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EXECUTIVE SUMMARY
Transnet SOC Limited is planning to expand the capacity of the existing manganese ore export railway line between Hotazel (Northern Cape) and the Port of Ngqura (Coega IDZ, Eastern Cape) from the originally envisaged 12 Mtpa to 16 Mtpa.  The present report comprises a combined desktop and field-based assessment of palaeontological heritage resources along the southern sector of the proposed railway development, between De Aar and Coega, with particular reference to four proposed loop extensions (Sheldon, Cookhouse-Golden Valley, Thorngrove, Drennan) as well as eleven borrow pits (two Coega pits, Ripon-Kommadagga, Cookhouse-Golden Valley, Thorngrove, Drennan, Knutsford, Tafelberg, Rosmead, Burgervilleweg and Linde).
The construction phase of the proposed extended railway loop extensions along the Transnet manganese ore railway will entail substantial excavations into the superficial sediment cover as well as locally into the underlying bedrock. These excavations may disturb, damage or destroy scientifically valuable fossil heritage exposed at the surface or buried below ground. Other infrastructure components (e.g. laydown areas) may seal-in buried fossil heritage.  However, most of the direct impacts along the railway line will occur within the existing railway reserve, which is already highly disturbed. The operational and decommissioning phases are unlikely to involve significant adverse impacts on palaeontological heritage.
Field assessment of the loop extension study areas focused on good exposures of bedrocks and overlying superficial sediments available in extensive existing railway cuttings. Fossil recording here was often hampered by the pervasive rusty iron patina covering rock surfaces close to the railway line, however. The proposed railway loop extensions at Drennan and Thorngrove, situated between Cradock and Cookhouse, are underlain by Late Permian sediments of the Balfour Formation (Lower Beaufort Group) that are known for their fossil remains of therapsids (mammal-like reptiles) and other terrestrial vertebrates as well as plants and trace fossils. The Beaufort Group sediments at both localities have been baked by nearby voluminous intrusions of the Early Jurassic Karoo Dolerite Suite and are in part mantled with river channel conglomerates and finer-grained alluvial sediments of the Great Fish River that are of low palaeontological sensitivity. No fossil remains were recorded at either site during palaeontological fieldwork.
The proposed railway loop extension between Cookhouse and Golden Valley is underlain by Late Permian fluvial sediments of the Middleton Formation (Lower Beaufort Group) that here are largely covered by a thick mantle of ancient alluvial sediments related to the Great Fish River drainage system. Comparatively few, but scientifically important, vertebrate remains (e.g. various dicynodonts) have been recorded from the Lower Beaufort rocks in the Cookhouse area during recent palaeontological impact assessments and no further fossil remains were observed in these older rocks at the study site during the present field assessment. A wide range of vertebrate remains, invertebrates, trace fossils, plant fossils and microfossils have been recorded from Late Caenozoic alluvial sediments in the Great Karoo region, but in general they are of low palaeontological sensitivity and of considerable lateral extent so impacts on fossil heritage here are likely to be of low significance.
The proposed railway loop extension at Sheldon, just south of the Great Fish River, is underlain by Middle Permian continental sediments of the Koonap Formation (Lower Beaufort Group). These rocks have yielded scientifically important vertebrates (e.g. dinocephalians, therocephalians) to the west and east of the study area but these fossils are generally very sparse. Fossil invertebrate burrows are recorded from river bank exposures of the Great Fish River at Sheldon Bridge some four kilometres to the east of the study site. Superficial sediments (fluvial gravels, calcretes, soils) overlying the Palaeozoic bedrocks at Sheldon are of low palaeontological sensitivity. Apart from calcretised plant root casts within older alluvium of probable Quaternary age, no fossil remains were seen at the study site during the present field assessment. However, a limited range of calcretised invertebrate burrows (including possible termitaria), rhizoliths and a poorly-preserved mammalian long bone were recorded from closely comparable gravelly to fine-grained alluvial deposits near Ripon siding, less than 10 km south of the Sheldon study area.
It is concluded that the impact significance of all four proposed railway loop extensions with respect to palaeontological heritage is LOW and, pending the discovery of significant new fossil remains during development, no further specialist palaeontological studies for these developments are recommended here. 
The eleven proposed borrow pit sites along or close to the manganese railway line are all associated with existing borrow pit excavations with moderate to good exposure of fresh bedrocks. With the exception of the two Coega pits, both excavated into Late Tertiary marine limestones of the Alexandria Formation (Algoa Group), and the Ripon-Kommadagga pit, excavated into Permo-Carboniferous glacial tillites of the Dwyka Group and overlying High Level Gravels, all the pits would exploit potentially fossiliferous fluvial sediments of the Lower Beaufort Group (Adelaide Subgroup). However, significant fossil material was not observed at the great majority of the pit sites during field assessment and, with the single exception of the Linde site near Hanover, their palaeontological sensitivity is accordingly rated as LOW.  
Several fossil vertebrate remains, including isolated to semi-articulated postcranial bones, at least one therapsid (dicynodont) skull as well as possible fossil droppings (coprolites), were recorded within the Adelaide Subgroup bedrocks at the Linde borrow pit site near Hanover.  The palaeontological sensitivity of the bedrocks here is rated as HIGH.  Further excavation is likely to disturb and expose further buried fossil remains. It is therefore recommended that, should the Linde pit development go ahead, a qualified palaeontologist be commissioned by the developer to record and judiciously sample any newly- or already-exposed fossil material within the development footprint once the pit has been opened up for exploitation.
Due to the low palaeontological sensitivity of the bedrocks as well as superficial sediments along the De Aar to Coega sector of the manganese ore export railway line at the four proposed railway loop extension sites and at ten of the eleven proposed borrow pit sites (the exception being Linde borrow pit), the proposed developments are rated as of LOW palaeontological heritage significance. It is concluded that they are unlikely to constitute a significant threat to fossil heritage within the study area. There are therefore no objections on palaeontological heritage grounds to the proposed developments and, pending the discovery of significant new fossils during the construction phase, no further specialist studies are recommended here, with the exception of mitigation at the Linde borrow pit site outlined above.
It is recommended that:
· The Environmental Control Officer (ECO) responsible for the railway developments should be aware of the possibility of important fossils (e.g. Karoo “reptile” remains, fossil plants, mammalian bones, teeth) being present or unearthed on site and should regularly monitor all substantial excavations into superficial sediments as well as fresh (i.e. unweathered) sedimentary bedrock for fossil remains;
· In the case of any significant fossil finds (e.g. vertebrate teeth, bones, burrows, petrified wood) made during construction, these should be safeguarded - preferably in situ - and reported by the ECO as soon as possible to the relevant heritage management authority (South African Heritage Resources Agency. Contact details: SAHRA, 111 Harrington Street, Cape Town. PO Box 4637, Cape Town 8000,South Africa. Phone : +27 (0)21 462 4502. Fax : +27 (0)21 462 4509. Web : www.sahra.org.za) so that appropriate mitigation (i.e. recording, sampling or collection) by a palaeontological specialist can be considered and implemented, at the developer’s expense; and
· These recommendations should be incorporated into the Environmental Management Plan (EMP) for the 16 Mtpa manganese ore export railway line project.
The palaeontologist concerned with mitigation work will need a valid collection permit from SAHRA.  All work would have to conform to international best practice for palaeontological fieldwork and the study (e.g. data recording fossil collection and curation, final report) should adhere to the minimum standards for Phase 2 palaeontological studies recently published by SAHRA (2013).

1.	INTRODUCTION AND BRIEF
Manganese ore mined in the Hotazel area near Kuruman (Kalahari Manganese Field) in the Northern Cape is transported by rail to a bulk minerals handling terminal at Port Elizabeth, where it is unloaded and placed on stockpiles before being loaded onto ships for export. Transnet SOC Limited is planning to expand the capacity of the existing manganese ore export railway line between Hotazel (Northern Cape) and the Port of Ngqura (Coega IDZ, Eastern Cape) from the originally envisaged 12 Mtpa to 16 Mtpa.  The present combined desktop and field-based palaeontological heritage report forms part of the Basic Assessment of (1) four railway loop developments along the manganese ore railway line between De Aar in the Northern Cape and Coega in the Eastern Cape (Table 1), namely at Drennan, Thorngrove, Cookhouse-Golden Valley, and Sheldon, as well as of (2) eleven proposed borrow pit sites located along or close to the manganese railway line (i.e. two Coega pits, Ripon-Kommadagga, Cookhouse-Golden Valley, Thorngrove, Drennan, Knutsford, Tafelberg, Rosmead, Burgervilleweg and Linde).


1.1.	Legislative context for palaeontological assessment studies
ERM Southern Africa (Pty) Ltd (Block A, Silverwood House, Silverwood Close, Steenberg Office Park, Cape Town 7945, South Africa; tel: +27 21 702 9100) has been appointed by Transnet as the Independent Environmental Assessment Practitioners to undertake a Basic Assessment of additional railway loop developments between Hotazel and the port of Ngqura in the Coega IDZ. 
The present combined desktop and field-based study forms part of the Basic Assessment of four loop extensions, located between Cradock and Kommadagga in the Eastern Cape, as well as of eleven borrow pit sites along or close to the manganese railway line between De Aar and Coega.  A list of the loop extensions under consideration is given in Table 1 and these are also shown on the map in Fig. 1 (kindly provided by ERM). The borrow pit sites are listed in Table 3. The present palaeontological heritage report falls under Section 38 (Heritage Resources Management) of the South African Heritage Resources Act (Act No. 25 of 1999), and it will also inform the Environmental Management Plan for this project. 
The proposed railway line developments are located in areas that are underlain by potentially fossil-rich sedimentary rocks of Palaeozoic, Mesozoic and younger, Tertiary or Quaternary age (Sections 2 and 3).  The construction phase of the developments will entail substantial excavations into the superficial sediment cover as well as locally into the underlying bedrock.  In addition, substantial areas of bedrock may be sealed-in or sterilized by railway infrastructure, lay-down areas as well as new gravel roads.  All these developments may adversely affect potential fossil heritage 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.  Once constructed, the operational and decommissioning phases of the railway developments are unlikely to involve further adverse impacts on palaeontological heritage, however.
The various categories of heritage resources recognised as part of the National Estate in Section 3 of the National Heritage Resources Act include, among others:
· geological sites of scientific or cultural importance;
· palaeontological sites;
· 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. 
(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 (PIAs) have recently been published by SAHRA (1913). 

1.2.	Scope of this palaeontological heritage study
This combined desktop and field-based palaeontological specialist report provides an assessment of the observed or inferred palaeontological heritage within the four proposed loop extension study areas and eleven borrow pit sites within the Eastern and Northern Cape between Coega and De Aar (Fig. 1, Table 1), with recommendations for further specialist palaeontological studies and / or mitigation where this is considered necessary.  
The report has been commissioned by ERM Southern Africa (Pty) Ltd (Block A, Silverwood House, Silverwood Close, Steenberg Office Park, Cape Town 7945, South Africa; tel: +27 21 702 9100).   It contributes to the Basic Assessment for the proposed 16 Mtpa railway expansion and it will also inform the Environmental Management Plan for the project. 

1.3.	Approach to the palaeontological heritage assessment study
In preparing a palaeontological desktop study the potentially fossiliferous rock units (groups, formations etc) represented within the study area are determined from geological maps and satellite images.  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 (Provisional tabulations of palaeontological sensitivity of all formations in the Eastern and Northern Cape have already been compiled by Almond et al.  2008 and Almond & Pether 2008 respectively).  The likely impact of the proposed development on local fossil heritage is then determined on the basis of (1) the palaeontological sensitivity of the rock 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, as here, 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  either (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 (South African Heritage Resources Agency. Contact details: SAHRA, 111 Harrington Street, Cape Town. PO Box 4637, Cape Town 8000,South Africa. Phone : +27 (0)21 462 4502. Fax : +27 (0)21 462 4509. Web: www.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:
(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 Transnet 16 Mtpa study areas a major limitation for fossil heritage studies is the frequently low level of exposure of potentially fossiliferous bedrocks such as the Karoo Supergroup, as well as the paucity of previous specialist palaeontological studies in the Northern and Eastern Cape regions as a whole. Recognition of fossil material in railway cuttings is compromised by the pervasive rusty iron patina covering rock surfaces close to the railway line. Despite these limitations, confidence levels for the present assessment are moderately high.

1.5.	Information sources
The information used in this palaeontological study was based on the following:
1.  A short project outline provided by ERM;
2.  A review of the relevant scientific literature, including published geological maps and accompanying sheet explanations as well as several desktop and field-based palaeontological assessment studies in the broader Cradock – Kommadagga region of the Eastern Cape (e.g. Almond 2009, 2010b, 2011, 2013).
3. The author’s previous field experience with the formations concerned and their palaeontological heritage (See also review of Northern and Eastern Cape fossil heritage by Almond & Pether 2008, Almond et al. 2008).
4. A five-day field assessment of the relevant loop extension and borrow pit sites in April 2013.
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Fig. 1.  Map of the Cradock to Coega sector of the Transnet manganese ore export railway line, Eastern Cape, showing the locations of the four proposed railway loop extensions covered by the present desktop Basic Assessment report (green squares at Drennan, Thorngrove, Cookhouse-Golden Valley and Sheldon) as well as of the Coega IDZ Compilation Yard which is the subject of a separate report Map modified from image kindly provided by ERM).

