Is Groenvlei really fed by groundwater discharged
from the Table Mountain Group (TMG) Aquifer?
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Abstract

Vankervelsvlei is a unique wetland located in the stabilised dunes east of Sedgefield. Groenvlei is one of a series of 5 brack-
ish coastal lakes along the Southern Cape coast of South Africa, but is the only one disconnected from the sea. It has been
hypothesised that discharge from the underlying Table Mountain Group Aquifer sustains Vankervelsvlei, which in turn
discharges into Groenvlei. This paper critically reviews the conceptual model and information on which the hypothesis
was based. It is argued that the conceptual model is flawed as it does not take account of topographical and geohydrological
conditions prevalent in the area. Analysis of limited hydrochemical data did not explore other possible water sources, and
the electrical conductivity characteristics used to confirm the link between the wetlands and the deeper secondary aquifer
also apply to 56.3% of boreholes located in a variety of aquifer types across the Western Cape Province. No information

is available that supports a link to the Table Mountain Group. Rather, it appears that Vankervelsvlei is sustained by direct
rainfall and there is no hydraulic link between Vankervelsvlei and Groenvlei.
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Introduction

Groenvlei is a brackish coastal lake known for its diverse bird
life and is one of the best venues for large-mouth black bass
angling. It is one of a series of 5 brackish coastal lakes along
the Southern Cape coast of South Africa, but is the only one
disconnected from the sea. It is located about 5 km east of the
holiday town of Sedgefield (Fig. 1). Growing concern about the
impact of proposed development in the vicinity of the near-
pristine wetland has highlighted the need to understand the
hydrological functioning of the system.

Roets (2008) researched the wetland in the context of
groundwater dependence of aquatic ecosystems associated with
Table Mountain Group (TMG) Aquifers. Together with Roets et
al. (2008a; 2008b) and Roets (2009), he contends that discharge
from the TMG Aquifer sustains Vankervelsvlei — a unique
wetland located in the stabilised dunes east of Sedgefield — and
thereafter discharges into Groenvlei. A critical review of this
work indicates that the Roets conceptual model is flawed and
not supported by basic geohydrological principles and available
information. This paper evaluates the conceptual model in view
of available information and presents an alternative model that
takes account of existing information.

Description of study area

Groenvlei

Groenvlei has been described by Martin (1956), Fijen (1995)
and Parsons (2008a). It has a west-cast elongated shape being

some 3.7 km long and 0.9 km wide. The surface area of the
water body is 2.34 km? while the surrounding vegetation in and
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peripheral to the water body covers 1.52 km?. The lake has a
perimeter of 9 000 m, while that of the total wetland is 11 400
m. The maximum depth of Groenvlei is about 5 m, but much
of the lake is less than 3.7 m deep (Martin, 1956). Groenvlei is
located at an elevation of some 3 m a.m.s.l. on unconsolidated
aeolian sands of Pleistocene and Recent age.

Little information is available regarding the thickness of
the sands or the nature of the underlying geology. The con-
tact between shale and quartzite of the Kaaimans Group and
sandstone and quartzite of the Peninsula Formation of the Table
Mountain Group is covered by sand, but is probably located
directly west of the wetland (Coetzee, 1979). These rocks are at
least of Ordovician age (495-443 Ma). Groenvlei started to form
about 17 000 years ago during the last glacial period. Martin
(1959) postulated that Groenvlei had an estuarine origin, and
was connected to Swartvlei some 5 km to the west about 8 000
years ago. Wind-blown sand deposits covered the area between
Groenvlei and the sea some 6 000 years ago, effectively cover-
ing evidence of the lake’s earlier connectivity to the sea.

The lake does not have any influent rivers, and is fed only
by direct rainfall and groundwater inflow (Parsons, 2008a).
This is offset by evaporation losses from the lake surface,
evapotranspiration losses from vegetation in and peripheral to
the water body, and subsurface discharge along the southern
shores. Long-term monitoring of the water level of the lake by
the Department of Water Affairs and Forestry (DWAF, now
the Department of Water and Environmental Affairs) shows
levels ranging between 2.25 m a.m.s.l. and 3.40 m a.m.s.l., with
a median of 2.76 m a.m.s.l. The water level displays an interan-
nual range of about 0.3 m.

