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Radiocarbon-dated evidence for Late Pleistocene
and Holocene coastal change at Yzerfontein,
Western Cape, South Africa

We report radiocarbon dates obtained from on-shore marine and near-shore terrestrial deposits near
Yzerfontein, on the West Coast of South Africa. These deposits include Late Pleistocene shell concretions
from the southern end of 16 Mile Beach and a marine shell deposit inland of the coastal Rooipan (Red
Pan); mid-Holocene coastal pan deposits exposed by modern storm erosion of the sandy 16 Mile Beach;
and four Holocene storm beach deposits on a rocky shore to the south. We interpret the results in terms
of local geomorphology constraints on sea-level fluctuations. The eastern margin of Rooipan is a >40 ka
elevated beach deposit in a dune cordon that separates it from the adjacent Yzerfonteinpan. Both pans
have gypsum deposits up to 2 m thick formed by repeated marine overwash. Saline pan deposits that
are exposed intermittently on the beach are mid-Holocene and indicate a former westward extension of
Rooipan. This is in contrast to storm beaches dating 8000-2600 cal BP at higher elevations on a rocky
platform further south. This suggests that a dune barrier existed seaward of the present shoreline near
Rooipan at this time. The coastal changes described here show that deposition and erosion can be affected
significantly by the local palaeogeomorphology and cannot be ascribed solely to sea-level change.

Significance:

Mollusc shells from Yzerfontein, Western Cape Province, South Africa, show radiocarbon ages ranging
from >40 000 years to a few decades before present. There is evidence for elevated sea levels between
8000 and 2600 years ago, and sea levels similar to the present in the last 2000 years. Neither the elevation
of the deposits nor their ages conform to published sea-level change curves for the Western Cape coast.
Inundation by rising sea levels in the Holocene was not spatially uniform. Former and present geomorphology
have had a significant effect on deposition and preservation of indicators of sea-level change.

Introduction

Yzerfontein Point (33°20” 46.9” S; 18° 08’ 48.8” E), situated 70 km north of Cape Town, forms a rocky promontory
at the southern end of the log-spiral 16 Mile Beach (Figure 1) on the southwestern coast of South Africa. This
section of coast is microtidal, but experiences a strong southwesterly swell and predominantly southerly winds
that drive sand transport towards the north.! South of Yzerfontein Point there is a wave-cut platform at 6-12 m
above mean sea level (asl), following the rugged coastline for 1 km south to Schaapen Island, another rocky
promontory tidally separated from the mainland. North of Yzerfontein Point there is a pocket beach and a small
rocky outcrop called Rooipan se Klippe (known to geologists as Gabbro Point). North of that a coastal dune
cordon separates the sandy beach from Rooipan (Red Pan), a seasonally flooded saline pan named after the red,
salt-tolerant vegetation surrounding it. Another larger pan, Yzerfonteinpan, is located some 1.5 km inland and
is separated from Rooipan by a vegetated dune rising to 10 m asl. 16 Mile Beach extends north, unbroken, from
Rooipan se Klippe to the Langebaan Peninsula.

In 2017, severe storm erosion of the coastal dune at the southern end of 16 Mile Beach caused significant
destruction of coastal infrastructure (Figure 2), and focused attention on the vulnerability of the local coastal dune
system.? This erosion also temporarily exposed dark, organic mud horizons containing numerous shells of the
diminutive terrestrial snail Tomichia ventricosa in the beach seaward of the present coastal dunes (Figure 3). This
anomaly stimulated further investigation of various onshore, near-coastal deposits in order to characterise local
palaeoenvironmental change. We sampled molluscs and sediment from various near-shore deposits for radiocarbon
dating in order to establish the sequence of depositional and erosional events leading to the configuration of the
local modern shoreline. The main aim of this paper is to explain the apparently anomalous occurrence of pan
deposits seaward of the modern dune cordon, and not to contribute to refinement of the local Holocene sea-level
curve. For a comprehensive review of sea-level change in southern Africa since the Last Glacial Maximum, see
Cooper et al.?

