 

around 26°s 10°E in winter (Schultze 1965, Schell 1968) • 

The effects on seasonal and diurnal regimes are clearly 

shown in Figure 5. 

During summer strong southerly winds predominate as the 

curved anticyclonic winds associated with the South Atlantic 

high are guided by the coastline which, as a result of its 

desert-like nature, forms a thermal barrier to cross-flow 

(Nelson & Hutchings 1983) • In winter, the South Atlantic 

High shifts northwestward allowing the periodic, eastward

moving circumpolar cyclones ( cold fronts) to sweep across 
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the coast of Namaqualand as far north as the Orange River. 

The cyclones create storm conditions of strong, often 

gale-force NW and w winds which moderate to the' s or SE 

within a few hours as the cyclones pass (Nelson and 

Hutchings 1983). 

During autumn and spring large high-pressure systems 

form periodically over the interior of the subcontinent 

causing a strong (up to 15m/s or more) easterly to 

northeasterly flow of dry, adiabatically-heated air off the 

inland plateau (Jackson 1947, De Wet 1979). These hot, dry 

"Bergwinds" are capable of transporting substantial 

quantities of sand and dust a distance of up to 150km 

offshore between 18°s and 3o0 s (Shannon and Anderson 1982). 

They estimate that a quantity of 50 x 106 tonnes was 

transported in a single "bergwind" event on 9 May 1979 which 

is the same order of magnit,ude as Rogers' (1977) estimate of 

the Orange River's annual sediment discharge to the sea. 

Winds along the Namaqualand coast intensify during the 

day and veer towards the south, depending on the season 

(Hart & Currie 1960, Stander 1964, Shannon 1985). Figure 5 

shows that winds at Port Nolloth (the wind station closest 

to the study area) blow predominantly from the south in the 

afternoon throughout the year and are generally stronger 

during summer. The annual average wind speed at Port 

Nolloth is 5-6m/s (Kamstra 1985). 

2.2.2 Precipitation 

The Namaqualand Coast is an arid Winter Rainfall Desert 

(Wellington 1933). At Port Nolloth the average annual 

rainfall is 62mm (Weather Bureau 1954). Advective sea fog 

occurs frequently on the Namaqualand Coast and supplements 

the meagre winter precipitation in the form of "mist rain" 

which usually condenses and falls during the night 

(Meteorological Services of the Royal Navy and the South 

African Air Force, 1942). 
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2.3 Hydrology 

2.3.1 ocean currents 

A combination of hydrological and meteorological 

factors has produced a current system known as the Benguela 

Region (Shannon 1985) on the West Coast continental shelf of 

Southern Africa (Figure 4) . Excellent reviews of work on 

the Benguela upwelling region are given by Nelson and 

Hutchings (1983) and Shannon (1985). In this region, cold 

nutrient-rich upwelled water moves sluggishly northwestward 

at an average speed of 0,5m/s with surface temperatures of 

between 10°c and 14° (Hart & Currie 1960, Moroshkin et al 

1970). The study area lies in the middle of the Namaqua 

Upwelling Zone (Nelson & Hutchings 1983, Taunton-Clarke 

1985). 

There is good evidence supporting the existence of a 

poleward-flowing undercurrent over the inner shelf (De 

Decker 1970, Nelson & Hutchings 1983). The cyclonic 

northwesterly winds which occur during winter may 

effectively accelerate this current and also generate other, 

intermittent, poleward-flowing surface currents over the 

inner shelf (Shannon 1966). 

2.3.2. swell and wave regime - sediment transport 

The Namaqualand coast is a wave-dominated microtidal 

region (Davies 1964). The mean tidal range measured at Port 

Nolloth is 1,6m (Hallam 1964, Heydorn and Tinley 1980). 

During spring, summer and autumn, swell direction is 

predominantly from the SW but shifts westward during winter 

under the influence of the cyclonic storms (Van Schaik et al 

1970, Rossouw 1981) . Wave height does not seem to be 

seasonally dependent although waves in winter are generally 

higher (Rossouw 1981). Swells generated by strong southerly 

winds contribute most of the energy during the summer wave 

regime. 
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In winter, swells .generated by the eastward-moving 

circumpolar cyclones contribute most of the energy in the 

wave regime (Davies 1964, Van Ieperen 1975, Rossouw 1981). 

There is no published information on swells and waves from 

the study area itself. Wave data from the inner shelf off 
' the Orange River (De Decker 1986) and Oranjemund (Rossouw 

1981) are therefore used to approximate conditions in the 

study area (Figure 6) . Median wave height in winter is 

1,75-l,9m and 1,5-1,75m for all other seasons. Median wave 

period varies from 5. 5 seconds in summer to 10 seconds in 

winter, however waves with 20-second periods have been 

recorded in all seasons. Wave heights between 0,5m and 3,5m 

occur 90% of the time in all seasons, however ~ave heights 

exceeding Sm do occur throughout the year (Rossouw 1981, De 

Decker 1986). According to De Decker (1986), average wave 

conditions (ie. occurring 95% of the time) are capable of 

transporting very coarse sand (1-2 mm) at a depth of 30 m. 

Storm waves (ie. occurring 5% of the time) can move medium 

pebbles (10,5 mm) at -30m and small cobbles (100 mm) at -15m 

depth (De Decker 1986). 

2.3.3 Longshore currents 

Sediment transport by waves is predominantly 

northwards. The southwesterly swells are incompletely 

refracted by the general north-south orientation of the 

coastline (Figure 4) and generate a constant, 

north-flowing littoral drift (Birch et al 1976) 

powerful, 

which is 

enhanced during summer by the southerly winds (Swart 1983). 

North of the Orange River, annual littoral drift is 

estimated at 1,4 x 106 m3 (Swart 1983). Short-lived 

reversals in sediment transport directions are likely to 

occur during the Northwesterly conditions (De Decker 1986). 
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2.4 Geomorphology 

Only the land adjacent to the study area up to the 200m 

contour is considered in this section. The ensuing 

description is taken from Map 3C which was compiled largely 

from Topocadastral Maps 2916BD, 2916DB, 2917CA (Government 

Printer, RSA, 1975) and aerial photographs (1985, Job No. 

867) . 

The coastal plain rises gently from the shore towards a 

subdued escarpment about lOOm high within 3-6km from the 

coast (Map 3C). The coastal plain is widest and has the 

gentlest gradient inland of Sandown Point, rising to only 

40m elevation 6km from the shore. Inland of the escarpment, 

a line of hills, which reaches a maximum elevation of 220 m, 

forms the landward margin of the coastal plain in the study 

area (Heydorn and Tinley 1980). 

2.4.1 Foreshore 

From Kleinzee to the embayment at Stompneus Bay (Map 

3C) the coast is oriented N-S and the foreshore consists of 

exposed bedrock. Between Stompneus Bay and Rob Eiland the 

coast is oriented NW-SE with no significant headlands or 

embayments. A 4 km-long beach occurs along the foreshore up 

to Rob Eiland, whereafter bedrock is again exposed. 

The rugged stretch of coast between Rob Eiland and 

White Point is orientated NNW-SSE. Prominent headlands occur 

at Sandown Point, Wedge Point and White Point (Map 3C) . 

There are four embayments, namely, a previously unnamed 

embayment just north of Rob Eiland (hereafter referred to as 

Dreyer Bay) , Doring Bay, Deurloop Bay and Blindstrandj ies 

Bay. The 

bedrock. 

coast is composed predominantly of exposed 

Sandy beaches are typically developed on the 

southern side of the headlands (Hallam 1964) at Sandown 

Point, Wedge Point and White Point as well as at Dreyer, 

Doring and Deurloop Bays. 
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2.4.2 Dunes 

Modern, active dunefields have developed behind the 

beaches at Penguin Rock, Doring Bay, Sandown Point and White 

Point (Map JC) . These dunefields consist typically of 

arcuate or barchan dunes composed of bare, white, quartzose 

sand (Tinley 1985), and are elongate in a N-S direction. 

Slip-faces of individual dunes are generally North-facing, 

indicating the northward direction of aeolian sediment 

transport (Tinley 1985), which is likely to occur mainly 

during summer when southerly winds are strongest (Figure 5). 

The largest dunefield in the study area begins at Penguin 

Rocks. This dunefield is up to 1,5km wide and extends 12km 

inland northwards past Dreyers Pan, and terminates 

approximately 4km inland off Sandown Point (Map JC). 

The remainder of the coastal plain is covered by 

stabilized dunes and sediments which support a fairly dense 

vegetation of milkbush, dwarf shrub and succulents (O'Shea 

1971, Heydorn and Tinley 1980, Tinley 1985). 

2.4.3 Drainage 

As a result of the low rainfall in the present day arid 

climate, the Namaqualand rivers rarely, if ever, flow and 

thus today effectively provide no sediment input to the sea. 

The only major river in the vicinity of the study area is 

the episodic Buffels River (Map 3C). It has a catchment 

area of 9375 km2 and yields an average annual sedim_ent 

production of <50 tons/km2 (Heydorn and Tinley 1980). The 

river floods episodically, the last 

May 1986, and before that, in 1976 

1981) . The mouth of the river lies 

Bay and is almost permanently closed 

(Heydorn and Grindley 1981). 

occasion being during 

(Heydorn and Grindley 

6km south of Stompneus 

by a littoral sandbar 

The drainage in the study area is classified as coastal 

lowland drainage (Heydorn and Tinley 1980). This drainage 
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rises near the 300m contour along the late Tertiary 

shoreline which provided a new expanding surface for local 

drainage as the sea receded. 

Aerial photographs reveal small-scale, local drainage 

developed on the slopes of the escarpment backing the 

coastal plain. Much of this drainage is directed into the 

pans which occur predominantly in the southern end of the 

study area. 

The Kwaganap River rises in the hills behind Twee Pad, 

has a drainage area of 122 km2 and approaches the coast at 

Deurloop Bay. The river course ends in an unnamed pan 

behind the dunefield barrier at this bay. 

North of the study area, the Kamma River rises in the 

hills near Port Nolloth and has a drainage area of 1000 km2 

(Heydorn and Tinley 1980). The river course approaches the 

shore at Oubeep Bay, north of White Point, where it too is 

blocked by a barrier dunefield. Aerial photographs show 

good evidence of a more southerly river course where the 

Kamma River may have entered the sea just south of White 

Point. 

2.4.4 Pans 

In Namaqualand pans generally occur in bedrock deposits 

associated with drainage and/or paleodrainage channels. 

These depressions, which are filled with fluvial and aeolian 

sediments, are mined for diamonds (De Beers 1979). 

Karras Pan, near Rob Eiland (Map 3C), the largest pan 

in the area, is up to 1km wide, 3km long and elongate in a 

N-S direction. An apparent drainage channel, which can be 

traced through the centre of the pan, ends close to the 

shoreline at Penguin Rock. 

Blau Pan and Dreyers Pan lie 4-5km inland of Deurloop 

Bay in close proximity to the unnamed pan terminating the 

Kwaganap River at Deurloop Bay. 

Sout Pan, near White Point in the north of the study 
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area, is 2.5km long, up to 0,8km wide and is also elongate 

in a N-S direction. 

2.5 Geology 

2.5.1 coastal geology 

The regional geology along the Namaqualand coast 

consists of Precambrian bedrock overlain by Cenozoic to 

Recent sediments (De Villiers and Sohnge 1959, Carrington 

and Kensley 1969, Joubert and Kroner 1971, Hendey 1981, 

Pether 1986, Kensley and Pether 1986). Immediately east of 

Kleinzee (Figure 7) granitic gneiss, schist and quartzite of 

the Namaqualand Gneiss Complex is overlain by the late 

Precambrian Stinkfontein Formation (Joubert and Kroner 

1971). The outcrops on the coast adjacent to the study area 

itself (Figure 7) belong to the Stinkfontein Formation which 

is divided lithologically into Upper and Lower Members 

(Joubert and Kroner 1971). Contacts between the two Members 

occur at Stompneus Bay and Rob Eiland. 

The, physiographically prominent orthoquartzite and 

basal-conglomerate succession of the Lower Stinkfontein 

Formation occurs to the south of Rob Eiland. The felspathic 

quartzites, arkoses and volcanics of the Upper Stinkfontein 

Formation crop out at Stompneus Bay and to the north of Rob 

Eiland. Four phases of deformation are evident in the 

Stinkfontein Formation (Joubert and Kroner 1971). The main 

phase of deformation, F2, produced strongly developed 

NNE-SSW trending folds and a less pronounced NNW-SSE 

trending folds. The axial-planar foliation generally dips 

westward, i.e. seaward, at 45°. Evidence from aerial 

photographs shows that gully-development along the coastal 

outcrops is strongly controlled by these structural trends. 

Farther inland, Cenozoic deposits overlie the 

Precambrian basement. Detailed investigations of the 

Cenozoic onland geology have been made immediately north (De 

Villiers and Sohnge 1959, Stocken 1962, Keyser 1972, 
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Corvinus 1983) and south (Carrington 

Pether 1983, Kensley and Pether 1986) 

and Kensley 

of the study 

1980, 

area. 

The only published work on the area between Port Nolloth and 

Kleinzee is given in Hallam (1964) and in a field-excursion 

guide compiled by De Beers (1979). 

Late Tertiary to Pleistocene diamond-bearing 

raised-beach deposits overlie the basement rocks at 

elevations of 88-82, 64-52, 52-40 and 40-2lm above present 

sea-level (Hallam 1964, De Beers 1979). These terraces lie 

along the base of the escarpment backing the coastal plain 

and are currently being mined for diamonds. A wedge of 

terrigenous sand forms the bulk of the overburden and is 

composed chiefly of a mixture of Pleistocene aeolianites and 

Holocene sheetwash and alluvium. The youngest sediments 

consist of well-sorted sand in the modern active dunefields 

and beach deposits (De Beers 1979) (Map 3C). Figure 8 shows 

the Kleinzee mining area adjacent to the study area and the 

stratigraphy of the onland Cenozoic sediments. 

2.s.2 Shelf geology 

The inner shelf along the Namaqualand coast is composed 

of Late Precambrian Basement onto which lap the shallow 

seaward-dipping Upper Cretaceous sediments of the middle 

shelf (Dingle 1971) (Figure?). Farther offshore the 

Cretaceous sediments are unconformably overlain by Tertiary 

deposits (Dingle 1971, Dingle and siesser 1977, Dingle et al 

1983). A wedge of Quaternary sediment approximately 25m 

thick covers the Cretaceous/Precambrian basement contact 

from a depth of 60-90m along the entire Namaqualand coast. 

(Birch in prep). 0 1 Shea (1971) mapped the inner-shelf 

deposits between the Olifants River and Walvis Bay. He 

noted a body of "Recent" unconsolidated sediments overlying 

older "Intermediate" sediments which Dingle .(1973) 

( interprets as being Cretaceous to Tertiary in age. 

Pleistocene del taic deposits occur off the mouth of the 
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Orange River (Hoyt et al 1969, Rogers 1977). 

According to regional studies by Birch and Rogers 

(1973), Birch (1975), Birch et al (1976) and Rogers (1977), 

the sediment wedge at the base of the sediment shelf is a 

Holocene deposit of muds introduced onto the shelf by the 

Orange River and carried south by poleward-flowing currents. 

More recently Birch (in prep) has suggested that the 

sediment wedge may be comprised of Late Pleistocene sandy 

units capped by Holocene muds. Subsequent detailed studies 

of Quaternary deposits have been carried out on parts of the 

inner shelf between Kleinzee and Chamais Bay, north of the 

Orange River by Woodborne (1986a, 1986b), De Decker (1986) 

and in Honours projects by Petersen (1983), Terhorst (1983), 

Mc Rae (1983), Kieser (1984) and Price (1984). Vibrocores 

from the Orange River delta (Petersen 1983) and off the 

coast of Namibia (Price 1984) show upward-fining 

transgressional sedimentary deposits. 
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3. METHODS. 

3.1 Data Acquisition 

The data presented in this study were collected on 4 

separate occasions between February 1983 and May 1985. 

on three of these occasions the writer was involved in 

cruises in the study area viz. cruise numbers SAD 2/83, SF 

7/84 and SAD 5/85. on the fourth occasion data-collection 

was done by personnel from State Alluvial Diggings (SAD) . 

During the cruises, time was also spent collecting data from 

two areas to the north of the present study, for co

researchers in the West Coast Project. Nearshore surveys of 

this nature were strongly affected by sea conditions which, 

together with equipment failure and engine breakdowns far 

from base, reduced by 50% the available time during cruises. 

3.1.1 Geophysical data 

The first cruise (SAD 2/82), from mid-February to mid

March 1983 (SAD 2/83), was conducted from Port Nolloth using 

the vessel "Seedelwer II", a 20m-long diamond-mining boat 

from the SAD fleet based at Alexander Bay (Woodborne 1984a). 

Side-scan-sonar and high-resolution seismic profiling were 

run along 540km of track-line. 

Non-isometric sonographs were recorded using a Model 

521-T Klein side-scan-sonar recorder and a 100-kHz towfish. 

A scanning range of lOOm to either side of the survey vessel 

was selected to give the best compromise between resolution 

and range for the purposes of the study. The towfish was 

streamed, on average, 15-25m astern of the vessel on the 

starboard side. According to Flemming (1976a), resolution of 

the system is O. 45m perpendicular to the line of travel 

(range resolution) and varies from o. 26m to 1. 25m at the 

outer limit of the scan range parallel to the line of travel 

(transverse resolution). 

The high-resolution seismic profiles were recorded with 
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an EDO Western 3,5 kHz sub-bottom profiler linked to a Model 

4100 EPC graphic recorder set at a 250-millisecond sweep 

rate. The transducer was mounted on a floating EG&G Uniboom 

catamaran and towed approximately 15m astern on the port 

side of the vessel. Resolution of this system is 1-2m 

(D'Olier 1979). Maximum penetration to bedrock of 20m 

occurred in the muddy sediment on the seaward edge of the 

inner shelf (d' Shea 1971). In the sandy sediment closer 

inshore (O'Shea 1971) a maximum of only 6m penetration to 

bedrock was achieved due to attenuation of the acoustic 

pulses. 

A total of 39 coast-parallel lines were run from as 

close to the coast as the vessel could operate safely, out 

to approximately 2.5km offshore (Map lA). The coast

parallel line direction lies parallel to approaching swell 

and thus reduced the effect of pitch on the records. In 

addition, if coast-normal survey lines had been run it would 

have taken approximately 150 lines to obtain the same 

coverage. These lines were spaced at lOOm intervals to 

obtain 100% overlapping side-scan-sonar coverage of the 

diamondiferous inner-shelf platform. In this manner both the 

landward and seaward perspectives of all important seafloor 

features were obtained. A further 13 tie-lines, covering 

the remainder of the study area, were run diagonally to the 

coast out to approximately 5km offshore (Map lA). Average 

ship speed during surveying was 2.0m/s (4 knots). 

Position fixes were taken at one-minute intervals on 

the LO 17 grid using an MRD-1 Tellurometer system. This 

system consists of three land-based slave units which 

receive, amplify and re-transmit signals from the master 

unit on the survey vessel. The master unit calculates the 

vessel's position relative to the pre-determined positions 

of the slave units. Navigation along survey tracks was 

controlled using the MRD-1' s left/right-indicator facility 

which shows the deviation from a pre-programmed straight-
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line course between two given points. The seismic and 

sonograph records were annotated at 2-minute intervals. 

