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EXECUTIVE SUMMARY

Hantam Local Municipality is proposing to develop an existing gravel borrow pit situated some 2.5 km
east of Brandvlei on Portion 5 of Farm Hol Pads Leegte Number 32, Brandvlei, Northern Cape.

The proposed borrow pit study area near Brandvlei, Northern Cape, is underlain by basinal mudrocks
of the Prince Albert Formation (lower Ecca Group) of Early Permian age. Elsewhere in the Main Karoo
Basin these mudrocks have yielded a range of fossil fish, marine to non-marine invertebrates and
petrified wood, often preserved within diagenetic nodules, as well as various trace fossils (e.g.
invertebrate burrows, coprolites, fish swimming trails and arthropod trackways). However, only low-
diversity trace fossil assemblages (mainly horizontal burrows) were recorded within and on the outskirts
of the Brandvlei borrow pit study area during field assessment. These fossil borrows are of widespread
occurrence while the overlying suface gravels are apparently unfossiliferous. Ancient (Tertiary) elevated
alluvial gravels of the Sakrivier drainage system do not occur in the study area itself, although these
are mapped a few kilometres to the north. Unique or rare fossil heritage resources are therefore not
threatened by the proposed development.

The overall impact significance of the proposed borrow pit development at Brandvlei is rated as LOW.
Given the low impact significance of the proposed development, no further specialist palaeontological
heritage studies or mitigation are recommended for this project, pending the discovery of substantial
new fossil material during borrow pit excavation.

The responsible Environmental Control Officer (ECO) should monitor all substantial (> 1 m deep)
excavations for fossil material. In the case of any significant fossil finds during construction (e.g.
vertebrate teeth, bones, burrows, petrified wood, shells), these should be safeguarded - preferably in
situ - and reported by the ECO as soon as possible to SAHRA (Contact details: Dr Ragna Redelstorff,
SAHRA, P.O.Box 4637, Cape Town 8000. Tel: 021 202 8651. Email: rredelstorff@sahra.org.za, so that
appropriate mitigation (i.e. recording, sampling or collection) by a palaeontological specialist can be
considered and implemented.

These recommendations should be incorporated into the Environmental Management Plan (EMP) for
this borrow pit development.
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1. INTRODUCTION AND BRIEF

Hantam Local Municipality is proposing to extend an exisiting borrow pit situated some 2.5 km east of
Brandvlei on Portion 5 of Farm Hol Pads Leegte Number 32 (approx. GPS co-ordinates 30 28 18 S, 20
31 12.5 E). The development site lies on the eastern side of the Sakrivier, just to the north of the R353
gravel road to Vanwyksvlei (Figs. 1 & 2). Gravel material extracted from the borrow pit will be used for
the development of the new Brandvlei waste water treatment works. A short access road (less than 4
m wide) from the new pit to the R353 will have to be established as well as an access gate (3 m wide).
The access road will be located east of the floodplain.

The present palaeontological heritage assessment was commissioned by EnviroAfrica cc, Somerset
West (Contact details: Mnr. Bernard de Witt. EnviroAfrica cc. Cell: +27 82 448999. Office tel: +27 21
851 1616. Fax: 0865120154. Postal address: P. O. Box 5367, Helderberg, 7135. Street address: 29 St
James St, Somerset West) as part of a broad-based heritage assessment for the project which falls
under Sections 35 and 38 (Heritage Resources Management) of the South African Heritage Resources
Act (Act No. 25 of 1999).

The approach to this palaeontological heritage study is briefly as follows. Fossil bearing rock units
occurring beneath the development footprint are determined from geological maps and satellite images
(Section 2). Known fossil heritage from each rock unit is inventoried from scientific literature, previous
assessments of the broader study region (e.g. Almond 2013. 2016), a short site visit (17 May 2017) as
well as the author’s field experience and palaeontological database (Section 3). Based on this data the
palaeontological heritage sensitivity of the proposed development is assessed, with recommendations
for any further specialist studies (Section 4).
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Figure 1. Extract from 1: 250 000 topographical map 3020 Sakrivier (Courtesy of the Chief
Directorate: National Geo-spatial Information, Mowbray) showing the location of the borrow pit
on Hol Pads Leegte 32 near Brandvlei, Hantam Local Municipality, Northern Cape.
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Figure 2. Google earth© satellite image of the borrow pit study area on the eastern sie of the
Sakrivier near Brandvlei, Northern Cape (red polygon), showing the location of the existing pit
as well as the proposed new excavation area to the north (orange rectangle) as well as the
access road to the tar road to Vanwyksvlei.

