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ABSTRACT

This study represents the first detailed geologigabphysical and geochronological investigation
of the continental shelf surrounding the Aliwal 8ho-5 km offshore of Scottburgh, in southern
KwaZulu-Natal. Mapping of the seafloor geology @sipeophysics and direct observations from
SCUBA diving transects were integrated with thesisgt stratigraphy and constrained by new

geochronological data.

Four seismic stratigraphic units (A to) Wvere identified and interpreted with the subsetjuen
sequence stratigraphic model consisting of founimgletely preserved stratigraphic sequences
separated by three sequence boundaries (SB1 - &B8prising complex reworked subaerial
unconformity surfaces. Sequence 1 is the deepelstivdded by a basin-wide marine flooding
surface (MFS1) into a lower Campanian (and pos$Shletonian) TST and an upper Maastrichtian
combined regressive systems tract comprising HSIAFReposits. SB1 follows Sequence 1 and
spans most of the Tertiary representing multiplesienal events. Shelf sedimentation resumed
during the Late Pliocene to early Pleistocene w#hposition of Sequence 2, the shelf-edge wedge,
which again was followed by erosion and non-depsidiuring the high frequency and amplitude
Early to Middle Pleistocene sea-level fluctuatioasulting in the formation of SB2. Sequence 3
consists of coast-parallel, carbonate cementedaamitel palaeo-shoreline ridges of various ages

overlying Sequence 1 and 2.

Sequence 4 unconformably overlies all the earliequences and comprises a lower TST
component displaying characteristic retrogradatiatacking patterns and an upper local HST
clinoform component showing progradation and dowpiag. Inner and middle shelf TST units

constrained between Sequence 3 ridges form thidiknest deposits showing a progression from
lagoonal and lower fluvial-estuarine deposits, taiar by foreshore and shoreface sands,
documenting the changing depositional environmémtsesponse to a sea-level transgression.
Laterally, in the absence if Sequence 3 ridges, $&liments comprise only a thin transgressive

sand sheet.

The upper HST component comprises a progradingesiitached subaqueous-delta clinoform
sediment deposit, thlkomazi Subaqueous-Delta ClinoforfiMSDC) which evolved in four
stages. An initialization and progradation stagag® 1) (9.5 to 8.4 ka cal. B.P.) was interrupted
by retrogradation (Stage 2) and backstepping oE¥lséem due to rapid sea-level rise between 8.4
to 8.2 ka cal B.P. Stage 2 backstepping of theofdirm controlled the subsequent overlying topset

morphologies resulting in later stages inheritingtapped appearance upon which shoreface-
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connected ridges (SCR’s) are developed. Stagef23d&.5 ka cal. B.P.) and 4 (7.5 to 0 ka cal.
B.P) show a change from ‘proximal’ topset aggramatp ‘distal’ foreset progradational downlap,
linked to a change in the dominant sedimentaryspart mechanism from aggradational along-
shore to progradational cross-shore related tatrans in accommodation space and the rate of
sediment supply. Morphologically the MSDC is chaeastic of sediment input onto a high
energy storm-dominated continental shelf where ogeaphic processes are responsible for its
northward directed asymmetry in plan-view, for thek of a well defined bottomset and for the

re-organisation of its topset into very large SCR’s

The SCR’s are 1 - 6 m in height, spaced 500 to 818%part and vary from 3 km to >8 km in

length, attached on their shoreward portions tosti@reface between depths of -10 m to -15 m
(average at -13 m) and traceable to depths exage8ih m, although the majority occur on the
inner shelf between -20 m to -30 m. Several irdiiai crests can be identified forming a giant
shoreface-connected sand ridge field with a sigalomhttern in plan-view postulated to be a

surficial expression of the subjacent retrogracdetiphase (MSDC Stage 2).