3.1.2 Grab Samples 

During May and June 1983 sediment samples were 

collected by SAD personnel during the course of their normal 

prospecting duties at sea. A Van Veen grab was used from 

the vessel "Seedelwer II" and 46 sediment samples were 

collected from 121 pre-determined stations. The stations 

represent a 800 m2 grid covering the study area from the 

coast out to approximately 3km offshore (Bremner, pers. 

comm., 1983). Samples were placed in plastic screw-top 

bottles and stored for processing. Sample-station positions 

were fixed with the MRD-1 Tellurometer (Map lB). Positions 

of stations where no sample was obtained were also recorded 

to assist in verification of the sonographs. 

3.1.3 Vibrocores and additional seismic data 

During a 10-day cruise to the Orange River Delta aboard . 
the "RV Benguela" in July 1984 (De Decker 1985), 3 

vibrocores and an additional 75km of seismic profiles were 

collected from the study area (Map lA) at specific sites 

selected after interpreting the then-available seismic data. 

This brought the total seismic-track coverage in the area to 

615km. Specific vibrocore sites were chosen in order to 

core through an internal horizon in the sediment covering 

the inner-shelf platform just north of Penguin Rock (Figure 

2). Upon arrival in the study area however, the planned 

vibrocore sites were deemed too close to the coast for the 

ship to reach safely (ie. shallower than approximately -30m) 

and 3 alternative sites were chosen in the sediment farther 

offshore. Core-site positions were determined from the 

ship's radar, the accuracy of which was estimated to be 

about 100m (De Decker 1985). 
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A VK300 Vibrocorer system which has a maximum core

length capacity of 3m was used. The corer was deployed and 

recovered off the stern using the ship's moveable gantry. 

Upon recovery, the lOcm-square core-casings were unscrewed 

and the cores were photographed and described. Thereafter 

the cores were split into lm sections and, to prevent de

watering, were put into pre-constructed perspex core boxes, 

sealed with silicon glue and plastic tape and stored at 

approximately 4° C in the ship's refrigerator room. 

The seismic profiles were run along 9 tracks over sandy 

areas where the penetration of the EDO Western profiler was 

impeded. A high-resolution EG&G Uniboom boomer and 

hydrophone array was used. Incoming signals were amplified, 

filtered and then recorded on a Model 4100 EPC Graphic 

Recorder set at a 250-millisecond sweep. Position-fixes 

were taken at 15-minute intervals using the ship's DECCA 

navigation system. When compared with satellite fixes, the 

accuracy of the DECCA System was found to be, at best, 1 

nautical mile (1.8 km) (De Decker 1985). The seismic records 

were annotated at 5-minute intervals. 

3.1.4 Additional samples and seafloor photography 

The final cruise during May 1985 (SAD 5/85) was also 

run from Port Nolloth (Woodborne 1985). The am-long, SAD

owned catamaran "Seedelwer VIII" was used as a platform to 

take seafloor photographs and sediment samples. A specially 

designed davit and pulley system was built by SAD personnel 

and fitted to the vessel along with a hydraulic winch to 

facilitate the deployment and recovery of the camera and 

grab. A further 88 samples were collected with a Shipek 

grab from 88 stations (Map lB) on a 400m2 grid over areas 

specifically selected for sampling after a preliminary 

interpretation of the side-scan-sonar data. A total number 

of 134 samples were thus collected from the study area. 

Samples were stored in plastic screw-top bottles and all 
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sample stations were fixed using the MRD-1 Tellurometer 

system. 

Seafloor photographs were taken at 2 stations using a 

Model 371 Benthos underwater camera and flash unit. At each 

station, one 36-exposure Ilford 125 ASA black and white film 

was exposed at 0.125 sec. with an aperture setting of f20 

and a focal length of 1.5m. The settings were pre

determined from camera tests in Port Nolloth Harbour. The 

camera was triggered by repeatedly raising and lowering the 

system while drifting across the seafloor in the target 

area. The position of each photograph was fixed with the 

MRD-1 Tellurometer. 

3.2 Data Interpretation and presentation 

3.2.1 Track Chart 

The one-minute MRD-1 position fixes were plotted at 1:2 

000 scale by surveyors of the Chief Mining Surveyor's office 

at SAD in Alexander Bay. At the original plotting scale of 

1:2 000, the study area is comprised of 16 maps which are 

each lm wide and up to 2m long. The latitude/longitude 

navigational data from cruise SF 7/84 were converted to L017 

coordinate system and plotted onto the existing track chart 

at a reduced scale of 1:10 ooo. 

3.2.2 seismic profiles 

Interpretations of the seismic profiles were traced 

onto transparent overlays from which the bathymetry, depth

to-basement and depth-to-internal reflectors were measured 

in metres at 1-minute intervals and at inflection points. 

Sediment thickness was determined by subtracting the isobath 

value from the depth-to-basement value. Sound velocity was 

assumed to be 1500m/s through both water and unconsolidated 

sediment (D'Olier 1979). This figure has been consistently 

applied by other authors in interpreting seismic data from 

the West Coast (O'Shea 1971, Birch in prep, De Decker 1986). 
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No adjustment was made for tide as the tidal range of the 

area is 1. 6m (Hallam, 1964, Heydorn and Tinley 1980) and 

therefore within the resolution limits of the records 

(D'Olier 1979). No adjustment was made for the 15m layback 

of the Edo Transducer (0.75cm at 1:2 000 scale). 

A density of 105 data points/km2 occurs in the coast

parallel area surveyed on Cruise SAD 2/83. Bathymetric data 

from this area were plotted at 1:2000 scale and contoured 

manually at 1 m-intervals using the sonograph map (showing 

bedrock/sediment distribution) as a control. Depth-to

basement, depth-to-internal reflector and sediment-isopach 

data were plotted at 1:10 000 scale and contoured manually 

at 1 m-intervals (Map 2A and 2B, Map 3A). Data from the tie

lines and from cruise SF 7/84 were plotted as fence diagrams 

due to the low density of 10-15 points/km2 which precluded 

meaningful contouring (Map 2A and 2B). 

3.2.3 sonographs 

The sonographs from the study area contain a number of 

inherent scale distortions (Flemming 1976a, 1982) which were 

removed manually during the interpretation and draughting 

process. Flemming (1982) ascribes the two main distortions 

to variable ship's speed, paper-feed rate of the recorder 

and the height of the tow-fish above the seabed. He 

presents graphical aids for their correction. 

Compressional distortion in the line of ship's travel 

occurs when ship's speed varies in relation to the constant 

paper-feed rate of the recorder at any specific range 

setting. Higher ship's speed leads to foreshortening on the 

record in relation to true distance across the seafloor. To 

correct for these effects, distortion ellipses (Newton et al 

1973, Flemming 1982) were used to calculate the true• 

orientation of lineaments and interfaces. 

The height of the tow-fish above the seafloor 

determines the amount of compression occurring across the 



21 

sonograph record (slant-range distortion). If the towfish 

is high above the seabed, more space is taken up by the 

water column and the seabed is then compressed into the 

remainder of the sonograph. The nomogram for a lOOm scan 

range presented by Flemming (1982) was used to eliminate 

slant-range distortions. The sonographs from the study area 

show that during the survey, the fish height above the sea 

floor seldom, if ever, exceeded lOm. As a result, slant

range distortion was minimal. 

Flemming (1982) also describes a number of other 

distortions which one should be aware of while interpreting 

sonographs, but which are normally small enough to be 

neglected. Inhomogeneities in the water column such as 

temperature or salinity fluctuation and seabed slope produce 

minor range distortions (Denbigh and Flemming 1982, Denbigh 

1982). Towfish instabilities such as rolling, pitching and 

yawing are induced by rough sea conditions and produce 

characteristic distortion patterns on the sonographs 

(Flemming 1982). Finally, crabwise motion of the towfish can 

be induced when the survey vessel encounters strong side

winds or currents. 

Sonograph interpretation was accomplished at a scale of 

1: 2000. The original sonograph records were photographed 

at 4-minute intervals and printed at a reduced scale of 

1: 2000. These photographs were then copied on a high

quality photocopier and cut into sections corresponding to 

the 2-minute position-fix intervals on the track chart. A 

mosaic was then compiled by pasting the sections onto the 

track chart. The graphical aids presented in Flemming 

(1982), described above, were used to correct compressional 

and slant-range distortions. The layback of the tow fish 

was taken into account during plotting and ranged from 

0.75cm to 1.25cm at the plotting scale. 

The distribution of seafloor reflectivities, micro

relief and lineaments were plotted. When necessary, the 
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original sonographs were referred to in order to resolve 

fine detail. Al though there are mechanical and optical 

methods of speeding up this tedious manual process of 

plotting scale-corrected maps, they are generally elaborate 

and more expensive (Berkson and Clay 1973, Kelland 1972, 

Flemming 1982). For example, sonographs can be optically 

corrected using a closed-circuit TV system or a transfer 

scope whereafter the corrected image is photographed. 

However, practical and/or financial limitations precluded 

using any of these aids. The method of sonograph 

interpretation used was considered to be the most efficient 

and cost-effective for this study. 

3.2.4 Scale of map presentation 

The geophysical records were recorded at an original 

scale of about 1:500. All of the maps discussed above were 

plotted at a scale of either 1:2 000 or 1:10 ooo. Even at a 

scale of 1:2 000 the maps were 16m long and approximately 

1.5 to 2m wide! The maps were photographically reduced and 

redrafted at 1:20 ooo scale. Thereafter, they were again 

photographically reduced to a scale of 1: 50 ooo. Although 

now still o. 64m long, reduction beyond this scale would 

forfeit the fine detail discernible at the plotting scale 

and would thereby defeat the object of this detailed survey. 

3.2.5 Sediment analysis 

The grab samples and vibrocores were taken primarily to 

assist in verification of the sonographs. In the 

laboratory, each of the grab samples was homogenized by 

stirring and 2 subsamples were taken from the centre of each 

bottle, a 200g sample for sedimentololgical analysis and a 

50g sample for the verification of the sonograph records. A 

flow-chart of the analytical laboratory procedures is shown 

in Figure 9. 

The 200g bulk samples were dialyzed for 24 hours to 



SEDIMENT ANALYSIS 

VIBROCORE GRAB SAMPLE 

I 
PHOTOGRAPH SUBSAMPLE SUBSAMPLE 

50g I 2009 

SUBSAMPLE I 
(10 cm INTERVALS....._/ _FA_C_IE_s_c_H_A_NG_E_) ~ ~ 

DIALYSE 

I 
SPLIT 

WET-SIEVE 63µm 

GRAVEL+ SAND 

I 
DiY 

I 
SIEVE 2mm 

I 
I 

WEIGH wr 
WT%GRAVEL 

.. I 
STORE 

STORE 

1 
WT%SAND 

I 
SPLIT 

HYDRAULIC 
SIZE 

ANALYSIS 

SETTI TUBE 

MUD 

1 
DRY 

WEIGH 

1 
WT%MUD 

I 
STORE 

MICROSCOPIC 
COMPONENT 

ANALYSIS 

1 
%SIZE DISTRIBUTION %COMPONENTS 

STATISTICAL DATA 

DRY 

I 
CRUSH 

I 

VERIFICATION OF 
SI DE-SCAN-SONAR 

RECORDS 

CaC0 3 

ANALYSIS 
(CARBONATE BOMBE) 

%CaCOa 

Figure 9 



23 

remove interstitial salt. At this point, a 20g subsample was 

dried, crushed and analyzed for carbonate content using the 

Karbonat-Bombe (Muller and Gastner 1971, Birch 1981). The 

remaining sample was wet-sieved on a 63 µm screen to 

separate the mud fraction from the sand and gravel. The mud 

fraction was washed into a plastic tub in which it settled 

out over a period of·l-3 days. The sand and gravel fractions 

were oven-dried at 100° C, separated by sieving on a 2mm 

screen and weighed. The excess water was decanted from the 

mud which was then dried and weighed. The total sample 

weight and the weight-percent composition of each fraction 

was then calculated. 

The sand fractions were split into 3-4g quantities for 

hydraulic size ,analysis in the computerized settling tube at 

the Bellville regional office of the Geological Survey 

(Brink and Rogers 1985). The advantages of this method of 

size analysis over the conventional sieving technique are 

reviewed in Flemming and Thum (1978). In short, it is argued 

that the hydraulic nature of settling diameters provides 

more meaningful results than those from sieving in the study 

of depositional processes. The , computerized settling- tube 

results include the frequency percentages of mud, each of 

the five 1-phi sand-fractions, gravel as well as the 

textural classification of the bulk sample according to Folk 

(1968) and the moment measures of mean, median, sorting, 

skewness and kurtosis of the sand fraction. 

These values along with sample positions and CaC03 

compositions were put into a "Lotus 123" spreadsheet on an 

IBM XT microcomputer. The data were transformed into circles 

proportional in area to the percentage composition of the 

chosen fraction and plotted onto digitized A4-size maps of 

the study area. The size of the circle was calculated as 

follows : size= square root (percentage/ 100) x 5. In 

this way a composition of 100 % is represented by a circle 

of 5mm diameter. 
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Finally, lg splits of the sand fraction were used to 

undertake microscopic component analysis based on the Ingram 

method ( Ingram 19 6 5) . Quartz , rock fragments, heavy 

minerals, shell debris, benthic and planktonic foraminifera 

and mica were identified and their abundance noted as 

follows: >50% Dominant, 50-5 % Major, 5-1 % Minor and <1% 

Trace. Although not plotted graphically, these results were 

used in interpreting sedimentary processes. 

The vibrocores were first cleaned and re-photographed 

in colour using a large-format camera and print film. 

Detailed core logs and descriptions were made before 

sampling. The cores were sampled above and below noticeable 

facies changes and at lOcm-intervals within homogeneous 

units. Samples were taken across the full width of the core 

( 10cm) using a hypodermic syringe-casing of 2cm diameter, 

modified to form a scoop. In this manner a constant sample 

volume of 31,4cm2 was taken. Thereafter, processing of the 

core samples was identical to that of the grab samples 

described above. 

The sediment size, texture and compositional data for 

both the· grab samples and the vibrocores is given in 

Appendix 1. 
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4. BATHYMETRY 

4.1 Introduction 

In the following chapters, the seafloor is described in 

terms of macro-topography, mesa-topography and micro

topography, based on Shipek's (1961) classification of 

seafloor relief shown in Figure 10. 

4.2 Macro-topography 

The continental shelf off Namaqualand is up to 180km 

wide and up to 500m deep (Shepard 1963, Dingle 1973, Dingle 

et al 1976) (Figure 2). In profile (Figure 1 inset) it 

consists of a well defined, shallow (up to 100m depth) and 

narrow (up to 10km wide) inner shelf that slopes relatively 

steeply towards the landward edge of the wide middle shelf 

at approximately 100m depth (Dingle et al 1976, Birch et al. 

1976). 

The inner shelf is defined by Dingle (1973), Birch et 

al (1976) and Rogers (1977) as being the region along the 

coast underlain by pre-Mesozoic basement. The boundary 

between the inner and middle shelves occurs at -llOm, at 

which depth there is a distinct wave-cut terrace, thought to 

have been re-occupied during the last glacial (Van Andel and 

Calvert 1971). Between the Orange and the Olifants Rivers 

the inner/middle shelf boundary is masked by a belt of 

terrigenous sediment, almost 500km long, up to 40km wide and 

averaging 25m in thickness (O'Shea 1971, Birch et al. 1976, 

Rogers 1977). The mudbelt lies against the inner shelf from 

a depth of about 75m below which depth the seafloor slopes 

gently down to a depth of 90-120m (Birch in prep) . De 

Decker (1986) defines the inner/middle-shelf boundary 

slightly differently, as the line along which the mudbelt 

laps onto the inner-shelf. 
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The middle shelf extends out to a depth of 

approximately -200m and the outer shelf lies between -200 

and -500m (Birch et al 1976, Dingle et al 1976, Rogers 1977) 

(Figure 1). 

4.3 Meso-topography 

4.3.1 Background 

In this study the inner shelf is considered to be the 

region underlain by pre-Mesozoic (Precambrian) bedrock, 

following the definition of Dingle (1973), Birch et al 

(1976) and Rogers (1977). Rogers (1977) ascribes the convex 

profile of the inner shelf to the resistant nature of the 

underlying Precambrian basement. De Decker (1986) notes 

that the main part of the inner shelf consists of a flat 

"inner-shelf platform" at a depth of 20-40m with a gradient 

of O. 5°, beyond which the II inner-shelf slope" grades more 

steeply (1-2°) down beneath the mudbelt. The nomenclature 

used to describe the inner shelf in this study is shown in 

Figure 11. 

Detailed bathymetric maps 

intervals) have been compiled 

( ie contoured at 1 or 2m 

from South African Navy 

Faircharts for many other areas along the coast (Glass 1975, 

De Decker 1982, Woodborne 1984b, Hay 1984). Unfortunately 

no Faircharts have been produced for the stretch of 

coastline between Kleinzee and Port Nolloth. O'Shea (1971) 

and Rogers (1977) produced 10 m-interval bathymetric maps of 

the area compiled from seismic and echo-sounder profiles, 

respectively. These maps were based on sparse data coverage 

and therefore were unable to resolve many of the smaller 

topographic features on the inner shelf. 

The bathymetry presented in this study therefore 

represents the most detailed currently available (Map 2A). 

The inner-shelf platform is covered by the coast-parallel 

survey lines and depths from this area are contoured at lm 

intervals. The inner-shelf slope is covered by the 
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coast-perpendicular lines and the bathymetry of this area is 

presented in profile as fence diagrams (Map 2A). 

coast-perpendicular profiles were constructed from the 

bathymetry of the inner-shelf platform and are presented in 

Figure 12. Selected areas are portrayed as three-dimensional 

images to enable the reader to visualize the topography of 

the inner shelf (Figures 13-15). 

4.3.2 Inner-shelf platform 

The most striking feature of the inner-shelf platform 

is the distinct difference in the isobaths to the north and 

to the south of Deurloop Bay (Map 2A). 

Much of the area south of Deurloop Bay exhibits evenly 

spaced curvilinear isobaths indicating smooth-surfaced 

unconsolidated sediment (Glass 1975). Off Stompneus Bay, 

Rob Eiland and Deurloop Bay the seafloor grades smoothly 

down to a depth of 75m (Map 2A, profiles wa, W9, W4, W2 and 

Figure 12, profiles B and E) . Between Stompneus Bay and 

Doring Bay the platform is approximately 3km wide. 

Convolute isobaths indicating rapid changes in relief 

(Glass 1975) delineate a SW-trending rocky ridge at Penguin 

Rock. A second broad rock ridge occurs approximately 1km 

south of Penguin Rock and is hereafter referred to as 

Stompneus Shoal. Stompneus Shoal is comprised of a number of 
' 

narrow, elongate, NNW/SSE-trending reefs. The orientation 

of the reefs comprising the shoal conforms with the general 

NNW/SSE-folding trends prevalent in the coastal outcrops of 

the Stinkfontein Formation (Joubert and Kroner 1971). These 

reefs rise 5-lOm above the surrounding seafloor and are 

continuous for about 200-400m. One reef rises from a depth 

of 25m to the sea surface 1.2km offshore to form a "blinder" 

known locally as Huistoegaan Rock (translated from Afrikaans 

it means" Go-home" Rock - rumour has it that when the swells 

break over this rock, local diamond-boat skippers take it as 

an indication of impending high swells and therefore as the 
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signal to return home. Large swells can force the closure of 

the shallow harbour entrance at Port Nolloth.) Penguin Rock 

lies on the outer part of a wide, saddle-shaped ridge and 

rises from a depth of 25m to the sea surface, approximately 

1. 5km offshore. 

The ridges at stompneus Shoal and Penguin Rock are 

separated by a round, flat-bottomed depression with a 

diameter of approximately 1km and a maximum depth of 25m 

(Figure 12, profile A) . A similar but larger depression 

with a maximum depth of 26m occurs to the south of Stompneus 

Shoal towards the Buffels River. 