Vankervelsvlei

Vankervelsvlei is located about 2 km north-east of Groenvlei,
and was described by Irving and Meadows (1997) as a float-
ing bog. It has no open water and the peat is in the order of
10 m thick. Vankervelsvlei is a rare geomorphological feature
located at an elevation of some 150 m higher than Groenvlei.
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The wetland is located on a stabilised aeolian dune described
by Illenberger (1996). Irving and Meadows (1997) reported that
clay layers at least 3.5 m thick underlie the upper peat layers. The
wetland is thought to overlie rocks of the Peninsula Formation of
the Table Mountain Group, but the depth to the fractured aquifer
system is not known. Vankervelsvlei is at an elevation of 150
m a.m.s.l. and covers an area of only 0.5 km?. It is an enclosed
interdunal depression with no surface water inflows. Water in the
wetland is completely concealed by a dense covering of mat-
ted sedge vegetation to a depth of approximately 2 m below the
surface. The basal sediments of Vankervelsvlei have been dated
at 40 000 years old.

Roets conceptual model

Roets et al. (2008b) presented a hypothetical cross-section
through the southern Cape coastal belt to illustrate their
understanding of surface water/groundwater interaction

and the role that the TMG Aquifer plays in sustaining both
Vankervelsvlei and Groenvlei (Fig. 2). Their thesis is that
groundwater is discharged from the confined TMG Aquifer up
into Vankervelsvlei, and then flows into Groenvlei. Analysis of
groundwater chemistry data is used to cement the link between
the underlying TMG Aquifer and the wetlands. However, avail-
able topographical, geological, geohydrological and hydro-
chemical data do not support this model.

Topography

Critically, the hypothetical section misrepresented the topography
of the area and incorrectly portrayed the elevation of Groenvlei

in relation to both the sea and Vankervelsvlei (Fig. 3). Groenvlei

is at an elevation of about 3 m a.m.s.l., while Vankervelsvlei is

at an elevation of about 150 m a.m.s.1. If there is a hydraulic link
between the 2 water bodies, the average hydraulic gradient would
be in the order of 0.054. This is an extraordinarily steep hydraulic
gradient, the likes of which are not reported in scientific literature.
Typically, hydraulic gradients range between 0.0005 and 0.01
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Figure 2
North/south hypothetical cross-section through the southern
Cape coastal belt presented by Roets et al. (2008b) to illustrate
their understanding of surface water/groundwater interaction
and the role of the TMG Aquifer in sustaining Groenvlei and
Vankervelsvlei.

(Hartner, 2003). The hydraulic gradients of major primary aquifers
in South Africa conform to this range (Table 1). The steep hydrau-
lic gradient postulated in the conceptual model would also result
in significant groundwater discharge along the northern slope of
the valley between Groenvlei and Vankervelsvlei, a phenomenon
not observed in the field. Given the highly transmissive nature

of the Sedgefield Aquifer and the measured hydraulic gradients
ranging between 0.001 and 0.004 reported by Parsons (2005), a
hydraulic gradient in the order of 0.05 is refuted.

Groundwater levels

Seven deep boreholes have been drilled into the stabilised
dunes within 2 km of Groenvlei (Parsons, 1997; 2004). All are
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Figure 3
North/south topographical cross-section through Groenvlei
and Vankervelsvlei, with a 10x vertical exaggeration. The steep
hydraulic gradient of 0.054 required to link Vankervelsvlei with
Groenvlei is refuted.

by Irving and Meadows (1997) and means that the water body
is disconnected or detached from the underlying groundwater
system. This also refutes the hydraulic link between Groenvlei
and Vankervelsvlei.

It is noteworthy that the groundwater levels measured in
piezometers VKA and VKB do not support the piezometric
surface illustrated in the Roets conceptual model (Fig. 2).
Except for water levels measured by himself in shallow pie-
zometers at 10 locations around Groenvlei and Vankervelsvlei,
Roets (2008) and Roets et al. (2008a; b) fail to present or refer
to any groundwater level data in support of the groundwater
flow patterns illustrated in Fig. 2. The piezometric surface
indicated in the conceptual model would result in widespread
artesian conditions if artesian conditions existed in the man-
ner required by the conceptual model to discharge into
Vankervelsvlei. It is recognised that the piezometric head can
only be measured if boreholes penetrate through the confining
layer and into the confined aquifer. None of the boreholes in the
vicinity of the wetlands achieve this. Further, artesian condi-
tions are not reported in any of the regional geohydrological
assessments of the area (Meyer, 1999; Parsons and Veltman,
2006). Given the absence of artesian conditions in the region

