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1.
EXECUTIVE SUMMARY

ECCA Holdings (Pty) Ltd is applying to the Department of Mineral Resources for mining rights (bentonite, zeolites) on the Remaining Extent of ERF1412, situated just to the north of the R322 near the town of Heidelberg, Heidelberg Magisterial District, Western Cape. 

The mining permit application area is almost entirely underlain by fluvial sedimentary rocks of the Kirkwood Formation (Uitenhage Group) of Early Cretaceous age. Clay-rich sandstones and laminated silicified mudrocks of probable lacustrine origin that are associated with bentonite clay (altered volcanic tuff) horizons within the Kirkwood succession near Heidelberg have yielded unusual invertebrate faunas dominated by several groups of small-bodied freshwater crustaceans, unionid bivalves, disarticulated fish remains and low-diversity trace fossil assemblages, as well as rare insect remains (beetles), plant fragments and well-preserved logs of silicified wood. Fluvial facies, especially channel sandstones and pebbly conglomerates, of the Kirkwood Formation outside the Heidelberg – Riversdale Mesozoic basin are well known for their sparse but palaeontologically important fossils of dinosaurs and a wide range of other terrestrial vertebrates, as well as for locally abundant fossil wood and other plant remains (e.g. lignite, leaves of ferns, cycads etc).  No vertebrate fossils have been recorded so far from the Heidelberg – Riversdale Basin itself, however, and this may be related in part to the high levels of chemical weathering experienced by the Uitenhage Group rocks beneath pediment surfaces (ancient land surfaces) on the south coastal plain, as seen in several borrow pit and stream gulley exposures in the Heidelbergstudy area. Fluvial or alluvial fan conglomerates and minor sandstones of the Early Cretaceous Buffelskloof Formation (Uitenhage Group) cap the Swartruens hills along the northern edge of the study area but will not be impacted by the proposed mining activity. Petrified logs up to two meters long have been reported eroding out of these beds on the southern slopes of the Swartruens near Heidelberg.

The Uitenhage Group bedrocks in the Heidelberg region are generally poorly exposed and extensively blanketed by Late Caenozoic superficial sediments, notably coarse, quartzitic pediment gravels of braided fluvial origin and probable Neogene to Quaternary age as well as younger silty to gravelly alluvium, downwasted surface gravels (locally dominated by reworked silcrete) and soils. These superficial deposits are unlikely to contain significant fossil material, although robust vertebrate remains (e.g. rolled teeth, bones, horn cores), trace fossils and freshwater molluscs might occur here.  

Given the general scarcity of fossil remains in the Kirkwood Formation and the high level of near surface chemical weathering here (e.g. kaolinitisation), it is concluded that the proposed mining activities are unlikely to have a major impact on local fossil heritage resources. However, any future mining of bentonite horizons associated with lacustrine facies within the central portion of the Kirkwood Formation is likely to expose fossiliferous horizons of palaeontological interest that should be recorded and judiciously sampled by a professional palaeontologist, together with relevant sedimentological data. In the case of any significant fossil finds exposed by mining operations in this region (e.g. vertebrate teeth, bones, crustaceans, insects, burrows, petrified wood), these should be safeguarded - preferably in situ - and reported by the ECO as soon as possible to Heritage Western Cape (Contact details: Heritage Western Cape. Protea Assurance Building, Green Market Square, Cape Town 8000. Private Bag X9067, Cape Town 8001. Tel: 086-142 142. Fax: 021-483 9842. Email: hwc@pgwc.gov.za), so that appropriate mitigation (i.e. recording, sampling or collection) by a palaeontological specialist can be considered and implemented before rehabilitation of the quarry takes place. These recommendations should be incorporated into the Environmental Management Programme Report (EMPR) for the proposed mining project.
2.
INTRODUCTION & BRIEF
The company ECCA Holdings (Pty) Ltd, Centurion, is applying to the Department of Mineral Resources for mining rights (bentonite, zeolites) on the Remaining Extent of ERF1412 situated just to the north of the R322 near the town of Heidelberg, Heidelberg Magisterial District, Western Cape (Fig. 1). The location of five proposed new pits within the study area, close to the existing bentonite plant, are shown in Fig. 2.  
The mining study area is underlain by potentially fossiliferous sedimentary rocks of the Uitenhage Group of Mesozoic age. The present palaeontological heritage assessment has been commissioned by Ecca Holdings (Pty) Ltd as part of an Environmental Management Programme Report EMPR in terms of the mining right application (Contact details: Mnr Gerone Cloete, Mine Manager, Cape Bentonite Mine. Mobile: 082 6775 748. Email: Gerone.Cloete@samrec.com).
The various categories of heritage resources recognised as part of the National Estate in Section 3 of the National Heritage Resources Act, 1999, include, among others:
· geological sites of scientific or cultural importance