An area of hummocky relief abuts against the northern 

flank of the Penguin-Rock ridge and grades northwards over a 

distance of 1km into the smooth seafloor off Rob Eiland. 

The features described thus far are illustrated in Figure 13 

in the form of a 3-dimensional image plotted by computer. 

Off Dreyer Bay the seafloor slopes relatively steeply 

from -lOm to -lam to a terrace which slopes more gently 

seaward at about 1° between -lam and -35m. Thereafter the 

seafloor again slopes more steeply down to a depth of 45m 

(Figure 12 profiles C and D). 

Much of the inner shelf north of Sandown Point exhibits 

a convolute isobath morphology that again reflects rapid 

changes in relief indicative of rock outcrop (Glass 1975). 

Between Sandown Point and Twee Pad the inner shelf narrows 

to approximately 2km. The granitized felspathic quartzites, 

arkoses and conglomerates of the Upper Stinkf ontein 

Formation crop out along the coast (Joubert and Kroner 

1971). They appear to be locally more resistant in this 

area where the inner shelf slopes fairly steeply at 2° from 

the coast down to a depth of 75m, showing no well-developed 

platform or breaks in slope. A 3-dimensional image of the 

seafloor morphology between Doring Bay and Sandown Point 

just described is shown in Figure 14. 

At Twee Pad the isobaths between ~23m and -44m are 
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deflected shoreward delineating a 5-lOm deep, north-south 

trending channel up to 5km long. The channel is 100-200m 

wide. The seaward extension is masked by unconsolidated 

sediment. Figure 15 shows a 3-dimensional image of the 

channel cutting obliquely across the inner-shelf platform 

and leading onto the inner-shelf slope. 

North of Twee Pad to White Point the inner shelf 

broadens to ,approximately 3.5km and the inner-shelf platform 

is particularly well developed. This may be due to a lesser 

degree of granitization of the Stinkfontein Formation as one 

moves farther north away from the Namaqualand Gneiss Complex 

exposed at Kleinzee (Figure 7). The seafloor slopes steeply 

down at about 6° from -17m to -22m and then levels out to 

form a gently sloping ( 1 °) terrace between -22m to -28m. 

Thereafter there is a break in slope at -28m and the 

seafloor again slopes steeply at about 6° to a depth of -33m 

(Figure 12 profile H). From -33m to -40m a second gently 

sloping terrace (1°) occurs (Map 2A profiles DL2 and DLl). 

On the rocky areas between Stompneus Bay and White -

Point, shoreward deflection of the isobaths delineate 

numerous smaller coast-perpendicular channel-like features. 

These features, which are particularly well developed around 

Stompneus Shoal and Penguin Rock, are merely mentioned at 

this point and will be dealt with later in Chapter 5. 

4.3.3 Inner-shelf slope 

Throughout the area, below a depth of 40m, the inner

shelf slope has a relatively steep gradient (1.5° to 2.3°) 

to a depth of 75m below which it is covered by the mudbelt 

(Rogers 1977). Although the coast-oblique lines do not 

clearly define the morphology of the inner-shelf slope, they 

do indicate a gently sloping terrace area between about -44m 

and -53m which is also developed beneath the overlying 

sediments at Rob Eiland and Deur loop Bay (Map 2A profiles 

DL6, DL8, W4, W2, DLlO, DL4, DL2, DLl). 
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The portion of the slope covered by the mudbelt is here 

termed the "buried inner-shelf slope" (Figure 11). The 

buried slope extends down to the Cretaceous/Precambrian 

bedrock boundary at a depth of approximately 110m. The 

mudbelt laps onto the inner-shelf slope along the -75m 

isobath throughout the study area and it marks a significant 

change in the gradient of the seafloor from about 2° on the 

slope to 0.5°-0.25° over the mudbelt (Map 2A). The landward 

edge of the mudbelt moves from approximately 3km offshore at 

Stompneus Shoal to about 2km offshore at Sandown Point and 

finally out to approximately 3.5km offshore at White Point. 
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5. RESULTS 

s.1 Introduction 
In Chapter 4 the areas of bedrock and sediment are 

broadly defined. In this chapter the Precambrian bedrock 

and the Quaternary sediments are described in detail. 

Observations based on the seismic profiles are presented 

first. Sonographs and sediment samples are then used to 

refine the initial observations. 

Seismic profiles reveal the bedrock mesa-topography and 

the thickness, stratigraphy and internal structure of the 

Quaternary sediments in the study area. 

Side-scan sonar provides an acoustic image of the 

seafloor based on differences in the reflective 

characteristics of the various seafloor elements (eg. rock, 

gravel, sand etc) (Belderson et al 1972, Flemming 1976a, Bouma 

and Rappeport 1984). The intensity of the acoustic return

signals is a function of the nature and relief of the 

seafloor. Areas with irregular relief are not only good 

reflectors but also cause acoustic shadow-zones which appear 

as white (non-reflective) patches on the sonographs 

(Flemming 1976a). Each bedrock and sediment type exposed on 

the seafloor is thus characterized by a distinctive pattern 

of acoustic reflectivity on the sonograph (Du Plessis and 

Glass 1981) • In general, areas of bedrock are strongly 

reflective and areas of sediment show weaker reflectivity 

(Belderson et al 1972, Flemming 1976a). 

The distribution of bedrock and sediment mapped from 

the sonographs is shown in Map 3B (Woodborne 1986). 

Selected seismic profiles and sonographs illustrating 

certain characteristic features of the bedrock and sediments 

are reproduced in Figures 17, 18, 19, 21 and 24 and in 

Plates 2, 3, 4, 5, 6, 7 and 8. The location of the selected 

records is shown on Map lA and Map 3B respectively. 
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5.2 Bedrock morphology 

s.2.1 Meso-topography 

The sonograph map (Map 3B) shows that 70% of the study 

area is composed of bedrock and many aspects of the bedrock 

morphology have therefore already been described in the 

previous chapter on bathymetry. Attention has already been 

drawn to the description of terraces, reefs, depressions and 

sea floor gradients. This section therefore deals mainly 

with the morphology of the bedrock beneath the Quaternary 

sediment deposits on the inner-shelf platform. Special 

emphasis is given to the identification of possible palaeo

drainage channels in the bedrock throughout the study area. 

De Decker (1986) has mapped channels in bedrock off the 

Orange River and notes that they are large (5-200m wide) 

isolated features up to lOm deep with a depth-to-width ratio 

of 0.5 to 0.05. 

The bedrock morphology map (Map 2B) south of Sandown 

Point differs significantly from the bathymetric map (Map 

2A) of the same area. Off Stompneus Bay the bedrock slopes 

steeply between -9m to -14m and then levels off to -18m. 

Beyond -18m the bedrock again slopes steeply down into a 

flat-bottomed channel at a depth of 23m. The channel is 

500m wide and extends 3.5km southwards from Stompneus Shoal. 

The basement beneath the sediment at Rob Eiland was 

only resolved around the southern and northern landward 

margins. The bedrock immediately north of Penguin Rock has 

already been described in Chapter 4. Suffice to say that 

the bedrock in this area slopes steeply down to a depth of 

22m and then levels out between -22m and -26m forming a 

terrace. Off Dreyer Bay, the bedrock morphology map shows 

no significant difference from the bathymetry map due to the 

paucity of sediment. 

As mentioned previously in Chapter 4, a labyrinth of 

smaller, coast-perpendicular channels is evident on the 

inner-shelf platform and slope. They are usually less than 
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50m wide and 2m-3m deep. A particularly well-developed set 

of such palaeo-channels occurs around Stompneus Shoal and 

Penguin Rock. 

The bedrock beneath the sediment at Deurloop Bay 

consists of two SW-trending channels separated by a ridge. 

The ridge appears to be the seaward extension of the 

headland separating Deur loop and Doring Bays. The channel 

off Doring Bay is lOOm wide, 5m deep and slopes steadily 

down from -18m to -30m. Off Deurloop Bay a flat-bottomed 

channel, up to 500m wide and 5m deep, also slopes steadily 

down from -18m to -30m. 

Due to the sparse sediment cover north of Sandown 

Point, the bathymetry essentially reflects the basement 

morphology. Off Twee Pad sediment occurs on the floor of 

the large north-south-trending channel described previously 

in Chapter 4. This channel extends offshore from a depth of 

23m and is 100-2oom wide down to a depth of 32m. Thereafter 

the channel narrows rapidly to a width of 50m at -35m and 

appears to terminate on a bedrock terrace at 44-48m depth. 

At Aeroplane Hole sediment lies at the bottom of a T-shaped 

channel. This channel is 2 Om wide, up to 7m deep and 

extends southwards for 1.5km from the northern boundary of 

the study· area. Part of the channel extends 500m seaward 

out of the study area. 

s.2.2 Micro-topography 

A feature of side-scan sonar is that the depth of the 

seafloor below the towfish is continuously recorded on the 

sonographs (Flemming 1976a). As a result of the high 

operating frequency and narrow beam width (100 kHz and 1.2° 

respectively) the towfish effectively acts as a high

resolution, narrow-beam echosounder, resolving small-scale 

(up to O. 25m) changes in relief (Flemming 1976a, McQuillan 

and Ardus 1977, Richter et al 1986). The method of 
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determining seafloor relief from sonographs is shown in 

Figure 16. 

Micro-relief is a measure of the vertical change in 

metres over a distance of metres or occasionally tens of 

metres (Shipek 196~ (Figure 10). The sonographs were used 

to rigorously classify the exposed bedrock into five 

proposed classes of micro-relief which are shown in Table 1. 

Considering the effect of the average swell conditions 

experienced during surveys, minimum resolution of 

surface-relief attainable on the sonographs from the study 

area, using a lOOm scan range, is considered to be 3m. 

Sonographic classification of the bedrock is dealt with 

later in this chapter. However, by combining the additional 

dimension of surface relief with the 2 acoustically 

different bedrock types, it is possible to distinguish 8 

physiographically distinct bedrock areas on the inner-shelf 

platform (Map 2C). The micro-relief classification is 

restricted to the area covered by the coast-parallel survey 

lines ( lOOm scan range) since the tie-lines were run at a 

200m scan-range thereby reducing the minimum resoiution of 

micro-relief. 

TABLE 1 

CLASSIFICATION OF BEDROCK MICRO-RELIEF 

relief 
classification 

low 
low/moderate 
moderate 
moderate/high 
high 

maximum change in 
surface relief 
(metres) 

<3m 
up to 6m 
up to 9m 
up to 12m 
>12m 
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The inner-shelf platform is composed predominantly of 

low-relief bedrock out to a depth of about 30m (Map 2C). At 

Stompneus Shoal and Penguin Rock micro-relief ranges from 

low/moderate- to high-relief areas which mark prominent NNW

trending reefs. Similarly, in Dreyer Bay six small areas of 

high relief delineate reefs which rise from surrounding 

areas of low- and low/moderate-relief bedrock. Between 

Dreyer Bay and Doring Bay the bedrock micro-relief varies 

from low/moderate to moderate/high between -20m to -28m 

depth. Off Sandown Point the relief increases steadily 

offshore from low/moderate at -am to high relief at -35m 

depth. Similarly off Blindstrandj ies Bay, bedrock relief 

increases offshore with increasing depth from low-relief at 

-lorn to moderate-relief at -Jorn. From Blindstrandjies Bay 

north to White Point the inner-shelf platform consists 

predominantly of low-relief bedrock out to a depth of about 

30m. Isolated patches of bedrock ranging from low/moderate-

to moderate/high-relief occur at depths between 30m-40m off 

Twee Pad and Wedge Point. 

s.2.3 Bedrock types 

Sonographs show 2 sonographically different types of 

bedrock on the inner shelf. The distribution of these 

Acoustic Facies is shown in Map 3B. 

Acoustic Facies 1 is a strongly reflective area 

characterized by strong, parallel reflectors and 

well-developed acoustic shadow-zones (Plate 2). The shadow 

zones indicate a rugged topography and the strong reflectors 

define lineaments oriented NNE-SSW and NNW-SSE, some of 

which are continuous for up to 1500m. Small patches of this 

bedrock type occur in shallow (< 30m depth) water at the 

reef areas of Stompneus Shoal, Penguin Rock and Dreyer Bay 

where felspathic quartzites of the Upper Stinkfontein 

Formation crop out along the coast (Joubert and Kroner 

1971). North of Rob Eiland this facies occurs on the shelf 



Plate 2 

Plate 3 

Acoustic Facies 1 - Strongly reflective with 
parallel reflectors, well developed shadow zones 
and rugged micro-relief. The sonograph is from 
the inner-shelf platform NE of Twee Pad (Location 
shown on Map 3B). 

Acoustic Facies 2 - Strongly reflective wi~h 
poorly developed reflector and shadows and low 
micro-relief. The sonograph is from the inner
shelf platform off Twee Pad (Location shown on Map 
38) • 
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from a depth of 20-30m out to the mudbelt at -75m depth. 

The micro-relief in this facies ranges from low to high. 

Grab samples were recovered from 11 of the 28 sample 

stations in this facies (Figure 25) . Small quantities of 

sediment ranging from slightly gravelly sand to muddy sandy 

gravel were recovered (Figure 26). 

Acoustic Facies 2 is a strongly reflective 

rough-textured area with poorly developed, discontinuous, 

parallel reflectors, and weakly developed shadow-zones 

(Plate 3). This facies occurs extensively in the area of 

low micro-relief along the landward edge of the platform to 

the north of Dreyer Bay out to a depth of about 2 5m. In 

this area, the exposed coastal bedrock is of the Upper 

Stinkfontein Formation (Joubert and Kroner 1971). Isolated 

patches occur in deeper water (> 30m depth) particularly 

around Stompneus Shoal and Penguin Rock. Of the 53 stations 

sampled in this facies, 19 gave no sample, 1 gave freshly 

broken rock fragments and at 10 stations large numbers of 

sea urchins, Parechinus angulosus which populate rocky areas 

(Branch and Branch 1981), were recovered (Figure 25). 

Sediment from the remaining 15 stations varied from gravel 

to slightly gravelly sands (Figure 26). 

5.3 Quaternary sediments 

5.3.l Background 

A brief description of the main features of Quaternary 

sedimentation along the inner shelf off Namaqualand is 

required at this point in order to provide perspective to 

this description of the sediments in the study area. 

Sandy sediment is irregularly distributed over small 

areas on the inner-shelf platform and slope (Birch et al 

1976, Rogers 1977). A wedge of sediment thought to be 

comprised of sandy, seaward-thinning units overlain by 

Holocene muds, laps onto the inner-shelf slope, covering the 

inner/middle shelf boundary along the Namaqualand coast 
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(Birch in prep). The internal structure of the Holocene 

muds is masked over large areas by the Acoustic Blanking 

Layer (ABL} (O'Shea 1971). This phenomenon occurs in other 

areas of high sedimentation and is attributed to the 

presence of gas-charged sediment which dissipates acoustical 

energy thereby precluding penetration (Schubel 1974, 

Siddiquie et al 1981). The ABL has an average width of 4km 

and occurs extensively off the Orange River and the Buffels 

River (O'Shea 1971, Birch in prep, Rogers 1977). The 

features described above are illustrated in a seismic 

profile recorded across the inner and middle shelf off Rob 

Eiland (Figure 17). 

5.3.2 Sediment Thickness 

The position of the bedrock/sediment interface was 

determined from the sonographs and the bedrock reflector was 

traced beneath the sediment cover on the seismic profiles. 

Total sediment thickness refers to the vertical distance (in 

metres) between the seafloor and the underlying bedrock. 

Internal reflectors are ignored and are dealt with 

separately later in this chapter. Isopach maps have been 

drawn only for those parts of the sediment deposits covered 

by the coast-parallel lines and where sediment thickness 

exceeds lm (Map 3A} . Over the remainder of the area, 

sediment thickness is shown in profile along the tie-lines 

on Map 2B. Attention is focussed on the sandy sediments on 

the inner shelf's platform and slope. The sediment deposits 

are described sequentially from south to north and are 

referred to by the name of the nearest onland location. A 

detailed description of the sediment thickness in the study 

area is of particular relevance to diamond prospecting 

activities as most of the present-day manually-operated 

diamond mining equipment cannot cope with sediment thicker 

than about 2m (Walker and Gurney 1985). 

Between Stompneus Bay ( only 6km north of the Buff els 
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River mouth) and Penguin Rock, scattered ponds of sediment 

with an average thickness of 2m cover a combined total 

surface area of 0.84 km2 on the platform. These deposits 

have accumulated at the landward side of the basin-like 

depressions on either side of Stompneus Shoal. On the 

southern side of Stompneus Shoal, sediment occurs in two 

elongate depressions oriented North-South. The deposits are 

approximately 150m wide, 3 500m long and thicken towards the 

centre to a maximum thickness of 2m. North of the Shoal, an 

arcuate patch of sediment up to 3'm thick occurs in the 

centre of a bedrock depression. 

An extensive deposit of sandy sediment extends from the 

shore across the inner-shelf platform and slope between 

Penguin Rock and Dreyer Bay (Map 3B). This deposit has a 

surf ace area of 5. 7 km2. Attenuation of the acoustic 

signal restricted penetration in this area to a maximum of 

Sm. As a result, no isopach data exist for the central 

section of this deposit. The 500 m-wide band of sediment on 

the platform immediately north of Penguin Rock, thickens 

progressively shorewards from a depth of approximately 30m 

to a maximum thickness of Sm at the landward limit of the 

survey area. In Dreyer Bay sediment up to 2m thick occurs 

in narrow NE-SW oriented depressions (about lOm wide and up 

to 500m long) between bedrock ridges. Farther offshore, up 

to Sm of sediment occurs in a 300 m-wide depression 

oriented NW-SE. The scanty isopach data from the central 

section of the deposit suggest a seaward-thickening trend. 

Seismic profiles show that the deposit is lensoid in shape 

and continues seaward across the slope, reaching a maximum 

thickness of am (Map 2B profiles W9, wa, DL6). The deposit 

thickens again seaward of the -75m isobath to a maximum of 

18m before the appearance of the ABL. 

The inferred boundaries in Map 3B show a northward

tapering deposit of sandy sediment covering the inner-shelf 

slope between Doring Bay and Twee Pad. This deposit has a 
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surface area of 4. 98 km2 and extends onto the inner-shelf 

platform at Deurloop Bay and Twee Pad. Only the southern 

and northern extremities of the deposit are covered in 

detail in the present study. 

Between Dreyer Bay and Doring Bay the platform and 

slope are essentially sediment-free to a depth of 75m beyond 

which the seaward-thickening wedge of Orange River muds is 

encountered (Map 2B profile DL 8). At Deurloop Bay, sediment 

cover extends from the shore across the platform and onto 

the slope. The deposit broadens progressively offshore from 

1.5km (at the inshore limit of the survey) to about 5km (at 

the seaward limit). The isopachs show that the deposit is 

composed of two lenses of sediment separated by a ridge of 

bedrock. Off Doring Bay 4.5m of sediment occurs in the NE

SW-oriented bedrock channel and does not extend onto the 

slope. Sediment off Deur loop Bay thickens seaward to a 

maximum of 7m in the centre of the broad NE-SW oriented 

channel noted earlier in the bedrock morphology. Seismic 

profiles show that the sediment continues to thicken 

offshore to a maximum of lOm on the slope. Below a depth of 

75m, maximum penetration of 9m is obtained before the ABL 

appears (Map 2B profiles W4, DLA, W2). 