and the measured borehole data presented in

Table 2, it is not possible for discharges from the

Table 1 . .
The average hydraulic gradient of major primary aquifers TMG Aquifer to lift or push up more than 130 m .
in South Africa through permeable sand to sustain Vankervelsvlei.
- - - In addition to TMG groundwater discharging
Aquifer Hydraulic |Information source . .
gradient from depth upwards 1nt(? Vankervelsvlei, .the con-
Atlantis 0015 Fleisher (1990) ceptual model alzso requires water to be discharged
. from the 0.5 km? wetland downward into the sub-
Cape Flats 0.004 Wright and Conrad (1995) L. L .
. . . surface to create and maintain the hydraulic link with
Grootfontein (Yzerfontein) 0.014 Timmerman (1985) Lo . . .
Groenvlei. It is simply not possible for the opposing
Langebaan Road 0.004 Dyke (1992) roundwater flow directions to co-exist in such a
Saldanha 0.003 Du Toit and Weaver (1995) fmall area
Zululand 0.004 Meyer et al. (2001) '
Geology
Table 2
Deep boreholes drilled into the stabilised dunes around Roets (2008) chose to rely on national geological
Groenvlei shape files presented in ENPAT and used by Fortuin
Borehole | Elevation Borehole | Groundwater | Groundwater | (2004) rather than the published 1:250 000 geologi-
(ma.m.s.l.) Depth level level cal map of the area (Coetzee, 1979). The position of
(m) (mb.g.l*) | (mams.l) the contact between the Kaaimans Group and the
BH1 59.3 72 55.6 3.7 Table Mountain Group presented by Fortuin (2004)
BH2 66.9 78 63.2 3.7 does not correlate with that presented by the more
BH3 53.9 66 504 3.5 authoritative and site-specific Coetzee (1979). Use
BH4 144.1 162 142.2 1.9 of the simplified 1:1 000 000 scale geological shape
BH5 144.5 162 143.1 1.4 file from the WR90 data set (Midgley et al., 1994) to
BH6 79.9 84 77.8 2.1 define geology at a local scale is problematic. Some
BH7 41.3 47 39.4 1.9 correlation exists with the ENPAT data set and that

(from Parsons, 1997; 2004)
*m b.g.l. - metres below ground level

located west of the water body. In all instances, the ground-
water level was measured to be within 3.7 m of mean sea

level (Table 1). Further, groundwater level monitoring has
revealed that groundwater levels display little interannual
variation (~0.2 m) (Parsons, 2006). Given that Vankervelsvlei
is located in the same geological and geohydrological setting
as that into which the boreholes were drilled, the water levels
of 148.6 m a.m.s.l. and 148.8 m a.m.s.l. measured by Roets
(2008) in piezometers VKA and VKB at Vankervelsvlei are in
all likelihood perched water levels, and not representative of a
regional water table or piezometric surface. The perched condi-
tion is in line with the description of Vankervelsvlei presented
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presented by Coetzee (1979), but the principle lithol-

ogy of a geological unit is presented as opposed to

the stratigraphic groupings. This may account for the
apparent confusion regarding whether the Peninsula Formation
or the Nardouw Subgroup underlies the wetlands.

Notwithstanding these differences, the geological detail

presented in Fig. 2 does not conform to any of the geological
information referred to above. In all likelihood, both Groenvlei
and Vankervelsvlei are underlain by rocks of the Table Mountain
Group (and more specifically the Peninsula Formation). Neither
the thickness of the sand (depth to hard rock) nor the lithology
of the underlying aquifer is known. The presence of a later-
ally extensive ‘shale aquitard’ is pure speculation and without
foundation. The aquitard is required to support the thesis that
Groenvlei and Vankervelsvlei are sustained by discharge from
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the underlying TMG Aquifer as the confining layer provides

the mechanism needed for groundwater from depth to flow
upwards and into the wetlands. The relatively thin and distinctive
Cederberg Formation, which could act as the aquitard, has not
been mapped in the vicinity of the 2 wetlands (Coetzee, 1979),
and interpretation of the geological map indicates that they are
underlain by arenites of the Peninsula Formation. The map also
indicates that the Table Mountain Group is folded. Consequently,
it is improbable that the Cederberg Formation would have the
near-horizontal orientation indicated in Fig. 2. The absence of the
Cederberg Formation further undermines the validity of the con-
ceptual model, and portrayal of the TMG Aquifer as a confined
aquifer is a misrepresentation of prevailing geohydrological
conditions.

Roets (2008, p 123) states that ‘Groenvlei and Vankervels-
vlei are lowland wetland systems associated with major
east-west running fault systems located to the south of the
Outeniqua Mountains.” At no point does he indicate where
these major fault systems are, and none are indicated on the
geological map of the area (Coetzee, 1979). Faulting of the
Cederberg Formation is a key component of the conceptual
model, as it provides the mechanism for groundwater in a con-
fined aquifer to discharge into overlaying primary aquifer sys-
tem and Vankervelsvlei. The absence of any indication of faults
in the area advocates this aspect of the conceptual model to be
speculative and the above statement to be without foundation.