· palaeontological sites

· palaeontological objects and material, meteorites and rare geological specimens
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Fig. 1.  Extract from 1: 250 000 topographical map 3420 Riversdale (Courtesy of the Chief Directorate: National Geo-spatial Information, Mowbray) showing the approximate location of the mining rights application area on the Remaining Extent of ERF1412 to the north of Heidelberg, Western Cape (black rectangle). Scale bar = c. 5 km.
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Fig. 2. Satellite image showing the outline of the Ecca Holdings (Pty) Ltd mining rights application area on the Remaining Extent of ERF1412 north of Heidelberg (Modified from an image kindly provided by Cape Bentonite Mine). The yellow dots indicate proposed new pits. Note the existing plant in the south-western portion of the study area. 
2.1.
Approach used for this palaeontological impact study
This PIA report provides an assessment of the observed or inferred palaeontological heritage within the study area near Heidelberg, with recommendations for specialist palaeontological mitigation where this is considered necessary.  The report is based on (1) a review of the relevant scientific literature, including previous fossil heritage assessments of comparable fossiliferous rocks (e.g. Almond 2010a, 2010b, 2010c, 2011a, 2011b, 2012, 2013), (2) published geological maps and accompanying sheet explanations, (3) a one-day field study (14 March 2014) of rocks in the Heidelberg study area, as well as (4) the author’s extensive field experience with the formations concerned and their palaeontological heritage.  Since levels of bedrock exposure within the study area itself were generally very low, fieldwork focused mainly on stream gullies, road cuttings and quarry exposures of the Kirkwood Formation in the general area. 

In preparing a palaeontological desktop study the potentially fossiliferous rock units (groups, formations etc) represented within the study area are determined from geological maps.  The known fossil heritage within each rock unit is inventoried from the published scientific literature, previous palaeontological impact studies in the same region, and the author’s field experience (Consultation with professional colleagues as well as examination of institutional fossil collections may play a role here, or later following scoping 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 Western, Eastern and Northern Cape have already been compiled by J. Almond and colleagues; e.g. Almond & Pether 2008).  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 notably the extent of fresh bedrock excavation envisaged.  When rock units of moderate to high palaeontological sensitivity are present within the development footprint, a field assessment study by a professional palaeontologist is usually warranted.  

The focus of palaeontological field assessment is not simply to survey the development footprint or even the development area as a whole (e.g. farms or other parcels of land concerned in the development). Rather, the palaeontologist seeks to assess or predict the diversity, density and distribution of fossils within and beneath the study area, as well as their heritage or scientific interest.  This is primarily achieved through a careful field examination of one or more representative exposures of all the sedimentary rock units present (N.B. Metamorphic and igneous rocks rarely contain fossils).  The best rock exposures are generally those that are easily accessible, extensive, fresh (i.e. unweathered) and include a large fraction of the stratigraphic unit concerned (e.g. formation).  These exposures may be natural or artificial and include, for example, rocky outcrops in stream or river banks, cliffs, quarries, dams, dongas, open building excavations or road and railway cuttings.  Uncemented superficial deposits, such as alluvium, scree or wind-blown sands, may occasionally contain fossils and should also be included in the field study where they are well-represented in the study area.  It is normal practice for impact palaeontologists to collect representative, well-localized (e.g. GPS and stratigraphic data) samples of fossil material during field assessment studies.  In order to do so, a fossil collection permit from SAHRA is required and all fossil material collected must be properly curated within an approved repository (usually a museum or university collection).

Note that while fossil localities recorded during field work within the study area itself are obviously highly relevant, most fossil heritage here is embedded within rocks beneath the land surface or obscured by surface deposits (soil, alluvium etc) and by vegetation cover. In many cases where levels of fresh (i.e. unweathered) bedrock exposure are low, the hidden fossil resources have to be inferred from palaeontological observations made from better exposures of the same formations elsewhere in the region but outside the immediate study area. Therefore a palaeontologist might reasonably spend far more time examining road cuts and borrow pits close to, but outside, the study area than within the study area itself.  Field data from localities even further afield (e.g. an adjacent province) may also be adduced to build up a realistic picture of the likely fossil heritage within the study area.  

On the basis of the desktop and field 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.  Mitigation by a professional palaeontologist – normally involving the recording and sampling of fossil material and associated geological information (e.g. sedimentological data) – is usually most effective 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 (e.g. Heritage Western Cape for the Western Cape). 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.
3.
GEOLOGICAL BACKGROUND
The present study are is located north of Heidelberg and the R322 Heidelberg – Barrydale tar road, with the Duivenhoksrivier just to the east (Fig. 1). The dissected hilly terrain within the study area lies on the inner portion of the south coastal plain which is drained by the Duivenhoksrivier and its tributaries. The northern edge of the area lies along the foothills of the Swartruens Range at c. 220 m amsl while the southern edge lies just north of the R322 tar road at around 220 m amsl. The gently undulating hilly terrain in the study area forms part of a Tertiary land surface that is dissected by steep-sided stream gullies such as the Takrykloof in the northeast and Cronjeskloof in the west (Figs. 4 & 5). Most of the flatter terrain within the study area has been transformed into agricultural lands but dense renosterveld vegetation survives on steeper valley slopes. A previously active quarry for bentonite and/or zeolite as well as the Cape Bentonite plant are present within the present study area. In general, levels of bedrock exposure are very low, with the exception of disused quarries, road cuttings, farm dams and small exposures on steep valley slopes. 
The geology of the Heidelberg region is outlined on the 1: 250 000 geological sheet 3420 Riversdale (Council for Geoscience, Pretoria) (Malan et al. 1994) (Fig. 3).  The mining rights study area lies within the western part of the Heidelberg - Riversdale Basin that is infilled by continental sedimentary rocks of the Uitenhage Group of Mesozoic age. It forms part of the extensive Worcester- Pletmos basin line of down-faulted hinge basins in the Cape region (Dingle et al. 1983, Malan et al. 1994). The Uitenhage Group is a c. 3.5 km-thick succession of Mesozoic fluvial, estuarine and marine sediments spanning the Late Jurassic to Early Cretaceous Periods (c. 150-125 Ma). A useful recent review of these rocks has been given by Shone (2006) and accounts of their representatives in the Heidelberg - Riversdale Basin area can be found in Rogers and Schwarz (1899, 1902), Rogers & Du Toit (1909), Haughton et al. (1937), McLachlan and McMillan (1976), Dingle et al. (1983), Malan and Viljoen (1990), Malan et al. (1994) and Viljoen (1996). The Enon, Kirkwood and Baviaanskloof Formations of the Uitenhage Group are all well-represented in the Heidelberg Basin. However, only the Early Cretaceous Kirkwood Formation underlies the lower-lying hilly country where mining will occur, while the overlying Buffelskloof Formation, capping the Swartruens range to the north lies outside the study area itself (See geological map, Fig. 3). The latter formation will therefore not be directly affected by the proposed mining activity.
3.1.
Kirkwood Formation (Uitenhage Group)