At Twee Pad, in the north, a thin veneer (up to 2m) of 

sediment laps onto the platform in the form of a tongue 

2.5km long and up to 400m wide. The sediment rests at the 

bottom of the N-S-trending channel noted previously in the 

bedrock morphology. Sandy sediment up to 7m thick mantles 

the slope southwards towards Sandown Point. From a depth of 

75m, sediment again thickens progressively seaward to a 

maximum thickness of 9m before the ABL begins (Map 2B 

profile DL 10). With the exception of minor accumulations 

off Wedge Point and Aeroplane Hole, the inner-shelf platform 

and inner-shelf slope north of Twee Pad are virtually 

sediment-free (Map 3B). 

Sediment in the oval-shaped deposit off Wedge Point has 
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accumulated in a shallow basement depression, at the centre 

of which the sediment is 3.5m thick (Map 2B). The deposit 

has a surface area of o. 3 3 km2. Farther offshore, from a 

depth of 75m, the sediment at the landward margin of the 

mudbelt thickens seaward to a maximum thickness of 18m 

before the ABL is encountered (Map 2B profiles DLA, DL4, 

DL3, DL2, DLl). 

At Aeroplane Hole sediment lies at the bottom of the T

shaped channel described earlier and has a surface area of 

O. 09 km2. The coast-parallel section of the deposit is 

approximately 1km long and 80m wide with an average 

thickness of 2m. A maximum thickness of 3.5m occurs in the 

seaward arm wpich extends beyond the limits of the survey. 

An associated coast-parallel deposit less than lm thick and 

of similar dimensions is offset lOOm seaward from the 

southern arm of the T-shaped deposit. This deposit trends 

southwards beyond the limit of the survey and may in fact be 

an extension of the southern arm of the T-shaped deposit. A 

third deposit, also less than lm thick, occurs closer 

inshore. 

5.3.3 Acoustic Stratigraphy 

The seismic profiles shown in Figure 18 and 19 show the 

stratigraphic association between the off shore mudbel t and 

the sandy deposits on the inner-shelf platform. The surface 

reflector of the sandy sediment overlying the Precambrian 

bedrock on the inner-shelf platform and slope continues 

beneath the mudbelt forming an angular unconformity between 

the two deposits. The point at which the sand disappears 

beneath the mudbelt occurs consistently at a depth of 75m. 

The unconformity is continuous up to the onset of the ABL 

and occurs in all profiles between stompneus Bay and Sandown 

Point (Map 2B). The sand beneath the mudbelt appears to 

taper northwards from a thickness of about lOm off Penguin 

Rock to about 3m off Twee Pad. 
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The relationship between the mudbelt and the sand on 

the inner-shelf's platform and slope is shown in the fence 

diagram compiled from both coast-parallel and dogleg lines 

(Figure 20). The diagram shows the continuity of the sandy 

sediment beneath the mudbelt off Rob Eiland northwards 

towards Doring Bay. The mud overlying the sand sheet 

thickens to a maximum of approximately Sm before the onset 

of the ABL. The ABL then rises to a point 3. 5m below the 

surface of the mudbelt within a distance of about 100m from 

its onset at the landward edge of the mudbel t. Thereafter 

the surface of the ABL remains conformable with that of the 

mudbel t. This trend occurs in the mudbel t throughout the 

study area. The angular unconformity between the sand and 

the overlying mud does not occur in the profiles north of 

Twee Pad (Map 2B). Line W9, southwest of Rob Eiland, shows 

a landward-thickening wedge of more densely reflective 

sediment within the muds at the seaward margin of the 

mudbelt (Figure 17). 

5.3.4 Internal Acoustic Structure 

The internal acoustic structure of both the mudbelt and 

the sand deposits, is shown by internal reflectors within 

these identified stratigraphic units. These reflectors 

occur where the acoustic sound pulses are reflected by an 

unconformity such as a textural change in sediment 

composition (McQuillan and Ardus 1977). 

The only visible internal structure in these deposits 

occurs in the landward-thickening band of sediment on the 

inner-shelf platform at the southern end of the Rob Eiland 

deposit (Map 3B). Seismic profiles show a moderately 

strong, undulating internal reflective horizon between lm 

and 3. 5m below the seafloor surface (Figure 21) . The 

internal horizon reflects the upper surface of a basal 

sedimentary unit, hereafter referred to as Unit lA. The 

morphology of this internal unit between Penguin Rock and 
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Rob Eiland is depicted in the suite of maps presented in 

Figure 22. The shaded area in the figures represents the 

areal extent of the internal horizon. 

Unit lA is referred to as Unit lB. 

Sediment overlying 

The seafloor above Unit lA (Figure 22 A) is smooth-

surfaced and slopes steeply at first to a depth of 18m and 

less steeply thereafter to a depth of 26m. The surface of 

Unit lA (Figure 22 B) shows a similar trend, sloping steeply 

at first to a depth of 22m and less steeply thereafter to 

-25m. This feature is clearly shown in the profiles 

presented in Figure 23. The location of the profiles is 

shown in Figure 22 A. The surface gradient of Unit lA 

varies between 1,59° (Figure 23 B) and 2,04° (Figure 23 E), 

the average being 1, 86°. The bedrock beneath Unit lA 

(Figure 22 C) slopes steeply down to a depth of about 22m. 

Thereafter, a wide (300-600m) gently sloping (1°) platform 

extends out to a depth of 26m. Unit lA rests on the step at 

the landward edge of the platform (Figure 23 profiles A to 

E). The seaward edge of the unit laps onto the platform and 

pinches out between -21m and -25m depth. Isolated peaks of 

bedrock protrude through the unit at the seaward margin. 

The unit pinches out against the bedrock between -14m and 

-17m in two places at the landward edge of the unit. The 

remaining landward parts of the1 unit do not terminate 

against the bedrock within the limits of the survey. The 

axis of maximum sediment thickness is oriented roughly 

coast-parallel (Figure 22 D). The unit is lobate in shape 

and thickens from the margins inward to a maximum of 3.5m. 

The internal structure of the upper 4m of the Holocene 

mudbelt is resolved in the 3.5 kHz-pinger seismic records. 

A continuous internal reflector marks the top of a horizon 

lying conformably about 2m below the almost horizontal 

surface of the mudbelt (Figure 24). This horizon is found 

in nearly all the profiles over the mudbelt and demarcates 

the base of the topmost unit in the mudbel t, hereafter 
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referred to as Unit Ml. In two profiles north of Wedge Point 

(Map 2B profiles DL 1 and DL 2) , a poorly defined and 

inconsistent reflector occurs within Unit Ml, suggesting 

that it may be composed of an upper and a lower member. The 

sediment below Unit Ml is referred to as Unit M2. The base 

of this unit is masked by the ABL which occurs about 2m 

below the main internal horizon. 

Throughout the study area, the onset of the ABL at the 

landward edge of the mudbel t appears to be a function of 

mud thickness. The ABL starts when the mud overlying either 

the bedrock or the Quaternary sand deposits, reaches a 

thickness of 7-9m. The surface of the ABL then rises 

rapidly from the underlying bedrock or sand surface to a 

point approximately 3.5m below the surface of the mudbelt, 

thereby giving its landward edge a characteristic convex-up 

shape (Figure 24). Thereafter the surface of the ABL 

remains 3. 5m below the surface of the mudbel t. Both the 

mudbelt and the ABL show no substantial depth variation 

between the South and North of the study area. 

5.3.5 Sediment types 

Following on from the bedrock types, Acoustic Facies 1 

and 2, the sonographs show 4 acoustically different facies 

in the sediment on the inner shelf. 

Acoustic Facies 3 is an area of moderate reflectivity 

with a "patchy" assemblage of light and dark tones which 

have a "wavy" texture ( Plate 4) . In some areas indistinct 

sonograph-lineaments, similar to those in Acoustic Facies 1 

and 2, do occur. This facies displays very low micro-relief 

and occurs predominantly in the south of the study area in 

shallow water (< 30m depth) on the landward side of the 

depressions and areas of hummocky relief around Stompneus 

Shoal and Penguin Rock. Isolated patches occur off Deurloop 

Bay and Doring Bay. Large numbers of sea urchins, 

Parechinus angulosus were recovered at 13 of the 26 sample 



Plate 4 

Plate 5 

Acoustic Facies 3 - Moderately reflective with a 
"wavy" ·texture and low micro-relief. The 
sonograph is form the inner-shelf platform SW of 
Penguin Rock (Location shown on Map 3B). 

Seafloor photo from Acoustic Facies 3 showing 
boulders and cobbles interspersed with small 
patches of coarse, shelly sediment. Sea urcains 
(Parechinus anqulosus) inhabit the rocky areas. 
The photo was taken at camera station 1, N of 
Penguin Rock (Location shown on Maps 18 and 3B). 
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stations in this facies (Figure 25). Fresh rock fragments 

were recovered at 2 stations and sediment ranging from sandy 

gravel to slightly gravelly muddy sand was recovered at 8 

stations (Figure 26). At 3 stations no sample was 

recovered. Seafloor photographs (Plate 5) taken in this 

facies just north of Penguin Rock show an area of subdued 

topography consisting of an accumulation of boulders, rock 

slabs and cobbles supporting a large population of the sea 

urchin, Parechinus angulosus. The rocky areas are 

interspersed with patches of coarse shelly sediment which 

seismic profiles have shown to be up to 2m thick. 

Acoustic Facies 4 includes all sediment causing a 

light, even-toned record indicative of low-reflective 

material on a sonographically featureless seabed (Plate 6). 

Although the material as a whole has poor reflectivity, the 

signal return from the seafloor directly below the towfish 

is clearly discernible on the sonographs. Acoustic Facies 4 

occurs in areas shown by the bathymetry as smoothly sloping 

seafloor over the inner-shelf platform and covers much of 

the deeper parts (>30m) of the study area between Stompneus 

Bay and Twee Pad. Off Rob Eiland and Deur loop Bay this 

material extends from the shore to a depth of 75m. Isolated 

patches also occur in shallow ( <3 Om) water on the inner

shelf platform off Stompneus Bay, Dreyer Bay and Wedge 

Point. In the shallow water north of Penguin Rock, the 

sonographs have a slightly "sugary" texture. 

Facies 4 was sampled at 69 stations (Figure 25). Full 

grabs of predominantly slightly gravelly fine sand were 

recovered at 58 stations (Figure 26). Of the remaining 8 

stations, sea urchins were recovered from 2 and no samples 

were obtained from the remaining 6 stations (probably due to 

premature triggering of the Van Veen Grab). Vibrocores were 

also taken in this facies off Rob Eiland (2 cores) and in 

Deurloop Bay (1 core)(Figure 31). The cores show that the 

upper 2.5m of the sediment consists predominantly of 
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Plate 7 
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Acoustic Facies 4 - Light, even-toned with low 
reflectivity and a well defined surface reflector 
showing a flat, featureless seafloor. The 
sonograph is from the inner-shelf platform off 
Twee Pad (Location shown on Map 3B). 

AF 4 sand AF 5 mud 

$ .. 

Acoustic Facies 5 - Almost non-reflective with a 
very weak surface reflector. The sonograph is 
from the inner-shelf slope off Doring Bay 
(Location shown on Map 3B). 
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slightly gravelly fine and very fine sand. 

Acoustic Facies 5 is an area of very light, almost 

non-reflective record indicating very-fine-grained sediment 

forming a smooth, gently-sloping, featureless seafloor 

(Plate 7). The signal returns from the seafloor directly 

below the towfish are very weak, which serves to distinguish 

this facies from Facies 4. Al though not striking on the 

sonograph record shown in Plate 7 depicting the Facies 

4/Facies 5 interface, this subtle change in reflectivity is 

quite pronounced on the original sonographs. Acoustic 

Facies 5 covers all of the study area seaward of a depth of 

75m which corresponds with the landward edge of the Holocene 

mudbelt. Two samples collected previously by Rogers (1977) 

lie in this facies (Figure 25) and contain more than 98% mud 

(Figure 30). 

Acoustic Facies 6 shows elongate, ribbon-like patches 

of regularly spaced, parallel bands of light and dark tones 

(Plate 8). This pattern occurs only between Rob Eiland and 

Penguin Rock within 900m-of the shore in water depths of 

<25m. The seafloor over this facies is essentially flat and 

is also completely surrounded by Acoustic Facies 4 material. 

Slightly gravelly, fine sand was recovered from all 6 sample 

stations in this facies (Figures 25 and 26). 

5.4 Sediment distribution and composition 

5.4.l Introduction 

Sediment samples and vibrocores were taken primarily to 

assist in verifying the sonographs and the textural aspects 

of the sediments that have already been described. A 

detailed sedimentological description is considered to be 

beyond the scope of this thesis. However, in order to 

outline the broad sedimentological trends, the distribution' 

of the sediment size-fractions and composition is briefly 

described. Due to similar distributions of certain sand-

size fractions, the size-fractions have been grouped as 
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follows: firstly; medium, coarse and very coarse sand which 

are hereafter referred to collectively as "Coarse sands" and 

secondly; fine and very fine sand, hereafter referred to 

collectively as "Fine sands". Samples recovered from areas 

of bedrock are considered likely to represent localized 

accumulations in depressions. 

5.4.2 Distribution 

The distributions of gravel (Figure 27) and "Coarse 

sands" (Figure 28) are similar. High concentrations (up to 

95%) occur predominantly on the bedrock and at the 

bedrock/sediment interface off Penguin Rock, Dreyer Bay and 

Aeroplane Hole. In areas of sediment the gravel fraction 

accounts for <5% of the sample. "Fine sands" (Figure 29) 

are clearly most dominant in the sediments. The sediment 

embayments off Stompneus Bay, Rob Eiland and Deurloop Bay 

all contain more than 70% of the "Fine sands" fraction both 

along and across the inner-shelf platform. The v ibrocores 

are comprised of >90% "Fine sands", showing a uniformity in 

internal composition to a depth of 2.5m. "Fine sands" from 

bedrock areas indicate the likelihood of active sediment 

movement. Mud (Figure 30) clearly increases offshore with 

increasing depth from <5% on the platform at -15m to 98 % at 

depths of >75m in the mudbelt. 

s.4.3 Mean sand size and sorting 

The mean sand size (Figure 31) shows no evidence of 

progressive coast-pa_rallel or coast-normal size variation. 

"Fine sands" (2-3.5 phi) occur in the deposits off Stompneus 

Bay, Rob Eiland and Deurloop Bay. Gravel and "Coarse sands" 

are generally associated with bedrock areas off Rob Eiland, 

Twee Pad and Aeroplane Hole. The sediments are predom

inantly well- to moderately well-sorted (Figure 32). 

The size distribution trends described above are shown 

in Figure 34. This bivariate plot of mean sand size versus 
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sorting shows that the sediments are composed of two 

populations, namely well- to moderately well-sorted "Coarse 

sands" and very well- to moderately well-sorted "Fine 

sands". Certain trends within the individual acoustic 

facies are also revealed. Sediments from Facies 1 (bedrock 

area) are grouped into well- to moderately well-sorted 

"Coarse sands" (0.8-1.3 phi) and "Fine sands" (2.6-3.0 phi). 

Sediment in Facies 2 shows a wide spread in size from coarse 

(0.6 phi) to fine sand (2.8 phi) all of which are well- to 

moderately well-sorted. Sediment in Facies 3 shows 

grouping, similar to Facies 1, of moderately-sorted "Coarse 

sands" and well-sorted "Fine sands". Facies 4 consists 

predominantly of very well to moderately well sorted fine 

sand (2.0-3.0 phi) but shows a tail of well sorted coarse 

sand (1.0-2.0 phi). Facies 5 (not plotted) is represented 

by 2 samples from Rogers ( 1977) which contain only mud 

(Figure 30). Facies 6 consists of fine sands (2.2-2.6 phi) 

which are very well to moderately well sorted. 

5.4.4 Composition 

Binocular-microscopic examination of the sediments 

shows that the sand fraction is composed predominantly 

(>50%) of well-rounded to sub-rounded quartz grains with 

major (50-5%) amounts of heavy minerals, rock fragments and 

shell material. Minor (5-1%) amounts of white and brown 

mica occur in the sediments off Rob Eiland and Deurloop Bay. 

Only trace (<1%) amounts of benthic foraminifera were 

observed. 

The calcium carbonate (Caco3) content of the sediments 

(Figure 33) shows that the "Fine sands" contain <25% CaC03. 

Higher concentrations of up to 80% occur in sediment from 

the rocky areas off Penguin Rock, Rob Eiland and Aeroplane 

Hole. The distributions of caco3 , gravel and "Coarse sands" 

are very similar, indicating that, in most cases, the gravel 

and "Coarse sands" are composed of biogenic material. The 
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exceptions to this occur off Sandown Point and particularly 

in the channel off Twee Pad where the low caco3 values 

indicate terrigenous gravel and "Coarse sands". These two 

gravel populations and the consistently low caco3 values of 

<25% in the "Fine sands" are shown in Figure 35. 

0 
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6. INTERPRETATION 

6.1 Introduction 

In this chapter the Precambrian bedrock and the 

Quaternary sediment deposits are evaluated and interpreted 

in the framework of the Late Quaternary history of the area. 

Diamonds are concentrated in specific locations on or 

close to bedrock and in palaeo-beach deposits (Hallam 1964, 

Keyser 1972, Gurney et al 1982). Any morphological features 

indicating potentially diamondiferous zones within the study 

area are now identified and discussed. In places both the 

bedrock and and the diamondiferous deposits are covered by 

sediment, so the effect of the Flandrian transgression in 

determining the present-day distribution of diamondiferous 

bedrock and sediment is therefore stressed. 

The origin and subsequent distribution of diamonds 

along the Namaqualand coast and shelf during Tertiary and 

Quaternary sea level fluctuations is reviewed by De Decker 

(1986). Discussion in this chapter centres on the 

development of the inner shelf since sea-level was last at 

or near its present level 125 000 years before present (BP) 

(Shackleton and Opdyke 1973). Emphasis is placed on the 

events following the Last Glacial Maximum 17 000-18 000 yrs 

BP (Milliman and Emery 1968, Bloom et al 1974). The writer 

does not propose to review all the palaeo-climatic and sea

level changes of the Late Quaternary as these topics are 

dealt with elsewhere in the literature (Tankard 1976, 

Kennett 1982, Tyson 1986 and others). The palaeo-climatic 

and sea-level scenario presented here is taken chiefly from 

the work of curray (1965), Milliman and Emery (1968), 

Shackleton and Opdyke (1973), Bloom et al (1974), Tankard 

(1975 and 1976), Van Zinderen Bakker (1976), Flemming (1976b 

and 1977), Rogers (1977), Tankard and Rogers (1978) and 

Tyson (1986}. 

The discussion is divided into two sections. In the 
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first part the bedrock morphology and structure are examined 

in order to identify features such as wave-cut terraces, 

palaeo-drainage channels and gullies. The second part deals 

with the stratigraphy, composition and depositional history 

of the Quaternary sediments. 

6.2 Bedrock morphology 

A full understanding of the bedrock configuration is 

required in order to establish the theoretical aspects of 

diamond distribution (Murray 1969). Assuming a dominant 

northward littoral drift, diamonds occur in specific 

locations such as on the southern, exposed side of reefs and 

headlands, at the base of wave-cut cliffs backing abraded 

terraces, in palaeo-drainage channels and in erosional 

features such as gullies and potholes (Hallam 1964, Keyser 

1972, Gurney et al 1982, Walker and Gurney 1985). Diamond

prospecting can therefore be guided by identifying these 

features from the bathyrnetry and bedrock morphology of the 

area. 