Chemical character

Roets (2008) argues that because the electrical conductivity
(EC), pH and concentrations of Na, Cl and Fe of water sam-
pled from shallow wellpoints at 2 sites at Vankervelsvlei and

3 sites around Groenvlei — all collected on 30 July 2006 — fall
within ranges presented by Brown et al. (2003) as being typi-
cal of groundwater from the TMG Aquifer, the sampled water
must originate from the deeper secondary aquifer system. In
their report, Brown et al. (2003) presented a table from Smith
et al. (2002) that displayed the mean, minimum and maximum
for 13 chemical parameters from 75 boreholes drilled into the
Nardouw Subgroup and 28 boreholes drilled into the Peninsula
Formation in the Klein Karoo.

By simply comparing 5 chemical parameters measured at
the 5 sites at Vankervelsvlei and Groenvlei to ranges considered
by Brown et al. (2003) as being typical of groundwater from
TMG aquifers, Roets (2008, p. 138) concludes that ‘the hydro-
chemical data of the groundwater from this study suggests that
Vankervelsvlei and Groenvlei are dependent on groundwater
from the TMG Aquifer” DWAF’s hydrochemical database
contains 14 377 EC records from boreholes located in a variety
of aquifer types across the Western Cape Province. Of these,
56.3% have an EC in the range of 9 to 155 mS/m. Consequently,
this EC range is not unique to TMG Aquifers and cannot be
used for hydrochemical “finger printing’ purposes.

A review of the range of EC from 4 major coastal primary
aquifer systems across South Africa shows that the EC range
displayed by the small data set collected by Roets (2008) is
within the range of EC displayed by the Sedgefield Aquifer,
the Atlantis Aquifer, the Cape Flats Aquifer and the Zululand
Coastal Aquifer around St Lucia (Fig. 4). Only the Sedgefield
Aquifer is partially underlain by rocks of the Table Mountain
Group, with the other aquifers having no connection to the
Group at all. It is far more likely that groundwater quality
characteristics displayed by Roets’s data are typical of coastal
primary aquifers rather than TMG Aquifers. As the chemical
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Figure 4
The range of EC displayed by groundwater in four major coastal
primary aquifers, compared to data presented by Roets (2008)
and the EC range considered by Brown et al. (2003) to be typical
of groundwater from the Table Mountain Group Aquifer

character typical of coastal primary aquifers across South
Africa overlaps with that of TMG groundwater, the relation is
coincidental rather than causative. The interpretation that the
chemical character of groundwater adjacent to the 2 wetlands is
indicative of a TMG Aquifer link is wrong.

Roets (2008, p. 139) attempts to cement his argument
that Vankervelsvlei is fed by groundwater from the TMG
Aquifer by attributing the iron (Fe) concentration of 382.23
mg/{ recorded in VKB (11 m) to ‘the presence of the Nardouw
Formation’. Notwithstanding the fact that the geological map
of the area indicates that Vankervelsvlei is underlain by the
Peninsula Formation and not by the Nardouw Subgroup and
significantly lower Fe concentrations were recorded at shal-
lower depths at the same site (0.5 m=9.5 mg/l; 1 m = 7.0
mg/L), Fe concentrations such as these are unprecedented.
High Fe concentrations of some 30 mg/C monitored by Parsons
(2008b) at Arabella Country Estate are thought to represent the
upper levels of Fe in groundwater, while Smith et al. (2002) set
the maximum Fe concentration of the 2 geological units at
0.2 mg/l and 15.4 mg/C. A concentration an order of magnitude
higher than these maxima is hence improbable. If the value of
382 mg/l is not a laboratory-related error, then Fe contained in
the vegetative mat in Vankervelsvlei deserves closer scrutiny.

Roets (2008) compares his groundwater quality data to
the chemical character of groundwater from the Nardouw
Subgroup. Interpretation of the 1:250 000 scale geological
map of the area (Coetzee, 1979) suggests that Groenvlei and
Vankervelsvlei are underlain by the Peninsula Formation and
not the Nardouw Subgroup. The EC range presented by Brown
et al. (2003)) for the Peninsula Formation is much narrower
(3 mS/m to 26 mS/m) than for the Nardouw Subgroup (9 mS/m
to 155 mS/m), and only 25% of Roets’s data fall within the
Peninsula Formation range.