The Kirkwood Formation (J-Kk) comprises readily-weathered, multi-hued, silty overbank mudrocks and subordinate channel sandstones and pebbly conglomerates of fluvial origin and Early Cretaceous (Berriasian / Valanginian) age. Key geological accounts of the Kirkwood Formation include those by Du Preez (1944), Rigassi & Dixon (1972), McLachlan & McMillan (1976), Tankard et al. (1982), Dingle et al. (1983) and Shone (2006).  Early geologists called these rocks the “Variegated Marls” referring to the distinctive reddish-brown, pinkish and greenish-grey colour spectrum shown by the sediments (NB “marl” is a misnomer, technically referring only to calcareous, clay-rich mudrocks).  Another older name for the same succession was the “Wood Beds”, referring to the abundant petrified wood recorded in the Algoa Basin and elsewhere (see fossil record below).  Volcanic tuffs (ashes) and reworked tuffs constitute an important component of the Kirkwood succession in parts of the Heidelberg – Riversdale Basin while a 4 m-thick tuffite (i.e. mixed sedimentary and volcanigenic material such as ash) is recorded from the eastern side of the Oudtshoorn Basin (Lock et al. 1975, McLachlan & Anderson 1976, Viljoen & Malan 1993). Useful recent accounts of the Kirkwood sediments in the Heidelberg area have been given by Malan and Viljoen (1990), Malan et al. (1994) and Viljoen (1996) (See articles listed above for older references).

At the time that the Uitenhage sediments were being deposited, some 140 million years ago, Africa and South America – previously united within the West Gondwana supercontinent - were starting to pull apart.  During the Early Cretaceous rifting, local uplift, block faulting and erosion of the youthful southern African continent led to the rapid deposition of huge amounts of silty, sandy and conglomeratic alluvium by systems of meandering rivers and estuaries fringing a new Mediterranean-sized seaway that was opening up in the southern Cape area.  Well-preserved calcrete-rich palaeosols (fossil soils) within the Kirkwood alluvium suggest that prevailing climates were semi-arid, warm to hot, with a low seasonal rainfall of 100-500 mm / year.  This pattern is supported by the abundance of leathery- and small-leaved plants in the fossil flora, while well-developed seasonal growth rings are preserved in at least some fossil woods (Almond 2013).
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Fig. 3.  Extract from 1: 250 000 geology sheet 3240 Riversdale (Council for Geoscience, Pretoria) showing the approximate location of mining application study area within the western portion of the Heidelberg – Riversdale Basin to the north of Heidelberg, Western Cape (blue rectangle).  The study area is entirely underlain by the Early Cretaceous Kirkwood Formation (J-Kk, yellow) with slightly younger Buffelskloof Formation conglomerates (Kb, brown) building the Swartruens range to the north. The bentonite-rich zone within the Kirkwood Formation is approximately indicated by the oblique hatching. Red CB and Zs symbols refer to quarries for bentonite and zeolite deposits respectively. Not shown within the study area at this scale are various Late Caenozoic superficial deposits such as Tertiary silcretes (Tg, Grahamstown Formation), High Level Gravels, colluvium and river alluvium. Scale bar = c. 5 km.
A number of good exposures through both overbank and channel deposits of the Kirkwood Formation are available along the R332 tar road between Heidelberg and Barrydale, as well as to the north of Heidelberg and in town itself (Several of these localities are briefly described by Malan & Viljoen 1990, Viljoen 1996 and Almond 2013). GPS data for the various localities studied for this report are provided in the Appendix at the end of this report.
Gently-dipping beds of various facies of the Kirkwood Formation are intermittently exposed in steep-sided gully sections along Cronjeskloof (Loc. 117) and Takrykloof (Locs. 121-122) (Figs. 8 to 13). These include pebbly conglomerate channel facies (often well-cemented), grey-green channel sandstones, as well as multi-hued “variegated marls”, i.e. overbank siltstone facies. The Cretaceous bedrocks are often highly weathered and kaolinitised near-surface. They are usually overlain by thick (up to several meters), semi-consolidated younger colluvial or alluvial deposits comprising interbedded pebbly and orange-brown siltstone units with occasional ferricretised horizons (Figs. 8 & 18). These younger superficial deposits are broadly similar to the Uitenhage Group in sedimentary facies (from which they are derived) but tend to be less well-consolidated, lack structural dips due to Cretaceous-age faulting, and are locally ferruginized or highly kaolinitised near surface.