6.2.1 wave-abraded terraces 

Distinct changes in general bedrock gradient (nick 

points) on the inner shelf may indicate wave-abraded 

terraces reflecting Cenozoic sea-level stillstands (Flemming 

1965, Murray et al 1970, Flemming 1976b). Rogers (1977 pl3.) 

notes that in areas of resistant lithology such as the 

granitized Stinkfontein Formation quartzites underlying the 

study area, the inner shelf tends to be narrow with no 

clearly defined slope changes and it grades smoothly down 

beneath the mudbelt. This is clearly the case off Sandown 

Point (Map 2B). However, despite its resistant nature, the 

bedrock morphology shows four nick points marking wave

abraded terraces in the study area (Table 2). The terraces 

compare favourably with other terraces mapped off the west 

coast by Murray et al (1970), O'Shea (1971) and De Decker 



51 

(1986), on the south coast by Flemming (1976b) 

the east coast by Maud (1968). 

Depth 
(m) 

TABLE 2 

Comparison of wave-abraded terraces 
mapped off the coast of Southern Africa 

Present 
Study 

14-18 

De Decker 
(1986) 

10-13 
16-19 

O'Shea 
(1971) 

Murray 
et al 
(1970) 

Maud 
(1968) 

18 

and on 

Flemming 
( 1976b} 

20 --------------------------------------------------------
22-28 22-25 18-24 

26-28 
20 

30 --------------------------------------------------------
33-40 30-35 32-34 36 · 35-40 

40 --------------------------------------------------------
44-53 40-45 40-42 47 

50 --------------------------------------------------------
50 52-54 

56-59 
55-60 

60 --------------------------------------------------------
60 

The -14m to -lam terrace is not well developed and 

occurs only off Stompneus Bay. De Decker (1986) notes a 

corresponding terrace at a depth of 16m - 19m, just south of 

the Orange River. The limited occurrence of these shallow 

terraces may reflect relatively fewer and shorter periods of 

sea-level stands at these depths during sea-level trans

gressions (De Decker 1986). 

The best developed terrace occurs at -22m to -26m. 

This terrace continues beneath the sediment at Stompneus Bay 

and Rob Eiland and is particularly well developed in the 

exposed bedrock north of Twee Pad (Map 2B). Corresponding 

terraces are mapped to the north of the study area by Murray 

et al (1970), O'Shea (1971) and De Decker (1986). According 
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to their observations the landward edge of the terrace is 

marked by a wave-cut cliff 1. 5m to 5m high, the base of 

which occurs at a depth of 18m-22m. They regard this 

feature as being " ... probably the most clear-cut evidence of 

a former stand in sea level" (Murray et al 1970, page 128). 

In the study area, the more steeply sloping ( about 6°) 

bedrock backing the -22m terrace suggests the presence of a 

similar feature, informally referred to here as a wave-cut 

"cliff", at this depth (ie. -18m to -22m). The form of the 

-2 2m terrace in the study area can be deduced from an 

analogous wave-cut "cliff" and terrace exposed onland 

adjacent to the study area at an elevation of 30m to 40m 

(Plate 9) (Farrow, pers. comm. 1987). 

The areas of exposed bedrock with low micro-relief (Map 

3A) occur predominantly within the · depth range of this 

terrace ie. -20m to -30m and apparently outline the areal 

extent of this -22m terrace. The poorly defined terrace at 

-14m to -lam is also incorporated in this low relief area . 

The seaward limit of the bedrock with low micro-relief 

bedrock generally follows the -28m isobath. The few areas 

of low micro-relief bedrock occurring at depths of >30m are 

probably associated with the deeper terraces described 

below. 

The -22m terrace invokes a sea-level stand at about 

-20m (Murray et al 1970, De Decker 1986). The late 

Quaternary sea-level curve (Figure 36) compiled by Moore 

(1982) from the work of Shackleton and Opdyke (1972), Bloom 

et al (1974) and others, shows that the sea last stood at 

this depth 85 000 year BP and prior to that, 107 000 years 

BP. These sea-level stands however probably represent 

periods of re-occupation and modification of the -22m 

terrace which is likely to have been formed earlier in the 

Cenozoic (Flemming 1965). 

The exposed bedrock north of Twee Pad shows another 

terrace at -33m to -40m depth which is also·backed by more 



Plate 9 A wave-cut cliff at the landward end of a terrace 
which occurs onland adjacent to the study area at 
an elevation of 30 to 40m (photo: O.Farrow). 

Plate lOa Gully Plate 10b Potholes 

Plate lOa and lOb - Gullies and potholes eroded into the 
wave-abraded terrace shown in Plate 9 
(photo:O.Farrow). 
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steeply sloping bedrock between -28m and -33m, suggesting 

the occurrence of another wave-cut "cliff". According to 

O'Shea ( 1971) a distinct wave-cut cliff has been noted at 

this depth by divers off the coast of Namibia. The -33m 

terrace corresponds with other terraces which occur around 

the coast both to the north and south of the study area. The 

terrace reflects a sea-level stand at -30m (De Decker 1986) 

and was last re-occupied 61 000 years BP before the 

Flandrian Transgression (Bloom et al 1974). 

The tie-lines across the inner shelf indicate a terrace 

at -44m to -53m, which is best developed north of Sandown 

Point. This terrace is broadly associated with the terraces 

between -40m and -50m mapped by De Decker (1986}, O'Shea 

(1971) and Flemming (1976b}. This terrace infers a sea

level of -40m (De Decker 1986) and was re-occupied during 

the last interstadial 29 000 years BP (Bloom et al 1974). 

The terraces at -50m and -60m that are reported by other 

authors (Table 2) are not clearly resolved in the study 

area. Their presence in the study area, however, is not 

discounted. 

Sedimentological evidence at Rocky Bank, at the mouth 

of False Bay and at Saldanha Bay, suggests that the base of 

present-day submarine abrasion occurs at -15m (Flemming 

(1976b, 1977). Flemming (1976b} notes also that similar 

depth levels of abrasion bases ( 10-15m) are reported from 

various parts of the world. Interstadial sea-level 

transgressions during the last 125 000 years rose to between 

-15m and -40m (ie onto the inner-shelf platform) (Figure 

36). A rough estimate from the sea-level curve (ie the area 

under the curve above -40m} suggests that the sea covered 

the inner-shelf platform for as much as 41% of the time in 

the last 125 ooo years. Assuming an abrasion base of -15m, 

much of the inner-shelf platform would have been subjected 

to active abrasion for almost half of the late Quaternary 

and this probably accounts for the fact that most of the 

I 
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platform occurs between the depths of 18m and 30m (Figure 

37). In addition, the average present-day waves are able to 

transport gravel (the size fraction most commonly associated 

with diamonds) on the seafloor down to -15m (De Decker 

1986). Therefore, the diamondiferous deposits on the inner

shelf platform are likely to have been reworked over 

extended periods during the Late Quaternary. 

The terraces mentioned above were reoccupied briefly 

during the rapid Flandrian Transgression from -130m at 

18 ooo years BP to around its present level at about 6 500 

years BP (Flemming 1965, Bloom et al 1974, Flemming 1976b). 

The erosional features on the terraces such as gullies 

and potholes would have formed a natural bedrock riffle in 

which diamonds would become trapped. 

discussed later in section 6.2.3. 

6.2.2 Palaeo-drainage channels 

These features are 

The meso-topographic bedrock channels described in 

Chapter 5 show a strong association with modern secondary 

and local drainage systems on the adj a cent coastal plain 

(Heydorn and Tinley 1980). The apparent courses of these 

palaeo-channels are shown in Map 3C. The channels were 

probably initially incised during the major Oligocene 

regression to -500m (Siesser and Dingle 1981) and were most 

likely reactivated during the low sea-level stands 

associated with hypothermal periods of the last 125 000 

years (Tankard and Rogers 1978). 

Diamonds eroded by rivers from the marine terraces on 

the coastal plain would have been transported through these 

palaeo-channels onto the wave-abraded terraces described 

earlier. The Buffels River is most 1·ikely to have been the 

main source of such secondary diamond enrichment on the 

inner shelf in the study area (Hallam 1964). The river 

mouths act as point sources from which the size and quantity 

of diamonds decrease northward due to transportation by 
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wave-induced littoral currents (Hallam 1964, Keyser 1972, 

Sutherland 1982, Walker and Gurney 1985). Location of the 

palaeo-channels and their exit points can therefore be used 

to delimit potentially diamondiferous areas. 

The broad channel off Stompneus Bay shows no obvious 

connection with present-day onland drainage. Although the 

channel may be a function of structurally controlled 

weathering, a fluvial origin is not ruled out at this stage. 

The labyrinth of smaller channels in the bedrock, 

particularly around Stompneus Shoal and Penguin Rock, shows, 

most likely, the palaeo-channels of local drainage. The 

onland analogy is the local drainage system developed on the 

escarpment backing the coastal plain near Karras Pan (Map 

3C) . The local drainage channels cut across· the raised 

terraces at the base of the escarpment and feed into Karras 

Pan. The channel in the centre of the pan approaches the 

coast at Penguin Rock. During lower sea levels, this 

channel probably extended seaward through the palaeo-channel 

immediately south of Penguin Rock and into the depression 

between Penguin Rock and Stompneus Shoal. The depression 

may therefore be a relict pan similar to the present-day 

Karras Pan. 

The southwest-trending channels in the bedrock off 

Doring Bay and Deurloop Bay were most likely incised by the 

seaward extension of the Kwaganap River during lower sea 

levels. The channels terminate at about -30m and do not 

extend beyond the -3 3m terrace. Channels mapped by De 

Decker (1986) off the Orange River also terminate on a -30m 

terrace. According to Hoyt et al (1969) and O'Shea (1971) 

channel mouths terminate at the depth corresponding to the 

sea level at which they were incised. The channels off 

Deurloop Bay must have formed synchronously with the 

channels off the Orange River and the development of the 

-33m terrace, at a sea-level stand near or at -30m. Another 

possible, but less obvious, course of the Kwaganap River may 
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extend southwards from the point at which it enters the 

coastal plain, through Dreyers Pan, Karas Pan and into the 

large south-trending channel off Stompneus Bay described 

earlier. 

Evidence from aerial photographs shows that the Kamma 

River mouth has occupied a more southerly course, entering 

the sea south of White Point at Aeroplane Hole (Map 3C) . 

Thus the narrow channels off Aeroplane Hole may represent 

the seaward extension of the Kamma River. More importantly, 

the prominent channel off Twee Pad lies directly south of 

Sout Pan and, if the pan represents a bedrock depression, 

the palaeo-channel of the Kamma River may extend southwards 

across the coastal plain, through the pan and over the 

inner-shelf platform through the channel off Twee Pad. The 

channel appears to terminate on the bedrock terrace at 

about -40m which suggests that it was incised during a sea

level stillstand at -40m. 

The palaeo-channels described above are likely to have 

been important diamond conduits to the -30m and -40m wave

cut terraces. All the terraces described above were last 

re-occupied during the Flandrian transgression. Foster 

(1974 in Petersen 1983) reports deposits with ages of 7340 

years and 7080 years from the -20m terrace off Namibia, 

which indicate the age of the last reoccupation of that 

terrace. 

6.2.3 Bedrock type and structure 

Onland mining activities adjacent to the study area 

show that high concentrations of diamonds occur in gullies 

and potholes eroded into the wave-abraded terraces (De Beers 

1979) . These features are important diamond traps and 

potholes in particular, are best developed in resistant rock 

types such as quartzites and gneisses (Murray et al 1971, De 

Beers 1979). Good concentrations of diamonds also occur 

near the mouths of gullies and around isolated boulders and 
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rocks within gullies (Gurney et al 1982, Walker and Gurney 

1982). Gully orientation is important, as those facing into 

the swell tend to contain more diamonds (Walker and Gurney 

1982) . 

The strongly reflective sonograph pattern of Acoustic 

Facies 1 signifies exposed bedrock consisting of well

developed, narrow, jagged, rocky ridges and gullies with 

small quantities of gravelly sand. The ruggedness of the 

terrain is further confirmed by the large number of barren 

sample stations and the great variance in the texture and 

composition of the samples recovered. The samples contain 

varying amounts of angular rock fragments, cobbles, gravel 

and sand. 

The bedrock is most likely the seaward extension of 

Stinkfontein Formation outcrop exposed along the shore. 

Lineaments extending through the facies represent gullies 

and rocky ridges up to 8m wide which are continuous for up 

to 1500m. This interpretation is supported by evidence from 

aerial photographs which show the size and orientation of 

gullies in the coastal outcrops. 

The sonographs show 2 sets of lineaments oriented in 

the same directions as traces of fold axial-planes (i.e. 

NNE-SSW and NNW-SSE) which were produced during the main 

phase of deformation (F2) in the Stinkfontein Formation 

(Joubert and Kroner, 1971). The lineaments are therefore 

probably derived from differential erosion along the 

foliation planes that dip westward at about 45°. However, 

jointing in a NNW-SSE direction (Joubert and Kroner 1971) 

may also be a contributory factor in the formation of the 

lineaments. Map 3A shows the length, orientation and 

density of the lineaments mapped in Acoustic Facies 1, 2 and 

3 and the significance of these trends is discussed later in 

this section. 

The rugged nature of the bedrock in Acoustic Facies 1 

is clearly indicated by the occurrence of all 5 classes of 
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bedrock micro-relief in the facies. The well-developed 

"ridge-and-gully" terrain associated with the reef areas off 

Sandown Point and Stompneus Shoal, for example, account for 

the occurrence of moderate/high and high micro-relief. 

During lower sea-levels, this area would have formed a 

headland exposed to strong wave action. Gurney et al 

(1982) report that diamond concentrations are high in such 

areas of high wave energy and rugged topography. 

Acoustic Facies 2 defines areas of wave-abraded 

Stinkfontein Formation bedrock with sediment-filled strike 

gullies and a veneer of scattered boulders and cobbles. 

This interpretation is prompted by the fact that the facies 

occurs predominantly within the low micro-relief bedrock 

area delimiting the -22m terrace. Fewer structural 

lineaments occur in the bedrock than in Facies 1, but where 

they do, they have the same orientation as those in Facies 1 

i.e. NNE-SSW and NNW-SSE. The lack of well-developed 

lineaments is attributed to the sediment fill in the gullies 

which effectively subdues the surface relief. 

Observations by divers (pers. comm. 1985) operating in 

extrapolated Acoustic-Facies-2 areas off Aeroplane Hole (Map 

3B) provide further support for the interpretation. They 

describe the seafloor as a flat, bare rock-surface with 

scattered boulders and sediment-filled, V-shaped gullies 

which have the same orientation as the lineaments on the 

sonographs, i.e. NNW-SSE and NNW-SSW. According to Murray 

et al. (1970), the gullies are defined as strike-gullies 

which form in resistant types of bedrock; they are V-shaped 

and follow the strike of the rock for long distances. It is 

inferred from these observations that the gullies in 

Acoustic Facies 1 are also strike-gullies. Visual estimates 

made by the divers (pers.comm. 1985) show that the sediment 

in the gullies is typically composed of >50% boulders, 

25-50% cobbles, 5-25% pebbles and <5% coarse sand, shell and 

mud. Figure 38 compares the morphology of the gullies in 



Strike-gullies: A comparison 

Strike -gullies as defined by Murray et a.I (1970) 

Gullies in Acoustic Facies 2 Bedrock observed 
by SAD Divers operating at pump station 2 
( location Map 1 B) 

Figure 38 
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the study area observed by the divers and the strike gullies 

defined by Murray et al. (1970). 

The areas of low- and low/moderate-relief Acoustic 

Facies-1 bedrock which occur north of Sandown Point may be 

associated with the -33m terrace. 

Map 3A shows that the NNE-SSW-trending lineaments 

(gullies) dominate locally between Stompneus Bay and Penguin 

Rock, off Twee Pad and north of Aeroplane Hole. In the 

remaining areas both lineament directions (ie. NNE-SSW and 

NNW-SSE) are equally represented. This apparent local 

concentration of lineaments is explained by the fact that 

the NNE-SSW-trending folds .occur in strongly- and less 

strongly-folded zones of rock (Joubert and Kroner 1971) . 

The areas mentioned above thus represent zones of more 

intense folding. The NNE-SSW-trending gullies are generally 

well developed and face directly into the approaching 

southwesterly swell. They are oriented obliquely with 

respect to the northward-moving littoral currents and are 

therefore likely to trap coarse sediment. The wave action 

in the gullies winnows away the fine sediment leaving the 

diamonds concentrated in gravels at the mouth of a gully 

(Walker and Gurney 1985). Diamonds are found preferentially 

in gullies which have access to deep water from which gravel 

is delivered for sorting. Examples of gullies and potholes 

on a wave-abraded terrace onland at Kleinzee are shown in 

Plate 10. 

The boundary between Acoustic Facies 1 and 2 is 

gradational and is therefore conjectural. 

6.3 Quaternary sediments 

6.3.1 Introduction 

Marine diamond-mining activities 

controlled from the shore or from small 

are· presently 

( 7 - lOm) boats 

utilizing diver-manipulated suction pipes to recover 

diamondiferous gravels from the seafloor (Plate 1) (Walker 



60 

and Gurney 1985). The gravel recovery equipment is, 

however, unable to pump successfully through sand which is 

thicker than 1 - 2m (Walker and Gurney 1985, Swart pers. 

comm. 1986). The sediment thickness therefore determines 

whether or not the diamondiferous gravels on the underlying 

bedrock can be mined. Keyser (1972), in his study of the 

raised beaches at Alexander Bay, notes that diamonds are 

concentrated in gravels at the bottom of storm-beach 

deposits. A knowledge of sediment distribution, thickness 

and internal structure is therefore of great importance to 

diamond prospecting. The morphology and composition of the 

sediment deposits also reflect the geological history of the 

area. 

6.3.2 stratigraphy 

Sediment is irregularly distributed on the inner shelf 

of the study area (O'Shea 1971, Birch et al 1976, Rogers 

1977, Birch in prep). Between Stompneus Bay and Twee Pad, 

the isopachs show a northward-tapering blanket of sandy 

sediment covering the inner-shelf slope and parts of the 

inner-shelf platform. Sediment on the platform is confined 

mostly to bedrock depressions and embayments formed by 

palaeo-drainage systems. Sediment thickness increases 

seaward and decreases from south to north. Average thickness 

varies from 4. 5m on the platform to 7m on the inner-shelf 

slope. Barring the shallow, isolated deposits of sediment 

off Wedge Point and Aeroplane Hole, the inner~shelf platform 

and slope are sediment-free north of Twee Pad. Apart from 

an isolated am-thick deposit off Port Nolloth (Kieser 1984) 

this trend continues northward along the coast for about 

30km up to Cliff Point where sediment again covers the 

inner-shelf platform (O'Shea 1971, Terhorst 1983, Mc Rae 

1983). Below a depth of 75m the inner-shelf slope is buried 

by the Orange River Mudbelt (Rogers 1977). 

The present-day mouth of the Buffels River, 6km south 
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of Stompneus Bay, is almost permanently closed by a sandbar 

and although episodic flooding does occur, siltation occurs 

before the mouth is breached (Heydorn and Grindley 1981) . 

There is also, to the author's knowledge, no record of the 

Kwaganap or Kamma Rivers flowing in Modern times. The 

sediment-starved state of the inner shelf is thus attributed 

to the lack of Modern fluvial input and the high-energy wave 

regime which generates powerful, northward-moving littoral 

currents (Birch et al 1976, Heydorn and Tinley 1980, Rossouw 

1984). The restricted distribution of sediment in the study 

area supports De Decker's (1986) observation that very 

little Modern sediment accumulates on the Namaqualand inner 

shelf south of Homewood Harbour (Figure 1) , under present 

conditions of aridity. 

