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EXECUTIVE SUMMARY

Boven Solar PV3 (Pty) Ltd (a wholly owned Subsidiary of Mulilo Renewable Project
Developments (PTY) LTD (“Mulilo”)) is proposing to develop the Boven Solar PV 3 75 MW
Solar Photovoltaic (PV) Facility on Remaining Extent of Boven Rugzeer Farm 169, situated
c. 30 km north-east of Kenhardt, Northern Cape Province. The study area (including
preferred and alternative sites plus transmission lines) for the proposed PV facility is
underlain at depth by Precambrian basement rocks (c. 1-2 billion years old) assigned to the
Namaqua-Natal Province. These ancient igneous and high-grade metamorphic rocks -
mainly banded and migmatitic gneisses of the Korannaland Supergroup (Jacobsmynpan
Group) - crop out at surface in small areas and are entirely unfossiliferous. A large proportion
of the basement rocks is mantled by a range of superficial sediments of Late Caenozoic age
that may contain sparse fossil remains. These predominantly thin, unconsolidated deposits
include small patches of calcretes, gravelly to sandy river alluvium, pan sediments, surface
gravels, colluvium (scree) as well as Pleistocene to Recent wind-blown sands of the
Gordonia Formation (Kalahari Group). Most of these younger rock units are of widespread
occurrence and low palaeontological sensitivity. Scientifically important vertebrate fossil
remains (e.g. Pleistocene mammalian bones and teeth) have been recorded within older
stratified pan and river sediments elsewhere in the Bushmanland region where they are often
associated with stone artefacts, while a limited range of trace fossils (e.g. plant root casts,
termitaria and other invertebrate burrows) may be found within calcrete horizons.

No previously recorded areas or sites of exceptional fossil heritage sensitivity or significance
have been identified within the Nieuwehoop Solar Development project area near Kenhardt as
a whole. Due to the inferred scarcity of scientifically important fossil remains within the Boven
Solar PV3 study area, the overall impact significance of the construction phase of the
proposed solar energy project is assessed as VERY LOW (before and after mitigation). No
significant impacts on fossil heritage are anticipated during the operational and
decommissioning phases of the proposed solar energy facility. The potentially fossiliferous
sedimentary rock units represented within the study area (e.g. Gordonia sands, calcrete,
alluvium) are of widespread occurrence and this is also likely to apply to most of the fossils
they contain. It is concluded that the cumulative impacts on fossil heritage resource posed by
the known alternative energy and other infrastructural developments in the region (as
explained in Chapter 4 of the EIA Report ) is very low. There are no fatal flaws in the proposed
Boven Solar PV3 75 MW Solar PV Facility development, nor are there objections to its
authorisation as far as fossil heritage conservation is concerned, since significant impacts on
scientifically valuable fossils or fossil sites are not anticipated here. The no-go option (no solar
developments) will have a neutral impact on local palaeontological heritage resources. The
only proposed condition to accompany the Environmental Authorisation is that the
recommendations for monitoring and mitigation included in the Environmental Management
Programme (EMPr) are fully complied with.

Given the low palaeontological sensitivity of the eastern Bushmanland region, as determined
from desktop and field-based studies, as well as the inferred very low impact significance of
the Boven Solar PV3 75 MW Solar PV Facility for fossil heritage conservation, no specialist
palaeontological monitoring or mitigation is recommended here, pending the potential
discovery of substantial new fossil remains during construction. During the construction
phase all substantial bedrock excavations should be monitored for fossil material by the
responsible Environmental Control Officer. Should significant fossil remains - such as
vertebrate bones and teeth, plant-rich fossil lenses, petrified wood or dense fossil burrow
assemblages - be exposed during construction, the responsible Environmental Control
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Officer should safeguard these, preferably in situ. The South African Heritage Resources
Authority (SAHRA) should be alerted as soon as possible (Contact details: Mrs Colette
Scheermeyer, P.O. Box 4637, Cape Town 8000, Tel: 021 462 4502, Email:
cscheermeyer@sahra.org.za), so that appropriate action can be taken by a professional
palaeontologist, at the developer’'s expense. Mitigation would normally involve the scientific
recording and judicious sampling or collection of fossil material as well as associated
geological data (e.g. stratigraphy, sedimentology, taphonomy) by a professional
palaeontologist. The palaeontologist concerned with mitigation work will need a valid fossil
collection permit from SAHRA and any material collected would have to be curated in an
approved depository (e.g. museum or university collection). These recommendations should
be included within the EMPTr for the proposed solar energy facility development.