Good vertical sections through the Kirkwood beds in the study area north of Heidelberg are seen in the cut face of the large abandoned quarry at Loc. 120 (Figs. 6 & 7) but unfortunately these exposures cannot be studied closely for safety reasons. The Kirkwood Formation succession here comprises interbedded, medium-bedded, pale grey-green sandstones (tabular to lenticular) and erosive-based pebbly conglomerates with frequent small-scale channel features. The Kirkwood bedrocks are overlain by thick, reddish-brown soils with basal gravels infilling erosional hollows along the contact.

The large roadside borrow pit at c. 206 m amsl on the watershed north of Takrykloof (Loc. 118; Fig. 14) is excavated into several meters of deeply-weathered siltstones and pebbly to cobbly conglomerates that are probably derived from the Kirkwood Formation, given the preponderance of mudrock facies. The siltstones and sandstones are multi-hued (pale grey, buff, reddish-brown etc), locally calcretised, and the pebbles are of typical Kirkwood quartzitic sandstone type, subrounded to well-rounded and oligomict. Poorly-sorted diamictite facies with floating pebbles and cobbles suggest a reworked, debris-flow origin. These rocks are tentatively interpreted here as colluvial deposits reworked from Kirkwood Formation saprolite (in situ weathered bedrock) rather than, for example, weathered representatives of the Buffelskloof Formation. However, prominent-weathering beds of presumed grey-green Buffelskloof conglomerates are visible at similar to somewhat lower elevations to the south on the southern side of Takrykloof, as well as in the Swartruens range to the west and north.

Good road-cutting sections through pale grey-green siltstones and thinly-bedded, horizontally-laminated, tabular, well-cemented calcareous or siliceous sandstone facies of the Kirkwood Formation are seen on the northern outskirts of Heidelberg, some 0.5 km north of the edge of town (Meadowside area) (Loc. 124; Figs. 15 & 16).    The thin-bedded sandstones are underlain by a prominent-weathering, well-indurated fine pebbly breccio-conglomerate.

3.2.
Superficial deposits
Gentle slopes and plateaux in the Heidelberg region are relicts of fluvially-incised pediments cut into much older, more or less weathered bedrock of the Uitenhage Group. Pediment surfaces are well-seen in satellite images and feature substantial mantles of colluvial, fluvial and downwasted lag gravels that are informally referred to as High Level Gravels (HLG). These heterogeneous deposits are often included for mapping purposes within the Grahamstown Formation (Tg), especially the older, higher-lying examples that are cemented to form tough pedocretes such as silcrete. Younger, less well-consolidated and flatter-lying silty and gravelly alluvial deposits are associated with present day drainage systems.
According to classical, broad-scale studies of the geomorphic (landscape) evolution of southern Africa much of the southern coastal plain south of the Cape Fold Belt forms part of the so-called African Surface.  This ancient, relict land surface is considered to have developed over a period of some 40 to 60 million years following the break-up of the supercontinent Gondwana, i.e. during the Cretaceous to Paleogene (Early Tertiary) Periods, and to have been affected by subsequent tectonic movements, crustal warping and erosional dissection.  As a result of deep chemical weathering under humid, tropical climates and long periods of tectonic stability, the surface is characterized by deeply-weathered saprolite (in situ weathered bedrock) and capped by duricrusts of silcrete and/or ferricrete reflecting the increased mobility of silica and iron under these circumstances. Purported remnants of the African Surface are concentrated in the Caledon-Swellendam, Heidelberg-Riversdale, Albertinia-Mossel Bay and Grahamstown areas along the south and southeast coast.  
Small, relictual patches of in situ Tertiary-age silcretes, ferricretes and associated lag gravels capping deeply-weathered Kirkwood saprolite in the Heidelberg - Riversdale area are assigned to the Grahamstown Formation (Tg). These resistant-weathering duricrusts represent secondarily cemented fluvial and other superficial drift deposits, as well as downwasted gravels derived from older or higher-lying weathering profiles. The genesis of South African near-surface silcretes on alluvial plains and terraces has been discussed extensively by Roberts (2003) who relates them to episodes of poor-drainage and moist, humid climates following long periods of tectonic stability.  The majority of silcretes on the coastal platform of the south-eastern Cape are inferred to be Paleogene in age, though some may well be Neogene.  They reflect multiple periods of silica solution and precipitation.  Their complex, polycyclic origin is indicated by the wide spectrum of contrasting facies seen within the silcrete cappings.  They range from massive, grey to buff fine-grained silcretes showing a well-developed conchoidal fracture that are formed from fine-grained sands and silicified saprolite, to vein quartz - rich gravelly silcretes and spectacular silcretized breccio-conglomerates containing cobble and boulder-sized megaclasts of reworked, older silcrete.  The rounding of some silcrete intraclasts implies a measure of current transport (but may be enhanced by conchoidal fracture).  
Brown to reddish-brown, loamy soils with sparse to concentrated, poorly- to moderately well-sorted surface gravels overlie Kirkwood Formation bedrocks over much of the study area (e.g. Locs. 111-113; Figs. 4, 5, 22). Gravel clasts are locally dominated by angular, fine-grained to pebbly ochre-hued silcretes reworked from pre-existing, coherent silcrete pedocrete horizons. Other rock types represented here include vein quartz, quartzite, wacke, ferricrete as well as distinctive, highly polished pebbles from the Kirkwood Formation (Fig. 11). The silcrete and quartzite clasts sometimes show anthropogenic flaking (ESA, MSA). In some areas the gravels include a high proportion of well-rounded pebbles and cobbles (sandstone, quartzite) reworked from Tertiary High Level Gravels and / or the Buffelskloof and Kirkwood Formations. Boulder-sized blocks of gravelly silcrete (incorporating secondarily reworked silcrete clasts) are seen along the track at Loc. 115 and have also been used locally as building material (Loc. 116a; Fig. 23). 
In the northern portion of the study area (e.g. Loc. 116b), closer to the Swartruens range, the surface gravels are composed mostly of reddish- and greenish-hued pebbles as well as vein quartz and highly polished quartzose clasts eroded from the Uitenhage Group.