O'Shea (1971) mapped the sandy sediment on the inner

shelf platform together with the mudbelt as a deposit of 

"Recent" sediment lying offshore with "tongues" which trend 

inshore onto the rocky inner-shelf platform. In subsequent 

studies, the entire wedge of sediment covering the inner/ 

middle shelf boundary has been referred to as a Holocene 

deposit of pro-deltaic Orange River muds (Birch and Rogers 

1973, Birch et al 1976, Rogers 1977). According to Rogers 

(1977), muds brought to the sea during the Holocene by the 

Orange River were carried southwards by a poleward-flowing 

undercurrent and settled out below wave-base over the 

inner/middle shelf boundary thereby forming the mudbelt. 

This assumption regarding the composition of the sediment 

wedge at the base of the inner-shelf slope has, no doubt, 

been strengthened by the extensive occurrence of the 

Acoustic Blanking Layer (O'Shea 1971). 

After completing a more detailed seismic survey Birch 

(in prep) proposes a generalized model of sedimentation on 

the West Coast (Figure 39). He suggests that the sediment 

wedge is comprised of a series of seaward-thinning sandy 

units, forming a "middle/inner-shelf sand wedge", overlain 
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by a thin deposit (l-8m) of Holocene mud, with sediment on 

the inner-shelf platform forming a separate "nearshore 

platform sand sheet". Birch's ( in prep) generalized model 

is based largely on observations from the southern end of 

the mudbelt off the Olifants River Mouth. His relatively 

low-resolution Boomer data were unable to define clearly the 

stratigraphic relationship between the mudbelt and the 

underlying sand north of the Olifants River due to the 

presence of the ABL. The high-resolution seismic profiles 

from this study show that, in places, for example off Rob 

Eiland and Deurloop Bay (Map 2B profiles DL6, W8, DL8, DLA 

and W4), the sand on the inner-shelf platform persists 

across the inner-shelf slope and continues seaward beneath 

the landward edge of the Orange River mudbelt as a 

continuous sheet. This shows that Birch's "nearshore 

platform sand sheet" and "middle/inner-shelf sand wedge" are 

part of one continuous deposit. The seaward edge of this 

sandy sediment wedge appears as a " ... more densely 

reflective sequence ... " (Birch in prep, plO) underlying the 

mud. Seismic line number W9 which was run across the 

mudbelt off Rob Eiland (Figure 17) shows this reflector at 

the seaward margin of the mudbelt. The evidence from the 

study area supports Birch's generalized model that much of 

the sediment wedge at the base of the inner-shelf slope is 

composed of sand. 

The unconformity between the .sand on the inner shelf 

and the mud is not noted off the Orange River by De Decker 

(1986). However a seismic profile off Wreck Point which 

lies 25km south beyond the influence of the Orange River 

does give some indication of an unconformity between the mud 

and an underlying sandy deposit (De Decker 1986 cf Map 7E, 

line F and De Decker pers.comm. 1987). The geological 

development of these inner-shelf deposits is discussed later 

in section 6.3.3. 

The internal reflector in the coast-parallel wedge of 
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sand on the platform north of Penguin Rock defines a 3.5m

thick lobate basal. unit, Unit lA, resting on the bedrock 

between -16m and -29m. This horizon was originally targeted 

for vibrocoring at a site where the overburden was thin 

enough to be penetrated by the 3m-long vibrocorer. However, 

upon arrival the coring site was found to be too close to 

the coast for the ship RV "Benguela" to operate in safety. 

The basal unit does not extend beyond the -30m terrace and 

is equated with a similar basal unit mapped by De Decker 

(1986) in the sandy sediment on the inner-shelf platform 

south of the Orange River mouth. The cross-sectional 

similarity between the basal unit in the study area and 

those off the Orange River is clearly illustrated in Figure 

40. The basal unit mapped by De Decker (1986) occurs 3m-5m 

below the seafloor, has an average thickness of 3m - Sm and 

forms a lobate deposit lying on the bedrock between -15m and 

-19m. 

On the basis of spatial location, outline and bedrock 

location, De Decker (1986) interprets this horizon as a 

remnant of a palaeo-beach sequence deposited at a -30m sea

level stillstand and subsequently reworked during sea-level 

fluctuations over the last 125 ooo years. He suggests that 

the sedimentary succession within this horizon is likely to 

resemble that of equivalent regressive sequences mapped 

onland, by Hallam (1964), Keyser (1972) and Corvinus (1983) 

namely; seaward-dipping basal gravels overlain by beach and 

aeolian sand. In the absence of vibrocore data, De Decker's 

(1986) interpretation is also the most plausible for Unit 

lA. The similarities between the two deposits suggest that 

they may be contemporaneous. The morphology of basal Unit lA 

can be deduced from an equivalent palaeo-beach deposit which 

is exposed onland at Alexander Bay, shown in Plate 11. As 

mentioned previously, diamonds are concentrated in gravel 

horizons associated with beach deposits (Keyser 1972, Gurney 

et al 1982) and Unit lA should therefore be regarded as 
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Plate 11 A cross-sectional view of a palaeo-beach deposit 
on the coastal platform at Alexander Bay. The 
trench is 3-4m deep. 
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diamondiferous if the 

interpretation, as yet untested by coring, is correct. 

above 

The conformable internal reflectors within the mudbelt 

are also recorded by De Decker (1986) in the prodeltaic 

sediments south of the Orange River. Suffice to say that 

these reflectors probably define texturally different units 

within the mudbelt. Further speculation on their 

significance remains futile without the aid of suitable core 

data or until the valuable core data in confidential mining 

reports are released. 

A tentative stratigraphy of the Quaternary sediments on 

the inner shelf deduced from this study is presented in 

Figure 41. The depositional history of this sequence is 

elucidated in the following section. 

6.3.3 surficial Sediments 

Identification of the surficial sediment types such as 

gravel .and sand, are of obvious importance in diamond 

prospecting for many of the aforementioned reasons. The 

distribution of the sediments also reflects the post-glacial 

geological history of the inner shelf. 

Sampling and seafloor photographs show that Acoustic 

Facies 3 outlines a lag deposit consisting of an 

accumulation of boulders, rock slabs, cobbles and patches of 

coarse sediment lying between occasional protruding ridges 

of bedrock. This gravel veneer accounts for the exclusive 

occurrence of low relief in this area. North of Penguin 

Rock this lag deposit appears to extend beneath the 

sediment towards the basal Unit lA, interpreted .above as a 

palaeo-beach. This close association suggests that the lag 

may be part of Unit lA and may therefore reflect its former 

areal extent. According to Walker and Gurney ( 19 8 5) such 

large open areas of gravel concentrated in a general bedrock 

depression typify the potentially diamondiferous areas which 

lie farther offshore (20-50m depth). The sand fraction of 
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the palaeo-beach deposit was probably winnowed out during 

the prolonged sea-level stands at -20m during the last 

125 000 years (Bloom et al 1974). 

Acoustic Facies 4 is of a type that is well documented 

both locally and internationally and reflects the deposits 

of predominantly well-sorted fine sand on the inner shelf 

(Belderson et al. 1972, Flemming 1976, Du Plessis and Glass 

1981, Knebel et al. 1982) . The "sugary" texture in the 

sonographs depicting this facies in the shallow water just 

north of Penguin Rock is attributed to the presence of 

small-scale bedforms (possibly oscillatory ripples) in the 

sediment and not to a coarsening of the sediment, as grab 

samples from these areas contained only well-sorted fine 

sand. This inference is supported by Bouma and Rappeport 

(1984) who found that a sonographically smooth seafloor may 

be covered with features that are too small or of in

sufficient density to produce good reflectivity differences 

with the surrounding sand. Features such as very low 

sandwaves, ripples, shell fragments and animals may occur 

even though sonographs depict an even-toned, featureless 

seafloor. The writer has personally observed high 

concentrations of ophiuroids, pinnid bivalves (horse

mussels) and crinoids on a 20m-deep sandy seafloor off 

Simon's Town, for example, which have affected sonographs of 

the area, studied by Terhorst (pers. comm. 1987). 

Quaternary coastal dunes eroded and redistributed in 

the littoral zone during the Flandrian transgression, are 

considered to be the source of the well-sorted fine sand of 

Acoustic Facies 4 on the inner shelf. Satellite imagery 

shows an extensive vegetated palaeo-dunefield immediately 

north of the Buffels River (Plate 12). The dunefield 

terminates 15km north of Port Nolloth and is correlated with 

the Late Pleistocene palaeo-dunefield immediately north of 

the swartlintj ies River, 65km south of the Buff els River 

(Tankard and Rogers 1978). 



Plate 12 Landsat-3 satellite image of NE Namaqualand 
showing the pre-Flandrian palaeo-dunefield to the 
north of the Buffels River. The Kwaganap and 
Kamma Rivers are also shown clearly . The scale of 
the image is approximately 1:85 700 . The image was 
transmitted during 1981 and the original 1:1000000 
diapositive is held by SRSC at Hartebeeshoek. 
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The palaeo-dunefield off the Buffels River probably 

formed synchronously with the Swartlintjies dunefield during 

the last glacial period 18 000 year BP, as described by 

Rogers (1977) and Tankard and Rogers (1978). During the 

last glacial period, contraction of the climatic belts 

caused an increase in the intensity of atmospheric 

circulation and the northward expansion of the winter 

rainfall region over Southern Africa (Van Zinderen Bakker 

1976, Tankard and Rogers 1978, Tyson 1986). Lowering of sea

level to -130m (Bloom et al 1974) coupled with the 

increased winter rainfall resulted in rejuvenation of the 

Namaqualand rivers. At this time the perennial Buffels 

River would have been delivering an increased supply of 

sediment onto the middle shelf from a mouth approximately 

10km seaward of the present coast. Data presented by O'Shea 

(1971) suggest that the Buffels River may have occupied a 

more southerly course across the shelf, entering the sea 

approximately 10-15km south of its present position. A 

wave-dominated delta, similar to the present-day Orange 

River delta, probably developed at the river mouth. This 

delta would have formed a large northward-tapering deposit 

of sediment at the base of the present inner-shelf slope as 

sediment was transported northward away from the river mouth 

by wave-generated littoral currents. Sand carried onto 

the beaches near the river mouth by the littoral currents, 

was then blown inland by the strong prevailing southerly 

winds (cf. Tankard and Rogers 1978}, thereby forming the 

palaeo-dunefield north of the Buffels River (Plate 12). The 

diamondiferous bedrock terraces on the inner-shelf platform 

and slope would then have been covered by a thick overburden 

of dune sand. The extensive dunefield may also have blocked 

the Kwaganap and Kamma Rivers' access to the sea ( Rogers 

1977) . 

The dune sands blanketing the exposed inner shelf were 

then recycled into beaches during the rapid Flandrian 
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transgression of sea level from a low of -130m to reach its 

present level about 6500 years ago (Milliman and Emery 1968, 

Bloom et al 1974, Tankard 1975, Flemming 1977). Increasing 

coastal aridity and the rising sea level resulted in a 

steadily decreasing supply of fluvial sediment and dune 

erosion became the dominant source of sediment on the inner 

shelf (Rogers 1977, Tankard and Rogers 1978). The rapid 

rise in sea level through the Holocene prevented complete 

reworking and erosion of the pre-Flandrian dune sands 
' thereby leaving the northward-tapering blanket of sand on 

the inner-shelf platform and slope between Stompneus Bay and 

Twee Pad. The abundance of well- to sub-rounded quartzose 

"Fine sands" and the low calcium carbonate content of the 

sediment samples and vibrocores support the proposed aeolian 

derivation of these sediments. 

Sealevel continued to rise from about 6 500 years BP 

reaching 3m above its present level 2000 years BP, 

whereafter it finally stabilized at its present position 

around 1 800 years BP (Flemming 1977, Yates et al 1986). 

This final stabilization cut off the only active supply of 

sediment to the shelf, namely transgressional erosion of 

coastal dunes. The major present-day sedime.nt inputs are 

most likely to occur from seasonal storm erosion of beach 

and coastal dunes and from easterly "Berg" winds which are 

capable of transporting substantial amounts of sand and dust 

to a distance of 150km offshore (Bremner 1978, Shannon and 

Anderson 1982, Whitaker 1984). A "Berg" wind event over the 

Namaqualand coast is shown in Plate 13. These wind-blown 

sediments may account for the occurrence of mica in the sand 

off Rob Eiland and Oeurloop Bay. Ancillary sediment sources 

may be from the disintegration of calcareous skeletal 

material, especially near reefs, as well as bedrock erosion. 

However their relative importance remains speculative. 

The paucity of sediment on the inner-shelf platform 

north of Sandown Point is attributed to wave erosion. 



Plate 13 Satellite photograph showing aerosol plumes 
blowing fine sediment offshore into the study area 
during a "Bergwind" event on 9 May 1979 (from 
Shannon and Anderson, 1982). 
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According to De Decker (1986) coarse sand is moved at a 

depth of 30m under present-day average wave conditions. Thus 

most of the sand remaining on the inner shelf when sea

level reached its present position around 6 500 year BP 

would have been eroded and transported northwards by wave 

action and littoral drift, thereby exposing the underlying 

diamondiferous bedrock terraces. The fine-sand deposits off 

Rob Eiland have been protected by the reefs at Stompneus 

Shoal and Penguin Rock which would have dissipated and 

refracted wave energy from the south-westerly swells. In 

contrast, sediment in the bedrock depression off Deur loop 

Bay is dammed by the steeply rising bedrock on the northern 

side of the depression off Sandown Point which effectively 

blocks northward littoral drift. 

Acoustic Facies 5 reflects the distribution of mud 

(Belderson et al 1972, Flemming 1976a) and demarcates the 

landward edge of the mudbel t which covers the inner-shelf 

slope from a depth of 75m throughout the study area (O'Shea 

1971, Birch et al. 1976, Rogers 1977, Woodborne 1985). 

Birch et al. (1976) and Rogers (1977) mapped the landward 

edge of the mudbel t at -7 Om using bathymetry and sediment 

samples as controls. By using side-scan-sonar, a more 

accurate position of the landward boundary in the study area 

is mapped for the first time. According to Rogers (1977) the 

mudbelt formed during the Holocene from mud discharged into 

the sea by the Orange River and carried south by the 

poleward-flowing De Decker Undercurrent (De Decker, 1970). 

Additional inputs of silt and clay to the mudbel t occur 

during "berg" wind conditions (Bremner 1978, Heydorn and 

Tinley 1980, Shannon and Anderson 1982, Whitaker 1984). 

Mud off the Orange River occurs only below a depth of 

40m under present-day wave conditions (Rogers 1977, De 

Decker 1986). During the Glacial Maximum, turbulence 

generated by wave action is likely to have prevented mud 

accumulation in the then shallow water on the modern middle 
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shelf. During the Flandrian transgression, however, muds 

would have settled out after sea--level had transgressed 

sufficiently for the establishment of a quiescent deep-water 

environment over the modern middle shelf. As sea-level, and 

with it wave-base, rose the landward edge of the mudbel t 

would then have advanced across the littoral sands on the 

modern middle shelf and inner-shelf slope to its present 

position. 

Acoustic Facies 6 indicates large sedimentary bedforms 

(Flemming 1980, Hunter et al. 1982, Barrie et al. 1983). 

Calculations from sonographs show that the bedforms have an 

average wavelength of 2m, an average height of 0,5m, and are 

up to lOm in length. They are also straight- crested, are 

oriented parallel to the coast and show bifurcation in a 

crest-parallel direction. These features are diagnostic of 

two-dimensional megaripples as defined by Amos and King 

(1983) and develop in response to wave-generated oscillatory 

currents (Flemming 1980, Hunter et al. 1982, Amos and King 

1983). These bedforms may also develop in response to rip 

currents flowing away from the shore in the vicinity of 

reefs and headlands (Reimnitz et al 1976). Although the 

samples retrieved in the vicinity of the bedforms contained 

only well-sorted fine sand, it is likely that coarser 

material occurs in the troughs. The elongate megaripple 

fields are up to 10m wide and lOOm long with the long axis 

oriented perpendicular to the shore. The megarippled fields 

probably represent sediment movement during storms (Hunter 

et al. 1982, Barrie et al. 1983) . The absence of coarse 

material in the bedforms may also be explained by the fact 

that bedforms are relatively short-term features which last 

only a few months and, as the sediment samples were 

collected approximately 4 months after the sonographs were 

recorded, the bedforms may have been erased during periods 

of fair weather by current winnowing and bioturbation (Swift 

et al. 1979, Hunter et al. 1982). 
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Present-day average wave conditions move gravel at a 

depth of 15m and storm wave conditions can move medium 

pebbles (10.5mm) at a depth of 30m (De Decker 1986). Thus 

the diamondiferous deposits on the inner-shelf platform (0-

40m) are being continually reworked and redistributed 

northwards under the present wave climate. This process is 
, 

likely to have been operative for the last 6 500 years. 

The sediments in the study area reflect the general 

state of sediment disequilibrium on Modern trailing-edge 

continental shelves as described in Kennett (1982). A 

relict sand blanket overlies pre-Tertiary basement and is 

covered by a Modern shelf mud blanket farther offshore. 
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7. SUMMARY AND CONCLUSIONS 

This study describes the geology and late Quaternary 

history of the inner shelf just north of the Buffels River. 

A systematic survey of the area was accumulated along 540km 

of side-scan-sonar tracks and 615km of high-resolution 

seismic lines. Verification of these geophysical records is 

based on 209 sample stations, 3 vibrocores, seafloor 

photographs and diver observations. 

The inner shelf in the study area is relatively narrow 

(2-3.Skm) and shallow (-15m to -30m). An "inner-shelf 

platform" slopes gently (1°) out to -40m. The "inner-shelf 

slope" then grades more steeply seaward (2-3°) from -40m to 

-7 Sm where it is buried by a belt of terrigenous sediment 

which lies at the base of the inner-shelf slope off the 

entire coast of Namaqualand. 

Precambrian bedrock of the Stinkfontein Formation is 

exposed over 70% of the inner shelf. The bedrock morphology 

(determined from seismic profiles) shows features formed by 

wave and fluvial erosion during Quaternary sea-level 

oscillations. Gently sloping ( 1 °) wave-abraded terraces 

backed at the landward end by "cliffs" of more steeply 

sloping bedrock (7°), occur at -14m to -18m, -22m to -28m, 

-33m to -40m and -44m to -53m. Palaeo-channels of the 

presently dry Kwaganap and Kamma Rivers extend across the 

inner-shelf platform and terminate on the -33m terrace off 

Deurloop Bay and Aeroplane Hole respectively. A large, 

deeply incised, N-S trending channel off Twee Pad terminates 

on the -44m terrace and may represent a more southerly 

course of the Kamma River during lower sealevels. Palaeo

channels of local drainages are particularly well-developed 

around Penguin Rock and Stompneus Shoal where they are 

directed into a submerged palaeo-pan. 

Sonographs resolve the micro - relief and surface 

structure of two acoustically different types of bedrock. 



72 

Rugged bedrock with NNW/SSE- and NNE/SSW-trending strike

gullies (Acoustic Facies 1) occurs predominantly at a depth 

of> -30m and also around the reefs at Stompneus Shoal and 

Penguin Rock. Low micro-relief-bedrock with sediment-filled 

strike-gullies trending NNW-SSE and NNE-SSW (Acoustic Facies 

2) is found on the -14m and -22m terraces. The terraces 

were briefly re-occupied during the Flandrian sea-level 

transgression. 

Three sediment facies occur on the inner shelf, namely 

a Late Pleistocene palaeo-beach deposit, Flandrian relict 

fine sand and Holocene mud. 

A lobate basal unit is preserved beneath the fine sand 

in the sheltered area north of Penguin Rock. It is probably 

· a palaeo-beach deposit reflecting a Wurm interstadial at 

about -30m. 