1.1. Legislative context of this palaeontological study

The proposed Brandvlei borrow pit development footprint overlies areas that are underlain by potentially
fossil-rich sedimentary rocks of Palaeozoic and younger, Quaternary to Holocene age (Sections 2 and
3). The construction phase of the development will entail substantial surface clearance and excavations
into the superficial sediment cover as well as locally into the underlying bedrock. All these
developments may adversely affect fossil heritage preserved at or beneath the surface of the ground
within the study area by destroying, disturbing or permanently sealing-in fossils that are then no longer
available for scientific research or other public good.

The various categories of heritage resources recognised as part of the National Estate in Section 3 of
the National Heritage Resources Act (1999) include, among others:

e geological sites of scientific or cultural importance;
e palaeontological sites;
e palaeontological objects and material, meteorites and rare geological specimens.

According to Section 35 of the National Heritage Resources Act, dealing with archaeology,
palaeontology and meteorites:

(1) The protection of archaeological and palaeontological sites and material and meteorites is the
responsibility of a provincial heritage resources authority.

(2) All archaeological objects, palaeontological material and meteorites are the property of the State.
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(3) Any person who discovers archaeological or palaeontological objects or material or a meteorite in
the course of development or agricultural activity must immediately report the find to the responsible
heritage resources authority, or to the nearest local authority offices or museum, which must
immediately notify such heritage resources authority.

(4) No person may, without a permit issued by the responsible heritage resources authority—

(a) destroy, damage, excavate, alter, deface or otherwise disturb any archaeological or palaeontological
site or any meteorite;

(b) destroy, damage, excavate, remove from its original position, collect or own any archaeological or
palaeontological material or object or any meteorite;

(c) trade in, sell for private gain, export or attempt to export from the Republic any category of
archaeological or palaeontological material or object, or any meteorite; or

(d) bring onto or use at an archaeological or palaeontological site any excavation equipment or any
equipment which assist in the detection or recovery of metals or archaeological and palaeontological
material or objects, or use such equipment for the recovery of meteorites.

(5) When the responsible heritage resources authority has reasonable cause to believe that any activity
or development which will destroy, damage or alter any archaeological or palaeontological site is under
way, and where no application for a permit has been submitted and no heritage resources management
procedure in terms of section 38 has been followed, it may—

(a) serve on the owner or occupier of the site or on the person undertaking such development an order
for the development to cease immediately for such period as is specified in the order;

(b) carry out an investigation for the purpose of obtaining information on whether or not an
archaeological or palaeontological site exists and whether mitigation is necessary;

(c) if mitigation is deemed by the heritage resources authority to be necessary, assist the person on
whom the order has been served under paragraph (a) to apply for a permit as required in subsection
(4); and

(d) recover the costs of such investigation from the owner or occupier of the land on which it is believed
an archaeological or palaeontological site is located or from the person proposing to undertake the
development if no application for a permit is received within two weeks of the order being served.

Minimum standards for the palaeontological component of heritage impact assessment reports have
been developed by SAHRA (2013).

1.2. Approach to the palaeontological heritage assessment

In preparing a palaeontological desktop study the potentially fossiliferous rock units (groups, formations
etc) represented within the study area are determined from geological maps. The known fossil heritage
within each rock unit is inventoried from the published scientific literature, previous palaeontological
impact studies in the same region, and the author’s field experience (Consultation with professional
colleagues as well as examination of institutional fossil collections may play a role here, or later following
field assessment during the compilation of the final report). This data is then used to assess the
palaeontological sensitivity of each rock unit to development (Table 1. Provisional tabulations of
palaeontological sensitivity of all formations in Northern Cape Province have already been compiled by
J. Almond & John Pether (2008, unpublished data). The potential impact of the proposed development
on local fossil heritage is then determined on the basis of (1) the palaeontological sensitivity of the rock
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units concerned and (2) the nature and scale of the development itself, most significantly the extent of
fresh bedrock excavation envisaged. When rock units of moderate to high palaeontological sensitivity
are present within the development footprint, a Phase 1 field assessment study by a professional
palaeontologist is usually warranted to identify any palaeontological hotspots and make specific
recommendations for any mitigation required before or during the construction phase of the
development.