SCR’s development occurred in two stages. Stagava@hied deposition of sediment on the
shoreface and ridge initiation during the MSDC $t&jretrogradational event. Sediment was
reworked during sea-level rise generating clino®mith proximal along-shore aggradation and
distal across-shore progradation. This occurreihduhe last post-glacial sea-level rise from ca.
8.4 ka cal. B.P. SCR Stage 2 represents moderntenaimce of the SCR system which is
continually modified and maintained by shelf pramsand consists of two physical states. State 1
considers SCR maintenance during fair-weather ¢iomdi when transverse ridge migration is
dominant and driven by the north-easterly flowingumter current shelf circulation. State 2
considers SCR development during storm conditionsndongitudinal ridge growth is suggested
to occur as a result of storm return flows. Follogvithe storm, the regional coast-parallel current
system is restored and the fair-weather state theulds the SCRs into a transverse bedform.

Deposition on the MSDC is ongoing on a continestalf that is still in a transgressive regime.

The exposed seafloor geology comprises late Ptsis® to Holocene aeolianite and beachrock
lithologies, deposited as coastal barrier and taassive shoreface depositional systems.
Extensive seafloor sampling was combined with atirnogthod geochronological programme,
involving the U-series, C14 and optically stimuthttuminescence (OSL) to constrain the

evolution of the aeolianite and beachrock complex.

The Aliwal Shoal Sequence 3 ridge comprises thiieindt aeolianite units (Al to A3) which

represent different types of dune morphologies diégpd during the climatic and associated sea-
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level fluctuations of MIS 5. Units Al and A2 defied during the MIS 6/5e (~134 to ~127 ka cal.
B.P.) transgression represent contemporaneous tewvolof a coastal barrier system which
consisted of two different dune forms associatetth @iback-barrier estuarine or lagoonal system.
Unit A1 most likely originated as a longitudinal astal dune whilst Unit A2 comprised a
compound parabolic dune system that migrated ihto hack-barrier area across an estuary
mouth/tidal inlet of the back-barrier system. Tliagtal barrier-dune configuration established by
Unit A1 and A2 was most likely re-established dgrgimilar subsequent MIS 5 sea-level stands

which during MIS 5c/b resulting in the formationtbe back-barrier dune system of Unit A3.

Palaeoclimatic inferences from Units A1 and A2 &eute wind vectors indicate a change from
cooler post-glacial climates (lower Unit Al) to waer interglacial-like conditions more similar to
the present (upper Unit A1 and Unit A2). Unit A3lgmowind vector data show variability
interpreted to be related to global MIS 5c¢ climétistability and fluctuations.

For Units Al, A2 and A3 pervasive early meteorizvdmagnesium calcite (LMC) cementation
followed shortly after deposition protecting thenducores from erosion during subsequent sea-
level fluctuations. Sea-spray induced vadose céatien in Units A1 and A2 may have been a
key factor in stabilising dune sediment before rigthreatic meteoric cementation. The final
preserved Late Pleistocene depositional eventénstudy area was that of the storm deposit of
beachrock Unit B5. Induration followed shortly eaftdeposition by marine vadose high-
magnesium calcite (HMC) cementation. Following d@pon and lithification, Units Al, A2, A3
and B5 underwent a period of cement erosion adeociwith decementation and increased
porosity due to either 1) groundwater table flutitues related to the high frequency MIS 5 sea-
level fluctuations and/or 2) carbonate solution tlmeomplete subaerial exposure related to the
overall MIS 4 - 2 sea-level depression towards UM lowstand. In addition to the
decementation and porosity development Unit B5 agperienced inversion of the original
unstable HMC cement to LMC. During MIS 4 to 2 thiwal shelf comprised an interfluve area
which was characterised by subaerial exposurejallumcision of coast-parallel tributary river

systems and general sediment starvation.