A blanket of quartzose fine sand up to 7m thick covers 

the inner-shelf slope between Stompneus Bay and Twee Pad, 

and extends up onto the inner-shelf platform at Rob Eiland 

and Deurloop Bay. Thin (1-3m) deposits of sand, ponded in 

gullies, palaeo-channels and bedrock depressions are 

sparsely distributed over the remainder of the inner shelf. 

The fine sand on the inner-shelf's platform and slope thins 

progressively northward and extends seaward beneath the 

mudbel t. Evidence from this study and previous work by 

Birch ( in prep) therefore suggests that the 25-30m thick 

wedge of terrigenous sediment at the base of the inner-shelf 

slope is composed of seaward-thinning lenses of sand 

overlain by a thin (8-lOm) deposit of Holocene mud. 

The Acoustic Blanking Layer ( a layer of gas-charged 

mud) masks most of the internal structure of the mudbel t. 

However, a series of conformable sub-horizontal internal 

reflectors defines two texturally different units in the 

upper 4m of the mudbelt. 

The fine sand is derived from remobilization by wave

erosion during the Flandrian transgression of a Late 
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Pleistocene coastal dunefield, the distal remnants of which 

lie to the north of the Buffels River. During the Flandrian 

transgression most of the original overburden of dune sand 

.that covered the bedrock and diamondiferous sediments during 

the Wurm IIb regression, was transported by littoral drift 

northwards out of the study area. 

Sonographs show four acoustically different types of 

surf icial sediments. An area of boulders, cobbles and 

patches of sandy gravel (Acoustic Facies 3) occurs around 

Penguin Rock. This deposit may be a winnowed palaeo-beach 

deposit associated with Unit lA, the palaeo-beach deposit at 

the base of the sediment wedge on the northern, more 

sheltered side of Penguin Rock. Acoustic Facies 4 reflects 

the fine sand deposits on the inner-shelf's platform and 

slope. Farther seawards, the landward edge of the mudbel t 

(Acoustic Facies 5) occurs at a depth of -75m throughout the 

study area. The source of the mud is from redistributed 

pro-deltaic mud of the Orange River. Coast-perpendicular 

fields of two-dimensional megaripples with coast-parallel 

crests (Acoustic Facies 6) within the Facies 4 sand, 

provide evidence of Modern sediment transport during storms. 

Under the present-day wave climate, gravels (>2mm) are 

moved at a depth of 15m during average wave conditions and 

medium cobbles (10.5mm) can be moved at -30m during storm 

conditions. Therefore the existing diamondiferous deposits 

on the shallow inner-shelf platform (<40m) are likely to 

have been continually reworked and redistributed northwards 

since sea level reached its present position around 6500 

years BP. 

This study aims to contribute significantly to the 

understanding of Quaternary stratigraphy and the geological 

history of the inner shelf off Namaqualand. It may 

hopefully lead to additional, more detailed investigations 

of the study area. Until the offshore mining companies are 

able to release their scientifically valuable core-data, a 
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coring-programme will be required in order to verify some of 

the features described in this study, such as the basal Unit 

lA on the inner shelf and the stratigraphy of the 

middle/inner-shelf sediment-wedge. 

Due to its proximity to the Buffels River mouth, the 

study area is a potentially important region for marine 

diamond-mining which can be exploited best if a scientific 

approach to diamond prospecting is employed. Armed with a 

knowledge of the surficial geology and physiography, 

exploration costs and energies can be greatly reduced by 

eliminating those areas unsuitable for mining for physical 

or practical reasons (eg. water depth, sediment thickness, 

lack of diamondiferous sediment etc.) and by identifying 

target areas in which to concentrate prospecting ef farts 

(Murray 1969). The potentially diamondiferous areas 

described in this study should be investigated further using 

vibrocores, underwater-video mapping systems complemented by 

observations and photographs by diving-geologists. Having 

identified potentially dimaondiferous deposits, their grade 

would then be determined by evaluating bulk samples (Murray 

1969) . 
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APPENDIX 1 

Sedimentological data for the Van Veen and Shipek grab 
samples. Samples 2865 and 2866 are from Rogers (1977). 
The textural classification is based on Folk (1965). 
Sediment textures are abbreviated as follows: 

G gravel 
gs gravelly sand 
(g)S slightly gravelly sand 
s sand 
(g)mS slightly gravelly muddy sand 
ms muddy sand 
M mud 
MSG muddy sandy gravel 



COMPOSITIONAL AND STATISTICAL DATA FOR GRAB SAMPLES 
- .. - .. -...... -. - ........... --........... --- .... - .. -- .. - .. -- .. -............ - ....... - .. -- .... -...... -- - .. - .. ------- -- - .......... - .. - - ...... - .. - ...... - . - -.......... -- ...... - ............ - - ...... - .. -.... - .. - - .. Facies 

N/S:aNo Sample R F=Rock Fragments URCH=Urchins SH=Shel ls *=Sample too small to analyse O= 1 

------------------------------------------·-···-------------------···----------·-----------··-··········------·--···----···-········ V= 2 
· · · · ·· · · ·· Sand Fraction · · · · -··· )(: 3 

Sample )( y Texture XCaC03 %Gravel xvcs %CS t.HS %FS %VFS t.Hud Median Mean Sort Skew Kurt sss S= 4+5 

station co·ord co·ord 
Faci es R= 6 

SAD 1 48409 8397 N/S 
SAD 2 48408 7621 N/S 
SAD 3 49175 8473 N/S 
SAD 4 49230 7615 N/S 
SAD 6 50009 4385 N/S 
SAD 7 50050 7618 N/S 
SAD 8 50041 6840 N/S 
SAD 9 50013 6035 N/S 
SAD 10 50830 7543 N/S 
SAD 11 50830 6876 ts 18. 1 0 0 0 6.04 90.36 3.4 0.2 2.36 2.37 0.32 0.16 3.64 s 

SAD 12 50780 6203 cG 77.8 96.53 0.05 2.58 0.5 4.8 0 0.34 0.69 0.7 0.36 0.44 2.87 V 

SAD 13 51649 7590 N/S 
SAD 14 51549 6819 N/S 
SAD 15 51598 6045 N/S 
SAD 16 52490 7436 N/S 
SAD 17 52380 6800 N/S 
SAD 18 52483 5901 N/S 
SAD 19 53250 7580 N/S 

CD 
co 

SAD 20 53171 6765 N/S 
SAD 21 53249 5860 R F 
SAD 22 54045 7502 tmS 10.8 0 0 1.53 1.76 58.86 19.12 18.73 2.76 2.75 0.45 0.94 7. 14 0 

SAD 23 54028 6699 N/S 
SAD 24 54023 5901 N/S 
SAD 25 54831 6709 t(g)mS 10.8 o. 15 0 0.79 2.36 55.61 19.01 22.08 2.82 2.81 0.43 1.06 8.21 0 

SAD 26 54736 5853 tgS 13.9 5.14 0 1.4 25.05 64.25 2.85 1.31 2.21 2.2 0.42 0. 19 1.65 s 

SAD 27 54810 5125 N/S 
SAD 28 55607 6730 t(g)mS 10.8 0.09 0 1.48 1.93 56.63 17.01 22.87 2.81 2.78 0.44 1.34 10.42 0 

SAD 29 55610 5982 N/S 
SAD 30 55609 5102 ts 18.9 0 0 0 11.35 87.93 0.72 0 2.24 2.26 0.24 0.23 0.74 V 

SAD 31 55602 4830 ts 18.9 0 0 0 7.33 90.91 1.61 0.15 2.32 2.33 0.27 0.12 1.17 s 

SAD 32 56398 5135 N/S 
SAD 33 56410 4315 N/S 
SAD 34 57209 5109 t(g)mS 12.7 0.36 0 1.56 2.78 58.98 18.63 17.69 2.74 2.72 0.48 0.82 5.34 0 

SAD 35 57200 4335 N/S 
SAD 37 58000 5180 t(g)mS 11.3 0.1 0 1.43 1.86 41.05 36.62 18.94 2.96 2.97 0.5 0.96 6.49 0 

SAD 38 57919 4285 N/S 
SAD 39 58006 3507 N/S 
SAD 40 58847 5250 N/S 
SAD 41 58797 4477 cG 9.9 98.76 0.17 0.46 0.1 0.07 0 0.44 0.49 0.56 0.78 0.38 0.58 V 

SAD 42 58839 3601 ' N/S 
SAO 43 59610 5128 N/S 
SAD 44 59608 4405 cgS 11.3 7.02 11. 12 52.81 21.27 7.09 0 0.68 0.5 0.74 0.74 0.38 0.39 V 

SAO 45 59660 3609 cgS 15.5 29.81 9.5 41.24 14 .24 4.98 0 0.26 0.43 0.67 0. 73 0.4 0.23 V 

SAD 47 60469 4301 tG 15.5 5.98 0 0.14 2.96 75. 15 7.78 1.44 2.38 2.46 0.37 0.39 2.57 s 

SAD 48 60431 3572 N/S 
SAO 49 60403 2706 N/S 
SAO 50 61210 4299 t(g)S 14. 1 0.21 0 0 3.87 80.07 7.96 7.89 2.36 2.42 0.38 0.25 2.35 s 

SAO 51 61213 3509 N/S 



COMPOSITIONAL AND STATISTICAL DATA FOR GRAB SAMPLES 
--- .. --- - .. -- - ---------- ....... - .. --- .... --- .. -- -- .. - .. - ---- .. ------- ...... - -- - ...... - - .. - .. - -- - -- - .. - - .. - ........ - - ...... - .. - ........ - .. - - .... -- - - - .... - - - ...... - - ...... - .... - - .. -- Facies 

N/S=No Sample R F=Rock Fragments URCH=Urchins SH=Shel ls * = Sarrple too small to analyse O= 1 
----------------·---------··---------·--------------------------------------·----------------·---------------·---------------·------ V= 2 

·········· Sand Fraction········ X= 3 

Sarrple X y Texture "CaC03 %Gravel "vcs "cs XHS "FS "VFS %Mud Median Hean Sort Skew Kurt sss S= 4+5 

station co·ord co·ord 
Faci es R= 6 

SAD 52 61209 2707 N/S 
SAD 53 62079 4309 f(g)mS 16.9 0.44 0 0.57 2.86 76.41 10.33 9.38 2.43 2.51 0.4 o. 11 2.99 s 

SAD 54 62035 3490 m(g)S 12.7 4.36 0 9.43 67.71 17. 1 0.25 1.15 1.56 1.58 0.47 7.93 0.3 V 

SAO 55 62009 2680 N/S 
SAD 56 62780 '3620 m(g)S 13.3 0.67 0 9.66 69.05 18.31 1.31 1.55 1.6 0.51 0.22 0.7 s 

SAD 57 62842 2823 N/S 
SAD 59 63650 3616 f(g)mS 21.1 0.38 0 0.5 10.52 65.06 7.83 15. 71 2.39 2.41 0.46 0.23 1.23 s 

SAD 60 63599 2803 N/S 
SAD 61 63606 2041 N/S 
SAD 62 64409 2809 f(g)mS 16.9 0.18 0 0 10.95 · 68.95 7.22 12.69 2.36 2.39 0.43 0.06 1.06 0 

SAD 63 64425 2013 N/S 
SAD 64 65209 2879 f(g)mS 18.3 0.59 0 0.86 11. 54 64. 11 7.39 15.51 2.37 2.37 0.48 0.17 1.13 s 

SAD 65 65212 2027 N/S 
SAD 67 66090 2810 f(g)S 15.5 0.3 0 0.77 17.94 71. 18 4.86 4.95 2.25 2.25 0.43 0.05 1.52 s 

SAD 68 66037 2021 N/S 
SAD 69 66008 2021 N/S 
SAD 70 66808 1899 N/S co 

0 
SAD 71 66832 1139 N/S 
SAD 72 67614 1912 fsG 21. 1 0 0 0 1.32 88.55 8.64 1.4 2.49 2.55 0.32 0.52 2 s 

SAD 73 67618 1135 N/S 
SAD 74 68392 2014 N/S 
SAD 75 68389 1232 N/S 
SAD 77 69203 2006 N/S 
SAD 78 69230 1220 N/S 
SAD 79 69250 420 N/S 
SAD 80 70006 1998 f(g)mS 22.5 0.7 0 0 1.87 48.15 15.67 33.61 2.67 2.72 0.44 0.21 0.94 V 

SAD 81 70013 1250 N/S 
SAD 82 70101 403 f(g)S 18.3 2.22 0.35 3.76 5.8 74.85 8.05 4.97 2.38 2.37 0.56 0.59 4.11 V 

SAD 84 70802 2010 f(g)mS 21.1 0.11 0 0.31 1.91 52.18 13.36 32.14 2.65 2.68 0.42 0.12 2.09 0 

SAD 85 70890 1260 N/S 
SAD 86 70879 408 f(g)S 18.9 3.6 0 2.86 5.15 74.44 9.85 4.1 2.38 2.42 0.52 0.31 3.58 V 

SAD 88 71614 2003 f(g)mS 18.9 4.7 0 0.66 3.45 61.97 11.64 21.81 2.57 2.59 0.44 0.29 2.65 0 

SAD 89 71650 1209 N/S 
SAD 90 71591 392 f(g)S 18.9 1.83 0 4.59 6.02 77.01 7 .16 3.4 2.34 2.32 0.54 0.5 3.53 s 

SAD 92 72430 1160 f(g)S 16.2 0.2 0 0.32 3.44 87.39 7.45 1.2 2.42 2.47 0.34 0.08 2. 14 s 

SAD 93 72412 306 N/S 
SAD 94 73209 1145 f(g)S 18.9 3.35 0 0.47 7.45 80.31 7.25 1.17 2.36 2.4 0.38 0.12 2.02 s 

SAD 95 73195 298 fgS 22.9 6.15 0 2.8 4.59 71.02 14.3 1.14 2.53 2.53 0.55 0.6 3.77 s 

SAD 96 74060 1180 f(g)S 17.6 0.25 0 0.65 20.27 68.04 5.16 5.63 2.22 2.24 0.43 8.01 1.17 s 

SAD 97 74020 305 fgS 27 6.72 0 2.72 5.39 76.44 7.52 1.22 2.43 2.41 0.49 0.58 3.9 . s 

SAD 98 74050 ·501 N/S 
SAD 99 74812 307 f(g)S 18.9 4.15 0 1.63 4 .15 81.62 7.18 1.27 2.45 2.46 0.42 0.65 5.72 s 

SAD 100 74806 ·520 N/S 
SAD 101 74815 · 1250 N/S 
SAD 102 75610 303 fgS 22.9 7.72 0 1.24 3.55 79.85 6.26 1.38 2.45 2.45 0.4 0.45 4.65 V 

SAD 103 75600 ·489 N/S 
SAD 104 75600 · 1320 N/S 
SAD 105 76409 ·499 cmsG 64.9 49.35 1.19 31.8 10.32 1.31 0.41 5.62 0.8 0.85 0.51 0.78 5 0 
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COMPOSITIONAL AND STATISTICAL DATA FOR GRAB SAMPLES 
........................................................................................................................................................................................................................................... Faci es 

N/S=No Safll)le R F=Rock Fragments URCH=Urchins SH=Shells * = Safll>le too small to analyse O= 1 
..................................................................................................................................................................................................................................... V= 2 

·········· Sand Fraction········ )(= 3 

Safll)le )( y Texture XCaC03 %Gravel xvcs xcs XHS XFS XVFS XHud Median Hean Sort Skew Kurt sss S= 4+5 

station co·ord co·ord 
Facies R= 6 

SAD 106 76408 ·1298 cmsG 63.5 55.05 1.9 27.32 9.54 1.1 0.28 4.82 0.81 0.83 0.53 0.63 4.45 )( 

SAD 107 76406 ·2080 rrmsG 59.5 31.27 0.44 33.13 16.82 1.68 2.4 14.26 0.9 1.05 0.69 1.08 5.37 s 

SAD 108 77252 ·516 m(g)S 9.5 0.35 0.64 26.18 69.31 1.64 0 1.88 1.25 1.19 0.41 0.18 0.7 V 

SAD 109 77221 ·1350 vf(g)mS 12.5 0.21 0 0.5 2.08 36.54 40.05 20.64 3.01 3.04 0.5 0.45 2.76 X 

SAD 109 77221 · 1350 N/S 
SAO 110 77203 ·2098 m(g)S 9.5 0.16 0 29.96 59.62 8.75 1.37 0.14 1.14 1.26 0.52 0.82 2.91 X 

SAD 111 78090 ·483 m(g)S 6.8 0.8 0 16.81 78.15 1.95 0 2.29 1.36 1.32 0.37 0.23 1. 16 0 

SAD 112 78080 · 1289 N/S 
SAD 113 78098 ·2107 m(g)S 8.1 0.05 0 33. 71 57.88 6.83 1.39 0.14 1. 11 1.21 0.51 0.94 4.17 X 

SAD 114 78890 ·518 m(g)S 6.8 0.22 0 18.02 77.65 2.24 0.09 1.78 1.33 1.29 0.39 0.13 1.51 0 

SAD 115 78790 ·1310 N/S 
SAD 116 78809 ·2108 N/S 
SAD 117 78803 ·2880 N/S 
SAD 118 79598 ·508 N/S 
SAD 119 79603 ·1308 N/S 
SAD 120 79603 ·2166 N/S 
SAD 121 79603 ·2903 N/S co ...... 
SAD 122 79294.8 ·1398.5 * 
SAD 123 79257 ·1318 URCH 
SAD 124 79157 · 1593 URCH 
SAD 125 78842 · 1605 URCH/SH 
SAD 126 78597 ·1964 URCH/SH 
SAD 127 78264 ·2411 URCH 
SAD 128 78581 ·2736 URCH 
SAO 129 78257 · 1657 URCH 
SAD 130 78203 ·1993 URCH/SH 
SAD 131 78259.3 ·2414.5 vt(g)S 17 .11 0.06 0 0 1.57 48.48 44.89 5 2.98 3.01 0.39 0.37 2.94 s 

SAD 132 78147.9 ·2820.5 ts 6.94 0 0 0 4.92 84.54 9.12 1.42 2.46 2.51 0.35 0.21 1. 16 s 

SAD 133 77809 ·1210 URCH/SH 
SAD 134 77791 · 1795 URCH/SH 
SAD 135 77827.3 ·2375.2 vtS 19.74 0 0 0 1.87 41.98 51.24 4.91 3.02 3.04 0.42 0.27 1.99 s 

SAD 136 77773.2 ·2755.5 ts 6.94 0 0 7.66 10.3 68.86 12. 14 1.04 2.43 2.33 0.68 0.51 0.84 V 

SAD 137 77433 · 1246 R F 
SAD 138 77487 · 1616 URCH/SH 
SAO 139 77286 ·2031 SH 
SAD 140 77401 ·2440 URCH/SH 
SAD 141 77777.7 ·2756.5 ts 2.78 0 0 0 31.42 65.72 2.7 0.15 2.14 2.18 0.37 0.23 0.4 V 

SAO 142 77005 ·1266 R F 
SAO 143 76923.1 • 1324. 5 vtms 17.33 0 0 0.6 2.06 22.78 37.77 36.78 3.18 3. 15 0.6 0.47 2 s 

SAD 144 77106.5 ·1517.2 * 
SAD 145 77034.8 ·1984.4 t(g)S 10.81 0.13 0 0 4.02 64.49 24.57 6.79 2.61 2.73 0.53 0.33 0.13 s 

SAD 146 77100 ·2396.6 ts 2.78 0 0 0 35.01 57.48 6.54 0.97 2.11 2.2 0.43 0.57 1.59 s 

SAD 147 77417.2 -2717.2 ts 10.81 0 0 0 7 .15 61.9 29.39 1.55 2.7 2.74 0.53 0.06 0.21 X 