On the basis of the desktop and Phase 1 field assessment studies, the likely impact of the proposed
development on local fossil heritage and any need for specialist mitigation are then determined. Adverse
palaeontological impacts normally occur during the construction rather than the operational or
decommissioning phase. Phase 2 mitigation by a professional palaeontologist — normally involving the
recording and sampling of fossil material and associated geological information (e.g. sedimentological
data) may be required (a) in the pre-construction phase where important fossils are already exposed at
or near the land surface and / or (b) during the construction phase when fresh fossiliferous bedrock has
been exposed by excavations. To carry out mitigation, the palaeontologist involved will need to apply
for a palaeontological collection permit from the relevant heritage management authority, i.e. SAHRA
for the Northern Cape (Contact details: Dr Ragna Redelstorff, SAHRA, P.O.Box 4637, Cape Town
8000. Tel: 021 202 8651. Email: rredelstorff@sahra.org.za). It should be emphasized that, providing
appropriate mitigation is carried out, the majority of developments involving bedrock excavation can
make a positive contribution to our understanding of local palaeontological heritage.

1.4. Assumptions & limitations

The accuracy and reliability of palaeontological specialist studies as components of heritage impact
assessments are generally limited by the following constraints:

1. Inadequate database for fossil heritage for much of the RSA, given the large size of the country
and the small number of professional palaeontologists carrying out fieldwork here. Most development
study areas have never been surveyed by a palaeontologist.

2. Variable accuracy of geological maps which underpin these desktop studies. For large areas
of terrain these maps are largely based on aerial photographs alone, without ground-truthing. The
maps generally depict only significant (“mappable”) bedrock units as well as major areas of superficial
“drift” deposits (alluvium, colluvium) but for most regions give little or no idea of the level of bedrock
outcrop, depth of superficial cover (soil etc), degree of bedrock weathering or levels of small-scale
tectonic deformation, such as cleavage. All of these factors may have a major influence on the impact
significance of a given development on fossil heritage and can only be reliably assessed in the field.

3. Inadequate sheet explanations for geological maps, with little or no attention paid to
palaeontological issues in many cases, including poor locality information;

4. The extensive relevant palaeontological “grey literature” - in the form of unpublished university
theses, impact studies and other reports (e.g. of commercial mining companies) - that is not readily
available for desktop studies;

5. Absence of a comprehensive computerized database of fossil collections in major RSA
institutions which can be consulted for impact studies. A Karoo fossil vertebrate database is now
accessible for impact study work.

In the case of palaeontological desktop studies without supporting Phase 1 field assessments these
limitations may variously lead to either:
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(a) underestimation of the palaeontological significance of a given study area due to ignorance of
significant recorded or unrecorded fossils preserved there, or

(b) overestimation of the palaeontological sensitivity of a study area, for example when originally rich
fossil assemblages inferred from geological maps have in fact been destroyed by tectonism or
weathering, or are buried beneath a thick mantle of unfossiliferous “drift” (soil, alluvium etc).

Since most areas of the RSA have not been studied palaeontologically, a palaeontological desktop
study usually entails inferring the presence of buried fossil heritage within the study area from relevant
fossil data collected from similar or the same rock units elsewhere, sometimes at localities far away.
Where substantial exposures of bedrocks or potentially fossiliferous superficial sediments are present
in the study area, the reliability of a palaeontological impact assessment may be significantly enhanced
through field assessment by a professional palaeontologist.