Beachrock Units B1 to B4 were deposited in thertittal to back-beach environments and
subsequently rapidly cemented by marine phreatiocoreate cements comprising either aragonite
or HMC. Unit B1 was most likely deposited at 1@s88cal. B.P., B2 at 10.2 ka cal. B.P, B3 at 9.8
ka cal. B.P and B4 <9.8 ka cal. B.P. thereby intihigasequential formation during the meltwater
pulse 1b (MWP-1b) interval of the last deglacia-$evel rise.
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Unit B3 marks the change from a log-spiral bay talasonfiguration established by Units B1 and
B2 to a linear coastline orientation controlledthg trend of the pre-existing aeolianite units.isTh
change in the morphology of the coastline is alsouthented by the shape of the underlying
transgressive ravinement surface (reflector TRgu&eace 4) which again was controlled by the
subjacent sedimentary basin fill architecture anbssquent transgressive shoreline trajectory

(Sequence 4).

Sea-level rose at an average rate of 67 cm/108 yean B1 to B2 and 86 cm/100 years from B2
to B2 indicating an acceleration in the rate of-le®@l rise supporting enhanced rates of sea-level
rise during the MWP-1b interval which also seemetiave altered the coastal configuration and
resulted in the closure of the southern outlethef back-barrier estuarine system. Two cycles of
initial aragonite followed by later HMC cement amntatively linked to two marine flooding
events related to different pulses of enhanceds ratesea-level rise during MWP-1b which are

considered responsible for significant changesénnbarine carbon reservoir ages.

Comparisons of the U-series, C14 and optically slited luminescence (OSL) methods have
shown OSL to be the most reliable method applieddating submerged aeolianites and
beachrocks. OSL not only provides the depositi@ua of the sediment but also does not suffer

from open system behaviour, such as marine resatfianges and contamination.

Acoustic classification of the unconsolidated sastimsamples resulted in the demarcation of 3
major acoustic facies, C to E, interpreted with giemanalyses aguartzose shelf san@C), reef-
associated bioclastic-rich san@®) and anunconsolidated lag and debris depddt). Grain size
distribution patterns of the unconsolidated seafleediments indicate that the SCR system
delivers fine and medium sand to the inner and haidtlelf and imparts a general N-S trending
pattern to the gravel and sand fractions. In adldityjrain size distributions support selective
erosion of the seaward flank of tBandridgewith the remobilised sediment deposited inBasin

as low amplitude bedforms over the Facies E lag d@elotis pavement. The mud fraction is
interpreted to be deposited by gravity settlingrfrouoyant mud-rich plumes generated by river
discharge. Integration of acoustic mapping, fieldervations and sample analyses indicate that
the present distribution of the unconsolidated reedit is the result of a highly variable
distribution of modern and palimpsest sedimentscivlaire continually redistributed and reworked
by a complex pattern of bottom currents generatethe interaction of opposing oceanographic

and swell driven circulation patterns.
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CHAPTER 1
INTRODUCTION

1.1 BACKGROUND

Continental shelves are continually shaped by eealichanges, undergoing submergence during
warmer interglacial periods and emergence duringcigl periods. The morphology and
sedimentary architecture of continental shelvesvigeo a record of tectonic processes active
during continental fragmentation and continentatgimaformation with subsequent sedimentation
and erosive events driven by marine transgressammb regressions. In addition, continental
shelves world-wide are biologically productive, paging a recreational and commercial fisheries
industry and a source of most of the worlds hydiooas. In South Africa, the Quaternary
evolution of the continental shelf is also closktked to the emergence of modern man (Marean
et al, 2007; Fisheet al, 2010; Compton, 2011).

This study represents the first detailed geologigabphysical and geochronological investigation
of the continental shelf of the Aliwal Shoal in soern KwaZulu-Natal and follows on from a
similar study undertaken by Ramsay (1991) in SodBay on the northern KwaZulu-Natal shelf
(Figure 1.1). The Aliwal Shoal and the Sodwana Besfs represent submerged aeolianite and
beachrock complexes that form part of a more ektenseries of aeolianite ridges at various
depths on the KwaZulu-Natal continental shelf (Ma#and Flemming, 1988). More recent studies
by Richardson (2005) and Cawthra (2006, 2010) oftshfrom Durban provided a detailed

seafloor geology and seismic stratigraphic recétti@® shelf in that area (Figure 1.1).