A shallow roadside cutting at Loc. 114 shows c. 30-40 cm of dark brown loamy soil with sparse pebbles overlying subsurface gravels of well-rounded pebbles eroded from the underlying, weathered Kirkwood Formation and locally infilling shallow channels eroded into the Mesozoic bedrocks. The latter variously comprise pebbly conglomerates, greenish sandstones pervaded with secondary calcrete veins and siltstones (Figs. 19 to 21). 
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Fig. 4. View across the mining permit application area from north of the Cape Bentonite plant towards the Swartruens range just north of the study area. Note surface gravels in cultivated field in foreground, Cronjeskloof in middle ground.
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Fig. 5.  Rolling hilly terrain to the south of Takrykloof in the central portion of the study area. Note low levels of bedrock exposure and silcrete-rich surface gravels in cultivated fields.
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Fig. 6. Good exposure of Kirkwood Formation bedrocks in a large abandoned quarry within the study area (Loc. 120).
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Fig. 7.  Detail of quarry exposure seen in previous figure. Interbedded grey-green sandstones and pebbly conglomerates of the Kirkwood Formation are overlain by thick reddish-brown soils and gravels with a channelled, erosional basal contact.
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Fig. 8.  Weathered pale greenish Kirkwood bedrocks  overlain by reddish-brown pebbly and silty colluvial deposits, erosion gulley exposures in Takrykloof (Loc. 123).
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Fig. 9.  View north-eastwards along Takrykloof showing exposure of pale, kaolinitised Kirkwood bedrocks in the foreground (Loc. 122). 
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Fig. 10. Kirkwood bedrocks along Takrykloof (Loc. 122) showing pale weathered sandstones and downwasted surface gravels derived from the Cretaceous channel conglomerates (Hammer = 30 cm).
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Fig. 11. Distinctive highly polished, well-rounded quartzose clasts derived from the Kirkwood Formation among surface gravels in Takrykloof (Loc. 122) (Scale in cm). 
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Fig. 12. Weathered overbank siltstones of the “variegated marl” facies, Kirkwood Formation, exposed in erosion gullies in Cronjeskloof (Loc. 117).
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Fig. 13. Well-indurated pebbly conglomerates of the Kirkwood Formation with thin sandstone interbeds, float block near Cronjeskloof (Loc. 117) (Hammer = 30 cm).
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Fig. 14. Deeply-weathered pebbly and kaolinitised siltstone facies exposed in a borrow pit (Loc. 118), possibly representing colluvial material derived from reworked Uitenhage Group bedrocks (Kirkwood and / or Buffelskloof Formation) (Hammer = 30 cm).
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Fig. 15. Pale, weathered overbank siltstones of the Kirkwood Formation with prominent-weathering, thin-bedded calcareous or siliceous sandstones of probable lacustrine origin, road cutting c. 0.5 km north of Heidelberg (Loc. 124) (Hammer = 30 cm).
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Fig. 16. Detail of inferred lacustrine beds seen in previous figure showing underlying small pebble conglomerate (Scale = c. 15 cm).
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Fig. 17.  Poorly-consolidated, pebbly colluvial deposits reworked from the Buffelskloof and / or Kirkwood Formation, Cronjeskloof (Loc. 117).
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Fig. 18. Crudely-bedded orange-brown pebbly and silty colluvial material reworked from the Buffelskloof and / or Kirkwood Formation, Cronjeskloof (Loc. 117) (Hammer = 30 cm).
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Fig. 19. Shallow road cutting north of the Cape Bentonite plant showing brown gravelly soils overlying weathered pebbly and silty Kirkwood Formation bedrocks (Loc. 114) (Hammer = 30 cm).  
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Fig. 20. Same locality as previous figure showing subsurface gravels derived from the Kirkwood Formation beneath brown modern soils (Hammer = 30 cm).
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Fig. 21. Same locality as previous figure showing weatherd, calcrete-veined Kirkwood bedrocks beneath modern soils (Hammer = 30 cm).
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Fig. 22. Surface gravels dominated by angular silcrete clasts derived from local silcrete cappings that have since been eroded away, field south of Takrykloof (Hammer = 30 cm). 
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Fig. 23. Large block of relict gravelly silcrete capping (Loc. 115) (Hammer = 30 cm). 