Table 1.  Summary of geology and palaeontological sensitivity of the four railway loop study sites between Cradock and Kommadagga on the basis of desktop and field-based assessments.
	LOOP
EXTENSION
	LOCATION
	PROJECT
	GEOLOGY
	PALAEONTO-LOGICAL HERITAGE SENSITIVITY
	RECOMMEND ACTION

	DRENNAN

	c. 32º 26’ 30.09” S
c. 25º 44’ 33.10” E
	Loop extension
	Balfour Formation (Lower Beaufort Group, baked by nearby dolerite intrusion), Caenozoic river alluvium 
	LOW
	No further palaeontological specialist input required, pending discovery of significant new fossil remains during development.

ECO should be alerted to possible important fossil finds during excavation.

Significant fossil remains exposed during development (e.g. vertebrate bones, shell concentrations, plant remains) should be safeguarded and reported by the ECO to SAHRA for professional recording and mitigation.


	THORNGROVE

	c. 32º 38’ 49.57” S
c. 25º 49’ 15.70” E
	Loop extension
	Balfour Formation (Lower Beaufort Group, baked by nearby dolerite intrusion), dolerite, Caenozoic river alluvium
	LOW
	

	COOKHOUSE – GOLDEN VALLEY

	c. 32º 46’ 28.28” S
c. 25º 47’ 45.72” E
	Loop extension
	Caenozoic alluvium overlying Middleton Formation (Lower Beaufort Group)
	LOW
	

	SHELDON

	c. 33º 00’ 30.22” S
c. 25º 51’ 53.53” E

	Loop extension

	Koonap Formation (Lower Beaufort Group) and overlying  Caenozoic alluvium
	LOW

	





2.  GEOLOGICAL OUTLINE OF THE STUDY AREA
The southern sector of the Transnet manganese ore export railway line between De Aar and Coega traverses the eastern part of the Great Karoo Region, extending across the Cape Fold Belt onto the southern coastal belt at its southern end (cf Visser et al. 1989, their Fig. 2.1.).  It follows the valley of the Great Fish River that flows within a deeply-incised, meandering valley flanked by mountainous terrain (e.g. Swaershoekberge, Winterberge ranges) between Cradock and Cookhouse. The railway lies at elevations of around 800-600m amsl within this portion of the study region and crosses the river at several points.  At Cookhouse the railway line enters lower-lying (580-500m amsl), hilly terrain known as Die Smal Deel on either side of the Great Fish River.  The river valley is much wider here and bedrock exposure is very limited due to the thick development of Late Caenozoic alluvium. However, good exposures are present in cuttings along the N10 tar road and adjacent hillslopes, in railway cuttings as well as intermittently along the banks of the Great Fish River (Almond 2009, 2010b, 2011).  Just north of Ripon the railway line crosses a gravel-capped pediment surface (c. 480-500m amsl) and the Little Fish River before cutting through a prominent west-east ridge of Dwyka Group rocks at the base of the Karoo Supergroup succession. The lowermost Karoo Supergroup and uppermost Cape Supergroup bedrocks here are highly folded and lie well within the margins of the Cape Fold Belt, as reflected by the ridge and valley terrain developed in the study sector between Ripon and Kommadagga.
The geology of the study area between De Aar and Coega is covered by four adjoining 1: 250 000 scale geological maps, namely sheet 3024 Colesburg (sheet explanation by Le Roux 1993b), sheet 3124 Middelburg (sheet explanation by Cole et al. 2004), sheet 3224 Graaff-Reinet (sheet explanation by Hill 1993) and sheet 3324 Port Elizabeth (sheet explanation by Toerien & Hill 1989).   Relevant extracts from these maps are provided in Figs. 4 to 10 below. A more regional geological map at 1: 1 000 000 scale is also available (sheet explanation by Visser et al. 1989) but differs in several respects from the more detailed 1: 250 000 maps that form the preferred basis for the present desktop study. 
All major rock units mapped at the proposed loop extension and borrow pit sites along the railway line between De Aar and Coega are listed in Table 2, together with a brief summary of their geology, age, known fossil heritage and inferred palaeontological sensitivity (analysis largely based on Almond & Pether 2008, Almond et al.  2008). The location of these rock units within the Phanerozoic stratigraphic column for South Africa is shown in Figs. 2 and 3.  They include a wide range of sedimentary and igneous rocks ranging in age from Permo-Carboniferous (c. 300 Ma) to Recent. The intrusive igneous rocks (i.e. Early Jurassic dolerites) are entirely unfossiliferous, while a high proportion of the sedimentary rocks are of moderate to high palaeontological sensitivity, most notably the continental sediments of the Lower Beaufort Group (Adelaide Subgroup) which are Middle to Late Permian in age.
For the purposes of the present palaeontological assessment of the proposed loop extensions and borrow pits in the southern sector of the manganese ore railway line, only those rock units that are mapped within the development footprint (as shown on 1: 250 000 geological maps, Figs. 4 to 10) will be considered further here. As seen in Table 1, the Drennan and Thorngrove loop extensions are largely underlain by sediments of the Late Permian to Early Triassic Balfour Formation (Adelaide Group / Lower Beaufort Group) as well as Late Caenozoic river alluvium and / or Early Jurassic Karoo dolerite. Most of the long Cookhouse – Golden Valley loop extension study area is mantled with Late Caenozoic alluvium of the Great Fish River which here overlies Middle to Late Permian rocks of the Middleton Formation (Adelaide Group / Lower Beaufort Group). The loop extension at Sheldon overlies Middle Permian continental sediments of the Koonap Formation (Adelaide Subgroup / Lower Beaufort Group) that here are mantled with Caenozoic alluvium (with a seasonal watercourse crossing the northern part of study area). Rock units relevant to the eleven proposed borrow pit sites under consideration are listed in Table 3. In addition to those listed above, they also include Permo-Carboniferous glacial sediments of the Elandsvlei Formation (Dwyka Group) at the Ripon-Kommadagga pit site and Miocene / Pliocene coastal limestones of the Alexandria Formation (Algoa Group) at the two Coega borrow pit sites. 
A short review of the geology of these rock units is given below, while details of their known fossil heritage are given in Section 3 (See also Table 2).
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Fig. 2.  Stratigraphic column covering the last one billion years in southern Africa showing the main Phanerozoic rock units (emphasised by thick vertical black lines) represented in the various loop extension and borrow pit study areas along the manganese ore export line railway between De Aar and Coega, Eastern Cape (See also Figure 3 for Karoo Supergroup rock units) (Figure modified from Johnson et al. 2006. The geology of South Africa).
[image: ]
Figure 3.  Stratigraphic subdivision of the c. 12 km-thick Karoo Supergroup (From Catuneanu et al. 2005).  The Early Carboniferous to Late Permian formations of the Witteberg, Dwyka, Ecca and Lower Beaufort Groups that are represented within the Transnet 16 Mtpa project area between Coega and De Aar are emphasized by the thick red bar.  
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Fig. 4.  Extract from 1: 250 000 geology map 3024 Colesburg (Council for Geoscience, Pretoria) showing the location of the existing Burgervilleweg borrow pit (orange triangle) situated c. 34 km southeast of De Aar, Northern Cape. The pit is excavated into fluvial mudrocks of the Adelaide Subgroup (Lower Beaufort Group) (Pa, pale green) that are extensively intruded by the Early Jurassic Karoo Dolerite Suite (Jd, pink) in this region. See Table 2 for summary of geology and fossils within rock units along this section of the Transnet manganese ore export railway line.  Scale bar here = c. 5 km.
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Fig. 5.  Extract from 1: 250 000 geology map 3124 Middelburg (Council for Geoscience, Pretoria) showing the location of the proposed Linde borrow pit (orange triangle) situated c. 25 km ENE of Hanover, Northern Cape. The pit is excavated into fluvial mudrocks of the Adelaide Subgroup (Lower Beaufort Group) (Pa, pale blue-green) that are extensively intruded by the Early Jurassic Karoo Dolerite Suite (Jd, pink) in this region. See Table 2 for summary of geology and fossils within rock units along this section of the Transnet manganese ore export railway line.  Scale bar here = c. 5 km.
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Fig. 6.  Extract from 1: 250 000 geology map 3124 Middelburg (Council for Geoscience, Pretoria) showing the location of the existing Rosmead borrow pit situated c. 10.3 km ENE of Middelburg, Eastern Cape and the existing Tafelberg borrow pit situated c. 26 km SE of Middelburg (orange triangles). The Rosmead pit is largely excavated into Late Caenozoic alluvium (pale yellow with “flying bird” symbol) whereas the Tafelberg Pit is excavated into fluvial mudrocks of the Adelaide Subgroup (Lower Beaufort Group) (Pa, pale blue-green) that are extensively intruded by the Early Jurassic Karoo Dolerite Suite (Jd, pink) and mantled with Late Caenozoic alluvium in this region. See Table 2 for summary of geology and fossils within rock units along this section of the Transnet manganese ore export railway line.  Scale bar here = c. 5 km.
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Fig. 7.  Extract from 1: 250 000 geology map 3124 Middelburg (Council for Geoscience, Pretoria) showing the location of the existing Knutsford borrow pit (orange triangle) situated c. 26.6 km NW of Cradock, Eastern Cape and excavated into fluvial mudrocks of the Adelaide Subgroup (Lower Beaufort Group) (Pa, pale blue-green) that are extensively intruded by the Early Jurassic Karoo Dolerite Suite (Jd, pink) in this region.  See Table 2 for summary of geology and fossils within rock units along this section of the Transnet manganese ore export railway line.  Scale bar here = c. 5 km.
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Fig. 8.  Extract from 1: 250 000 geology map 3224 Graaff-Reinet (Council for Geoscience, Pretoria) showing location of the proposed loop extensions to the north and south of Cookhouse, Eastern Cape, at Drennan, Thorngrove (both underlain by the Balfour Formation, Pb) and Cookhouse – Golden Valley (underlain by alluvium and the Middleton Formation, Pm).  Also shown (orange triangles) are the locations of existing borrow pits at Drennan, Thorngrove and Cookhouse that are underlain by fluvial mudrocks of the Balfour Formation (Pb, dark green) in the first two cases and by Late Caenozoic alluvium overlying the Middleton Formation in the Cookhouse borrow pit area (pale yellow with “flying bird” symbol). See Table 2 for summary of geology and fossils within rock units along this section of the Transnet manganese ore export railway line.  Scale bar here = c. 10 km.
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Fig. 9.  Extract from 1: 250 000 geology map 3324 Port Elizabeth (Council for Geoscience, Pretoria) showing location of the proposed loop extensions to the south of Cookhouse, Easytern Cape and at Sheldon, underlain by sediments of the Koonap Formation (Pk, Lower Beaufort Group).  Also shown (orange triangle) is the location of the proposed Ripon – Kommadagga borrow pit that is underlain by Dwyka Group sediments (C-Pd, grey). See Table 2 for summary of geology and fossils within rock units along this section of the Transnet manganese ore export railway line.  Scale bar here = c. 10 km.
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Fig. 10.  Extract from 1: 50 000 geology map 3325 DA Addo (Council for Geoscience, Pretoria) showing location of the two existing borrow pits Coega A and Coega B (orange triangles) near Grassridge Station on the north-eastern margins of the Coega IDZ and c. 10.5 km west of Colchester, Eastern Cape. The Coega A pit is excavated into Neogene marine deposits of the Alexandria Formation (Ta, pink) while the Coega B pit is also excavated into the Alexandria Formation and not Tertiary / Quaternary alluvium (T-Qt, yellow) as shown here. See Table 2 for summary of geology and fossils within rock units along this section of the Transnet manganese ore export railway line.  Scale bar here = c. 2 km.


