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1. EXECUTIVE SUMMARY

Rose Prevec was appointed by Booth Heritage Consulting to perform a Palaeontological

Impact Assessment (PIA) of a proposed housing development on Portion 1 of the Farm

Stuurmanskop No. 55, in Noorshoek near Patensie, Eastern Cape Province, by the Kouga Local

Municipality. Most of the development area overlies strata of the palaeontologically sensitive

Kirkwood Formation of the Uitenhage Group.

The purpose of the PIA (forming part of a Heritage Impact Assessment), is to identify and assess

exposed palaeontological heritage, as well as potential heritage that may be impacted by the

development, and to make recommendations as to how these impacts could be mitigated. The

comprehensive vegetation cover in the development area severely limited the amount of bedrock

exposed for inspection, although exposures along the road leading into Noorshoek confirm the

presence of typical Kirkwood Formation palaeosols. The Kirkwood Formation in the Gamtoos Basin

has previously produced a variety of plant fossils, but the vertebrate fauna is virtually unknown. Any

palaeontological discovery in the area would be of great importance, but is of low to moderate

probability. However, the more extensively surveyed Uitenhage Group in the Kirkwood area, has

yielded a profusion of fossils, and the disturbed bedrock in the development site could potentially

yield wood, plant impression, bone or invertebrate fossil remains.

The South African Heritage Resources Agency (SAHRA) lists the Kirkwood Formation as being of

‘very high’ palaeontological significance. Damage to or destruction of any fossil during mining or

construction activities would be a highly negative, permanent impact of international significance.

However, following appropriate mitigation measures could make an important positive contribution

towards heritage conservation and research.

SIGNIFICANCE RATING
Rock Unit Duration Spatial Scale Degree of

confidence
Impact severity Overall Significance

with
mitigation

without
mitigation

with
mitigation

without
mitigation

Kirkwood
Formation permanent International

Moderate
to low

probability

Highly
beneficial

Highly
negative

Highly
beneficial

Highly
negative

Recommendation: Considering the palaeontological significance of the Kirkwood Formation

regionally, regular monitoring of all bedrock disturbances during the course of this development must

be carried out by an on-site inspector. Should any fossils be exposed during construction activities,

they should be left in situ, and the Eastern Cape Provincial Heritage Resources Agency (ECPHRA)

should be contacted immediately (Mr Sello Mokhanya, Tel: 043 745 0888;

smokhanya@ecphra.org.za), to ensure appropriate mitigation measures are implemented by a

qualified palaeontologist.
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3. INTRODUCTION AND BRIEF

Booth Heritage Consulting appointed Rose Prevec to perform a Phase 1 Palaeontological Impact

Assessment (PIA) of areas earmarked for a housing development by the Kouga Local Municipality,

in the Noorshoek settlement near Patensie, Eastern Cape (Fig 1-3). This report forms part of a

Heritage Impact Assessment for Zitholele Consulting (PTY) LTD.

The Kouga Local Municipality plans to develop approximately 12 ha of Portion 1 of the Farm

Stuurmanskop No. 55 for the following land uses: residential, business, community and open space

(Figs 1-4). The development will include associated infrastructure and services, namely roads (5 to

12 meters wide), domestic water, effluent management, electricity and stormwater management. A

development of this type will undoubtedly require excavations into the bedrock of the area, and

therefore has the potential to impact on palaeontological heritage.

The purpose of the PIA (forming part of a Heritage Impact Assessment, as per the SAHRA Minimum

Standards for Palaeontological Components of Heritage Impact Assessment Reports, 2013), is to

identify and assess exposed palaeontological heritage, as well as potential heritage that may be

impacted by the development, and to make recommendations as to how these impacts could be

mitigated. A field assessment was undertaken on 05 August 2016 to survey the area for exposed,

potentially fossiliferous rock and to search for any surface evidence of palaeontological heritage.
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Figure 1. Google Earth image of regional location of proposed housing development near Patensie, in the Eastern Cape Province.
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Figure 2. Google Earth image of location of proposed housing development near Patensie, in the Eastern Cape Province.
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Figure 3: 1:50 000 Topographic map 3324DB Cockscomb indicating position of proposed development.
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Figure 4. Plan for the Patensie Housing development by the Kouga Local Municipality.
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Figure 5. Extract from 1:250 000 geological map 3324 Port Elizabeth, indicating the geology within development area near Patensie.