4.
PALAEONTOLOGICAL HERITAGE
4.1. 
Fossil heritage within the Kirkwood Formation (Uitenhage Group, Early Cretaceous)

The Kirkwood Formation is the most palaeontologically productive unit in southern Africa that yields terrestrial biotas of Early Cretaceous age (Fig. 24).  Its overall palaeontological sensitivity is rated as high (Almond & Pether 2008). Fossils include vascular plants (including concentrations of petrified logs, leaves and twigs, lignite beds, charcoal), tetrapod vertebrates (notably dinosaurs) and freshwater invertebrates, among others (Du Toit 1954, McLachlan & McMillan 1976, Almond 2010 and further references listed below).   Recent palaeontological research has yielded a number of new dinosaur taxa, for the most part from the Algoa Basin to the northeast of Port Elizabeth, but also from the Oudtshoorn Basin of the Little Karoo (De Klerk 2008) and the Vleesbaai Basin (Almond 2012).  

The palaeobotanically famous “Variegated Marls” and “Wood Beds” of the Kirkwood Formation in the Eastern and Western Cape have yielded a diverse fossil flora. Woody vegetation was dominated by gymnosperms including conifers such as Araucaria and Podocarpus, extinct cycad-like bennettitaleans like Zamites, as well as true cycads. In addition there are charophytes (stoneworts, an advanced group of freshwater algae), bryophytes (liverworts) and pteridophytes such as ferns (Tate 1867, Seward 1903, Du Toit 1954, McLachlan & McMillan 1976, 1979, Anderson & Anderson 1985, Bamford 1986, 2004, MacRae 1999). Angiosperms (flowering plants), which first radiated during this period, are not represented, however.   Plant microfossils include pollens, spores and cuticular fragments, while amber and charcoal are locally common.   So far no inclusions such as fossil insects have been recorded within the amber, which represents the oldest Cretaceous material recorded from Gondwana.

Cretaceous dinosaurs have been collected from the Kirkwood Formation of the Algoa and Oudtshoorn Basins since the mid nineteenth century and a number of exciting new finds have been made recently.  Most of the Kirkwood dinosaur fossils found so far are highly fragmentary, however. The earliest discoveries, in 1845, were of the stegosaur Paranthodon from Bushman’s River Valley and represent some of the first dinosaur finds made anywhere in the world (De Klerk 1995, 2000). The gigantic remains – mainly isolated vertebrae, leg bones and teeth - of several different titanosaurid and diplodocid sauropods are known from the Algoa and Oudtshoorn Basins (Rich et al., 1983, De Klerk 2008, Rubidge et al. 2008).  These include the poorly-known Algoasaurus from Dispatch near Port Elizabeth (a possible camarasaurid), most of whose bones were made into bricks before they could be rescued (Broom 1904), and huge bones from the Calitzdorp area that were originally described as a giant plesiosaurus (Hoffman 1966) (Fig. 26). Disarticulated remains of numerous juveniles (hatchlings) of a primitive iguanodontian were discovered recently near Kirkwood (Forster & De Klerk 2008 and paper in press). The most completely preserved Kirkwood dinosaur is the small coelurosaur therapod Nquebasaurus (De Klerk et al., 2000); recent studies suggest this form may in fact be more closely related to the bird-like dinosaurs or alvarezsaurids (B. De Klerk, pers. comm., 2010).  At least one other theropod, a basal tetanuran, is known from fragmentary remains in the Kirkwood Formation (Rich et al., 1983, Mateer 1987, Forster et al., 2009) (Fig. 25).   Other vertebrate fossil groups from the Kirkwood Formation include frogs, crocodiles, turtles, sphenodontid and other lizards, mammals and freshwater fish such as garfish (De Klerk et al., 1998, Rich et al., 1983, Ross et al., 1999). 