Methods

Various locations on the wave-cut platform are conveniently named with concrete markers, and we use these names
to identify our samples. We radiocarbon-dated disarticulated individual shell or shell fragments of Choromytilus
meridionalis from elevated deposits on Schaapen Island (YZF12), Skuimgat (YZF13 & 52) and Spuitgat (YZF49-51)
on the coastal wave-cut platform, and from the head of a narrow gulley at Duiwenes (YZF20 & 21). We also dated
carbon-rich sediments and a composite of several Tomichia ventricosa shells from the strata temporarily exposed
by modern storm erosion of 16 Mile Beach (YZF23 & 53); a composite of several modern Tomichia ventricosa
shells from Rooipan for comparison; disarticulated single Donax serra shells from a semi-consolidated sand layer
exposed by the storm erosion (YZF24), a shelly horizon within the present coastal dune cordon (YZF22) and an
horizon on the inland dune margin of Rooipan (YZFO07); and unidentified individual shell fragments from shelly
concretion (coquina) from Rooipan se Klippe (YZF11). Figure 1 shows these locations.
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Figure 1:

Figure 2:
damage earlier that month.

At each sampling location the elevation was measured using a
Hemisphere S320 GNSS system. The transmitter was mounted on a
measured pole and held in place until it received signals from a minimum
of 50 satellites. Depending on the sites measured, the resolution ranged
from 0.5 cm to 30 cm in the X, Y and Z dimensions. Elevation values
reported are reduced relative to mean sea level.

Each sample was etched with acid before being crushed and reacted
with hydrochloric acid to evolve carbon dioxide from the carbonate.* The
carbon dioxide was distilled cryogenically, and subject to graphitisation
using an iron catalyst in the presence of excess hydrogen.® The
analysis was performed on the Tandem accelerator at iThemba LABS,
Johannesburg, using coal as background and oxalic acid Il as a standard.
All calculations followed the protocol of Zoppi.t

Radiocarbon analysis of freshwater shells may be influenced by a hard-
water effect”, while results from marine shells must account for the marine
reservoir effect (AR)®. These effects are time- and space-dependent
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Photograph taken on 27 June 2017 of the Strandkombuis restaurant on 16 Mile Beach at Yzerfontein, showing collapse due to cumulative storm

functions of the aquatic environment that typically result in age
determinations that are older than the true age. In order to account for
the hard-water effect, we measured modern Tomichia ventricosa shells
from Rooipan. Estimates of AR for the last 2600 years, and for the
period 13 000-10 000 years ago are available, and we used the Western
Cape estimate of 147 + 86 years in the calibration.® The soil organic
matter result was calibrated using the SHCal20 data set'® and the marine
shell samples were calibrated using the Marine20 data set', taking into
consideration the difference between the modelled and measured local
AR values®. The online calibration program CALIB ver 8.2 was used
(http://calib.org/) for calibrations."

Results

Table 1 indicates the relative elevations and corresponding radiocarbon
dates with their associated calibrations. Marine mollusc shell concretions
(coquina) on and just north of Rooipan se Klippe yielded dates of 39 200
+ 2000 (iT-C-1971) and shells from consolidated beach sand from south
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Figure 3:

Mid-Holocene, dark organic mud horizons exposed temporarily in June 2017 by storm erosion of the beach deposits and the coastal dune at the

southern end of 16 Mile Beach, Yzerfontein; capped by a yellow layer with polygonal desiccation cracks, on which the man is standing; overlain
by two layers of semi-consolidated marine sand, with modern beach cobbles; in turn overlain by aeolian dune sand.

of Rooipan se Klippe yielded 50 500 + 3400 (iT-C-2133). These dates
are considered to be a minimum age estimate as shell assimilates post-
depositional carbon over long periods'?, and after calibration these are
interpreted as >40 700 cal BP and >50 000 cal BP, respectively. They
probably represent the Late Pleistocene (Eemian) Velddrif Formation.31

We interpret a layer of marine shells exposed in a borrow pit on the inner
dune margin of Rooipan (Figure 4) as a beach because of its cobbles,
relatively pristine but disarticulated bivalves, and visual similarity to the
current Yzerfontein beach. The radiocarbon date of 42 200 + 2600
(iT-C-1973) on a Donax serra shell is also a minimum age estimate, and
this calibrates to > 42 200 cal BP