Of particular importance is that this study integsa the seafloor geology with precise
geochronological data providing robust age constsabn the late Pleistocene evolution of the
Aliwal Shoal continental shelf. Mapping of the #8ear geology using geophysics and direct
observations from SCUBA diving transects were irdggd with the seismic stratigraphy and
constrained by new geochronological data. Preggsehronological ages were determined using
a multi-method geochronological programme, invajvid-series, C14 and, for the first time,
applying the luminescence dating technique totilpe of submerged deposits. Results show that
the Aliwal Shoal encompasses a drowned coastaliebagslystem the evolution of which
documented by a sequence of submerged aeoliabiéeshrocks and transgressive sediments
representing one of the best preserved underwatbivas of rapid environmental change that

occurred along the southeast African continentalfsturing the Late Pleistocene and Holocene.
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CHAPTER1: INTRODUCTION

1.2 LOCALITY

The research area (Figure 1.1) occupies 65dfneontinental shelf situated offshore between the
towns of Umkomaas and Scottburgh, approximatelikriGouthwest of Durban on the KwaZulu-

Natal south coast. Three overlapping data sete ws&ed: 1) the detailed study area, 2) the seismic
study area and 3) the shoreface-connected ridgy area. The detailed study area constitutes the

focus of this thesis and is covered by side-scararseseismic and bathymetric data as well as

seafloor mapping and sampling coverage.

KwaZulu-Natal

South Africa

Enlarged
Area

31°

Richardson

2005

Durban
Bluff

Cawthra
2006, 2010

30°8

@,
”Iéa”.’/b;’

7

Scottburgh

Legend

D KwaZulu-Natal

Rivers
L _Twmpa

MPA restricted areas
E Green Point Lighthouse

Study Area

- Detailed
- Seismic

Shoreface-connected
ridge

Figure 1.1 Locality map of the study area showing the troeerlapping data sets, the MPA and
the restricted zone of the MPA, the Durban Bluffl &8odwana Bay (inset) study site of Ramsay,

1991.
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The seismic study area represents the area of shedfred by high resolution boomer seismic
profiles, whereas the shoreface-connected ridggysdivea comprise only a archival bathymetric

dataset.

The detailed study area is located within a Marretected Area (MPA). It comprises an
approximately 18 kisection of continental shelf and includes therimdas Aliwal Shoals. After
Sodwana Bay (Ramsay's study area), the Aliwal Sheahe best known and most popular
SCUBA diving destination in South Africa. Thirtg fifty thousand recreational SCUBA dives
are undertaken each year on the Aliwal Shoal rde€hwis rated as a world class dive site. The
attraction for these divers is the fact that théwAl Shoal reef complex serves as a gathering
ground for ragged-tooth sharks during their anmaathward breeding migration from the Cape

waters to the warmer tropical waters off KwaZuluttNand Mozambique (Cliff, 1999).

Due to the uniqueness and popularity of the shioalas declared a Marine Protected Area by
Marine and Coastal Management (MCM). MCM is pdrittee national government and is a
division of the Department of Environmental Affaiasnd Tourism (DEAT). Bathymetric and
seafloor interpretation maps generated by thisysprdved to be an extremely valuable asset to
MCM as these maps were used to accurately delinleatboundaries of the restricted zone of the
MPA around the reef complex. This was a direatiltefsom the acquisition of the high resolution
geophysical dataset, which provided accurate inftion on the nature of the seafloor in the
MPA, which is critical in any MPA, as it forms thmseline dataset whereupon other data types
(biological, fishery, oceanography etc.) can betptband modelled. The integration of all the
datasets (biological, oceanography and geologigdl) facilitate the development of an
environmental management plan which is vital fog gust