2.1.	 Elandsvlei Formation (Dwyka Group)
The Late Carboniferous to Early Permian sediments of the Elandsvlei Formation (Dwyka Group, C-Pd) were deposited as glacial tillites and interglacial mudrocks in a shallow epicontinental sea on the margins of Gondwana.  The geology of the Dwyka Group has been summarized by Visser (1989, 2003), Visser et al. (1990) and Johnson et al. (2006), among others.  A brief account of the Dwyka rocks in the Port Elizabeth sheet area is given by Toerien and Hill (1989), largely based on Johnson (1976). The Dwyka succession here is c. 680m thick and consists of largely of massive, blue-grey to grey-green glacial diamictites with subordinate well-bedded sandstones and shales. There is evidence of several deglaciation cycles, as also recorded in the Western Cape (e.g. Visser 1997). Potentially fossiliferous interglacial mudrock successions, including dropstone laminites, are also present here between the massive diamictites but are often obscured by drift cover, including Quaternary alluvium as well as downwasted polymict gravels

2.2.	Lower Beaufort Group (Adelaide Subgroup)
As shown on the relevant 1: 250 000 geological maps (Figs. 4 to 9), the De Aar to Sheldon study area is largely underlain by Middle to Late Permian continental sediments of the Lower Beaufort Group (Adelaide Subgroup, Karoo Supergroup). In particular the Karoo sediments belong to the Koonap Formation (Pk), the Middleton Formation (Pm) and the overlying Balfour Formation (Pb) (Hill 1993, Cole et al. 2004, Johnson et al., 2006).  In the northern part of the study area, to the north of Cookhouse, the Balfour succession is extensively intruded by major, resistant-weathering intrusive sills of the Karoo Dolerite Suite (Jd) of Early Jurassic age (c. 183 Ma), in part accounting for the more mountainous terrain here. Dips of Beaufort Group sediments in the northern and central study region are generally shallow (< 5°), with small-scale E-W fold axes to the south and east of Cookhouse, so low levels of tectonic deformation and cleavage development are expected here.  The lowermost Beaufort Group beds (Koonap Formation) in the south lie within the margins of the Cape Fold Belt, so higher dips and levels of deformation are seen here (seen, for example, along the banks of the Great Fish River), compromising fossil preservation.

2.2.1.	Koonap Formation
The main characteristics of the Middle to Late Permian Koonap Formation (Pk), the basal subunit of the Lower Beaufort Group in the Eastern Cape study region with a thickness of up to one-and-a-half or two kilometers, have been briefly described by Hill (1993; see also Johnson 1976, Johnson et al. 2006 and refs. therein).  This continental fluvial succession comprises grey-green and purple-brown overbank mudrocks with subordinate crevasse-splay and lenticular channel sandstones.  Palaeocurrents were mainly from the southeast.  The basal Koonap succession consists largely of dark bluish-grey or grey-green, hackly-weathering mudrocks but purple-brown mudrocks are common at higher levels.  Many of the sandstones display a characteristic coarse mottling.  Horizons with abundant calcrete nodules (often ferruginous and rusty-brown in colour) represent ancient floodplain soils.  Occasional cherty layers represent volcanic ash layers admixed with siliclastic sediment and should prove of considerable interest for radiometric dating studies in future (cf Blignault et al. 1948, Rubidge et al. 2010, 2013).  According to recent fieldwork in the broader study region south of Middleton (Almond 2011) the Koonap Formation is only well-exposed here along the southern banks of the Great Fish River as well as on the slopes of a few isolated koppies to the south, apart from deep (and dangerous) railway cuttings and occasional road cuts along the N10. Several cliff sections along both banks of the deeply incised Great Fish River are too steep to be safely accessible.  Good mudrock exposures with fossil potential are available close to the Sheldon Bridge some four kilometres east of Sheldon siding.
2.2.2.	Middleton Formation
This formation forms the middle portion of the Adelaide Subgroup east of 24°E, including the Graaff-Reinet sheet area (Hill 1993, Johnson et al., 2006).  The fluvial Middleton succession comprises greenish-grey to reddish overbank mudrocks with subordinate resistant-weathering, fine-grained channel sandstones deposited by large meandering river systems.  Because of the dominance of recessive-weathering mudrocks, the Middleton Formation erodes readily to form low-lying vlaktes at the base of the Escarpment near Cookhouse and extensive exposures of fresh (unweathered) bedrock are rare. Recent radiometric dating (c. 260 / 259 to 256 Ma) indicates a Wuchiapingian (Late Permian) age to the Middleton Formation (Rubidge et al. 2013). 

2.2.3.	Balfour Formation
The fluvial Balfour Formation comprises recessive weathering, grey to greenish-grey overbank mudrocks with subordinate resistant-weathering, grey, fine-grained channel sandstones deposited by large meandering river systems in the Late Permian Period (Hill 1993).  Thin wave-rippled sandstones were laid down in transient playa lakes on the flood plain.  Reddish mudrocks are comparatively rare, but increase in abundance towards the top of the Adelaide Subgroup succession near the upper contact with the Katberg Formation. The base of the Balfour succession is defined by a sandstone-rich zone, some 50 m thick, known as the Oudeberg Member. The Oudeberg sandstones and interbedded mudrocks crop out along the edge of the low escarpment that lies at the latitude of Cookhouse. Dark grey mudrocks with thin, tabular sandstones and wave ripples (formed in shallow lakes) within the overlying mudrock-dominated Daggaboersnek Member are well-exposed at higher elevations in Daggaboersnek itself along the main road between Cookhouse and Cradock (Hill 1993). Recent radiometric dating (c. 256 / 255 Ma) indicates a late Wuchiapingian (Late Permian) age to the Middleton Formation (Rubidge et al. 2013).

2.3.	Karoo Dolerite Suite
Igneous intrusions intruding the Lower Beaufort Group north of Cookhouse are referred to the Karoo Dolerite Suite of Early Jurassic age (c. 182 Ma; Duncan & Marsh 2006).  According to Hill (1993) the southernmost dolerites in the Graaff-Reinet sheet area take the form of “crescentic dykes and transgressive sheets with easterly strikes and dipping towards the north” (See extensive WNW-ESE trending dyke near Middleton in Fig. 8). Normally, extensive areas of Beaufort Group outcrop to either side of the larger dolerite intrusions are mantled in rubbly doleritic colluvium (scree deposits) that is often cemented with calcrete to form a resistant, concrete-like near-surface pan.  These dolerite scree-mantled slopes are clearly seen as rusty areas on satellite images.

2.5.	Alexandria Formation
The Alexandria Formation of the Late Caenozoic Algoa Group overlies a series of marine terraces incised into older (mainly Cretaceous) rocks in the hinterland of the Algoa Basin - the lower seawards Coega Plateau and the higher, landwards Grassridge Plateau where the two propose Coega borrow pits are located (Ruddock 1968, Goedhart and Hattingh (1997).  This estuarine to coastal marine formation consists of a basal conglomerate rich in oyster shells overlain by calcareous sandstones, shelly coquinas and thin conglomerates. It represents a composite product of several marine transgression (invasion) / regression (retreat) cycles across the Algoa coastal plain in Late Miocene-Pliocene times, i.e. roughly around 7-5 Ma ago (Maud & Botha 2000, Roberts et al. 2006).  The Alexandria Bay Formation ranges from three to 13 m in thickness, with an average of 9 to 10 m (Le Roux 1987b, Goedhart and Hattingh, 1997).  It reaches its greatest thickness between the Swartkops and Sundays Rivers. Maud & Botha (2000) record a maximum thickness of 18 m.  

2.5.	Caenozoic superficial deposits
Various types of superficial deposits or “drift” of Late Caenozoic (Miocene / Pliocene to Recent) age occur widely throughout the Great Karoo study region.  They include pedocretes (e.g. calcretes), slope deposits (scree etc), river alluvium, as well as spring and pan sediments (cf  Partridge et al. 2006).  As a result, surface exposure of fresh Karoo Supergroup rocks within the development footprint itself is generally poor, apart from stream beds, dongas and steeper hillslopes and artificial exposures in road and railway cuttings.  The hill slopes are typically mantled with a thin layer of colluvium or slope deposits (e.g. sandstone and dolerite scree). Thicker accumulations of sandy, gravelly and bouldery alluvium of Late Caenozoic age (< 5 Ma) are found in stream and river beds, for example adjacent to the Great Fish River.  These colluvial and alluvial deposits may be extensively calcretised (i.e. cemented with soil limestone or calcrete), especially in the neighbourhood of dolerite intrusions.
Thick, silty alluvium of the ancient Fish River drainage system overlies riverside cliffs and banks in the Cookhouse to Ripon study area, even where the river is incised quite deeply into Beaufort Group bedrock (Almond 2010b, 2011).  Good exposures of silty alluvium are seen in the neighbourhood of Cookhouse and extensive portions of the area along the Fish River (mainly agricultural lands) are mantled with fertile alluvium (yellow areas on geological maps, Figs. 8 and 9).  The Fish River was probably a major drainage conduit in Tertiary times, cutting a wide meandering valley.  Subsequent regional uplift and aridification in Late Tertiary (Miocene /Pliocene) times has reduced its flow and caused the river to cut a narrower course down though its older alluvium and into the underlying bedrock, while headwards erosion has driven its tributaries to cut well back into the Great Karoo interior as far as Cradock (De Wit et al., 2000). 

3.	PALAEONTOLOGICAL HERITAGE WITHIN THE STUDY AREA
Fossil biotas recorded from each of the main rock units mapped beneath the proposed loop extension and borrow pit developments along the southern sector of the Transnet manganese ore export railway line are briefly reviewed in Table 3 (Based largely on Almond et al. 2008 and references therein), where an indication of the palaeontological sensitivity of each rock unit is also given. The quality of fossil preservation may compromised in some areas due to weathering and tectonic deformation, while extensive dolerite intrusion has had a negative impact on fossil heritage in portions of the Karoo Supergroup sediments (e.g. Lower Beaufort Group) due to resulting thermal metamorphism.  The fossil record of the rock units underlying the proposed railway loop and borrow pit developments between De Aar and Coega are reviewed in more detail below.

3.1.	Fossils in the Dwyka Group
The fossil record of the Permo-carboniferous Dwyka Group is generally poor, as expected for a glacial sedimentary succession (McLachlan & Anderson 1973, Anderson & McLachlan 1976, Visser 1989, Visser et al., 1990, MacRae 1999, Visser 2003, Almond 2008a, 2008b). Sparse, low diversity trace fossil biotas from the Elandsvlei Formation along the southern basin margin mainly consist of delicate arthropod trackways (probably crustacean) and fish swimming trails associated with recessive-weathering dropstone laminites (Savage 1970, 1971, Anderson 1974, 1975, 1976, 1981). Sporadic vascular plant remains (drifted wood and leaves of the Glossopteris Flora) are also recorded (Anderson & Anderson 1985, Bamford 2000, 2004), while palynomorphs (organic-walled microfossils) are likely to be present within finer-grained mudrock facies.  Glacial diamictites (tillites or “boulder mudstones”) are normally unfossiliferous but do occasionally contain fragmentary transported plant material as well as palynomorphs in the fine-grained matrix (Plumstead 1969).  There are biogeographically interesting records of limestone glacial erratics from tillites along the southern margins of the Great Karoo that contain Cambrian eodiscid trilobites as well as diverse assemblages of archaeocyathid sponges.  Such derived fossils provide important data for reconstructing the movement of Gondwana ice sheets (Cooper & Oosthuizen 1974, Stone & Thompson 2005).

3.2.	Fossils in the Lower Beaufort Group (Adelaide Subgroup)
The overall palaeontological sensitivity of the Lower Beaufort Group sediments is high (Rubidge 1995, Almond et al. 2008).  These continental sediments have yielded one of the richest fossil records of land-dwelling plants and animals of Permo-Triassic age anywhere in the world.  A chronological series of mappable fossil biozones or assemblage zones (AZ), defined mainly on their characteristic tetrapod faunas, has been established for the Main Karoo Basin of South Africa (Rubidge 1995).  Maps showing the distribution of the Beaufort assemblage zones within the Main Karoo Basin have been provided by Kitching (1977), Keyser and Smith (1977-78) and Rubidge (1995), and for the Graaff-Reinet sheet area they are available in Hill (1993). An updated version based on a comprehensive GIS fossil database has been presented recently by Van der Walt et al. (2010).  The fossil record of the Lower Beaufort Group in the Cookhouse – Middleton region has been addressed in recent desktop and field-based palaeontological heritage assessments by Almond (2009, 2010b, 2011).