The terrestrial sediments exposed in 2017 on the beach consisted of a
basal layer of finely laminated black mud about 50 cm thick, overlain by an
approximately 50 cm thick layer of yellow mud, the upper surface of which
had polygonal desiccation cracks. Above that was a double layer about
1 m thick of calcareous, semi-consolidated sand containing black mussel
fragments, beneath 3 m of unconsolidated dune sand (Figure 3). The lower,
muddy layers contained abundant shells of the pulmonate (air-breathing)
snail Tomichia ventricosa (Figure 5), which inhabits coastal saline pans'®,
and no other molluscs that would suggest a lagoon™ or estuary'”. A
sample of these shells had a radiocarbon date of 5085 + 45 (iT-C-1151)
(5740-5890 cal BP), while one sample of the organic-rich mud yielded
a date of 6370 + 60 (iT-C-4686) (71707320 cal BP) and another that
was associated with the Tomichia ventricosa shells yielded 4980 + 60
(iT-C-922) (5600-5850 cal BP). The apparently greater age of the shells
compared to the mud enclosing them is due to a hard-water effect on the
shells. This is confirmed by the radiocarbon date of 235 + 40 (iT-C-1968)
obtained for modern Tomichia ventricosa collected from the surface of
Rooipan. The hard-water effect is not subject to calibration. We interpret
this sequence (Figure 3) as a mid-Holocene former saline pan, overlain by a
sandy marine overwash deposit, capped by a late-Holocene to recent dune.

The present coastal dune cordon near the southern end of 16 Mile
Beach contains several shelly layers, deposited either by storm surges
or seasonal tidal overwash of low-lying portions, subsequently covered
by aeolian sand. We sampled a Donax serra shell from a stratified layer
about 1 m below the present dune crest and obtained a radiocarbon date
of 615 + 35 (iTh-C-2421) (280-480 cal BP). The present dune cordon
is an active late-Holocene feature.

The radiocarbon dates from the storm beaches at elevations up
to 11 masl on the rocky shore south of Yzerfontein Point ranged

Research Article
https://doi.org/10.17159/sajs.2023/15505

from mid-Holocene to modern. On the rocky promontory of
Schaapen Island, at the head of a south-facing gulley there is a 1
m thick deposit of an unconsolidated shelly hash that is undergoing
intermittent erosion by modern storm waves. The exposure is a
low cliff, 2-3 masl, packed with shell fragments of a wide variety
of species and sizes, and containing some pebbles and cobbles of
the surrounding diorite rock (Figure 6). The deposit of comminuted
and rounded shells is quite distinct in appearance and species
composition from that of an archaeological midden, like the nearby
one of Bakoond.' The Schaapen Island deposit was thought to be
mid-Holocene storm beach with an assumed age of around 5000-
4000 BP, like examples at similar elevations and ages recorded
elsewhere along the west coast.” However, with radiocarbon
dates of 1120 + 60 (iT-C-1969) (310-520 cal BP) and 790 + 45
(iT-C-1992) (0-180 cal BP) at the bottom and top, respectively, it
clearly comprises late Holocene storm beach deposits.

The wave-cut platform about 6—12 mas| immediately north of Schaapen
Island has a mantle of water-worn mollusc shells of diverse species
and sizes. There is no evidence of associated archaeological material
and the water-worn nature and diversity of species and sizes suggests
storm beach deposits. At Skuimgat we sampled a water-worn gastropod
(possibly Argobuccinum pustulosum), a Choromytilus meridionalis
shell, and a Scutellasta granularis shell from a dune mole-rat heap,
and obtained early to mid-Holocene radiocarbon dates of 7980 + 50
(iT-C-2419) (7990-8240 cal BP), 4190 + 60 (iT-C-4187) (3730-4050
cal BP) and 3250 + 45 (iT-C-4185) (26002870 cal BP), respectively.
This we interpret as a mid-Holocene storm beach deposit containing a
fraction of reworked older shells.

At Spuitgat there is an accumulation of mostly comminuted
Choromytilus meridionalis shells to 11.3 masl. Again, there is no
evidence that this is a hunter-gatherer midden, and close inspection
showed distinct layers differentiated by the degree of bleaching of the
shells. The white, lowermost layer dated to 1825 + 40 (iT-C-4183)
(950-1180 cal BP); a layer of semi-bleached (pink) shells dated to
630 + 70 (iT-C-4373) ('recent"); and the uppermost unbleached
(blue) layer yielded a result of 101.05 + 0.87 percent modern carbon,
which indicates the presence of bomb carbon and must post-date
1950 CE ("modern"). These are storm beach deposits on this exposed
rocky promontory.