In the case of the Brandvlei study area a major limitation for fossil heritage studies is the paucity of
previous specialist palaeontological studies in the region as a whole. Little palaeontological data is
available in the relevant geological sheet map explanation (Siebrits 1989).

1.5. Information sources
The information used in this desktop study was based on the following:
1. A short project outline and maps provided by EnviroAfrica cc, Somerset West;

2. Areview of the relevant scientific literature, including published geological maps and accompanying
sheet explanations as well as previus palaeontological assessment reports for the region (e.g. Almond
2013, 2016);

3. A short site visit on 17 May 2017;

4. The author’s database on the formations concerned and their palaeontological heritage.

2. GEOLOGICAL OUTLINE OF THE STUDY AREA

The borrow pit study area on the eastern banks of the Sakrivier near Brandvlei lies at an elevation of
arund 920 m amsl, a few meters above the modern river bed (Figs. 2, 4 & 6). The terrain is semi-arid,
sparsely-vegetated and traversed by small stream gullies. Low, SW-facing cliffs of Ecca Group
bedrocks buld the riverbank just to the northwest.

The geology of the study area at Brandvlei is shown on 1: 250 000 sheet map 3020 Sakrivier (Siebriets
1989) (Fig. 3). This region of Bushmanland is entirely underlain by Early to Middle Permian “marine”
sediments of the Lower Ecca Group (Karoo Supergroup), namely the Prince Albert Formation (Pp),
Whitehill Formation (Pw) and Tierberg Formation (Pt), that are extensively intruded by dolerite sills of
Early Jurassic age (Jd). Of these older bedrock units, only the Prince Albert Formation will be directly
impacted by the prosed borrow pit development and will be considered further here.

The Prince Albert Formation mudrocks appear as dark grey areas in satellite images (Fig. 2; Pp in Fig.
3). The post-glacial basinal mudrocks of the Prince Albert Formation (Pp) form the lowermost subunit
of the Ecca Group. This thin-bedded to laminated, mudrock-dominated succesion of Early Permian
(Asselian / Artinskian) age was previously known as “Upper Dwyka Shales”. Key geological accounts
of this formation are given by Visser (1992) and Cole (2005). The Prince Albert succession consists
mainly of tabular-bedded mudrocks of blue-grey, olive-grey to reddish-brown colour with occasional thin
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(dm) buff sandstones and even thinner (few cm), soft-weathering layers of yellowish water-lain tuff (i.e.
volcanic ash layers). Extensive diagenetic modification of these sediments has led to the formation of
thin cherty beds, pearly- blue phosphatic nodules, rusty iron carbonate nodules, as well as beds and
elongate ellipitical concretions impregnated with iron and manganese minerals. The brittle rocks are
well-jointed and often display a well-developed tectonic cleavage that results in sharp, elongate
cleavage flakes (“pencil cleavage”). Extensive bedding planes are therefore rarely encountered in the
southern outcrop area close to the Cape Fold Belt while Northern Cape outcrops are much less
deformed.

The Prince Albert Formation in the study region consists predominantly of dark grey to grey-green, well-
laminated mudrocks (shales, siltstones) with minor thin-bedded, fine-grained sandstone and siltstone
interbeds. These basinal rocks build small-scale upward-coarsening and - shallowing cycles on the
scale of a few meters to decimetres (Figs. 5 & 7). The mudrocks are sometimes micaceous,
carbonaceous or pyritic and typically contain a variety of diagenetic concretions enriched in iron and
carbonate minerals (Visser et al. 1977-1978, Siebrits 1989, Zawada 1992, Bosch 1993). Some of these
carbonate concretions reach diameters of over a meter are in some areas of the Main Karoo Basin they
are richly fossilferous (See Section 3 below). Concretionary material within the borrow pit study area
often displays a fibrous texture and may be easily mistaken for petrified wood.