3.2.1.	Fossils in the Koonap Formation
The Koonap Formation is generally considered to be the eastern stratigraphic equivalent of the much better-studied, and far better-exposed, Abrahamskraal Formation of the western outcrop area of the Lower Beaufort Group (Johnson 1976, Johnson et al. 2006).  While the latter is for the most part characterized by a rich fauna of Middle Permian vertebrates assigned to the Tapinocephalus Assemblage Zone (Smith & Keyser 1995), useful vertebrate fossils are notoriously difficult to find in the Koonap beds. Indeed, the last authors even describe the Koonap Formation as “unfossiliferous” (ibid., p. 11).  Fossil locality maps compiled by Kitching (1977), Keyser and Smith (1977-1978) as well as more recently by Nicolas (2007) show a virtual absence of recorded fossil sites within the lowermost Beaufort Group beds of the Eastern Cape.
Recent sedimentological and palaeontological studies across the Ecca / Beaufort boundary in the southern Karoo have been published by Rubidge et al. (2000) and Modesto et al. (2001).  The second work refers to several new fossil localities in the south-eastern Karoo near Jansenville and Fort Beaufort, respectively 100 km to the west and 55 km to the ESE of the Middleton area (Fig. 11).  The mainly sparse, and often poorly preserved, therapsid biotas recorded by these authors from the Koonap Formation include anteosaurid and tapinocephalid dinocephalians as well as a scylacosaurid therocephalian but, interestingly, no dicynodonts. This suggests a biostratigraphic equivalence with the lower, dinocephalian-dominated part of the Tapinocephalus Assemblage Zone. It is concluded that the older Eodicynodon Assemblage Zone is not represented this far to the east within the Main Karoo Basin.  
The results of Modesto et al. (2001) suggest that rare tetrapod remains may be preserved in the Koonap Formation beds in the project area. However, no fossil remains were recorded in the recent field assessment of Koonap exposures in the Great Fish River region to the southeast of Middleton by Almond (2011) apart from centimetre-wide vertical burrows preserved at a mudrock / sandstone interface found near Sheldon Bridge. 
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Fig. 11.  Vertebrate fossil records from the Ecca / Beaufort contact zone in the Eastern Cape (from Modesto et al. 2001). Locality 5 indicated here is situated c. 55 km ESE of the Sheldon study area (indicated by the blue triangle).

3.2.2.	Fossils in the Middleton Formation
The Middleton Formation comprises portions of three successive Beaufort Group fossil assemblage zones (AZ) that are largely based on the occurrence of specific genera and species of fossil therapsids.  These are, in order of decreasing age, the Pristerognathus, Tropidostoma and Cistecephalus Assemblage Zones (Rubidge 1995, Van der Walt et al. 2010).  The three biozones have been largely assigned to the Wuchiapingian Stage of the Late Permian Period, with an approximate age range of 261-255 million years (Rubidge 2005, Rubidge et al. 2013).  According to published maps showing the distribution of the Beaufort assemblage zones within the Main Karoo Basin (Kitching 1977, Keyser & Smith 1979, Hill 1993, Rubidge 1995), the upper Middleton Formation succession near Cookhouse lies within the Cistecephalus Assemblage Zone (= upper Cistecephalus Biozone or Aulacephalodon-Cistephalus Assemblage Zone of earlier authors; see table 2.2 in Hill 1993).
The following major categories of fossils might be expected within Cistecephalus AZ sediments in the study area (Keyser & Smith 1979, Anderson & Anderson 1985, Hill 1993, Smith & Keyser in Rubidge 1995, MacRae 1999, Cole et al., 2004, Almond et al. 2008):
· isolated petrified bones as well as rare articulated skeletons of terrestrial vertebrates such as true reptiles (notably large herbivorous pareiasaurs, small insectivorous owenettids and turtle-like eunotosaurs) and therapsids or “mammal-like reptiles” (e.g. diverse herbivorous dicynodonts, flesh-eating gorgonopsians, and insectivorous therocephalians) (Fig. 12);
· aquatic vertebrates such as large temnospondyl amphibians (Rhinesuchus, usually disarticulated), and palaeoniscoid bony fish (Atherstonia, Namaichthys, often represented by scattered scales rather than intact fish);
· freshwater bivalves (Palaeomutela);
· trace fossils such as worm, arthropod and tetrapod burrows and trackways, coprolites (fossil droppings);
· vascular plant remains including leaves, twigs, roots and petrified woods (“Dadoxylon”) of the Glossopteris Flora (usually sparse, fragmentary), especially glossopterid trees and arthrophytes (horsetails).
As far as the biostratigraphically important tetrapod remains are concerned, the best fossil material is generally found within overbank mudrocks, whereas fossils preserved within channel sandstones tend to be fragmentary and water-worn (Rubidge 1995, Smith 1993b).  Many fossils are found in association with ancient soils (palaeosol horizons) that can usually be recognised by bedding-parallel concentrations of calcrete nodules.  
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Fig. 12.  Skulls of characteristic fossil vertebrates from the Cistecephalus Assemblage Zone (From Keyser & Smith 1979). Pareiasaurus a large herbivore, and Owenetta, a small insectivore, are true reptiles. The remainder are therapsids or “mammal-like reptiles”. Of these, Gorgonops and Dinogorgon are large flesh-eating gorgonopsians, Ictidosuchoides is an insectivorous therocephalian, while the remainder are small- to large-bodied herbivorous dicynodonts.

3.2.3.	Fossils in the Balfour Formation
The sandstone-dominated Oudeberg Member at the base of the Balfour Formation is also assigned to the Cistecephalus Assemblage Zone (Rubidge 1995) whose fossil biota has been treated above.  The Assemblage Zone to which the overlying Daggaboersnek Member should be assigned is less clear (Cole et al., 2004).  Le Roux and Keyser (1988) report Cistecephalus AZ fossils from this member in the Victoria West sheet area, whereas the Daggaboersnek Member in the Middelburg sheet area is assigned to the Dicynodon Assemblage Zone and this certainly applies to the greater part of the Balfour Formation (Rubidge 1995, Cole et al., 2004 p. 21). This younger biozone has been assigned to the Changhsingian Stage (= Late Tartarian), right at the end of the Permian Period, with an approximate age range of 253.8-251.4 million years (Rubidge 1995, 2005, Rubidge et al. 2013).  
Good accounts, with detailed faunal lists, of the rich Late Permian fossil biotas of the Dicynodon Assemblage Zone have been given by Kitching (in Rubidge 1995) and by Cole et al. (2004).  See also the reviews by Cluver (1978), MacRae (1999), McCarthy & Rubidge (2005) and Almond et al. (2008).  
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Fig. 13.  Skulls of characteristic fossil vertebrates – all therapsids - from the Dicynodon Assemblage Zone (From Keyser & Smith 1979). Among the dominant therapsids (“mammal-like reptiles”), Rubidgea and Cynosaurus are carnivorous gorgonopsians, Whaitsia (now Theriognathus) is a predatory therocephalian while Ictidosuchoides is a small insectivorous member of the same group, Procynosuchus is a promitive cynodont, and the remainder are large- to small-bodied dicynodont herbivores.

In general, the following broad categories of fossils might be expected within the Balfour Formation in the Transnet study area:
· isolated petrified bones as well as articulated skeletons of terrestrial vertebrates such as true reptiles (notably large herbivorous pareiasaurs, small lizard-like millerettids and younginids) and therapsids (diverse dicynodonts such as Dicynodon and the much smaller Diictodon, carnivorous gorgonopsians, therocephalians such as Theriognathus (= Whaitsia), primitive cynodonts like Procynosuchus, and biarmosuchians) (See Fig. 13 herein);
· aquatic vertebrates such as large, crocodile-like temnospondyl amphibians like Rhinesuchus (usually disarticulated), and palaeoniscoid bony fish (Atherstonia, Namaichthys);
· freshwater bivalves (Palaeomutela);
· trace fossils such as worm, arthropod and tetrapod burrows and trackways, coprolites (fossil droppings);
· vascular plant remains including leaves, twigs, roots and petrified woods (“Dadoxylon”) of the Glossopteris Flora (usually sparse, fragmentary), especially glossopterids and arthrophytes (horsetails);

Several key fossil vertebrate sites of the Dicynodon Assemblage Zone are recorded along Great Fish River Valley area between Cradock and Cookhouse (See maps in Kitching 1977, Keyser & Smith 1979). The abundance and variety of fossils within the Dicynodon Assemblage Zone decreases towards the top of the succession (Cole et al., 2004). From a palaeontological viewpoint, these diverse Dicynodon AZ biotas are of extraordinary interest in that they provide some of the best available evidence for the last flowering of ecologically-complex terrestrial ecosystems immediately preceding the catastrophic end-Permian mass extinction (e.g. Smith & Ward, 2001, Rubidge 2005, Retallack et al., 2006).
Fossil vertebrate remains appear to be surprisingly rare in the Lower Beaufort Group outcrop area near Cookhouse compared to similar-aged deposits further west within the Great Karoo (Almond 2010).  The important compendium of Karoo fossil faunas by Kitching (1977) lists numerous finds from the Cistecephalus Assemblage Zone near Pearston, some 75 km to the WNW of the study area. A few therapsid genera - the dicynodonts Emydops and Cistecephalus plus the therocephalian Ictidosuchoides – are reported from Bruintjieshoogte, between Pearston and Somerset East, although fossils are recorded as rare even here, despite the excellent level of exposure. Sparse dicynodonts are also mentioned from Bedford, c. 30km to the east of Cookhouse. Fossils of the long-ranging, small, communal burrowing dicynodont Diictodon are recorded from Slaghtersnek to the south of Cookhouse  (precise location not provided, Kitching 1977, p. 66). A limited number of well-preserved dicynodont skulls (probably Oudenodon, Diictodon) as well as scattered postcranial therapsid remains, sphenophytes (horsetail ferns), locally abundant silicified wood (some showing insect borings), and low diversity assemblages of horizontal burrows (including Scoyenia arthropod scratch burrows) were recorded from the Middleton Formation in the Cookhouse – Middleton area during recent palaeontological field studies by the author (Almond 2010b, 2011). A couple of poorly-preserved therapsid tracks are also recorded from this succession near Middleton (Prof. Bruce Rubidge, pers. comm., and Almond 2011). The recent discovery of a specimen of the rare, turtle-like parareptile Eunotosaurus in the same area supports the assignation of the lower Middleton Formation succession to the Pristerognathus Assemblage Zone, correlated with the Poortjie Member of the Teekloof Formation of the western Main Karoo Basin (Day et al. 2013).  

3.3.	Fossils in the Karoo Dolerite Suite
The dolerite outcrops in the northern part of the study area are in themselves of no palaeontological significance since these are high temperature igneous rocks emplaced at depth within the Earth’s crust.  However, as a consequence of their proximity to large dolerite intrusions, the Beaufort Group sediments to the north of Cookhouse have commonly been thermally metamorphosed or “baked” (ie. recrystallised, impregnated with secondary minerals).  Embedded fossil material of phosphatic composition, such as bones and teeth, is frequently altered by baking – bones may become blackened, for example - and can be very difficult to extract from the hard matrix by mechanical preparation (Smith & Keyser, p. 23 in Rubidge 1995). Thermal metamorphism by dolerite intrusions therefore tends to reduce the palaeontological heritage potential of Beaufort Group sediments.  

3.4.	Fossils in the Alexandria Formation
The Late Tertiary (Neogene) “coastal limestones” of the Alexandria Formation are as a whole highly fossiliferous (See recent review by Almond 2010c).  However, good exposures in the interior are usually limited due to cover by younger sediments of the Algoa Group (e.g. Nanaga Formation aeolianites), residual weathered surface material of the “Bluewater Bay” facies, extensive development of surface calcretes and thicket vegetation. A wide range of shelly marine fossils are recorded from the Alexandria Formation (Newton 1913, Du Toit 1954, Barnard 1962, Engelbrecht et al. 1962, King 1973, Dingle et al., 1983, Le Roux 1987a, 1987b, 1990b, 1993, McMillan 1990).  These are mainly molluscs (bivalves, gastropods, scaphopods), but also include serpulid worm tubes, sea urchins (the “sea pansy” Echinodiscus), solitary and colonial corals, bryozoans, brachiopods, barnacles and crab claws, as well as benthic foraminifera.  Sharks’ teeth and rare fish vertebrae are also known. Robert Gess (undated heritage report for Coega development) mentions mammal bones found in this unit but this may be a reference to the later, Pleistocene fauna briefly described by W. H. Gess (1951/1952) from Aloes. Diverse trace fossil assemblages (e.g. pellet-walled burrows of Ophiomorpha, bivalve borings Gastrochaeonolites, and a wide range of shell borings) occur in the Alexandria sediments but have not yet been described in detail in the palaeontological literature.

3.5.	Fossils in Late Caenozoic superficial deposits
Karoo “drift” deposits, including river alluvium, have been comparatively neglected in palaeontological terms for the most part.  However, they may occasionally contain important fossil biotas, notably the bones, teeth and horn cores of mammals (e.g. Skead 1980, Klein 1984, MacRae 1999, Partridge & Scott 2000, Churchill et al. 2000, Brink & Rossouw 2000, Rossouw 2006). Other late Caenozoic fossil biotas from these superficial deposits include non-marine molluscs (unionid bivalves, gastropods, rhizoliths), ostrich egg shells, trace fossils (e.g. calcretised termitaria, coprolites), and plant remains such as peats or palynomorphs (pollens) in organic-rich alluvial horizons. Angular to subrounded blocks of resilient silicified wood that have been reworked from the Lower Beaufort Group are locally abundant within ferruginous basal gravels and, to a lesser extent, younger alluvial deposits in the Middleton area (Almond 2011). Stone artefacts, an anthropogenic subcategory of trace fossils, occur widely in association with alluvial gravels and High Level Gravels where an abundant supply of suitable raw materials (e.g. hornfels) is present.  