4. LEGISLATIVE FRAMEWORK

The primary piece of legislation protecting national heritage in South Africa, is the South African

Heritage Resources Act (Act No. 25) of 1999. In accordance with Section 38 (Heritage Resources

Management) of the act, developers must apply to the relevant authority (ECPHRA in the Eastern

Cape) for authorisation to proceed with their planned activities. This application must be

accompanied by documentation detailing the expected impact this will have on national heritage in

particular.

Categories of heritage resources recognised as part of the National Estate in Section 3 of the

Heritage Resources Act, and which therefore fall under its protection, include among others:

 geological sites of scientific or cultural importance;

 objects recovered from the soil or waters of South Africa, including archaeological and

palaeontological objects and material, meteorites and rare geological specimens;

 objects with the potential to yield information that will contribute to an understanding of South

Africa’s natural or cultural heritage.

To address concerns relating to the protection of these particular heritage resources, a Heritage

Impact Assessment (HIA) may be required to assess any potential impacts to archaeological and

palaeontological heritage within the footprint of the proposed development. This report represents

the palaeontological component of the HIA.

5. METHODOLOGY

The aim of this report is to:

1) identify exposed and subsurface rock formations that are considered to be palaeontologically

significant;

2) assess the level of palaeontological significance of these formations by consulting the literature

and Palaeontological Impact Assessments for prior records of heritage in the area and geological

formation, and by undertaking a field examination to identify exposed and potential heritage;

3) comment on the potential impact of the development on these exposed and/or potential fossil

resources;

4) make recommendations as to how the developer should conserve or mitigate damage to these

resources.



6. DETAILS OF THE STUDY AREA

1:50 000 Topographical map: 3324DB Cockscomb (Fig. 3);

1:250 000 Geological map: 3324 Port Elizabeth (Fig. 5).

The development area lies on the lower slopes of the steep ridge opposite the Noorshoek settlement

near Patensie (Figs 1-3), in the southernmost part of the farm Stuurmanskop No. 55. This south-

western face of the ridge is hilly, incised by several ephemeral streambeds, and is covered in

extremely dense, impenetrable thicket vegetation, as the name ‘Noorshoek’ suggests. Soils are

deep as evidenced in the farm roads that cut through the vegetation, and represent the only

exposures visible on the hillside. The development area extends from the gentler slopes at the base

of the ridge, down into a stream bed at the base of the Noorshoek settlement, with a grassy

floodplain that is apparently used as a communal grazing site.

This ridge represents one of a series of roughly east-west trending ridges to the north of the

Gamtoos River valley, forming part of the Cape Fold belt. The proposed development area overlooks

the Noorshoek settlement to the south west, and the mostly citrus farmlands of the Gamtoos valley

to the south and south-east.

7. GEOLOGICAL SETTING

During the Late Jurassic/ Early Cretaceous, the Gamtoos Basin accumulated sediments of the

Uitenhage Group, which are today exposed in the catchment area of the Gamtoos River. It was one

of a string of Mesozoic basins that spanned the southern part of South Africa from the Algoa Basin

in the east across to Worcester in the west. These isolated, fault-controlled basins formed during

the separation of the Falkland Plateau to the south, during the breakup of Gondwana, and they

captured the most complete sedimentary record of the Upper Jurassic to Lower Cretaceous in South

Africa (for a more detailed explanation see McLachlan and McMillan, 1976; Johnson, 1994; McMillan

et al., 1997; Shone, 2006; Muir et al., 2015).

As described in the overview of the regional geology by Torien and Hill (1989), the Uitenhage Group

comprises three formations: Enon, Kirkwood and Sundays River formations. The boundaries

between these are not always clear, and it appears that they represent different depositional

environments within a generally contemporaneous fluvial system.