These Ecca Group bedrocks are mantled by surface gravels generated by downwasting, sheet wash
and shallow streams (Figs. 8 & 9). The surface gravels are dominated by platy clasts of Ecca mudrocks
and paler, fine-grained sandstone as well as fragments of diagenetic ferruginous carbonate concretions
weathered out locally from the Prince Albert Formation. Pale grey and other coloured cherty clasts
within the surface gravels (as well as some coarser gravels of fine-graiend sandstone) show extensive
anthropogenic flaking and reflect Stone Age human activity in the area. Possible sources of cherty
parent material include alluvial gravels of the Sakrivier, thin siliceous beds within the Prince Albert and
lower Tierberg Formation of tuffaceous or diagenetic origin, as well as local concentrations of opaline
Magadi-type cherts that may be associated with alkaline pans or much older volcanic crfater lake
deposits in the Bushmanland region (See discussion in Almond 2016b). Modern silty alluvium of the
Sakrivier (pale buff in satellite image Fig. 2) is found to the west of an outside the area. Elevated older
(Pio-Pleistocene) alluvial gravels occur on the eastern banks of the Sakrivier a few kilometres to the
north, on Farm Dik Doorns Noord 30 (De Wit & Bamford 1993, Bamford & De Wit 1993) (Fig. 13), but
not within the present study area.
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Figure 3. Extract from 1: 250 000 geology sheet 3010 Sakrivier (Council for Geoscience, Pretoria)
showing the approximate location of the borrow pit study area near Brandvlei, Northern Cape.
The bedrocks mapped in the study region are assigned to the Prince Albert Formation (Pp, grey)
of the Ecca Group (Early Permian) that are overlain to the west by Quaternary to Holocene
alluvial deposits of the present Sakrivier. Small outliers of Tertiary to Quaternary alluvium occur
along the eastern banks of the Sakrivier to the north of the study area (Dik Doorns Nooord 30),
but these are not mapped at 1: 250 000 scale (See also Fig. 13).
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Figure 4. View to the northwest across the borrow pit study area showing low riverine cliffs of
Prince Albert Formation mudrocks in the background and extensive ferruginous concretions in
the foreground.

Figure 5. Vertical section through grey silty mudrocks of the Prince Albert Formation building
small-scale upward-coarsening cycles, exposed in the cut face of the existing borrow pit
(Hammer = 30 cm). A pale concretionary lens is seen towards the top of the succession.
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Figure 6. Platy surface gravels and ferruginous concretions of the Prince Albert Formation
within the new borrow pit study area (Hammer = 30 cm).

Figure 7. Prominent-weathering siltstones and fine-grained sandstones forming the upper part
of an upward-shallowing cycle within the Prince Albert Formation that builds the low cliffs just

NW of the study area (Hammer = 30 cm).
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Figure 8. Surface gravels of platy clasts of fine-grained pale sandstone within the western sector
of the borrow pit study area. Some of the clasts are anthropogenically flaked.

Figure 9. Fine mudrock surface gravels alongside a small stream in the central part of the
borrow pit study area showing admixture of flaked grey chert and ostrich egg shell (Later Stone

Age).
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3. OVERVIEW OF PALAEONTOLOGICAL HERITAGE WITHIN THE STUDY AREA

The fossil biota of the Prince Albert Formation is usefully summarized by Cole (2005). The typical
Umfolozia / Undichna — dominated trace fossil assemblages of the non-marine Mermia Ichnofacies
commonly found in basinal mudrock facies of the Prince Albert Formation throughout the Ecca Basin
have been briefly reviewed by Almond (2008a, 2008 b, Almond in Macey et al. 2011). Diagenetic
nodules containing the remains of palaeoniscoids (primitive bony fish), sharks, spiral bromalites
(coprolites etc) and wood have been found in the Ceres Karoo and rare shark remains (Dwykaselachus)
near Prince Albert on the southern margin of the Great Karoo (Oelofsen 1986). Microfossil remains in
this formation include sponge spicules, foraminiferal and radiolarian protozoans, acritarchs and
miospores.

The most diverse as well as biostratigraphically, palaeobiogeographically and palaeoecologically
interesting fossil biota from the Prince Albert Formation is that described from calcareous concretions
exposed along the Vaal River in the Douglas area of the Northern Cape (McLachlan and Anderson
1973, Visser et al., 1977-78). The important Douglas biota contains petrified wood (including large tree
trunks), palynomorphs (miospores), orthocone nautiloids, nuculid bivalves, articulate brachiopods,
spiral and other “coprolites” (probably of fish, possibly including sharks) and fairly abundant, well-
articulated remains of palaeoniscoid fish. Most of the fish have been assigned to the palaeoniscoid
genus Namaichthys but additional taxa, including a possible acrolepid, may also be present here (Evans
2005). The invertebrates are mainly preserved as moulds.