Table 2.  Fossil heritage of rock units underlying the proposed loop extension and borrow pit developments along the De Aar to Coega sector of the Transnet manganese ore export railway line (Eastern Cape)

	GEOLOGICAL UNIT
	ROCK TYPES & AGE
	FOSSIL HERITAGE
	PALAEONT-OLOGICAL
SENSITIVITY
	GENERALLY RECOMMENDED MITIGATION

	
LATE CAENOZOIC TERRESTRIAL DEPOSITS OF THE INTERIOR

(Most too small to be indicated on 1: 250 000 geological maps)
	
Fluvial, pan, lake and terrestrial sediments, including diatomite (diatom deposits), pedocretes, spring tufa / travertine, cave deposits, peats, colluvium, soils, surface gravels including downwasted rubble
MOSTLY QUATERNARY TO HOLOCENE
	Bones and teeth of wide range of mammals (e.g. mastodont proboscideans, rhinos, bovids, horses, micromammals), reptiles (crocodiles, tortoises), ostrich egg shells, fish, freshwater and terrestrial molluscs (unionid bivalves, gastropods), crabs, trace fossils (e.g. termitaria, horizontal invertebrate burrows, stone artefacts), petrified wood, leaves, rhizoliths, diatom floras, peats and palynomorphs.
	

LOW 
(but locally high)

Scattered records, many poorly studied and of uncertain age
	Pre-construction field assessment by professional palaeontologist


	Alexandria Formation
(Ta)
ALGOA GROUP
	
Shallow marine to estuarine sediments (conglomerates, calcareous sands, shelly hash, calcrete) 

MIOCENE – PLIOCENE

	Rich shelly invertebrate faunas, especially molluscs but also several other groups, sharks teeth, possible rare vertebrate bones
	

HIGH
(but often compromised by diagenetic leaching, calcrete formation)
	Pre-construction field assessment by professional palaeontologist

Mitigation usually not required - 
unless rich fossil accumulations exposed during excavation


	
KAROO DOLERITE SUITE
(Jd)

	
Intrusive dolerites (dykes, sills), associated diatremes
EARLY JURASSIC 
(182-183 Ma)
	
No fossils recorded
	
ZERO
(also baking of adjacent fossiliferous sediments)
	None









	GEOLOGICAL UNIT
	ROCK TYPES & AGE
	FOSSIL HERITAGE
	PALAEONT-OLOGICAL
SENSITIVITY
	GENERALLY RECOMMENDED MITIGATION

	Balfour Formation
(Pb)
ADELAIDE SUBGROUP (LOWER BEAUFORT GROUP)
	Fluvial sediments with channel sandstones (meandering rivers), thin mudflake conglomerates interbedded with floodplain mudrocks (grey-green, purplish), pedogenic calcretes, playa lake and pond deposits, occasional reworked volcanic ashes
	Diverse continental biota dominated by a variety of therapsids (e.g. dinocephalians, dicynodonts, gorgonopsians, therocephalians, cynodonts) and primitive reptiles (e.g. pareiasaurs), sparse Glossopteris Flora (petrified wood, rarer leaves of Glossopteris, horsetail stems), tetrapod trackways, burrows & coprolites.  Freshwater assemblages include temnospondyl amphibians, palaeoniscoid fish, non-marine bivalves, phyllopod crustaceans and trace fossils (esp. arthropod trackways and burrows, “worm” burrows, fish fin trails, plant rootlet horizons).
	HIGH
	Pre-construction field assessment by professional palaeontologist

	Middleton Formation
(Pm)
ADELAIDE SUBGROUP (LOWER BEAUFORT GROUP)
	
	
	
	

	Koonap Formation
(Pk)
ADELAIDE SUBGROUP (LOWER BEAUFORT GROUP)
	
	
	
	

	
Elandsvlei Formation (C-Pd)
DWYKA GROUP
	Predominantly massive to bedded tillites, with interglacial mudrocks at intervals

LATE CARBONIFEROUS TO EARLY PERMIAN
	Interglacial mudrocks occasionally with low diversity marine fauna of invertebrates (molluscs, starfish, brachiopods, coprolites etc), palaeoniscoid fish, petrified wood, leaves (rare) and palynomorphs of Glossopteris Flora.  Well-preserved non-marine ichnofauna (traces of fish, arthropods) in laminated mudrocks.  Possible stromatolites, oolites at top of succession.
Occasional limestone erratics with shelly invertebrates (trilobites, archaeocyathid sponges).
	LOW
	Pre-construction field assessment by professional palaeontologist






4.	SUMMARY OF GEOLOGICAL & PALAEONTOLOGICAL FIELD OBSERVATIONS

4.1. Loop extension sites
A short, illustrated account of the most informative geological and palaeontological sites examined during the course of fieldwork at the four proposed loop extension sites along the 16 Mtpa manganese railway line is given in this section. The geographic positions of these sites are shown in Figure 1 and they are also indicated on the   geological maps in Figures 8  to 9. Fieldwork focused on areas of good bedrock exposure in railway cuttings within or in the vicinity of the proposed loop extension sites. In many railway sectors useful natural or artificial rock exposures are not available so paleontological sensitivity here needs to be inferred from exposures in the broader study region.Only very sparse fossil material (almost exclusively trace fossils) was noted during the present palaeontological heritage survey along the railway line.  Recognition of fossil material and sedimentary structures was often compromised by the pervasive rusty patina covering rock surfaces adjacent to the railway line. GPS locality data for all numbered sites mentioned in the text are provided in an appendix. The hammer used as scale in most of the field photographs is 27 cm long.

4.1.1.	Sheldon loop extension
The proposed Sheldon railway loop extension is situated some 28 km south of Cookhouse on a fairly flat-lying pediment surface at c. 540 m amsl. This surface was incised by the Great Fish River, which now meanders less than one kilometer to the north, into folded fluvial sediments of the Middle Permian Koonap Formation (Lower Beaufort Group) (Fig. 9). Koonap bedrocks are well-exposed in two long railway cuttings to the south and north of Sheldon Station (Locs. 066 and 067 to 068 respectively); the northern cutting is especially deep. The Beaufort Group succession here is moderately dipping to flat-lying at this point.
The Koonap Formation here is dominated by dark grey-green, olive and blue-grey mudrocks that are variously massive or thin- to medium-bedded and tabular (Figs. 14 & 15). Fining-upwards siltstone to claystone cycles can be identified locally. Weathering is hackly, though pencil cleavage is developed in some finer-grained horizons.  Several ancient soil (palaeosol) horizons marked by strata-bound strings of pale grey to rusty brown, oblate sphaeroidal calcrete nodules (few cm to 30 cm in diameter) can be seen in the rail cuttings. Packages of thinly-bedded, highly tabular mudrocks might represent palaeolake deposits on the flood plain (playa lakes or ponds) but this requires confirmation.
Subordinate buff-coloured sandstones within the Koonap succession at Sheldon are fine- to medium-grained, tabular to lenticular in geometry and variously massive, horizontally-laminated to cross-bedded (NE-directed palaeocurrents). Most examples seen are single storey, but multi-storey channel sandstones also occur here.
The uppermost Koonap beds are often separated or transected by a network of veins of Quaternary calcrete (Fig. 17). Where these veins are abundant they may be associated with in situ brecciation and deformation of the well-bedded Beaufort Group rocks. These beds are overlain by calcretised alluvial deposits of Late Caenozoic age that are often consolidated into a thick (c. 1 m), cream-coloured calcrete hardpan. At intervals the superficial sediments include incised fluvial channels or gullies infilled with well-calcretised, poorly-sorted, subangular gravels (Fig. 16). The alluvial deposits are overlain in turn by sandy soils and downwasted surface gravels.
Vertebrate fossils within the Koonap Formation are generally very sparse (Kitching 1977, Modesto et al. 2001, Nicolas 2007, Almond 2011 and discussion therein). No vertebrate remains were found in during the present field study (the search focussed on palaeosol horizons marked by calcrete nodules), nor during a recent palaeontological field study between the Great and Little Fish Rivers by Almond (2011). However, this author reported cylindrical vertical burrows of unidentified invertebrates within Koonap sediments at Sheldon Bridge, some 4 km east of the Sheldon railway study area. 
The Late Caenozoic calcretised alluvial sediments overlying the Beaufort Group bedrocks in the Sheldon railway cuttings contain occasional calcretised plant roots (rhizoliths / rhizocretions).  During the present survey poorly-preserved mammalian bone fragments of probable Late Tertiary / Quaternary age were recorded embedded within poorly sorted fluvial channel conglomerates associated with the Little Fish River drainage system to the north of Ripon siding, less than 10 km south of the Sheldon study area (Fig. 18). Thick silty to sandy alluvial deposits here are associated with abundant rhizoliths and calcretised invertebrate burrows, including probable subterranean termitaria.  


[image: H:\TRANSNET SOUTH April 2013\Transnet South Report Loop Photos\Sheldon Loop\IMG_0232 (2).JPG]
Fig. 14.  Massive, greyish and thinly-bedded, olive-hued overbank mudrocks of the Koonap Formation capped by a channel sandstone, railway cutting north of Sheldon Siding.  The thinner beds here might represent playa lake or distal floodplain deposits.
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Fig. 15. Massive to thin-bedded, greyish overbank mudrocks with a horizon of rusty-brown calcrete nodules (level of hammer) interbedded between massive to cross-bedded channel sandstones, Koonap Formation, railway cutting south of Sheldon siding (Hammer = 27 cm).
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Fig. 16. Calcretised, coarse gravelly channel-fill breccia incised into Koonap Formation bedrocks and capped by a thick calcrete hardpan, Sheldon south railway cutting (Hammer = 27 cm).
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Fig. 17.  Gently dipping, grey-green overbank mudrocks of the Koonap Formation criss-crossed by a network of calcrete veins of probable Quaternary age, Sheldon south railway cutting.
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Fig. 18. Poorly-preserved fragment of a large mammalian long bone embedded towards the base of Late Tertiary to Quaternary alluvial gravels, railway cutting north of Ripon siding (Loc. 064), less than 10 km south of Sheldon Siding. 
4.1.2.	Cookhouse – Golden Valley loop extension
The proposed Cookhouse – Golden Valley extension loop is situated just to the west of the N10 trunk road in a topographically subdued area at the foot of the Great Escarpment, sloping gently southwards from c. 590 to 560 m amsl. This area lies within the ancient floodplain of the Great Fish River. Late Permian sediments of the Middleton Formation (Lower Beaufort Group) are almost entirely mantled by thick alluvium here, as shown on the geological map (Fig. 8), so bedrock exposure levels are generally very low within the greater part of the loop study area.
Flat-lying to gently tilted beds of the Middelton Formation are exposed in railway cuttings in the southern part of the study area (Loc. 069) (Fig. 9). They largely comprise greyish-green, blue-grey to purple-brown, locally mottled, hackly-weathering mudrocks that are sometimes cleaved.  The mudrocks are massive to tabular bedded and thin- to medium-bedded. Occasional horizons of rusty-brown to buff coloured pedocrete nodules occur within the overbank sediments; these nodules are typically a few cm to several dm across (Fig. 20). Occasional lenticular, single-storey channel sandstones up to 1 m thick, massive and well-jointed, are interbedded with the overbank mudrocks. The upper, near surface portion of the Beaufort Group bedrocks is typically transected by numerous calcrete veins. Occasional calcretised rhizoliths penetrating the Beaufort bedrocks are probably of Late Caenozoic age and intrusive from superficial sediments above.
The Late Palaeozoic bedrocks are overlain by brown to reddish-brown alluvial sediments, variously sandy, silty and/or gravelly. These tend to be gravel-rich towards base, where a “stone line” of poorly sorted angular clasts (mainly sandstone and hornfels, including flaked artefacts of Pleistocene age) may be found overlying the bedrock (Fig. 21). A dense calcrete hardpan, locally crudely bedded or layered, is typically developed in the upper part of the superficial alluvial succession. Occasional thick (several meters) diamictite-like sediments with dispersed gravels supported in a sandy to silty matrix represent possible major flood deposits (Fig. 22).
Thick soils and alluvium almost entirely obscure the Beaufort Group bedrocks in the northern  part of loop study area towards Cookhouse (Loc. 070). Here the orange-brown, silty alluvium can be up to several meters thick, with dense secondary calcrete veins, nodular calcretes, and arrays of vertical, subcylindrical calcretised rhizoliths towards the top of the succession (Fig. 23).
The palaeontology of the upper portion of the Middleton Formation in the Cookhouse area has been reviewed in several recent heritage assessment studies (e.g. Almond 2009, 2010, 2011 Durand 2012). Very sparse vertebrate remains recorded here, including the medium-sized dicynodont Oudenodon and the commoner small dicynodont Diictodon, are assigned to the Cistecephalus Assemblage Zone (Kitching 1977, Almond 2010, B. Rubidge, pers. comm., 2013). Other fossils recorded from the Middleton Formation beds comprise various invertebrate burrows and reed-like plant stems of the sphenophyte fern genus Phyllotheca. Apart from locally common calcretised rhizoliths within the older alluvium (probably Quaternary), no fossil remains were recorded from the Beaufort Group bedrocks or overlying Late Caenozoic superficial sediments in the Cookhouse – Golden Valley study area during the present field assessment.
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Fig. 19.  Gently dipping, thin-bedded purple-brown to grey-green overbank mudrocks and underlying channel sandstones of the Middleton Formation, railway cutting in the southern part of the Cookhouse – Golden Valley study area.
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Fig. 20.  Horizontal, thin-bedded overbank mudrocks of the Middleton Formation with an ancient soil horizon marked by prominent-weathering, brownish calcrete nodules, Cookhouse – Golden Valley study area.
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Fig. 21.  Extensively calcretised, orange-brown older alluvial deposits with a coarse gravelly base overlying grey-green Middleton Formation mudrocks and overlain by younger brownish silty soils, Cookhouse – Middleton study area (Hammer = 27 cm).
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Fig. 22.  Poorly-sorted, diamictite-like flood depodits with angular to subrounded gravel clasts suspended in a gritty matrix, northern part of Cookhouse – Golden Valley study area (Hammer = 27 cm).
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Fig. 23.  Numerous vertical, subcylindrical rhizoliths (calcretised root casts) within the upper alluvial deposits near Cookhouse.