The Enon Formation (Je) is the most proximal to the fault scarp, comprising in some cases

spectacular, boulder conglomerates (not far to the north-west of Patensie) and is indicative of a very

high energy depositional environment, in alluvial fans or braided rivers.

The contact between the Enon and Kirkwood formations is not always clear due to some

interdigitation and intermediate features, but the Kirkwood Formation (J-Kk) represents the

palaeosols and flood-plain deposits mostly associated with meandering river systems, as well as

lacustrine, and possibly even some coastal, settings. The Kirkwood Fm. comprises mostly silty

mudstone and sandstone, and the easily weathered, variegated reddish brown, pinkish or greenish

grey palaeosols are characteristic. Sandstones are whitish, yellowish or pale grey.

The Kirkwood interdigitates with, and grades into the Sundays River Formation (Ks), which is the

most distal part of the system, representing estuarine or shallow marine deposits. The Sundays

River Fm. is characterised by grey to blueish mudrock, siltstone and and sandstone, which weather

greenish grey and may contain limestone and gypsum.

Quaternary intermediate and low-level fluvial terrace deposits (T-Qg), are a feature of the major

drainage systems along the coastal areas of this region, and represent high-energy deposits in

ancient river terraces, now at much higher elevations than maximum flood levels for the modern

river systems. These gravel and soil layers may be cemented by lime, and silica and iron oxides and

may have a calcrete cover (Toerien and Hill, 1989).

As per the 1:250 000 Geological map Port Elizabeth (3324; Fig. 5), the area identified for

development is exclusively underlain by Upper Jurassic to Lower Cretaceous rocks of the Kirkwood

Formation, Uitenhage Group (J-KK), and modern alluvium. The rocks of the Kirkwood Fm. that

underlie the development area abut along a fault line, or unconformably overlie, the lower slopes of

a ridge of ancient rocks of Namibian and Ordovician age, belonging to the Gamtoos and Table

Mountain groups respectively. These were folded and deformed during the Cape Fold event, and

have formed the erosion-resistant, parallel series of ridges running roughly in an East-west direction

in the region.



8. PALAEONTOLOGICAL POTENTIAL

Gamtoos Group

The development is unlikely to impact on the ancient rocks that form the higher ground to the north

and north-east of the site. These Namibian-aged rocks (approximately 800 Ma) are considered by

the South African Heritage Resources Agency (SAHRA) to be of low palaeontological significance.

The deposits reflect mostly shallow marine, turbidite fan and alluvial settings. Acritarchs (organic-

walled microfossils) are found throughout the group, and there is potential for stromatolites in the

carbonate rocks of the Lime Bank and Kaan formations and elements of the Ediacaran fauna in the

siliciclastic sediments (Almond et al., 2008) but the rarity of fossils combined with, and/or because

of, the highly tectonically deformed nature of the deposits, qualifies SAHRA’s classification of this

group as being of very low palaeontological significance.

Uitenhage Group

The Kirkwood and Sundays River formations are palaeontologically the most sensitive of the three

Uitenhage Group formations, with the Enon Fm. (due to its extremely coarse-grained nature, high

depositional energy), having only yielded some rare bone fragments to date, as well as some

charred wood (see McLachlan and McMillan, 1976, for an overview).

As per the SAHRIS website (information based on Almond et al., 2008 and the supporting literature

therein), the Kirkwood Formation (J-Kk in Fig. 5) has yielded a ‘variety of small to large dinosaurs

(theropods, sauropods, ornithopods), other reptiles, Mesozoic mammals, important floras of petrified

wood (“Wood Beds”), leaves (ferns, cycads, conifers), freshwater invertebrates (bivalves,

crustaceans)’, and it is categorised as being of High Palaeontological Significance.