In this report the entire site (preferred and alternative layouts plus transmission lines) for the
proposed Boven Solar PV3 75 MW Solar PV Facility on Remaining Extent of Boven Rugzeer
Farm 169 has been assessed based on the worst case scenario. From a palaeontological
heritage impact point of view, the applicant can select any 250 ha area within the surveyed
area to construct the PV plant, provided that the recommended mitigation measures are
implemented as applicable.
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LIST OF ABBREVIATIONS

DEA Department of Environmental Affairs
ECO Environmental Control Officer
EMPr Environmental Management Programme
EIA Environmental Impact Assessment
HWC Heritage Western Cape
PIA Palaeontological Impact Assessment
PV Photovoltaic
SAHRA South African Heritage Resources Agency
Ma / mya Million years ago

GLOSSARY

Definitions

Basement Rocks Ancient igneous and metamorphic rocks (usually unfossiliferous)
underlying the sedimentary cover rocks in a given region

Calcrete Pedogenic limestone (i.e. limestone generated by soil processes within
soils and surface rock debris), generally associated with seasonally arid
climates.

Fossiliferous Containing fossil remains
Igneous Rocks Rocks that have crystallised from a molten state (magma / lava); e.g.
granite.
Metamorphic Rocks that have recrystallized under conditions of altered (usually highly
elevated) temperature and pressure; e.g. gneiss.
Precambrian Older than 541 million years old (mya).

Pleistocene Epoch | Time period between c. 2.6 mya and 10 000 years ago (associated with ¢
series of major glaciations in the northern hemisphere).
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COMPLIANCE WITH THE APPENDIX 6 OF THE 2014 EIA

REGULATIONS

Requirements of Appendix 6 — GN R982

Addressed in the
Specialist Report

1. (1) A specialist report prepared in terms of these Regulations must contain-
a) details of-

i. the specialist who prepared the report; and AppEellf 'é A Oftthls
. the expertise of that specialist to compile a specialist report including a epor
curriculum vitae;
b) a declaration that the specialist is independent in a form as may be specified | Appendix B of this
by the competent authority; EIA Report
¢) an indication of the scope of, and the purpose for which, the report was Section 1.1

prepared,;

d) the date and season of the site investigation and the relevance of the season
to the outcome of the assessment;

Not Applicable

e) a description of the methodology adopted in preparing the report or carrying
out the specialised process;

Section 1.1

f) the specific identified sensitivity of the site related to the activity and its
associated structures and infrastructure;

Section 1.3

g) an identification of any areas to be avoided, including buffers;

Not Applicable

h) a map superimposing the activity including the associated structures and

infrastructure on the environmental sensitivities of the site including areas to be Section 1.3
avoided, including buffers;
i) a description of any assumptions made and any uncertainties or gaps in Section 1.1.4

knowledge;

j) a description of the findings and potential implications of such findings on the
impact of the proposed activity, including identified alternatives on the
environment;

Section 1.5, 1.6, 1.7
and 1.8

k) any mitigation measures for inclusion in the EMPr;

Section 1.7 and

Section 1.8
I) any conditions for inclusion in the environmental authorisation; Not Applicable
m) any monitoring requirements for inclusion in the EMPr or environmental Section 1.8
authorisation; '

n) areasoned opinion-

i. as to whether the proposed activity or portions thereof should be

authorised; and
. if the opinion is that the proposed activity or portions thereof should be Section 1.9

authorised, any avoidance, management and mitigation measures
that should be included in the EMPr, and where applicable, the
closure plan;

0) a description of any consultation process that was undertaken during the
course of preparing the specialist report;

Not Applicable

p) a summary and copies of any comments received during any consultation
process and where applicable all responses thereto; and

Section 1.5.1

d) any other information requested by the competent authority.

