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1.
EXECUTIVE SUMMARY.
The proposed MR0401/11.7/0.25R borrow pit extension on the north-eastern outskirts of Uniondale will be excavated into mudrocks of the Gydo Formation (Lower Bokkeveld Group) that elsewhere is well known for its rich fossil heritage – especially shelly invertebrates – from the Devonian Period.

The Lower Bokkeveld mudrocks in the Uniondale area are highly cleaved, quartz veined and locally weathered. Most or all of the fossils originally preserved in these rocks have been subsequently destroyed by natural tectonic and weathering processes. The palaeontological sensitivity of the overlying colluvial deposits is also very low.  No further palaeontological heritage studies or mitigation are therefore recommended for this borrow pit project.

2.
INTRODUCTION 
The Department of Transport, Western Cape, is applying to the Department of Mineral Resources for approval to exploit road material from an extension to an existing borrow pit MR0401/11.7/0.25R on Erf 521, situated on the north-eastern outskirts of the small town of Uniondale in the eastern Little Karoo (33º 38’ 54.14” S, 23º 08’ 17.46” E) (Figs. 1 & 2). 
An earlier (Sept. 2013) desktop basic assessment of the pit site by the author assessed its palaeontological heritage sensitivity as LOW, despite the presence here of potentially fossiliferous mudrocks of the Lower Bokkeveld Group (Gydo Formation). This was because previous field assessments of borrow pits in the Bokkeveld Group near Uniondale found that their fossil heritage has usually been seriously compromised by weathering and tectonic cleavage (e.g. Almond 2012).  Nevertheless, a palaeontological field assessment of the pit as part of an HIA was requested by Heritage Western Cape (HWC case ref. no. 14040407GT0409E, Interim comment 23 April 2014) in accordance with the requirements of the National Heritage Resources Act, 1999 (Section 38).    
The present palaeontological heritage field assessment and short report were accordingly commissioned by Vidamemoria Heritage Consultants, Cape Town (Address: 3rd Floor, Guarantee House, 37 Burg Street, Greenmarket Square, Cape Town; tel: 021-424 8432; e-mail: Quahnita@vidamemoria.co.za).  This is Vidamemoria pit no. 304 and NID ref. no. 218. Fieldwork for this project was carried out on 15 August 2014.
[image: image1.png]



Fig. 1. Extract from topographical sheet 3322 Oudtshoorn (Courtesy of the Chief Directorate: National Geo-spatial Information, Mowbray) showing the location of the existing borrow pit MR0401/11.7/0.25R on the north-eastern outskirts of Uniondale, eastern Little Karoo region (blue dot).
3.
GEOLOGICAL CONTEXT
The MR0401/11.7/0.25R borrow pit study area near Uniondale (Erf 521) is located on a gentle west-facing pediment slope at the foot of a low WSW-ENE mountain ridge on the north-eastern outskirts of town (Fig. 2). The N9 tar road runs 600 m to the northwest. The pits lies at an elevation of around 750 m amsl and c. 260 m east of the minor R339 road to Uniondale, with tributaries of the Kamannassierivier flowing to the south and west. The study area is already highly disturbed, with scraping of superficial deposits to form several artificial bunds or anti-erosion ridges.
The geology of the borrow pit study area is shown on 1: 250 000 sheet 3322 Oudtshoorn (Council for Geoscience, Pretoria) (Fig. 3).  The small, shallow existing pit and the proposed pit extension pit are underlain by marine mudrocks of the Lower Bokkeveld Group (Gydo Formation) (Dg, pale blue in map Fig. 3).  
The grey-green mudrocks of the Gydo Formation (Dg) (Lower Bokkeveld Group, Cape Supergroup) are of Emsian or Early Devonian age, some 400 million years old (Theron 1999, Theron & Johnson 1991, Thamm & Johnson 2006).  This formation consists of an upward-coarsening, shallowing succession of dark grey to black mudrocks, fine-grained sandstones and medium-grained wackes (dark, impure sandstones). These sedimentary rocks were deposited in a cool shallow seaway, the Agulhas Sea, on the south-western margins of Gondwana some 400 million years ago.  Offshore mudrocks were deposited in quiet, deeper waters and may be massive or well-laminated. Pyrite-rich horizons indicate episodes of anoxia at or shortly below the sea floor. Near-shore sandstones were laid down in more turbulent settings and often show the influence of major storms (e.g. well-developed wave ripples, hummocky cross-stratification). The Gydo Formation is consistently the most fossil-rich formation within the Bokkeveld Group (Section 4). 
The Lower Bokkeveld Group outcrop at Uniondale forms the core of a narrow, WSW-ENE trending syncline (Fig. 3), so high levels of tectonic deformation can be expected here, exacerbated by probable faulting along the Table Mountain / Bokkeveld contact (See Almond 2012). As a result of the high levels of tectonic deformation within this sector of the Permo-Triassic Cape Fold Belt the clay-rich mudrocks of the Gydo Formation have been subjected to intense cleavage. A pervasive, steeply southeast-dipping cleavage is clearly seen in the Bokkeveld Group rocks along the mountain front just east of the present pit study area (Fig. 7) while grey-green Gydo Formation mudrocks exposed in the present shallow pit also show strong cleavage and a shiny, phyllitic sheen (Fig. 6).   Exposures of Gydo Formation mudrocks within a borrow pit along the N9 just west of Uniondale show that the original cleavage here has itself been further deformed to generate impressive sets of chevron-shaped kink bands (Almond  2012).  Chemical weathering processes facilitated by the cleavage have operated over long time intervals and are especially pronounced beneath ancient pediment surfaces that are very prominently developed in the Uniondale - Kammanassieberg region (e.g. “High Level Gravel patches” shown in map Fig. 3).
Within the pit extension study area the Gydo Formation bedrocks are mantled with a meter or more of pale brown, finely-gravelly colluvial and sheetwash deposits dominated by small cleavage flakes, sandstone clasts and vein quartz. These younger sediments are well exposed in numerous shallow erosion gullies traversing the area (Figs. 4 & 5). The abundance of downwasted milky quartz within the surface gravels attests to the high levels of tectonic deformation and concomitant quartz veining in the area (Fig. 4). Close to the mountain front the colluvial deposits reach thicknesses of several meters.
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Fig. 2. Google earth© satellite image showing the location of the proposed MR0401/11.7/0.25R borrow pit extension on the north-eastern outskirts of Uniondale (green polygon). Note that the study area is already highly disturbed by earth moving activities as well as gulley erosion.
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Fig. 3. Extract from 1: 250 000 geology sheet 3322 Oudtshoorn (Council for Geoscience, Pretoria) showing location of the existing borrow pit MR0401/11.7/0.25R on the north-eastern outskirts of Uniondale (yellow dot).   The existing pit and proposed pit extension are excavated into offshore marine mudrocks of the Early Devonian Gydo Formation (Dg, pale blue) at the base of the Bokkeveld Group. The small pale yellow stippled areas overlying the Palaeozoic bedrocks in the Uniondale area are ancient pediment deposits (“High Level Gravels”) that are often cemented to form silcrete cappings. 
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Fig. 4. View northeast across the MR0401/11.7/0.25R borrow pit extension study area near Uniondale showing mantle of gulley-eroded gravelly superficial deposits in the foreground (Note abundance of milky quartz in surface gravels).
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Fig. 5. Section through silty to gravelly colluvial and sheetwash deposits overlying the Bokkeveld Group bedrocks (Hammer = c. 30 cm).
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Fig. 6. Intensely cleaved, shiny-micaceous Gydo Formation mudrocks in the existing shallow pit study area (Hammer = c. 30 cm).
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Fig. 7. Pervasive, steeply-dipping tectonic cleavage cutting across Gydo Formation mudrocks exposed in the mountain front just east of the borrow pit study area (Hammer = c. 30 cm).