The Kirkwood Formation of the Algoa Basin is the most important source of Late Jurassic/ Early

Cretaceous dinosaurs in South Africa, and these have been well-documented. In addition to

dinosaurs (which include stegasaurid, diplodicid, dicraeosaurid, and brachiosaurid forms, as well as

little iguanadontids and coelosaur theropods), the Kirkwood Formation has yielded a wealth of

animal fossils including turtles, crocodiles, frogs, sphenodontid and other lizards, small mammals

and fish (McLachlan and McMillan 1976; Ross et al, 1999; de Klerk et al, 1998; de Klerk et al., 2000;

McPhee et al., 2016). Invertebrate fossils have also been found in abundance in the Kirkwood

Formation of the Algoa Basin, and in the Kirkwood area in particular, including freshwater and

estuarine molluscs and oysters, and crustaceans such as conchostracans and ostracods

(McLachlan and McMillan 1976; MacRae 1999).



The fossil floras in the Algoa Basin, particularly along the Bezuidenhouts River near Kikrwood, are

the most well-represented for this time period in South Africa (Anderson & Anderson, 1985; Bamford,

1986; MacRae, 1999; Muir et al., 2015). At one time a part of the Kirkwood Formation was referred

to as the ‘Wood Beds’ because of the abundance of fossilised logs in the sequence. The

Bezuidenhout River locality studied by Muir et al (2015) had produced an abundance of logs, as

well as fossil charcoal. Fossil wood tends to be more resistant to weathering than the host matrix,

and can frequently be found at surface, or standing proud on outcrop. In addition to fossil wood,

amber, lignite and plant impression fossils can be found in the area. Plant impressions are generally

only exposed through the breaking of siltstones or mudrocks along bedding planes to expose the

impressions within. They are seldom visible at surface, require the splitting of excavated rock, and

may be difficult to see (this illustrates the importance of having an expert inspecting active

excavation sites). Plants such as ferns, cycads, benettitaleans, liverworts, conifers such as

araucarialeans are generally preserved in this way, within the finer-grained siltstones and mudrocks.

The Bezuidenhouts River banks have yielded some of the most important and well-preserved

impression fossil collections in blue-grey siltstones.

The Gamtoos Basin has been less well explored than the Algoa Basin, and there is a high potential

for more discoveries, particularly of plant fossils in the area. High quality plant impression localities

have been found in grey/greenish siltstones, particularly in the Loerie area, and there have been

previous reports of significant amber and lignite deposits along the banks of the Gamtoos River

(McLachlan and McMillan 1976; Anderson & Anderson, 1985).

Quaternary gravel terraces (T-Qg in Fig. 5): fossils are not known from these deposits, and these

fluvial gravels are considered to be of very low palaeontological significance (Almond, 2012).

9. FIELD OBSERVATIONS

A visual assessment of the field area was conducted. No outcrops were observed within the

development area, because of the thick soils and dense vegetation. However, along the road into

Noorshoek from Patensie, there are some excellent exposures of classic Kirkwood Formation

‘variegated marls’ in the roadcuttings (Fig. 6). These pinkish, mottled, deep palaeosols are very

similar to dinosaur-bearing deposits of the Algoa Basin, although in the Gamtoos Basin they are

apparently less fossiliferous, and have a slightly deeper, more orangey hue. Fig. 6 (b-d) illustrates

the prominent off-white ‘bands’ or lenses in the cuttings that represent weathered channel deposits

of fine-grained sandstone (pale grey in fresh exposure).



An examination of the roadcuttings did not yield any fossil material during this brief field inspection,

but this lithology has the potential to produce the fossil bones and teeth of the dinosaurs and small

mammals that inhabited these fluvial settings during the Late Jurassic/ Early Cretaceous.

The roadcuttings are capped with a layer of conglomerates/gravels (Fig. 6d), not reflected in the

1:250 000 Geological map of the area (Fig. 5), but equivalent to those mapped as T-Qg (Quaternary

intermediate and low-level fluvial terrace gravel) in the area. These deposits were not observed to

extend into the development site itself.

Fig. 7 illustrates the bulk of the development site, in the highly vegetated area at the base and lower

slopes of the ridge to the north-east of the site. The streambed at the base of the main housing area,

along the south-western boundary of the development site, and its tributaries, did not expose

bedrock, only well-vegetated soils and modern alluvium (Fig. 7e,f & 8a,b).

Less than a kilometre beyond the development site, along the farm road that forms the south-eastern

boundary of the site, the very ancient, contorted Neoproterozoic rocks of the Lime Bank Formation,

Gamtoos Group are exposed, to either side of the valley (Figs 5 & 9a,b).