Duiwenes is a narrow, rocky gulley eroded into the 6-12 masl platform.
At the head of the gulley there is a +3-m-thick deposit of marine shells,
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Table 1: Radiocarbon dates from onshore marine deposits near Yzerfontein

Site - . .
number Description Latitude / longitude
$33°21'16.8”
YZF12 | Schaapen Island (top)
E18° 08’ 52.8”
$33°21'16.8”
YZF12 Schaapen Island
(bottom) E18° 08’ 52.8"
$33° 20’ 56.0”
YZF49 | Spuitgat shell grit (blue)
E18° 08’ 46.9”
$33°20'56.1”
YZF50  Spuitgat shell grit (pink)
E18° 08 47.1"
; ; $33° 20’ 55.0”
YZF51 Spu!tgat shell grit
(Whlte) E18° 08’ 47.2”
$33° 20’ 59.1”
YZF52 | Skuimgat mole heap
E18° 08 49.0”
§33°20'59.1”
YZF52  Skuimgat mole heap
E18° 08 49.0”
$33° 20’ 58.7"
YZF13 | Skuimgat mole heap
E 18° 08 49.0”
$33° 20’ 54.9”
YZF20 | Duiwenes (top)
E18° 08’ 50.2"
$33° 20’ 54.9”
YZF21 | Duiwenes (bottom)
E18° 08’ 50.2"
$33°1939.8”
VZF22 1 m from crest of
modern dune E18° 09’ 345"
§33°19' 51.5”
YZF23 Moqern shells from
Rooipan surface E18° 09’ 42,27
; §33°19'57.9”
YZF23* Black muddy sand in
modern beach E18° 09’ 38.1"
$33°19'57.9”
VZF23* Shells from black
muddy sand E18° 09’ 38.1”
; §33°19" 30.5”
YZF53 Black muddy sand in
modern beach E18° 09’ 30.5”
i $33°19'50.0”
YZFO7 Cobble layer of inner
dune cordon E18° 09’ 55.7”
; ; $33° 20 14.6”
YZF11 Rompaq se Klippe shell
concretion E18° 09’ 37.7"
Yellowish, semi- S 33° 20" 16.7”
YZF24 | consolidated sand with
Donax fragments E18°09'37.3

Holocene coastal deposits at Yzerfontein

Page 4 of 8
ok o Sl Tbotone g

Choromytilus meridionalis 5.9 iT-C-1992 790 + 45 0.0 0-180
Choromytilus meridionalis 5.1 iT-C-1969 1120 + 60 0.0 310-520
Choromytilus meridionalis 9.6 iT-C-4186 Post 1950 CE 2.9 Modern
Choromytilus meridionalis 9.6 iT-C-4373 630 + 70 2.3 Recent
Choromytilus meridionalis 11.3 iT-C-4183 1825 + 40 1.6 950-1180
Scutellastra granularis 10.9 iT-C-4185 3250 + 45 1.5 2600-2870
Choromytilus meridionalis 10.9 iT-C-4187 4190 + 60 2.3 3730-4050
Argobuccinum pustulosum 10.9 iT-C-2419 7980 + 50 0.0 7990-8240
Choromytilus meridionalis 11.4 iT-C-2418 4435 + 50 1.1 4070-4380
Choromytilus meridionalis 8.4 iT-C-2434 4270 + 50 1.1 3840-4140
Donax serra = iT-C-2421 615+ 35 0.8 Recent
Tomichia ventricosa 1.0 iT-C-1968 235 + 40 -4.5 Modern
Soil organic matter <14 iT-C-922 4980 + 60 -25.6 5600-5730
Tomichia ventricosa <14 iT-C-1151 5085 + 45 -4.5 5740-5890
Soil organic matter <14 iT-C-4686 6370 + 60 1.5 7170-7320
Donax serra 3.2 iT-C-1973 | 42 200 + 2600 0.8 >42 200
Indeterminate 1.3 iT-C-1971 | 39200 + 2000 -0.4 >40 700
Indeterminate 0 iT-C-2133 | 50500 + 3400 0.0 >50 000

*This exposure was buried at the time of elevation measurement, and this result reflects a beach transect measurement from the same location.

mostly Choromytilus meridionalis, currently being eroded by terrestrial
drainage through the gulley. Radiocarbon dates of 4270 + 50 (iT-C-
2434) (3840-4140 cal BP) and 4435 + 50 (iT-C-2418) (4070-4380
cal BP) from near the bottom and the top, respectively, show that this is

a stack of mid-Holocene storm beaches.
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Discussion

The occurrence and age of these shell deposits must be viewed against
other landscape features that also hold implications for sea-level change
and sand supply. We highlight three features: the gypsum-rich pans
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Figure 4:

Layer of Late Pleistocene marine shells and rounded beach cobbles at 3 masl above clean white sand and below the brown soil horizon, exposed

in a borrow pit in the dune on the inner margin of Rooipan (sampling location YZF07).