The fossil record of the Prince Albert Formation in the NW Karoo / Bushimanland region has been
reviewed by Almond in Macey et al. (2011). The only fossils reported from the Prince Albert Formation
in the Sakrivier sheet area are invertebrate trace fossils assigned to the ichnogenera Chondrites and
Thalassinoides (Siebrits 1989). The commonest fossils encountered are low-diversity trace fossil
assemblages dominated by locally prolific, strap-shaped to branching networks of smooth, flattened
invertebrate burrows. These were informally referred to in the older literature as “fucoids” because they
were originally mistaken for fossil seaweeds. Almond (2016) recently reported that good examples can
be seen in the banks of the Sakrivier near Brandvlei and that preservation of these burrow assemblages
is often enhanced by nearby dolerite intrusion. During the present site visit prolific assemblages of
flattened, bedding-parallel, straight to gently-curving, unbranched, strap-shaped burrows were recorded
within siltstone and fine sandstone facies on the floor and above the cut face of the existing borrow pit
(Figs. 10 to 12) as well as on steeper slopes just to the northwest of the new borrow pit study area.
Smaller scale, Chondrites-like burrows are also seen within the sandy matrix. The burrow coloration
varies from pale grey to rusty brown and may depend on different burrow infills and / or diagenetic
influences (including baking by dolerite intrusions).
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Figure 10. Rusty-brown, strap-shaped horizontal burrows within siltstones exposed on the floor
of the existing borrow pit. The burrows range up to ¢. 1cm in width.

Figure 11. Pale strap-shaped horizontal burrows (c. 1 cm wide) with smaller-scale, dark
Chondrites-like burrow systems within the fine-grained silty sandstone matrix, steeper hillslope
exposures of the Prince Albert Formation just to the NW of the borrow pit study area.
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Figure 12. Well-consolidated, laminated, fine-grained sandstones of the Prince Albert Formation
exposed in hillslopes just NW of the borrow pit study area showing pale strap-shaped burrows
at several successive horizons (Scale in cm).

3.2. Fossils within the Late Caenozoic superficial sediments

The diverse superficial deposits within the South African interior have been comparatively neglected in
palaeontological terms. However, sediments associated with ancient drainage systems, springs and
pans in particular may occasionally contain important fossil biotas, notably the bones, teeth and horn
cores of mammals as well as remains of reptiles like tortoises (e.g. Skead 1980, Klein 1984, Brink, J.S.
1987, Bousman et al. 1988, Bender & Brink 1992, Brink et al. 1995, MacRae 1999, Meadows & Watkeys
1999, Churchill et al. 2000, Partridge & Scott 2000, Brink & Rossouw 2000, Rossouw 2006). Other late
Caenozoic fossil biotas that may occur within these superficial deposits include non-marine molluscs
(bivalves, gastropods), ostrich egg shells, trace fossils (e.g. calcretised termitaria, coprolites,
invertebrate burrows, rhizocretions), and plant material such as peats or palynomorphs (pollens) in
organic-rich alluvial horizons (Scott 2000) and diatoms in pan sediments. In Quaternary deposits, fossil
remains may be associated with human artefacts such as stone tools and are also of archaeological
interest (e.g. Smith 1999 and refs. therein). Ancient solution hollows within extensive calcrete hardpans
may have acted as animal traps in the past. As with coastal and interior limestones, they might
occasionally contain mammalian bones and teeth (perhaps associated with hyaena dens) or
invertebrate remains such as snail shells.