Not applicable
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PALAEONTOLOGICAL IMPACT ASSESSMENT

This chapter presents the Palaeontological Impact Assessment that was prepared by Dr. John
Almond (of Natura Viva cc) as part of the Environmental Impact Assessment (EIA) for the
proposed solar PV facility for the Phase 2 Nieuwehoop Solar Park near Kenhardt in the
Northern Cape Province.

1.1. INTRODUCTION AND METHODOLOGY
1.1.1. Scope and Objectives

The proposed Boven Solar PV3 Solar Photovoltaic (PV) Facility (75 MW) project area overlies
potentially fossiliferous sedimentary rocks.

This report provides a desktop assessment of potential impacts on local palaeontological
(i.e. fossil) heritage within the study area for the proposed Boven Solar PV3 Solar PV Facility
on Remaining Extent of Boven Rugzeer Farm 169, situated c. 30 kmnorth-east of Kenhardt,
Northern Cape Province. The report contributes to the EIA for this alternative energy
development and includes recommendations for inclusion in the EMPr (Part B of the EIA
Report).

The overall objectives of the specialist study are to:

¢ Determine the current conditions in sufficient detail so that there is a baseline against
which impacts can be identified and measured.

o Identify potential impacts that may occur during the construction, operational and
decommissioning phases of the proposed development, as well as impacts associated
with future environmental changes if the “no-go” option is implemented (both positive
and negative).

e Assess the impacts in terms of direct, indirect and cumulative impacts.

Provide recommendations with regards to potential monitoring programmes.

¢ Determine mitigation and/or management measures which could be implemented to as
far as possible reduce the effect of negative impacts and enhance the effect of positive
impacts.

¢ Incorporate and address all issues and concerns raised in relation to palaeontological
impacts.

1.1.2. Terms of Reference

The Terms of Reference for the present study, as defined by the CSIR, are as follows:

1. Review detailed information relating to the project description and precisely define the
environmental risks to palaeontological heritage, and consequences thereto.

2. Conduct a review of available information pertaining to the study area.

3. Draw on desktop information sources, the knowledge of local experts, information published
in the scientific press and information derived from relevant EIAs and similar specialist
studies previously conducted within the surrounding area.

4. Prepare and undertake a desktop study on the palaeontology and fossil heritage within the
proposed project area, based on:

e a review of all relevant palaeontological and geological literature, including
geological maps and previous reports,

¢ |ocation and examination of fossil collections from the study area (e.g. museums),
and
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¢ data on the proposed development (e.g. location of footprint, depth and volume of
bedrock excavation envisaged).

5. Describe the type and location of known fossil heritage sites in the study area, and
characterize all items that may be affected by the proposed project.

6. Describe the baseline environment and determine the status quo in terms of
palaeontological heritage.

7. Note fossils and associated sedimentological features of palaeontological relevance
(photos, maps, aerial or satellite images, and stratigraphic columns).

8. Analyse the stratigraphy, age and depositional setting of fossil-bearing units.

9. Evaluate the potential for occurrence of palaeontological heritage features within the study
area.

10. Incorporate relevant information from other specialist reports/findings, if required.

11. Identify and rank the highlights and sensitivities to development of fossil heritage within
study area.

12. Identify and rate potential direct, indirect and cumulative impacts of the proposed project on
the palaeontology and fossil heritage during the construction, operational and
decommissioning phases of the project. Study the cumulative impacts of the project by
considering the impacts of existing industries / solar PV plants within the area (as well as
those PV plants that are proposed), together with the impact of the proposed project.

13. Provide recommendations and suggestions regarding fossil heritage management on site,
including conservation measures, as well as promotion of local fossil heritage (e.g. for
public education, schools) to ensure that the impacts are limited.

14. Provide input to the EMPr, including mitigation and monitoring requirements to ensure that
the impacts on the archaeological features and heritage features are limited.