Figure 5:
Beach in February 2017 (sampling location YZF23).

immediately north of Yzerfontein (Figure 1); the evidence for an interplay
between littoral dunes and saline pan features; and the presence of
coeval storm beaches on the rocky promontories.

Yzerfonteinpan and Rooipan are relict Late Pleistocene features'>
with present surfaces at 1-2 masl. Rooipan is reported to have a basal
layer of “sand or shelly limestone of the Late Pleistocene (Eemian/last
interglacial) Velddrift Formation”?'. This deposit indicates a former, Late
Pleistocene, marine embayment of unknown extent, that probably also
underlies the adjacent Yzerfonteinpan. Both pans have been mined
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Mid-Holocene, dark muddy sediment containing abundant shells of the hypersaline terrestrial mollusc Tomichia ventricosa, exposed on 16 Mile

for gypsum, from a layer up to about 2 m thick.'>?' In Yzerfonteinpan
this is intercalated with sand containing bleached Choromytilus
meridionalis shell fragments, which indicate a Late Pleistocene, perhaps
last interglacial (Eemian, 120-130 ka), age.? In undisturbed portions
of Yzerfonteinpan, there are dark surficial muddy layers, in places
containing burrows and shells of Tomichia ventricosa.” The surface
of Rooipan has been more thoroughly disturbed by historical mining,
and modern Tomichia ventricosa are found living directly on the exposed
gypsiferous sand.

Volume 119| Number 11/12
November/December 2023


https://dx.doi.org/10.17159/sajs.2023/15505
www.sajs.co.za

Holocene coastal deposits at Yzerfontein
Page 6 of 8

Figure 6:

The gypsum deposits in both pans result from multiple, successive
marine inundations over a coastal bar, followed by evaporation to a
brine at least 3.35 times the salinity of sea water, to initiate precipitation
of gypsum.”™ The succession of a marine embayment, followed by a
pan with deposition behind an overwash bar, implies a falling sea-level,
possibly linked to the waning Eemian interglacial. The Late Pleistocene
beach deposit at 3 masl, preserved in the dune between the two pans,
shows that Rooipan must be somewhat younger than Yzerfonteinpan,
but that it developed under the same regime of intermittent inundation
and evaporation of sea water behind an overwash bar somewnhat
further west. With a falling Late Pleistocene sea level, marine overwash
ceased, and this bar too eventually was stranded. The cessation of
marine overwash and gypsum deposition in both Yzerfonteinpan and
the ancestral Rooipan was followed by seasonal inundation by terrestrial
runoff, and the deposition of the fine muddy layers inhabited by Tomichia
ventricosa.

We obtained a mid-Holocene date for the organic mud and Tomichia
ventricosa shells from the pan deposits preserved beneath the present
beach. This implies that the ancestral Rooipan must have been more
extensive between 7200 cal BP and 5600 cal BP, with a sand barrier
further west than the present dune cordon. We suggest that a substantial
dune barrier formed seaward of the current coastline during a Late
Pleistocene sea-level lowstand. This barrier protected the ancestral
Rooipan from immediate inundation by the rising early Holocene higher
sea level. The barrier must have been sufficiently robust and persistent to
protect the ancestral Rooipan from the contemporaneous mid-Holocene
storm surges recorded by the storm beaches on the exposed rocky
platform to the south of Yzerfontein Point, which evidently was not
protected by such a barrier.

Eventually the barrier that protected the mid-Holocene saline pan was
breached and eroded, contributing its sand to the growing Holocene
dune plume??%, the inner margin of which may form the present coastal
barrier dune now protecting the residual Rooipan. Most of its former
extent has been eroded by the sea, which has eroded the beach and
dune margin by up to 80 m locally since 1936.