4.1.3.	Thorngrove loop extension
The Thorngrove loop extension study area lies within the dissected margins of the Great Escarpment zone, some 11 km north of Cookhouse, where the railway crosses the deeply incised, meandering course of the Great Fish River. The lengthy study area slopes gently southwards from c. 675 to 650 m amsl and overlies a river-cut pediment surface related to the Great Fish River system. This surface is cut into Late Permian sedimentary rocks of the Balfour Formation (Adelaide Subgroup / Lower Beaufort Group) that are intruded by a major, broadly west-east trending dolerite sill within the southern sector of the study area (Fig. 8). The sedimentary and igneous bedrocks are well exposed in long railway cuttings both to the north and south of Thorngrove siding.
The tabular-bedded, flat-lying Balfour Formation succession here (Locs. 071-072) is dominated by well-consolidated mudrocks that lie within the thermal aureole of the large dolerite sill to the south (Figs, 24 & 25). These have been altered by baking to dark grey, splintery hornfels while the minor fine-grained sandstone packages are represented by paler greyish buff metaquartzites (Fig. 26). Blocky jointing is well developed in both rock types, steeply transecting and often obscuring the true bedding. Small scale upward-fining cycles can still be recognised within the overbank mudrocks. Pedocrete nodules are apparently rare and have usually been secondarily ferruginised. The Beaufort bedrocks are overlain by reddish-brown gravelly soils, often with rubbly gravels at the base.
To the south of Thorngrove siding two deep railway cuttings before the railway bridge across the Great Fish River transect the thick dolerite sill here (Figs. 27 & 28). The dolerite displays corestone weathering and locally columnar jointing can be discerned. The inclined “hot contact” between the dolerite intrusion and the baked country rocks can be clearly seen here.
No vertebrate of other fossil remains were recorded in the Thorngrove study area during this field assessment. This may be in part because any fossils would have been altered (perhaps darkened) by thermal metamorphism and would be difficult to recognise within the baked country rocks.  
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Fig. 24. Flat-lying, tabular-bedded overbank mudrocks of the Balfour Formation near Thorngrove siding. The sediments here are baked and well-jointed, with evidence for small-scale upward-fining cycles.
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Fig. 25.  Tough-weathering, well-jointed, splintery hornfels of the Balfour Formation within the thermal aureole of a large dolerite sill, Thorngrove siding.
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Fig. 26. Highly-jointed, baked sandstones (metaquarzites) of the Balfour Formation overlain by rubbly gravels and orange-brown soils, Thorngrove siding.  
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Fig. 27.  Sloping contact (dashed line) between the grey-green dolerite sill (below) and the baked country rocks of the Balfour Formation (above), south of Thorngrove siding. Note typical doleritic onionskin weathering close to the contact.
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Fig. 28.  Vague, subvertical polygonal columnar joining within the thick dolerite sill, deep railway cutting  south of Thorngrove siding.

4.1.4.	Drennan loop extension
The Drennan loop extension study site (Loc. 073) lies just to the west of the meandering Great Fish River, crossing the river in the south, and some 35 km NNW of Cookhouse. The site slopes gently southwards from c. 810 to 790 m amsl and probably overlies a relict, dissected pediment surface incised by the Great Fish into Late Permian bedrocks of the Balfour Formation (Adelaide Subgroup). The Beaufort Group sediments are intruded and baked by major dolerite bodies just to the east and south of the study area (Fig. 8). Close to the river the bedrocks are extensively mantled by Late Caenozoic alluvium.
Railway cutting exposures of the Balfour Formation comprise grey-green to greyish, hackly weathering overbank mudrocks interbedded with subordinate thin, tabular crevasse-splay sandstones, some of which display wave ripples on upper bedding planes (Fig. 29). Oblate, rusty brown pedogenic calcrete nodules are present but uncommon. The upper Beaufort beds are extensively veined by Late Caenozoic calcrete, associated with in situ brecciation and faulting (Fig. 30).  Locally, voluminous development of calcrete within the well-bedded Permian sediments has caused horizontal buckling of the beds into small scale folds.
The Lower Beaufort Group bedrocks are overlain by a calcrete hardpan, alluvial gravels and soils. In some areas the Late Caenozoic succession consists of a several meter-thick coarse, gravelly fluvial deposits that are highly calcretised (Fig. 31). Basal channel-fill breccio-conglomerates incised into the bedrocks can be identified here. They are poorly sorted with subrounded to angular clasts up to boulder size (mainly sandstone), clast- to matrix-supported in a sandy to fine gravelly matrix, and an overall chaotic fabric. Overlying finer-grained alluvium has been secondarily modified to form a thick, white calcrete hard pan (Fig. 33). These ancient river channel and overbank sediments lie some 25 to 30 m above the present course of the Great Fish River and were laid down during earlier phases in the evolution of its meander belt, probably in Late Tertiary to Quaternary times.
No vertebrate of other fossil remains were recorded in the Beaufort Group or superficial fluvial sediments in the Drennan study area during this field assessment.
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Fig. 29. Interbedded greyish overbank mudrocks and paler thin crevasse-splay sandstones of the Balfour Formation, Drennan siding railway cutting (Hammer = 27 cm).
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Fig. 30. Dense veining and in situ brecciation of the uppermost Balfour Formation beds at Drennan siding. Note cover by thin alluvial gravels and brown soil here. 
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Fig. 31.  Chaotically organised, coarse channel-infill breccio-conglomerates incised into the Balfour Formation at Drennan siding.
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Fig. 32. Several meters of poorly-sorted, calcretised breccio-conglomerates, representing ancient fluvial channel deposits of the Great Fish River, sharply overlying Lower Beaufort Group bedrocks, Drennan siding.
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Fig. 33.  Thick (several meter) calcrete hardpan overlying basal fluvial breccio-conglomerates, Drennan siding.

4.2.	Borrow pit sites
A short account of geological and palaeontological observations made at each of the eleven proposed borrow pit sites along or close to the 16 Mtpa railway line between De Aar and Coega is given here. Key data, with rcommendations for any further action regarding palaeontological heritage management, is also summarised below in Table 3 below. The locations of the pit sites are marked on 1: 250 000 geological maps in Figs. 4 to 10. 

4.2.1.	Burgervilleweg Borrow Pit
The existing Burgervilleweg borrow pit is located on the eastern side of the railway line at c. 1300 m amsl, some 33 km southeast of De Aar (Loc. 077). This topographically subdued area is associated with the intermittent, northwards-flowing Brakrivier drainage system that shows up clearly just west of Burgervilleweg on satellite images.  The large, shallow pit is excavated into grey-green (more rarely purple-brown), hackly weathering overbank mudrocks of the Adelaide Subgroup (Fig. 34). The Beaufort Group rocks are intruded by several dolerite dykes in this region (Fig. 4). Calcrete nodules are not common here. These mudrocks are interbedded with rare, thin crevasse-splay sandstones (Fig. 35) and criss-crossed in the upper part of the succession by veins of Quaternary calcrete. The Beaufort bedrocks are capped by a thin calcrete hardpan, overlain in turn by polymict gravels (clasts of hornfels, sandstone, calcrete, brownish chert – the last possibly of tuffaceous origin), orange-brown alluvial soils and sparse downwasted surface gravels.
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Fig. 34.  Hackly-weathering, grey-green mudrocks of the Adelaide Subgroup with near-surface Quaternary calcrete and silty alluvial cover, Burgervilleweg pit. 
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Fig. 35.  Thin crevasse-splay sandstones within the Adelaide Subgroup at Burgervilleweg (Hammer = 27 cm).
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Fig. 36. Poorly-preserved fragment of a sizeable tetrapod bone weathered out at surface, Burgervilleweg (Scale in cm).
The Adelaide Subgroup rocks just to the southeast of De Aar have been recently confirmed as belonging to the Pristerognathus Assemblage Zone on the basis of the presence of the parareptile Eunotosaurus in the absence of dinocephalians, and the probable occurrence of the small dicynodont Pristerodon (Rubidge 1995, Almond, 2012, Day et al. 2013). However, fossil remains within these Lower Beaufort Group rocks appear to be very sparse in this region and, apart from a single poorly-preserved fragment of robust bone (Fig. 36), no vertebrate or other fossils were recorded from the Burgervilleweg borrow pit during the present field assessment.

4.2.2.	Linde Borrow Pit
The existing Linde borrow pit (on the opposite side of a dust road to the prospected area) is situated c. 25 km ENE of Hanover, Northern Cape (Loc. 076) and 1.1 km southwest of the railway line in a dissected, topographically subdued region to the east of the Seekoeirivier (Fig. 5). Grey-green, hackly-weathering mudrocks with thin, ripple cross-laminated crevasse-splay sandstones of the Adelaide Subgroup are well-exposed in the existing pit (Fig. 37). Small scale wave ripples are preserved on some sandstone bedding surfaces.  Pedogenic calcrete horizons with rusty-brown spheroidal to irregular nodules are commonly developed within the overbank mudrocks and are locally associated with fossil vertebrate material (see below).
The Lower Beaufort Group sediments to the east of Hanover are associated with rich vertebrate and other fossil remains of the Cistecephalus Assemblage Zone (Kitching 1977, Rubidge 1995). The present brief field assessment of the existing pit area, where mudrocks are well exposed, yielded several fragmentary to semi-articulated skeletal remains of tetrapods associated with pedocrete horizons or eroded out into minor stream gullies, some of which are illustrated here (Figs. 38 to 41). These fossil remains include isolated and articulated vertebrae, rib and limb bone fragments of unidentified small to medium-sized tetrapods, the articulated pelvic region of a small tetrapod, the occipital (posterior skull) region of a medium-sized dicynodont therapsid and several possible coprolites (fossilised droppings). 
It is clear that the Beaufort Group beds in this area are highly fossiliferous and that the development of the proposed Linde borrow pit is likely to disturb and expose further subsurface fossil remains. It is therefore recommended that, should this pit development go ahead, a qualified palaeontologist be commissioned by the developer to record and judiciously sample any newly- or already-exposed fossil material within the development footprint once the pit has been opened up for exploitation.
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Fig. 37.  Extensive exposure of fossiliferous grey mudrocks of the Balfour Formation at the existing Linde borrow pit.
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Fig. 38.  Postcranial remains (vertebrae, limb bone) of one or more moderately small tetrapods from the Adelaide Subgroup at Linde borrow pit near Hanover (Scale in cm).
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Fig. 39. Ventral view of the occipital (posterior skull) region of a moderately small therapsid, Linde borrow pit (specimen is 7 cm across).
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Fig. 40.  Articulated vertebrae of a small tetrapod, Linde borrow pit (Scale in cm).
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Fig. 41.  Articulated pelvic region of a small tetrapod, Linde borrow pit (Scale in cm).