Non-marine invertebrate fossils in the Kirkwood Formation are represented by freshwater or estuarine molluscs (e.g. unionid bivalves), rare insects such as beetles, and several groups of small crustaceans including ostracods (seed shrimps), conchostracans (clam shrimps) and notostracans (tadpole shrimps) (McLachlan & McMillan 1976, Dingle et al. 1983, MacRae 1999, Rich et al. 1983, Ross et al. 1999, Mostovski & Muller 2010).  Trace fossils include borings into petrified tree trunks that are variously attributed to bivalves (Gastrochaena) and insects (possibly beetles) as well as rhizoliths (plant root casts) and a small range of invertebrate burrows, such as the possible termite tunnels found by Almond (2010b).
The fossil record of the Kirkwood Formation in the Heidelberg – Riversdale Basin, with early reports dating from the turn of the twentieth century, has been ably summarized by McLachlan and Anderson (1976) and Malan et al. (1994) (See also references to older literature therein, e.g. Jones 1901). The occurrence of freshwater (lacustrine) fossils in quarries and cuttings at Heidelberg and to the northwest of town is of particular interest. The fossils include locally abundant small crustaceans such conchostracans (clam shrimps), notostracans (tadpole shrimps / triopsids) and ostracods (seed shrimps) as well as unionid bivalve molluscs and disarticulated “ganoid” fish scales. These freshwater fossils are associated with mudrock facies above and below the middle bentonite horizon (e.g. siliceous shales). Thin-bedded calcareous sandstones exposed at Heidelberg Station contain prolific low-diversity assemblages of horizontal burrows of unidentified invertebrates (Almond 2013).
Terrestrial fossils include beetle elytra (hardened wing cases) as well as locally abundant plant remains such as petrified wood, the latter often associated with channel sandstones and conglomerates. Silicified logs, locally coalified and associated with pyrite, occur within silicified clay-rich sandstones underlying the middle tuff zone to the west of Heidelberg (Viljoen 1996). Substantial specimens of petrified wood have on occasion been exposed by previous bentonite mining operations in the Doornrivier area to the south of the R322 but in most cases these have been reinterred during rehabilitation (Sakkie Engelbrecht, pers. comm. 2013). A few specimens of well-preserved silicified wood showing clear knots and seasonal growth rings from the Kirkwood beds near Heidelberg are displayed at the Cape Bentonite mine office (Almond 2013). A more unusual specimen curated here shows a wood fragment preserved as an external mould within a diagenetic nodule of unestablished mineralogy.
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Fig. 24.  Reconstruction of an Early Cretaceous landscape and biota in southern Africa, showing gymnosperm-dominated flora and various dinosaurs recorded from the Kirkwood Formation (Billy de Klerk & Gill Maylam, Albany Museum, Grahamstown).
[image: image25.emf]
Fig. 25.  Fragmentary dinosaur remains from the Cretaceous Uitenhage Group of South Africa, curated in the Iziko: South African Museum, Cape Town  (from Mateer 1987).  The theropod dinosaur teeth in figs c and d recorded from the Oudtshoorn area and belong to the Kirkwood Formation, not the Enon Conglomerate as stated by Mateer (1987, p. 143). Scale bar = 1cm.
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Fig. 26.  Part of Hoffman’s (1966) “giant plesiosaur” from the Kirkwood Formation near Calitzdorp – now re-interpreted as the fragmentary skeleton of a sauropod dinosaur (De Klerk, 2008).  This specimen of a large vertebra is in the collections of the National Museum, Bloemfontein and is currently being studied by Dr De Klerk of the Albany Museum, Grahamstown (Scale bar = 10cm).
No fossil remains were recorded from the very limited Kirkwood Formation exposures studied during in the mining permit study area on the Remaining Extent of ERF1412 .  While it is likely that fossil remains are present here, deep chemical weathering (e.g. kaolinitisation) has clearly compromised fossil material preserved near-surface. More intensive study of the probable lacustrine calcareous sandstones at Loc. 124 (road cutting 0.5 km north of Heidelberg) may well yield useful fossil remains of freshwater organisms but this site lies outside the present study area.

4.2.
Fossil heritage in the superficial deposits (Neogene – Recent)

The Neogene to Recent superficial or “drift” deposits in the arid karroid areas of southern Africa have been comparatively neglected in palaeontological terms for the most part.  Coarser-grained, conglomeratic alluvial sediments and derived debris flow and scree deposits are unlikely to contain useful fossil remains given the destructive, high-energy depositional environment and their highly permeable nature.  At most, rolled bones or teeth of vertebrates and perhaps fragmentary freshwater mollusc shells might be expected here. However, finer-grained silty to sandy facies may occasionally contain important fossil biotas, notably the bones, teeth and horn cores of mammals. These may include ancient human remains of considerable palaeoanthropological significance. Other late Caenozoic fossil biotas from these superficial deposits include non-marine molluscs (bivalves, gastropods), ostrich egg shells, tortoise scutes and bones, trace fossils (e.g. calcretised termitaria, coprolites, rhizoliths), and plant remains such as wood, lignites, peats or palynomorphs (pollens) in fine-grained, organic-rich alluvial horizons.  Quaternary alluvial and other superficial sediments may contain reworked Stone Age artifacts that are useful for constraining their maximum age. For example, naturally incorporated Middle Stone Age artifacts suggest an age of less than 250-300 000 years BP, whereas embedded Early Stone Age (Acheulian) tools indicate an age of less than 1.6-1.8 Ma.

Sparse fossil remains have been recorded from Tertiary or younger silcretes of the Grahamstown and equivalent formations by Roberts (2003) and earlier authors.  These include a small range of trace fossils (e.g. rhizoliths or plant root casts and invertebrate burrows such as Skolithos), charophyte algae (calcareous stoneworts), reed-like wetland plants resembling the extant Phragmites (fluitjiesriet), and reworked Late Permian silicified wood from the Beaufort Group (See also Du Toit 1954, and Roberts et al., 1997).  Silicified termitaria might also be expected here, although termite activity is inhibited by waterlogged soils that probably prevailed in areas where silcrete formation occurred.  Narrow, regularly-spaced vertical tubes seen within many silcretes are apparently abiogenic and not relictual root structures (Roberts 2003).
No fossil remains were recorded from superficial deposits in the present mining permit application study area on the Remaining Extent of ERF1412.
5.  SUMMARY & RECOMMENDATIONS