Figure 6: (a)View to the north, from road leading into Noorshoek from Patensie; the development site relative
to the Gamtoos Group ridge that forms the hills immediately to the north; (b & d) the roadcuttings of classic
Kirkwood Formation palaeosols (so-called ‘variegated marls’), that weather pale orangey pink; (c) digging
beyond the weathered crust of the outcrop reveals the clayey, variegated pink and grey mudrock and siltstone
beneath; the pale off-white bands are weathered pale grey, sandstones; the channel forms are clearly visible
in (d), as are the overlying Quaternary conglomerates, that represent an ancient river terrace.



Figure 7: (a) Most of the development site is visible, between the road in the foreground, and the steeper
slopes of the ridge in the background; (b-d) densely vegetated lower slopes of the development site, in the
middle ground in the north, and the grassed, flatter, alluvial deposits in the south—western parts of the site
are visible; no bedrock exposures were observed, only fairly shallow stream-cuts into the alluvium (f).



Figure 8: Views to the south-western edge of the development area, across the communal grazing area, and
down to the stream at the boundary with Noorshoek settlement.



Figure 9: (a) View to the south-east, showing the continuation of the ridge that represents the high ground to
the north of the planned development, and which comprises folded Gamtoos Group rocks, seen exposed in
(b), on the other side of the valley; (c) a view to the south, showing the south-eastern boundary of the
development area, and the location of the Kirkwood Fm. outcrops in the roadcuttings along the road from
Patensie to Noorshoek.



10. IMPACT SIGNIFICANCE

The fossil faunas and floras of the Uitenhage Group of South Africa are of international interest, and

represent an important part of our national heritage. Any loss of this heritage due to development

activities is permanent, and should be regarded as a highly significant negative impact. Alternatively,

discovery of fossils during excavation of bedrock, followed by effective mitigation in collaboration

with a palaeontologist, would result in the curation of new and important fossil material. The

development could therefore potentially have a positive, beneficial impact on South Africa’s

palaeontological heritage, although the probability of encountering fossils is fairly low based on the

paucity of prior discoveries in the Gamtoos Basin.

11. RECOMMENDATIONS

Kirkwood Formation: abundant fossils have been found in Kirkwood Formation deposits in this

formation in the Algoa Basin, although in the Gamtoos Basin bone and teeth may be considerably

rarer. However, reports of plant fossils, lignite and amber from the Kirkwood Formation of the

Gamtoos Basin, support a recommendation that a palaeontologist should be consulted to inspect

any freshly exposed rock during these activities. Additionally, any fossils (such as fossil wood)

exposed at surface during vegetation clearing should be reported for conservation.

Since any bedrock that will be exposed during excavations has the potential to contain fossils. The

following actions are recommended:

 Regular on-site monitoring of all excavations that impact bedrock;

 Training of responsible supervisory personnel, by a qualified palaeontologist in the recognition

of palaeontological heritage;

 If any palaeontological heritage is identified on site, this must be reported immediately to the

ECPHRA (Mr Sello Mokhanya, Tel: 043 745 0888; smokhanya@ecphra.org.za). Ideally the fossil

material should be left in situ until a palaeontologist has provided input as to how to proceed with

regard to mitigation.

SIGNIFICANCE RATING

Rock Unit Duration Spatial
Scale

Degree
of

confiden
ce

Impact severity Overall Significance
with

mitigation
without

mitigation
with

mitigation
without

mitigation

Kirkwood
Formation permanent International

Low to
Moderate
probability

Highly
beneficial

High
negative

Highly
beneficial

Highly
negative



12. CONCLUSIONS

The development will impact rocks of the highly palaeontologically sensitive Kirkwood Formation,

which has previously proven to be particularly fossiliferous in the Kirkwood area of the Algoa Basin,

though considerably less so in the Gamtoos Basin.

The proposed developments that will involve excavation of bedrock of the Kirkwood Formation

should be regularly monitored. A palaeontologist should be consulted to inspect any freshly exposed

rock.
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