4.2.3.	Rosmead Borrow Pit
The existing large Rosmead borrow pit is situated at c. 1230 m amsl on the south side of the R56 tar road just north of Rosmead, some 9.5 km east of Middelburg, Eastern Cape (Loc. 075). The bedrocks here probably belong to the uppermost, Latest Permian / earliest Triassic, part of the Adelaide Subgroup, just below the contact with the Early Triassic Katberg Formation. Sandstones of the Katberg succession are mapped in the vicinity, where they build higher-lying ground, including at Rosmead itself (Fig. 6). In this region the Beaufort Group bedrocks are traversed by numerous dolerite intrusions of the Karoo Dolerite Suite.
Beaufort Group bedrocks - grey-green mudrocks and minor fine-grained sandstones (including pale grey-green, ripple cross-laminated sandstones) - are only exposed in some areas on the floor of the pit where they have been scraped up and disrupted by recent excavation. Extensive ferromanganese staining may be a consequence of local dolerite intrusion. The pit is largely excavated into a several meter-thick overlying succession of well-consolidated, reddish-brown silty alluvium within the upper part of which an extensive whitish calcrete hard pan, approximately one meter thick, is developed (Fig. 42). This is overlain in turn by thin orange-brown soils with sparse, poorly-sorted gravels of hornfels sandstone, siltstone, dolerite and calcrete at the base, directly overlying or incorporated into the subsurface hardpan (Fig. 43). Rock heaps along the pit margin include baked, vuggy sandstone and dolerite; much of this material may be exotic.
The Beaufort Group bedrocks close to the Adelaide / Katberg contact belong to the earliest Triassic Lystrosaurus Assemblage Zone (Rubidge 1995). No vertebrate or other fossil remains were observed during the present field assessment, however.
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Fig. 42. View southwards across the existing Rosmead borrow pit that is largely excavated into thick, partially calcretised alluvial deposits of Late Caenozoic age. Note mantle of orange-brown soils. Beaufort Group bedrocks are only exposed on the pit floor.
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Fig. 43. Detail of the calcretised hard pan and associated polymict gravels exposed from beneath orange-brown soils along the margins of Rosmead borrow pit (Hammer = 27 cm).  
4.2.4.	Tafelberg Borrow Pit
The existing Tafelberg borrow pit is a large, shallow and squarish excavation situated at on the eastern side of the railway line and adjacent dust road some 26 km southeast of Middelburg, Eastern Cape (Loc. 074). The study area is fairly flat-lying at c. 1140 m asml with a thin veneer of alluvial sediment and surface gravels (mainly dispersed hornfels, metaquartzite and sandstone, the first occasionally flaked). The bedrocks here are Latest Permian fluvial sediments of the Adelaide Subgroup, close to the contact with the overlying Early Triassic Katberg Formation, which are intruded locally by dykes and sills of the Jurassic Karoo Dolerite Suite and transected by narrow veins of Quaternary calcrete near surface. The Adelaide Subgroup succession is dominated here by purple-brown to greenish-grey, hackly-weathering overbank mudrocks with occasional thin, greenish-grey lenticular sandstones (Figs. 44 and 45). The mudrocks contain locally abundant, small (few cm), subspherical calcrete nodules marking ancient palaeosols. 
The Lower Beaufort succession in this region is assigned to the Dicynodon Assemblage Zone and fossil vertebrates of this faunal assemblage are recorded from this region by Kitching (1977). No vertebrate or other fossil remains were recorded at the Tafelberg pit during the present study, however.
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Fig. 44. General view towards the SE across the existing Tafelberg borrow pit excavated into purple-brown overbank mudrocks of the Adelaide Subgroup.
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Fig. 45.  Crumbly, purple-brown overbank mudrocks with occasional greyish-green sandstone interbeds of possible crevasse-splay origin in the walls of the Tafelberg borrow pit (Hammer = 27 cm). 

4.2.5.	Knutsford Borrow Pit
The existing Knutsford borrow pit is situated at c. 1000 m amsl, on the south-facing slopes of a flat-koppie, some 1.3 km east of the N10 trunk road and  c. 26.6 km NW of Cradock, Eastern Cape (Loc. 072 a).  The pit is largely excavated into fluvial mudrocks of the Adelaide Subgroup (Lower Beaufort Group) that are intruded and baked by a gently-inclined sill of the Early Jurassic Karoo Dolerite Suite in this region (Fig. 7). 
Massive to thin-bedded, hackly-weathering, grey-green claystones and siltstones of the Adelaide Subgroup are exposed in the walls and floor of the large, shallow pit (Fig. 46). Thin (few dm), buff, horizontally-laminated to ripple cross-laminated sandstones of lenticular geometry occur within the upper part of the succession. Several horizons rich in small to medium (several dm), rusty brown calcrete nodules marking ancient palaeosols occur within the lower, more massive mudrocks (Fig. 47). The Lower Beaufort rocks are mantled by distinctive colluvial deposits comprising angular, platy sandstone clasts embedded within a reddish soil matrix (Fig. 46). 
The Lower Beaufort succession in this region is assigned to the Dicynodon Assemblage Zone. No vertebrate fossil remains were recorded at the Knutsford pit during the present study or the previous palaeontological assessment by Almond (2012). Irregular, subclindrical calcretised structures with a pale grey, granular infill seen here might represent fossil invertebrate burrows, perhaps attributable to crustaceans, but further studies are required to test this.
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Fig. 46. Thinly interbedded grey-green silstones and claystones with minor sandstones of the Adelaide Subgroup within the Knutsford borrow pit. Note colluvial capping of platy sandstone clasts.
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Fig. 47.  Ancient Permian palaeosols marked by rusty calcrete concretions within hackly-weathering mudrocks of the Adelaide Subgroup, Knutsford borrow pit (Hammer =  30 cm).

4.2.6.	Drennan Borrow Pit
The existing deeply excavated Drennen borrow pit is situated at c. 790 m amsl adjacent to a dust road on the west bank of the Great Fish River about 38 km NNW of Cookhouse, Eastern Cape (Loc. 078). The west-facing pit is largely excavated into fluvial mudrocks of the Balfour Formation (Adelaide Subgroup / Lower Beaufort Group) that are extensively intruded by major dolerite bodies to the south and northeast (Fig. 8).  In situ bedrock exposure within the pit is limited by rock rubble along the pit walls (Fig. 48). The mudrocks are dark grey and appear baked (hornfels). They are capped by a buff crevasse-splay sandstone with local exposure of wave rippled bed tops that is in turn mantled with downwasted surface gravels of Beaufort Group sandstone (Fig. 49). 
The Balfour Formation here is assigned to the Dicynodon Assemblage Zone of the Lower Beaufort Group (Kitching 1977, Rubidge 1995). No fossil remains were observed during the present field assessment.
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Fig. 48.  View westwards across the deep existing borrow pit at Drennan, excavated into baked fluvial mudrocks of the Late Permian Balfour Formation.
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Fig. 49. Thin, tabular crevasse-splay sandstone and downwasted surface gravels capping the overbank mudrocks within the existing Drennan borrow pit.

4.2.7.	Thorngrove Borrow Pit
The existing shallow borrow pit at Thorngrove is located c. 270 m west of the railway line within the highly dissected margins of the escarpment zone, some 11 km to the north of Cookhouse (Loc. 079). The study area on a gentle south-facing slope lies at c. 680 m amsl between tight meander loops of the Great Fish River. It is underlain by Late Permian fluvial sediments of the Balfour Formation that are intruded just to the south by a major sill of the Karoo Dolerite Suite (Fig. 8).
The pit is excavated into hackly-weathering grey-green mudrocks of the Balfour Formation that are well-consolidated here, probably due to thermal metamorphism (Fig. 50). They contain greyish-buff, ripple cross-laminated crevasse-splay or thin channel sandstones, also baked and well-jointed.  Bedrock exposure on the pit floor is obscured by heaps of rock rubble. The Lower Beaufort rocks are mantled with orange-brown gravelly deposits of colluvial and/or alluvial origin (Fig. 51).
The Balfour Formation here is assigned to the Dicynodon Assemblage Zone of the Lower Beaufort Group (Kitching 1977, Rubidge 1995). No fossil remains were observed during the present field assessment.
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Fig. 50.  Grey-green baked mudrocks of the Balfour Formation exposed in the Thorngrove borrow pit viewed towards the west.
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Fig. 51.  Pale, well-jointed, baked sandstones or metaquartzites of the Balfour Formation mantled by gravelly soils in the Thorngrove borrow pit (Hammer = 27 cm). 
4.8.	Cookhouse – Golden Valley Borrow Pit
The existing Cookhouse – Golden Valley borrow pit is a large, shallow excavation located at c. 590 m amsl along the N10 trunk road on the western side of the Great Fish River, some 3.5 km SSW of Cookhouse, Eastern Cape (Loc. 080).  The pit is excavated into crumbly-weathering, purple-brown and grey-green mudrocks of the Middleton Formation (Lower Beaufort Group) (Fig. 52).  The overbank mudrocks are in part well-bedded (thin- to medium bedding) and appear to contain only sparse calcrete nodules at this locality. Grey-green channel or crevasse-splay sandstones are also exposed along the pit margin. The Permian bedrocks are overlain by a thick mantle of Late Caenozoic alluvial deposits associated with the Great Fish River drainage system, including pale buff, well-consolidated alluvial soils, hard pan calcrete and various gravels (mainly composed of angular sandstone clasts) (Fig. 53).
The Lower Beaufort Group (Middleton Formation) rocks to the south of Cookhouse are assigned to the Cistecephalus Assemblage Zone. Sparse vertebrate fossil remains recorded from this region include the dicynodonts Diictodon and Oudenodon (e.g. Kitching 1977, Almond 2010b).  No vertebrate or other fossil remains were recorded in the Cookhouse – Golden Valley borrow pit during the present field assessment.
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Fig. 52. Well-bedded and –consolidated, purple-brown to grey-green mudrocks of the Middleton Formation overlain by alluvial soils, Cookhouse-Golden Valley Borrow pit (Hammer = 27 cm).
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Fig. 53.  Adelaide Group channel sandstones overlain by thick alluvial deposits, calcretised towards the top, Cookhouse-Golden Valley Borrow pit (Hammer = 27 cm).

4.2.9.	Ripon-Kommadagga Borrow Pit
The proposed Ripon – Kommadagga borrow pit is located on the west side of the N10 trunk road, some 38 km south of Cookhouse, on the site of a large shallow scrape (Loc. 082). The site overlies a flattish, river-cut pediment surface lying here at c. 490 m amsl. that is associated with the Little Fish River drainage system, now running just to the north. 
There is very little bedrock expose at the site currently. It is mapped as overlying the Dwyka Group (Fig. 9) and small areas of dark grey Dwyka diamictite can be seen locally (Fig. 55). Most of the area is mantled in poorly sorted polymict surface gravels together with finer sandy to silty sediment (Fig. 54). The angular to subrounded gravels probably have a mixed origin from downwasting of erratics and other material from the Dwyka bedrocks as well as alluvial gravels associated with the pediment surface (“High Level Gravels”). The latter include boulder-sized clasts of sandstone. Dark grey-green, well-bedded mudrocks and wackes exposed in the sides of a stream valley just to the south belong to the upper Witteberg Group (Lake Mentz or Kommadagga Subgroup) (Loc. 081).
Both the Dwyka Group bedrocks as well as the overlying High Level Gravels in this area are apparently unfossiliferous (cf previous palaeontological assessments close to the Little Fish River by Almond 2011, Almond 2013). No fossil remains were recorded in the borrow pit study during the present field assessment.   
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Fig. 54. View south-westwards across the Ripon – Kommadagga borrow pit site which is mantled in disturbed gravelly superficial sediments. 
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Fig. 55. Limited exposure of grey Dwyka tillite bedrocks in the Ripon – Kommadagga borrow pit area (Hammer = 27 cm).
4.2.10.	Coega Borrow Pits
The two existing Coega borrow pits under consideration are situated close to one another on the eastern edge of the Grassridge Plateau, between Tankatara Farm and Grassridge Station, to the east of the Coega IDZ and c. 10 km west of Colchester, Eastern Cape (Fig. 10). 
Coega Borrow Pit A, located at c. 90 m amsl to the west, is a shallow scraping into buff calcareous sands, calcrete, coquinite (shell hash) and pebbly to boulder conglomerates of the Miocene – Pliocene Alexandria Formation (Algoa Group).  Downwasted surface gravels are mainly composed of angular to rounded clasts of sandstone and quartzite.
Coega Borrow Pit B, situated at c. 75 m amsl to the east, is mapped as overlying Tertiary / Quaternary alluvium on top of Early Cretaceous marine sediments of the Sundays River Formation (Fig. 10). The walls of the existing extensive pit expose buff calcareous sands capped by a substantial (≥ 1m) calcrete horizon, followed by reworked calcrete rubble and dark brown, locally pebbly soils (Figs. 56 & 57). The last resemble in some respects the residual soils of the “Bluewater Bay Formation” that is now recognised as a surface weathering product of the Alexandria Formation conglomeratic limestones (See Almond 2010c and refs. therein). Sundays River Formation mudrocks are not exposed in the floor of the pit. It therefore seems reasonable to assign the entire bedrock succession here to the Alexandria Formation. 
The shallow marine to coastal Alexandria Formation is known to be locally highly fossiliferous, with a rich mollusc-dominated shelly invertebrate fauna as well as rarer fish remains and diverse trace fossil assemblages of Miocene / Pliocene age (See Almond 2010c and refs. therein for a recent review).  Horizons rich in fragmentary to comminuted shell debris, including remains of thick-shelled oysters and unidentified molluscs, are exposed in Coega Borrow Pit A (Fig. 58) but were not observed in Borrow Pit B. Precious palaeontological studies in the adjacent Coega IDZ show that much of the Alexandria Formation “coastal limestones” have been secondarily modified by leaching and calcretisation so that they are now largely unfossiliferous, and this may well apply to the present two borrow pit study areas.  While further specialist palaeontological studies are not recommended here, the responsible Environmental Control Officer should be alerted to the possibility that concentrations of well-preserved marine fossils might occur here and be exposed during excavation of the pits. Any such finds should be reported to SAHRA so that appropriate recording and mitigation action by a professional palaeontologist may be considered.
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Fig. 56. Buff calcareous sands capped by a well-developed calcrete hardpan (c. 1 m thick), Coega Borrow Pit B.
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Fig. 57. Well-developed calcrete horizon capped by reworked calcrete rubble and residual pebbly soils of the “Bluewater Formation”, Coega Borrow Pit B (Hammer = 27 cm).
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Fig. 58.  Shelly coquina comprising fragments of various mollusc shells, including robust oysters typical of the Alexandria Formation, Coega Borrow Pit A (Scale in cm).