The mining permit application area on the Remaining Extent of ERF1412, situated just to the north of Heidelberg, Western Cape, is almost entirely underlain by fluvial sedimentary rocks of the Kirkwood Formation (Uitenhage Group) of Early Cretaceous age. Clay-rich sandstones and laminated silicified mudrocks of probable lacustrine origin that are associated with bentonite clay (altered volcanic tuff) horizons within the Kirkwood succession near Heidelberg have yielded unusual invertebrate faunas dominated by several groups of small-bodied freshwater crustaceans, unionid bivalves, disarticulated fish remains and low-diversity trace fossil assemblages, as well as rare insect remains (beetles), plant fragments and well-preserved logs of silicified wood. Fluvial facies, especially channel sandstones and pebbly conglomerates, of the Kirkwood Formation outside the Heidelberg – Riversdale Mesozoic basin are well known for their sparse but palaeontologically important fossils of dinosaurs and a wide range of other terrestrial vertebrates, as well as for locally abundant fossil wood and other plant remains (e.g. lignite, leaves of ferns, cycads etc).  No vertebrate fossils have been recorded so far from the Heidelberg – Riversdale Basin itself, however, and this may be related in part to the high levels of chemical weathering experienced by the Uitenhage Group rocks beneath pediment surfaces (ancient land surfaces) on the south coastal plain, as seen in several borrow pit and stream gulley exposures in the Heidelberg study area. Fluvial or alluvial fan conglomerates and minor sandstones of the Early Cretaceous Buffelskloof Formation (Uitenhage Group) cap the Swartruens hills along the northern edge of the study area but will not be impacted by the proposed mining activity. Petrified logs up to two meters long have been reported eroding out of these beds on the southern slopes of the Swartruens near Heidelberg.
The Uitenhage Group bedrocks in the Heidelberg region are generally poorly exposed and extensively blanketed by Late Caenozoic superficial sediments, notably coarse, quartzitic pediment gravels of braided fluvial origin and probable Neogene to Quaternary age as well as younger silty to gravelly alluvium, downwasted surface gravels (locally dominated by reworked silcrete) and soils. These superficial deposits are unlikely to contain significant fossil material, although robust vertebrate remains (e.g. rolled teeth, bones, horn cores), trace fossils and freshwater molluscs might occur here.  
Given the general scarcity of fossil remains in the Kirkwood Formation and the high level of near surface chemical weathering here (e.g. kaolinitisation), it is concluded that the proposed mining activities are unlikely to have a major impact on local fossil heritage resources. However, any future mining of bentonite horizons associated with lacustrine facies within the central portion of the Kirkwood Formation is likely to expose fossiliferous horizons of palaeontological interest that should be recorded and judiciously sampled by a professional palaeontologist, together with relevant sedimentological data. In the case of any significant fossil finds exposed by mining operations in this region (e.g. vertebrate teeth, bones, crustaceans, insects, burrows, petrified wood), these should be safeguarded - preferably in situ - and reported by the ECO as soon as possible to Heritage Western Cape (Contact details: Heritage Western Cape. Protea Assurance Building, Green Market Square, Cape Town 8000. Private Bag X9067, Cape Town 8001. Tel: 086-142 142. Fax: 021-483 9842. Email: hwc@pgwc.gov.za), so that appropriate mitigation (i.e. recording, sampling or collection) by a palaeontological specialist can be considered and implemented before rehabilitation of the quarry takes place. These recommendations should be incorporated into the Environmental Management Programme Report (EMPR) for the proposed mining project.
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APPENDIX:  GPS LOCALITY DATA FOR 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

	111
	S34 04 23.1
	E20 56 11.3
	Ploughed field N of mine buildings with abundant surface gravels (silcrete, quartzite, sandstone etc).

	112
	S34 04 18.3
	E20 56 07.5
	Ditto

	113
	S34 04 21.8
	E20 56 06.6
	Ditto

	114
	S34 04 23.6
	E20 56 11.3
	Shallow roadcutting through brown soils, subsurface gravels and weathered Kirkwood bedrocks.

	115
	S34 04 23.4
	E20 56 11.5
	Boulder-sized silcrete gravels at roadside

	116a
	S34 04 21.9
	E20 56 12.1
	Boulder-sized silcrete gravels in old walling

	116b
	S34 03 55.6
	E20 56 25.1
	Surface gravels rich in Uitenhage Group clasts

	117
	S34 03 13.3
	E20 56 23.0
	Kirkwood Formation exposures in Cronjeskloof with overlying pebbly and silty superficial deposits.

	118
	S34 03 35.1
	E20 56 51.3
	Borrow pit excavated into highly weathered siltstones and conglomerates, possibly reworked Kirkwood saprolite

	119
	S34 04 22.2
	E20 56 23.2
	Abandoned quarry area with thick orange-brown soils, dispersed silcrete gravels.

	120
	S34 04 17.5
	E20 56 24.3
	Good vertical sections through Kirkwood Formation and overlying superficial deposits in an abandoned quarry.

	121
	S34 04 05.4
	E20 56 43.8
	Downwasted Kirkwood gravels on Takrykloof slopes

	122
	S34 04 05.4
	E20 56 39.4
	Weathered Kirkwood Fm exposures in Takrykloof

	123
	S34 04 04.3
	E20 56 36.5
	Weathered Kirkwood Fm exposures in Takrykloof overlain by pebbly colluvium.

	124
	S34 04 47.6
	E20 57 34.1
	Road cutting N of Heidelberg through probable lacustrine facies of Kirkwood Formation.
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