Diverse fossils associated with the ancient Tertiary drainage systems of the Karoo have been
summarized by Almond in Macey et al. (2011). In the Brandvlei area lies the north-south trending
Geelvloer Palaeo-valley, a Mid Tertiary palaeodrainage system that links up with the Commissioners
Pan — Koa Valley system to the northwest. Here calcretised basal alluvial facies contain bones of
hippopotamus-like artiodactyls called anthracotherids indicating a Miocene age (De Wit 1993, 1999, De
Wit et al. 2000). Anthracotherids are an extinct group of amphibious mammalian herbivores only
distantly related to true hippos that were widespread in the Miocene of Africa (Schneider & Marais
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2004). Early to Mid Miocene silicified woods from Brandvlei are referable to a number of extant tree
families, including the Dipterocarpaceae that mainly inhabit tropical forests in Africa and Asia today.
The fossil woods and associated sediments indicate that warm, tropical to subtropical climates prevailed
in the Mid Miocene and that perennial, low-sinuousity braided river systems supported lush riparian
forests (De Wit & Bamford 1993, Bamford & De Wit 1993, Bamford 2000b). Wet, weakly seasonal
climates are suggested by the structure (indistinct growth rings) and dimensions (trunk diameters of
over 50 cm) of the fossil woods (Bamford 2000).

Abraded Plio-Pleistocene fossil woods from relict alluvial terraces of the Sak River just north of
Brandvlei (Dik Doorns Noord 30) (Fig. 13) include members of the Family Polygalaceae and also
indicate humid growth conditions (Bamford & De Wit 1993, De Wit & Bamford 1992). These terraces
were formed by meandering rivers during intermittent pluvial (i.e. wetter), but still semi-arid, episodes
following the onset of generally arid conditions in the western portion of southern Africa towards the end
of the Miocene. The abrasion and polishing of the fossil wood material from alluvial gravels Dik Doorns
Noord suggests that it was probably reworked from older (Miocene) alluvial deposits.

PLV

° s

1\ Terrace deposit
(palaeoflow direction) Kkms

River f{ Railway line

Figure 13. Map showing small relict patches of ancient alluvial gravels in the Brandvlei area (De
Wit & Bamford 1993). The fossiliferous deposits on Dik Doorns Noord 30 (DD on map) lie outside
and to the north of the present study area to the east of Brandvlei.
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4, CONCLUSIONS & RECOMMENDATIONS

The proposed borrow pit study area near Brandvlei, Northern Cape, is underlain by basinal mudrocks
of the Prince Albert Formation (lower Ecca Group) of Early Permian age. Elsewhere in the Main Karoo
Basin these mudrocks have yielded a range of fossil fish, marine to non-marine invertebrates and
petrified wood, often preserved within diagenetic nodules, as well as various trace fossils (e.g.
invertebrate burrows, coprolites, fish swimming trails and arthropod trackways). However, only low-
diversity trace fossil assemblages (mainly horizontal burrows) were recorded within and on the outskirts
of the Brandvlei borrow pit study area during field assessment. These fossil borrows are of widespread
occurrence while the overlying suface gravels are apparently unfossiliferous. Ancient (Tertiary) elevated
alluvial gravels of the Sakrivier drainage system do not occur in the study area itself, although these
are mapped a few kilometres to the north. Unique or rare fossil heritage resources are therefore not
threatened by the proposed development.

The overall impact significance of the proposed borrow pit development at Brandvlei is rated as LOW.
Given the low impact significance of the proposed development, no further specialist palaeontological
heritage studies or mitigation are recommended for this project, pending the discovery of substantial
new fossil material during borrow pit excavation.

The responsible Environmental Control Officer (ECO) should monitor all substantial (> 1 m deep)
excavations for fossil material. In the case of any significant fossil finds during construction (e.g.
vertebrate teeth, bones, burrows, petrified wood, shells), these should be safeguarded - preferably in
situ - and reported by the ECO as soon as possible to SAHRA (Contact details: Dr Ragna Redelstorff,
SAHRA, P.O.Box 4637, Cape Town 8000. Tel: 021 202 8651. Email: rredelstorff@sahra.org.za, so that
appropriate mitigation (i.e. recording, sampling or collection) by a palaeontological specialist can be
considered and implemented. These recommendations should be incorporated into the Environmental
Management Plan (EMP) for this borrow pit development.
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