4.
PALAEONTOLOGICAL HERITAGE
The lower part of the Bokkeveld Group in the Western Cape (Ceres Subgroup plus lowermost Bidouw Subgroup) – and in particular the Gydo Formation - is known for its rich fossil assemblages of shallow marine invertebrates of the Malvinokaffric Faunal Province of Gondwana (Cooper 1982, Oosthuizen 1984, Hiller & Theron 1988, Theron & Johnson 1991, MacRae 1999, Almond in De Beer et. al. 2002, Thamm & Johnson 2006, Almond 2008).   Key fossil groups here include trilobites, brachiopods, various subgroups of molluscs (bivalves, gastropods, nautiloids etc), and echinoderms (starfish, brittle stars, crinoids, carpoids, sea cucumbers etc), with several minor taxa including corals, conulariids, tentaculitids and rare fish remains, among others (Almond 1997, Anderson et al. 1999). These shelly fossil assemblages – generally preserved as impressions or moulds, but occasionally in the Gydo Formation also embedded within phosphatic or siliceous nodules – are especially abundant within the mudrock-dominated units such as the Gydo, Voorstehoek and Waboomberg Formations in their more distal (offshore) outcrop areas.  Thin lenticles of shelly debris, known as coquinas, have been concentrated by storm activity and mainly consist of disarticulated specimens. 
Fossils from various localities in the Gydo Formation within the broader Swartberg – Little Karoo study region have been treated by Oosthuizen (1984), Theron et al. (1991) and Almond (2005), among others. 
Blocks of excavated mudrock within the existing borrow pit area as well as building nearby rocky outcrops show pervasive, closely-spaced cleavage as well as high levels of weathering. Breakage of the platy (i.e. flat, tabular) clasts is along cleavage rather than bedding planes (Fig. 6). It is likely that most or all the fossils originally present within these Lower Bokkeveld rocks have been completely destroyed by cleavage and weathering. Those fossils that may have survived will be highly distorted and poorly preserved, with high levels of disruptive secondary mineralisation (e.g. iron and manganese compounds).  
No identifiable fossil remains were recorded from the Gydo Formation or overlying superficial deposits during the present field assessment, as for the nearby borrow pit palaeontological study by Almond (2012).

The palaeontological sensitivity of this site is therefore rated as VERY LOW.
5.
CONCLUSIONS & RECOMMENDATIONS
The proposed MR0401/11.7/0.25R borrow pit extension on the north-eastern outskirts of Uniondale will be excavated into mudrocks of the Gydo Formation (Lower Bokkeveld Group) that elsewhere is well known for its rich fossil heritage – especially shelly invertebrates – from the Devonian Period.

The Lower Bokkeveld mudrocks in the Uniondale area are highly cleaved, quartz veined and locally weathered. Most or all of the fossils originally preserved in these rocks have been subsequently destroyed by natural tectonic and weathering processes. The palaeontological sensitivity of the overlying colluvial deposits is also very low.  No further palaeontological heritage studies or mitigation are therefore recommended for this borrow pit project.
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