Table 3.  Summary of geology and fossils at the eleven proposed borrow pit sites related to the 16 Mtpa manganese railway infrastructure project between De Aar and Coega, with recommended action regarding palaeontological heritage management.
	BORROW PIT
	LOCATION
	MAIN ROCK UNITS
	FOSSILS RECORDED
	RECOMMENDED ACTION

	Linde
	S31 01 21.8
	E24 41 29.2
	Adelaide Subgroup (Beaufort Group)
	Vertebrate fossils common (mainly therapsids, possible coprolites)
	Qualified palaeontologist should be commissioned to record and sample fossil material once pit is opened.

	Burgervilleweg
	S30 50 02.0
	E24 18 11.8
	Adelaide Subgroup (Beaufort Group)
	Rare vertebrate fossils (weathered bone)
	
No specialist mitigation recommended unless significant new fossil finds (e.g. bones, teeth, shells) are exposed during excavation. 

Such finds should to be reported by ECO to SAHRA for recording / sampling by a qualified palaeontologist.

	Rosmead
	S31 28 52.8
	E25 07 09.3
	Adelaide Subgroup (Beaufort Group), alluvium
	No fossils recorded
	

	Tafelberg
	S31 37 38.1
	E25 14 39.7
	Adelaide Subgroup (Beaufort Group)
	No fossils recorded
	

	Knutsford
	S31 57 29.9
	E25 29 11.8
	Adelaide Subgroup (Beaufort Group)
	Possible invertebrate burrows
	

	Drennan
	S32 25 30.3
	E25 44 00.3
	Balfour Formation (Adelaide Subgroup, Beaufort Group)
	No fossils recorded
	

	Thorngrove
	S32 38 08.4
	E25 48 25.5
	Balfour Formation (Adelaide Subgroup, Beaufort Group)
	No fossils recorded
	

	Cookhouse- Golden Valley
	S32 46 51.0
	E25 47 42.2
	Middleton Formation (Adelaide Subgroup, Beaufort Group), alluvium
	No fossils recorded
	

	Ripon-Kommadagga
	S33 05 44.3
	E25 52 08.5
	Dwyka Group, High Level Gravels
	No fossils recorded
	

	Coega A 
	S33 41 28.8
	E25 42 24.2
	Alexandria Formation (Algoa Group)
	Locally abundant but fragmentary marine molluscs (e.g. oysters)
	

	Coega B 
	S33 41 24.4
	E25 42 43.5
	Alexandria Formation
(Algoa Group)
	No fossils recorded
	


5.	CONCLUSIONS AND RECOMMENDATIONS
The construction phase of the four proposed railway loop extensions and eleven borrow pits along the Transnet  manganese ore railway from De Aar to Ngqura will entail substantial excavations into the superficial sediment cover as well as locally into the underlying bedrock. These excavations may disturb, damage or destroy scientifically valuable fossil heritage exposed at the surface or buried below ground. Other infrastructure components (e.g. laydown areas) may seal-in buried fossil heritage.  However, in the case of the loop extensions at least, most of the direct impacts will occur within the existing railway reserve, which is already highly disturbed. The operational and decommissioning phases of the 16 Mtpa railway line are unlikely to involve significant adverse impacts on palaeontological heritage.
The proposed railway loop extensions at Drennan and Thorngrove are underlain by Late Permian sediments of the Balfour Formation (Lower Beaufort Group) that are known for their fossil remains of therapsids (mammal-like reptiles) and other terrestrial vertebrates as well as plants and trace fossils. The Beaufort sediments at both localities have been baked by nearby intrusions of the Early Jurassic Karoo Dolerite Suite and are in part mantled with alluvial sediments of the Great Fish River that are of low palaeontological sensitivity. No significant fossil remains were recorded at either study site.
The proposed railway loop extension between Cookhouse and Golden Valley is largely underlain by thick alluvial deposits mantling bedrocks of the Late Permian Middleton Formation (Lower Beaufort Group). Comparatively few, but scientifically important, vertebrate remains (e.g. various dicynodonts) have been recorded from the Lower Beaufort rocks in the Cookhouse area during recent palaeontological impact assessments but no further fossils were observed during the present field assessment. A wide range of vertebrate remains, invertebrates, trace fossils, plant fossils and microfossils have been recorded from Late Caenozoic alluvial sediments in the Great Karoo region, but in general they are of low palaeontological sensitivity and of considerable lateral extent so impacts on fossil heritage here are likely to be of low significance.
The proposed railway loop extension at Sheldon, just south of the Great Fish River, is underlain by Middle Permian continental sediments of the Koonap Formation (Lower Beaufort Group). These rocks have yielded scientifically important vertebrates (e.g. dinocephalians, therocephalians) to the west and east of the study area but these fossils are generally very sparse and bedrock exposure levels are low. No vertebrae remains were recorded during the present field assessment. Fossil invertebrate burrows are recorded from the Koonap Formation at Sheldon Bridge, a few kilometres to the east. The overlying superficial sediments (fluvial gravels, calcretes, soils) are of low palaeontological sensitivity.
It is concluded that the impact significance of the four proposed railway loop extensions with respect to palaeontological heritage is LOW and, pending the discovery of significant new fossil remains during development, no further specialist palaeontological studies for these developments are recommended here. 
The eleven proposed borrow pit sites are all associated with existing borrow pit excavations with moderate to good exposure of fresh bedrocks. With the exception of the two Coega pits, both excavated into Late Tertiary marine limestones of the Alexandria Formation (Algoa Group), and the Ripon-Kommadagga pit, excavated into Permo-Carboniferous glacial tillites of the Dwyka Group and overlying High Level Gravels, all the pits would exploit potentially fossiliferous fluvial sediments of the Lower Beaufort Group (Adelaide Subgroup). However, significant fossil remains were not observed at the great majority of the pit sites during field assessment and, with the single exception of the Linde site near Hanover, their palaeontological sensitivity is accordingly rated as LOW.  
Several fossil vertebrate remains, including isolated to semi-articulated postcranial bones, at least one therapsid (dicynodont) skull as well as possible fossil droppings (coprolites), were recorded within the Adelaide Subgroup bedrocks at the Linde pit site near Hanover.  The palaeontological sensitivity of the bedrocks here is rated as HIGH.  Further excavation is likely to disturb and expose further buried fossil remains. It is therefore recommended that, should the Linde pit development go ahead, a qualified palaeontologist be commissioned by the developer to record and judiciously sample any newly- or already-exposed fossil material within the development footprint once the pit has been opened up for exploitation.
Due to the low palaeontological sensitivity of the bedrocks and superficial sediments along the Coega to De Aar sector of the manganese ore export railway line at the four proposed railway loop extension sites and at ten of the eleven proposed borrow pit sites (the exception being Linde borrow pit), the proposed developments are rated as of LOW palaeontological heritage significance. It is concluded that they are unlikely to constitute a significant threat to fossil heritage within the study area. There are therefore no objections on palaeontological heritage grounds to the proposed developments and no further specialist studies are recommended here, with the exception of Linde borrow pit site as outlined above, pending the discovery of significant new fossils during the construction phase.
It is recommended that:
· The Environmental Control Officer (ECO) responsible for the railway developments should be aware of the possibility of important fossils (e.g. Karoo “reptile” remains, fossil plants, mammalian bones, teeth) being present or unearthed on site and should regularly monitor all substantial excavations into superficial sediments as well as fresh (i.e. unweathered) sedimentary bedrock for fossil remains;
· In the case of any significant fossil finds (e.g. vertebrate teeth, bones, burrows, petrified wood) made during construction, these should be safeguarded - preferably in situ - and reported by the ECO as soon as possible to the relevant heritage management authority (South African Heritage Resources Agency. Contact details: SAHRA, 111 Harrington Street, Cape Town. PO Box 4637, Cape Town 8000,South Africa. Phone : +27 (0)21 462 4502. Fax : +27 (0)21 462 4509. Web : www.sahra.org.za) so that appropriate mitigation (i.e. recording, sampling or collection) by a palaeontological specialist can be considered and implemented, at the developer’s expense; and
· These recommendations should be incorporated into the Environmental Management Plan (EMP) for the 16 Mtpa manganese ore export railway line project.
The palaeontologist concerned with mitigation work will need a valid collection permit from SAHRA.  All work would have to conform to international best practice for palaeontological fieldwork and the study (e.g. data recording fossil collection and curation, final report) should adhere to the minimum standards for Phase 2 palaeontological studies recently published by SAHRA (2013).
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APPENDIX:  GPS LOCALITY DATA FOR NUMBERED SITES LISTED IN TEXT

All GPS readings were taken in the field using a hand-held Garmin GPSmap 60CSx instrument.  The datum used is WGS 84.


	Location number
	South
	East
	Comments

	055
	S33 06 54.9
	E25 53 27.9
	Kommadagga – Ripon loop south, Kweekvlei Fm

	056
	S33 06 45.7
	E25 53 13.6
	Ditto, N end of cutting

	057
	S33 06 47.4
	E25 53 16.5
	Fossil burrows, plants, Kommadagga – Ripon loop site, Kweekvlei Fm

	058
	S33 06 48.9
	E25 53 18.8
	Fossil woody material, Kommadagga – Ripon loop site, Kweekvlei Fm

	060
	S33 06 06.4
	E25 52 30.2
	Kommadagga – Ripon loop site north, Dwyka Group tillites

	061
	S33 05 52.9
	E25 52 23.7
	Kommadagga-Ripon loop site, calcretised rhizoliths 

	063
	S33 05 38.4
	E25 52 16.0
	Kommadagga-Ripon loop site, calcretised alluvial gravels

	064
	S33 05 32.7
	E25 52 10.8
	Kommadagga-Ripon loop site, weathered mammal bone in alluvial gravels

	065
	S33 05 30.0
	E25 52 07.1
	Kommadagga-Ripon loop site, N end of cutting

	066
	S33 01 26.2
	E25 50 47.5
	Sheldon south railway cutting

	067
	S33 00 27.7
	E25 50 05.8
	Sheldon north railway cutting

	068
	S33 00 11.5
	E25 49 56.6
	Sheldon north railway cutting, N end

	069
	S32 46 59.6
	E25 47 27.6
	Cookhouse-Golden Valley, railway cutting

	070
	S32 45 59.1
	E25 48 02.2
	Cookhouse-Golden Valley, railway cutting, silty alluvium

	071
	S32 38 21.9
	E25 48 52.5
	Thorngrove railway cutting,north

	072
	S32 38 35.2
	E25 49 07.8
	Thorngrove railway cutting, south

	072a
	S31 57 30.4
	E25 29 15.9
	Knutsford borrow pit

	073
	S32 26 33.3
	E25 44 33.6
	Drennan railway cutting

	074
	S31 37 38.1
	E25 14 39.7
	Tafelberg borrow pit

	075
	S31 28 52.8
	E25 07 09.3
	Rosmead borrow pit

	076
	S31 01 21.8
	E24 41 29.2
	Linde borrow pit

	077
	S30 50 02.0
	E24 18 11.8
	Burgervilleweg borrow pit

	078
	S32 25 30.3
	E25 44 00.3
	Drennan borrow pit

	079
	S32 38 08.4
	E25 48 25.5
	Thorngrove borrow pit

	080
	S32 46 51.0
	E25 47 42.2
	Cookhouse – Golden Valley borrow pit

	081
	S33 05 45.1
	E25 52 15.6
	Ripon borrow pit area, stream valley to the south

	082
	S33 05 44.3
	E25 52 08.5
	Rippon borrow pit

	083
	S33 41 28.8
	E25 42 24.2
	Coega borrow pit 1

	084
	S33 41 24.4
	E25 42 43.5
	Coega borrow pit 2
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FI6.3.6 - Characteristic fossils of the Dicynodon lacerticeps Assemblage Zone
Kenmerkende fossiele van die Dicynodon lacerticeps - versamelingsone
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