Clearly, the storm beach deposits south of Yzerfontein Point, with various
elevations above modern mean sea-level that do not correlate with their
age, cannot be used as indicators of former Holocene sea levels, and the
single mid-Holocene date for a saline pan just over 1 masl behind a now
eroded barrier dune probably does not contribute significantly to refining
the local Holocene sea-level curve.
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Eroded face of the Late Holocene storm beach at 2—-3 masl on Schaapen Island (sampling location YZF12).

There is little correspondence between published Holocene sea-level
curves for the southern African west coast.''%2-2%6 There appears to
be consensus that rising sea level crossed 0 masl around 8000 years
ago, with some higher indicators subsequently (Figure 7A)'¢, but other
than that the published data are inconsistent. Nevertheless, we note that
Compton™®2 has suggested a slight drop in sea-level with sub-aerial
exposure of nearshore deposits at about 4500 BP If this is the case, it
may have contributed to protection of the ancestral Rooipan from mid-
Holocene inundation.

The evidence presented here indicates that an open embayment existed
north of Rooipan se Klippe/Gabbro Point at some point prior to 50 000 cal
BP, which probably represents the Eemian sea-level highstand (Figure 7B).
During the Last Glacial Maximum, lower sea level led to increased sand
supply from the south, forming a dunefield to the west of the current beach.
As sea level transgressed the modern level during the mid-Holocene, this
dunefield resisted erosion sufficiently for an extensive ancestral Rooipan to
form (Figure 7C). The dunefield that protected the ancestral Rooipan from
the mid-Holocene sea-level highstand eventually breached, and overwash
deposits accumulated on ancestral Rooipan. Ultimately, the beach eroded
back to the modern shoreline, forming a littoral dunefield in the process
(Figure 7D). The recent erosion of the southern end of 16 Mile Beach? is
likely a process that has been ongoing through the latter half of the Holocene,
with a return to the presumed Eemian shoreline being a possible endpoint.

Conclusions

The southern parts of 16 Mile Beach have eroded recently?, while
further north coast-parallel dunes have prograded seaward in response
to the marine regression since the mid-Holocene.?® The implication is
that palaeogeographic conditions were different between the southern
and northern stretches of 16 Mile Beach, and the impact of sea-level
change is determined by local sand supply and transport dynamics
on these sandy shores. A more general implication is that local
palaeoenvironmental reconstruction is crucial to interpreting local
coastal change in response to changing sea level. Apparent sea-level
change cannot simply be extrapolated from one area to another, even
those along contiguous stretches of coastline.

It is anticipated that sea levels will rise over the coming decades in
response to global climate change, and past transgressions provide
a potential analogue for the impact that this may have on coastal
morphology. Local sea-level rise is not a uniform ‘tub filling’, and our
data show that local expression may be dependent on the existence of
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Figure 7:  Summative diagram illustrating dating evidence for morphodynamic changes to the southern end of 16 Mile Beach in response to sea-level

fluctuations. Dates are presented as cal BP ranges. (A) Holocene sea-level curve for the southwestern Cape coast based on data in Compton'.
(B) Late Pleistocene open embayment north of Gabbro Point during a slightly higher than modern sea level. (C) During the Last Glacial Maximum,
lower sea level led to the formation of a dune barrier that protected a larger ancestral Rooipan from erosion by the mid-Holocene transgression,
while the rocky shelf to the south was exposed to storm surges. The exact location of the shoreline for this time cannot be determined precisely.
(D) The barrier subsequently eroded with a littoral dune forming as the modern shoreline was established.

former barriers, variably resistant to erosion, that for a while may protect
back-barrier pans and other landscape features vulnerable to subsequent
inundation when these barriers have been breached. At the southern
end of 16 Mile Beach the present dune barrier is eroding actively, its
shoreward face having shifted some 30 m inland since the beginning of
2017.2 This has obvious implications for infrastructural development on
top of and immediately behind the present dune cordon. Any increase
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in storminess due to climate change may breach the lowest portion of
this narrow dune barrier, which has been eroded beyond its former crest
and is now only about 3 masl. The result may be intermittent flooding
of Rooipan, with further damage to built infrastructure on its margins.
The ultimate expression of this process may be the loss of the present
dune cordon altogether, with the beach returning to the position of the
Pleistocene inner dune cordon that marks the landward edge of Rooipan.
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