Discussion

Roets (2008) and Roets et al. (2008b) used multivariate cluster
analysis of mean EC values to group piezometer positions dis-
playing the same or similar EC characteristics. They over-inter-
preted the results by stating that the groundwater at the different
locations has a ‘shared groundwater source’, as the statistical
analyses merely point to a similar character. They make similar
and repeated claims that all data presented by them points to

the 2 wetlands being dependent on groundwater from the TMG
Aquifer, and the 2 wetlands being hydraulically linked. Based
on available information and an evaluation of the information
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Figure 5
An alternative conceptual geohydrological model of the study
area based on available topographical and hydrological data

presented by them, they have failed to provide any scientifically
credible evidence that either Vankervelsvlei or Groenvlei are fed
by discharges from the TMG Aquifer or that the 2 wetlands are
hydraulically linked. Consequently, any conclusions and recom-
mendations based on their hypotheses are without standing.

A major weakness of the reviewed research of
Vankervelsvlei is that it did not consider the fact that the
floating bog is solely sustained by direct rainfall. The absence
of surface runoff, the expected depth of the regional water
table and the low ECs measured by Roets (2008) support this
interpretation. It is noteworthy that Parsons (2008a) estimated
that direct rainfall accounted for almost 40% of the inflow
into Groenvlei, while direct rainfall accounts for 38% of the
freshwater input into Lake St Lucia (Van Niekerk, 2004).

Both Irving and Meadows (1997) and Roets (2008) reported
that Vankervelsvlei has no open water. The wetland can be
sustained by a relatively small volume of water as the imper-
meable character of the base of the vlei prevents or restricts
the downward percolation of water, and the absence of a dry
season results in the vlei being continually recharged by rain-
fall. Water retention in the vlei is further enhanced by the
dense sedge vegetation concealing the water surface (and hence
reducing direct evaporation losses) while the organic nature of
the soils promotes soil moisture retention. The rainwater-fed
theory is both simple and plausible while the convoluted TMG
Aquifer-fed theory is not supported by available geohydrologi-
cal data or geohydrological principles.

An alternative conceptual model based on available geo-
logical and geohydrological information is presented in Fig. 5.
It is acknowledged that the depth to bedrock is not known, but
based on information presented by Coetzee (1979) it is likely
to comprise rocks of the Peninsula Formation. The unconfined
primary aquifer system is fed by recharge from rainfall that
percolates through the vadose zone until it reaches the regional
water table of the primary aquifer. The regional hydraulic
gradient is typical of that of transmissive primary aquifers and
is in the range of 0.001 to 0.004 reported by Parsons (2008a).
Depth to the regional water table at Vankervelsvlei is predicted
to be in the order of 145 m below ground level. Vankervelsvlei
is fed by direct rainfall only, with a low permeability clay base
preventing or retarding the downward percolation of water
in the wetland to the aquifer. By contrast, Groenvlei is fed by
both direct rainfall and groundwater. There is no hydraulic link
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between the 2 wetlands, with Vankervelsvlei being described as
a disconnected system. Groenvlei is a flow-through system, as
described by Born et al. (1979).

It is not claimed by Roets (2008) that Groenvlei is fed
directly from the TMG Aquifer. Rather it is hypothesised that
TMG groundwater discharges into Vankervelsvlei and then
discharges from the wetland into Groenvlei (Fig. 2 —‘second-
ary discharge’). However, given Groenvlei’s low elevation
and proximity to the coast, it is theoretically possible that
deep circulation in the TMG Aquifer could discharge into the
Sedgefield Aquifer, and thereby sustain Groenvlei. The study
of such a theory will require the drilling of a large number of
deep boreholes into the TMG Aquifer, supported by hydro-
chemical and isotopic examination. Until such time that there
is any evidence of Groenvlei being sustained by discharges
from the TMG Aquifer, such theories should be treated with
circumspection.

Conclusions

It is concluded that Roets (2008; 2009) and Roets et al. (2008a;
b) failed to provide any credible scientific evidence that either
Vankervelsvlei or Groenvlei are fed by discharges from the
TMG Aquifer or that the 2 wetlands are hydraulically linked.
The conceptual model presented by them is not supported by
available geohydrological data or geohydrological principles.
Their thesis is based on speculation and lacks scientific rig-
our, having failed to consider water sources other than that
from the TMG Aquifer. The interpretation that the chemical
character of groundwater adjacent to the 2 wetlands is indica-
tive of a TMG Aquifer link is wrong, as the character typical
of coastal primary aquifers across South Africa overlaps with
that of TMG groundwater. There is no hydraulic link between
Vankervelsvlei and Groenvlei, and the former wetland is fed
only by direct rainfall. Groenvlei is fed by direct rainfall and
groundwater, and the possibility that it is being fed by the
underlying TMG Aquifer requires further research before it can
be given credence.
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