SAD 148 76694.2 ·1654.3 vt(g)mS 18.92 0.88 0 0 0.4 49.32 40.28 9.13 2.96 3.06 0.44 0.24 0.2 s 

SAD 149 76622 ·1980.8 lllllS 10.81 0 0 16.42 23.25 41.08 8.88 10.37 2.08 1.97 0~82 0.18 0.56 s 

SAO 150 76521 ·2318 SH 
SAD 154 76186.2 ·599.1 crnsG 89.61 60.98 0.76 21. 55 9.71 2.16 0.51 4.32 0.82 0.96 0.65 0.61 1.99 X 

SAO 155 76198 ·1005 URCH/SH 
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COMPOSITIONAL AND STATISTICAL DATA FOR GRAB SAMPLES 
-----·-·--------------------------·-------·---------·--··----------·-----------···-------------------------------------------------- Facies 

N/S=No Sa~le R F=Rock Fragments URCH=Urchins SH=Shel Is * = Sa~le too small to analyse O= 1 
----------------·-···-------------------------------------·-------··----------------------·---------------·------------------------- V= 2 

---------- Sand Fraction········ X= 3 

Sa~le X y Texture %CaC03 %Gravel %VCS %CS %MS XFS XVFS %Mud Median Mean Sort Skew Kurt sss S= 4+5 

station co·ord co·ord 
Facies R= 6 

SAD 156 76206 ·1418 URCH/SH 
SAD 157 76278.2 ·1700.2 t(g)S 17. 11 0.15 0 0 3.37 69.23 25.45 1.79 2.64 2.7 0.48 0.23 0.32 s 

SAD 159 75783 ·686 URCH 
SAD 160 75774 ·1012 URCH 
SAD 161 76204 ·1417 URCH/SH 
SAD 162 75388. 1 ·634.8 * 
SAD 163 75392 ·975 URCH 
SAD 164 75424. 1 ·1415.6 ts 6.76 0 0 0 45.63 52.41 1.55 0.41 2.03 2.06 0.35 0.28 1.31 s 

SAD 165 74980 ·888.8 * 
SAD 166 75014 ·1203.5 t(g)S 6.94 0.05 0 0.21 29.15 64.51 5.17 0.9 2. 15 2.21 0.42 0.45 1.97 s 

SAD 167 74628 206.9 f(g)mS 24.32 1.04 0 0 2.12 57 .62 27.63 11.6 2.76 2.85 0.52 0.21 o. 15 s 

SAD 168 74606.2 ·993.8 t(g)S 9.72 0.31 0 1.15 21.75 72.25 3.82 o. 72 2.27 2.25 0.44 0.23 1.54 s 

SAD 169 74450.4 318.2 tgS 52.05 6.54 0 0 2.41 48.32 35.77 6.96 2.92 2.97 0.5 0. 1 4.59 s 

SAD 170 74184.2 168.3 t(g)S 16.22 0.14 0 0.49 2.68 70.79 21.99 3.92 2.67 2. 74 0.5 o. 12 1. 52 s 

SAD 171 74196.6 ·212.7 t(g)S 16.44 1.08 0 0.82 4.41 75.49 14.91 3.3 2.54 2.58 0.45 0.28 3.04 R 

SAD 172 74211.2 ·599.9 t(g)S 6.76 0.96 0 2.4 26.56 63.47 5.42 1. 19 2.18 2. 18 0.5 0.13 1.61 s 

SAD 175 73822. 1 1015 .8 t(g)S 25 1.1 0 0 2.2 82.78 12.55 1.38 2.53 2.59 0.35 0.31 1.04 s 

SAD 176 73793 568.2 f(g)S 21.05 1. 75 0 0.06 2.31 83.57 11.2 1. 1 2.53 2.58 0.34 0.2 1.58 s '° I\,) 

SAD 177 73813.4 224.6 t(g)S 18.06 0.78 0 0 1.41 78.63 18.29 0.9 2.68 2.72 0.34 0.06 1.51 s 

SAD 178 73809.2 · 175 .6 t(g)S 17.33 1.23 0 2.02 4.9 74 17 .1 0.75 2.58 2.58 0.5 0.62 3.61 R 

SAD 179 73860.9 ·386.1 t(g)S 9.72 0.41 0 0 16.23 75.86 6.58 0.92 2.31 2.35 0.4 0.21 0.78 R 

SAD 180 73822 1016.7 t(g)S 13.51 2.6 0 0 2.88 85.48 7.88 1. 15 2.54 2.56 0.32 0.02 1.45 s 

SAD 181 73417.1 606 t(g)S 18.42 0.21 0 0 4.31 85.54 9.38 0.56 2.44 2.48 0.38 0.27 1.62 s 

SAD 182 73427.3 232.2 f(g)S 19.44 3.57 0 1.69 4.3 73.87 15.31 1.25 2.58 2.59 0.49 0.44 3.45 R 

SAD 183 73411.8 · 195 .8 t(g)S 16 0.5 0.36 2.46 22. 15 63.81 10.68 0.05 2.26 2.29 0.58 0.26 1.58 R 

SAD 185 72592.7 1013.5 t(g)S 16.44 2 0 0.94 4.25 79.67 12.62 0.52 2.51 2.54 0.44 0.2 2.36 s 

SAD 186 73005.9 593.6 ts 12.33 0 0 0 3.66 82.62 13.46 0.26 2.51 2.57 0.38 0.34 0.55 s 

SAD 187 73410.2 ·197 t(g)S 11. 11 2.91 0 0.44 10.2 79.61 6.57 0.27 2.36 2.39 0.4 0.07 1.86 R 

SAD 188 72563.9 1014.4 t(g)S 13.7 3.69 0 0.47 4. 73 76.78 13.75 0.58 2.45 2.52 0.44 0. 13 1.38 s 

SAD 189 72560.6 1010.7 ts 18.67 0 0 0 5.94 83.36 9.99 0.72 2.38 2.46 0.4 0.44 1.52 s 

SAD 190 72209.7 1010.3 tgS 22.37 6.73 0 0.67 4. 73 77.71 9.43 o. 72 2.41 2.47 0.41 0.04 2.55 s 

SAD 191 72198.3 607.9 ts 13.7 0 0 0.16 5.94 86.32 6.98 0.6 2.38 2.43 0.36 0.35 2. 13 s 

SAD 192 71846.4 1412.6 f(g)S 21.05 1.07 0 0 2.57 79.3 14. 74 2.32 2.57 2.62 0.39 o. 19 1.09 s 

SAD 193 71835 1014.8 t(g)S 15.07 3.29 0 0.72 3.78 79.3 11. 93 0.99 2.51 2.54 0.41 0.27 3. 18 s 

SAD 194 71696 608 N/S 
SAD 195 71533.8 246.6 ts 15.07 0 0 0.26 14.44 82.95 2.23 o. 12 2.23 2.26 0.31 0. 11 3.07 s 

SAD 196 71390.8 1487.8 f(g)S 16.44 0.41 0 0 2.8 81.05 14.16 1.57 2.51 2.58 0.38 0.24 0.86 V 

SAD 197 71366.8 1049.7 t (g)mS 26.32 2.42 0.5 1.36 4.87 39.84 18.77 32.24 2. 75 2.68 0.67 0.64 3.19 V 

SAD 198 71456.1 650.4 * 
SAD 201 71227.2 206.2 t(g)S 15.07 0.03 0 1.08 7.53 83.39 7.23 0.73 2.34 2.38 0.43 0.08 3.47 s 

SAD 204 70866.6 271.8 ts 17.33 0 0 0 2.31 75.05 20.53 2. 11 2.57 2.67 0.46 0.32 0.84 s 

SAD 206 70785 402 URCH 
SAD 214 67552 1250 URCH/SH 
SAD 216 67210.9 1630.5 ts 13.51 0 0 0 1.76 92.66 5.42 o. 16 2.46 2.5 0.29 0.28 3.23 s 
SAD 218 66772.6 2013.8 ts 17.81 0 0 0 0.89 86.04 12.76 0.31 2.56 2.62 0.33 0.42 0.83 s 
SAD 220 66477.9 2130.9 t(g)S 25 0.29 0 0 1.59 85.93 11.88 0.31 2.51 2.58 0.34 0.42 1.04 s 

SAD 221 66262.2 1780.5 * 
SAD 223 66114.3 2217.2 * 
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COMPOSITIONAL AND STATISTICAL DATA FOR GRAB SAMPLES 

N/S=No Sa~le R F=Rock Fragments URCH=Urchins SH=Shells * = Sa~le too small to analyse 

·········· Sand Fraction········ 
S~le X Y Texture XCaC03 XGravel XVCS XCS XMS XFS XVFS XMud Median Mean Sort Skew Kurt SSS 

Facies station co·ord co·ord 

SAD 224 66006.6 1874 
SAD 227 62547.6 3432.7 
SAD 230 61969.3 3383 
SAD 231 60527 3437 
SAD 232 60176.5 4335.5 
SAD 234 59572.8 4313.3 
SAD 237 59072 4358 
SAD 238 59042 4114 
SAD 239 58621 4289 
SAD 243 54929 5911.6 
2865 79213.4 6456. 1 
2866 58798.8 7438. 1 

5 

ts 16.22 
ms 0.69 
* 
URCH 
fS 0.69 
f(g)S 9.21 
URCH/R F 
URCH 
URCH 
* 
M 
M 

0 0 
0 0 

0 0 
1.85 0 

0 
0 

0 1.53 83.56 14.37 0.53 2.52 2.6 0.38 0.47 0.78 S 
0.6 51.72 46.26 0.49 0.94 1.98 1.99 0.3 0.04 2.13 S 

0.94 24.81 73.82 0.1 0.33 2.11 2.1 0.27 0.82 6.53 S 
1.42 23.83 69.1 2.42 1.39 2.16 2.16 0.39 0.15 3.89 S 

0.5 99.6 
0.7 99.6 

Facies 
O= 1 
V= 2 
X= 3 
S= 4+5 
R= 6 
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APPENDIX 2 

Sedimentological data for the vibrocores. The core 
positions are: 

vc 7/84-2 

vc 7/84-3 

Radar (Lat/Long) 

29°35.2' S 16°59.5' E 

29°34.4 1 S 16°59.2' E 

VC 7/84-17 29°31.1 1 S 16°58.8 1 E 

MRD-1 (LO 17) 

74 050x + 550y 

72 600x + 850y 

66 300x +1 200y 



COMPOST ION AL AND STATISTICAL DATA FOR Vl8ROCORES 

CORE DEPTH TEXTURE XCAC03 %GRAVEL xvcs xcs XHS XFS XVFS XHUD MEDIAN MEAN SORTING SKE~NESS KURTOSIS 

NUMBER D~NCORE 
(cm) 

vc7/84·2 0-2 f(g)S 18.4 0.46 0 0 0.86 74.54 21.57 1.53 2.67 2.76 0.43 0.45 0.79 

20-22 f(g)S 19.7 1.17 0 0.31 2.82 74.57 19.94 0.95 2.61 2.68 0.44 0.06 1.6 

25-27 f(g)S 19.7 1.18 0 3.84 6.56 68.59 18.83 0.9 2.58 2.55 0.61 -0.49 1. 91 

27-29 fgS 26.3 9.14 0 0.8 3.16 67.7 18.18 1.03 2.6 2.64 0.46 -0.3 2.53 

34-36 fgS 35.5 6.29 0 3.82 6.44 66.34 16.23 0.87 2.55 2.52 0.61 ·0.62 2.54 

36·38 f(g)S 28.9 1.61 0 10.44 16.32 60.2 10.5 16.46 2.3 2.18 0.74 -0.31 0.1 

51 ·53 f(g)S 31.6 0.57 0 1.23 9.26 75.77 12.27 0.9 2.45 2.46 0.51 ·0.21 1.51 

53-55 f(g)S 32.9 2.26 0 0.52 4.3 73.5 17.26 2.16 2.54 2.59 0.46 -0.13 1.48 

61-63 f(g)S 30.2 1.42 0 1.05 6.91 73.69 15.31 1.33 2.55 2.56 0.51 -0.27 1.96 

63-65 f(g)S 26.3 0.37 0 1.56 6.81 77.41 12.22 1.63 2.46 2.48 0.5 -0.27 2. 14 

83-85 f(g)S 28.9 0.89 0 0.76 4.27 79.59 13.8 0.68 2.49 2.55 0.45 -0.02 2.46 

97-99 f(g)S 27.6 0.64 0 0.74 5. 17 76.14 16.18 2.37 2.52 2.57 0.47 ·0.08 1.65 

99· 101 fgS 30.2 11.93 0 3.4 12.44 59.78 10.73 1. 71 2.45 2.38 0.62 -0.39 0.68 

111-113 fgS 34 6. 14 0 2.42 9.23 66.72 13.62 1.63 2.5 2.48 0.57 ·0.34 1.4 

121-123 fgS 34 9.92 0 5.02 13.81 56.78 11. 74 2.73 2.47 2.35 0.68 -0.4 0.33 

123-125 f(g)S 23.7 3.07 0 2.22 7.98 69.14 15.65 1.69 2.5 2.5 0.55 ·0.35 1.93 

131-133 f(g)S 25 2.94 0 1.02 5.93 73.78 13.83 2.24 2.53 2.55 0.49 ·0.23 2.73 

133-135 f(g)S 32.8 3.08 0 1.8 9.83 70.19 13.67 2.15 2.52 2.49 0.56 -0.39 1. 78 

137-139 f(g)S 25 4.98 0 0.99 5.67 68.14 18.21 1.46 2.54 2.6 0.53 -0.15 1.63 \Q 

139-141 f(g)S 22.4 0.23 0 0 3.43 77.86 17.62 0.86 2.62 2.66 0.4 -0.05 1.83 
01 

146-148 fS 25 0 0 0 4. 71 82.65 12.2 0.44 2.57 2.59 0.39 ·0.14 2.31 

148· 150 f(g)S 30.2 4. 11 0 0.59 5.55 69.12 18.67 1. 71 2.55 2.59 0.52 -0.03 1.06 

160-162 fgS 28.9 11.14 0 1.97 7.02 64.46 12.77 2.64 2.55 2.53 0.55 ·0.38 1.85 

162-164 f(g)S 27.6 4.49 0 2.16 7.06 67.02 17.83 1.43 2.55 2.56 0.58 -0.43 2.55 

178-180 f(g)S 22.4 0.26 0 0 3.44 76.83 18.29 4 .12 2.53 2.62 0.43 0.22 0.86 

180-200 f(g)S 19.7 0.78 0 0 4.14 80.78 13.11 1.18 2.5 2.57 0.42 0.23 1.54 

vc7/84·3 0·2 f(g)S 17.3 1.74 0 0.9 5.23 79.7 11.45 0.98 2.46 2.5 0.45 0.19 2.57 

15-17 f(g)S 16 2.2 0.3 1.47 7.19 76.74 11 1. 1 2.45 2.45 0.5 0.55 5.01 

17-19 fgS 20 15.59 0 7.88 15.68 49.41 8.77 1.73 2.28 2 .18 0.71 0.28 0.04 

32-34 fsG 44.7 35.66 0.3 6.7 11.06 41.58 3.14 1.58 2.22 2.06 0.69 0.42 0.47 

34-36 f(g)S 30.2 3.43 0 3.49 15.57 71.06 5.36 1.09 2.28 2.26 0.51 0.41 2.39 

54-56 f(g)S 30.2 2.04 0 1. 7 8.4 79.99 6.97 0.9 2.37 2.37 0.46 0.37 3.21 

74-76 f(g)S 32 1.08 0 0.46 5.61 84.73 6.92 1.21 2.42 2.44 0.38 o. 11 2.93 

94-96 f(g)S 29.3 3.83 0 0.65 7 .14 78.62 7.13 2.64 2.36 2.39 0.42 0.09 2.22 

112·114 fgS 22.4 8.35 0 2.3 10.07 72.24 5.64 1.4 2.34 2.31 0.49 0.37 2.31 

120-122 fgS 19.7 8.54 0 0.26 6.07 75.02 8.77 1.35 2.39 2.45 0.41 0.12 1.89 

122·124 f(g)S 21.3 1.16 0 0.6 4.77 85.28 7.36 0.82 2.41 2.45 0.37 0.06 3.3 

140-142 f(g)S 21.3 1.88 0 3.14 9.44 78.59 6.38 0.58 2.36 2.34 0.5 0.56 3.09 

142-144 fgS 19.7 6. 11 0 1.2 6.3 78.18 7.28 0.93 2.36 2.4 0.42 0.22 3.66 

144-146 f(g)S 20 2 0 0.58 6.65 83.5 6.86 0.72 2.32 2.38 0.38 0.25 2.28 

164· 166 f(g)S 20 1.51 0 0 6.48 85.03 6.2 0.78 2.33 2.39 0.34 0.4 1.25 

178-180 f(g)S 20 0.18 0 0 7.08 84.7 7.45 0.59 2.34 2.41 0.37 0.44 1.58 



- COHPOSTIONAL AND STATISTICAL DATA FOR VIBROCORES 

0, 

(_ CORE DEPTH TEXTURE %CAC03 %GRAVEL %VCS %CS %HS %FS %VFS %HUD MEDIAN HEAN SORTING SKEWNESS KURTOSIS 

C: 
z NUMBER DOWNCORE 

(cm) 

(0 vc7 /84 · 17 0·2 fS 21.3 0 0 0 1.33 87.18 11.13 0.36 2.57 2.62 0.31 0.38 1.3 

co 
-.J 20·22 f(g)S 21.3 0.95 0 0 1.3 86.05 10.09 1.61 2.55 2.58 0.31 0.29 0.64 

30·32 f(g)S 21.3 2.87 0 0 2.73 83.03 9.87 1.5 2.49 2.55 0.35 0.29 1.66 

36·39 f(g)S 26.7 2.5 0 1.32 5.9 80.81 6.5 2.98 2.45 2.44 0.43 0.48 3.18 

39·41 fgS 29.3 12.06 0 2.94 8.48 65.31 8.97 2.24 2.55 2.46 0.56 0. 71 2.34 

47·49 fgS 40 11.96 0 2.98 9.27 67.91 6.53 1.34 2.4 2.35 0.54 0.54 1.76 

49·51 f(g)S 28 1.49 0 6.48 8.42 32.12 43.41 5.77 3.02 2.88 0.93 0.41 0.97 

69·71 vfS 28 0 0 1.24 2.78 32.81 51.02 8.6 3.13 3.21 0.72 0.02 2.78 

89·91 vf(g)S 37.3 0.18 0 0 0.75 42.19 46.87 7.57 3.07 3.19 0.58 0.57 2.01 

109·111 vf(g)S 33.3 0.26 0 0 0.68 38.84 48.25 8.79 3.1 3.24 0.62 0.53 1.93 

129·131 vfS 26.7 0 0 0 0.02 38.14 49.55 9.02 3.15 3.26 0.62 0.56 1.5 

149-151 vf(g)S 29.3 0.06 0 0 2.51 41.83 46.09 6.43 3.06 3. 15 0.61 0.28 1.94 

169· 171 f(g)S 20 0.76 0 0 6.21 81.96 10.12 6.05 2.39 2.46 0.4 0.38 1.26 

189· 191 f(g)S 20 1.04 0 0 1.57 61.81 28.92 4.63 2.83 2.94 0.55 0.49 1. 55 

200·202 f(g)S 18.7 1.09 0 0 1. 71 56.83 32.04 6.19 2.87 2.99 0.62 0.5 1. 71 

202·206 fgS 20 7.09 0 0.53 6.41 74.64 9.6 1.32 2.38 2.44 0.45 0.24 2.23 

206·220 ts 26.7 0 0 0.75 2.45 60.57 27.91 6.37 2.83 2.95 0.67 0.39 2.46 
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