15. Provide specific recommendations for further palaeontological mitigation (if any).

16. Compile an illustrated, fully-referenced review of palaeontological heritage within study area
based on desktop study.

1.1.3. Approach and Methodology

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 and palaeontological database (consultation with professional
colleagues as well as examination of institutional fossil collections may play a role here). 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 significantly the extent of fresh bedrock
excavation envisaged. When rock units of moderate to high palaeontological sensitivity are
present within the development footprint, a Phase 1 field assessment study by a professional
palaeontologist is usually warranted to identify any palaeontological hotspots and make specific
recommendations for any mitigation required before or during the construction phase of the
development. However, due to the low palaeontological sensitivity of the present study area a
Phase 1 field assessment is not required and a desktop assessment is being undertaken
instead (i.e. this study).

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
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determined. Adverse palaeontological impacts normally occur during the construction rather
than the operational or decommissioning phase. Phase 2 mitigation by a professional
palaeontologist — normally involving the recording and sampling of fossil material and
associated geological information (e.g. sedimentological data) may be required (a) in the pre-
construction phase where important fossils are already exposed at or near the land surface and
/ or (b) during the construction phase when fresh fossiliferous bedrock has been exposed by
excavations. To carry out mitigation, the palaeontologist involved will need to apply for a
palaeontological collection permit from the relevant heritage management authorities for the
Northern Cape, i.e. SAHRA (Contact details: Mrs Colette Scheermeyer, P.O. Box 4637, Cape
Town 8000, Tel: 021 462 4502, Email: cscheermeyer@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.

1.1.4. Assumptions and 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 South Africa, given the large size of the
country and the small number of professional palaeontologists carrying out fieldwork here.
Most development study areas — including the overall Nieuwehoop Solar Development
project area - 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 South
African 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
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tectonism or weathering, or are buried beneath a thick mantle of unfossiliferous “drift” (soil,
alluvium etc.).

Since most areas of South Africa 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 Nieuwehoop Solar Park Development project area near Kenhardt in the
Northern Cape, bedrock exposure is limited due to extensive cover by superficial deposits (e.g.
alluvium, soils, surface gravels), especially in areas of low relief, as well as by pervasive
bossieveld vegetation. For this reason, as well as the low palaeontological sensitivity of the
sedimentary rocks mapped in the project area, a desktop-level rather than field-based
assessment was considered appropriate for this study. Despite the lack of palaeontological field
data from the project area itself, confidence levels in the conclusions reached in the desktop
study are moderately high because of the author’s field experience of the sedimentary rocks
represented in the wider Bushmanland region (See reference list for previous palaeontological
assessments in the area; e.g. Aimond 2009, 2011, 2014a, 2014b, 2014c, 2014d). Recent
palaeontological heritage assessments for several other alternative energy developments in the
region have been taken into consideration (e.g. the Scatec Solar project area just to the west of
the Mulilo Solar PV project area).

In terms of the impact assessment, the methodology adopted is outlined in Chapter 4 of the EIA
Report, which also notes the developments within a 20 km radius that have been considered in
order to assess cumulative impacts.

1.1.5. Sources of Information
The information used in this desktop study was based on the following sources:

1. A detailed project outline supplied by the CSIR - Environmental Management Services.

2. Previous desktop palaeontological assessment reports for study areas in the Kenhardt
region by the author (Almond 2009, 2011, 2014a, 2014b, 2014c, 2014d).

3. A review of the relevant scientific literature, including published geological maps (e.g. 1:
250 000 scale geological map sheet 2920 Kenhardt published by the Council for
Geoscience, Pretoria) and accompanying sheet explanations (e.g. Slabbert et al. 1999)

4. The author's previous field experience with the formations concerned and their
palaeontological heritage (cf Almond and Pether 2008; SAHRIS website).

1.1.6. Declaration of Independence of Specialists
Refer to Appendix A of this EIA Report for the Curriculum Vitae of Dr. John Almond, which highlights

his experience and expertise. The declaration of independence by the specialist is provided in Box
13.1 below and included in Appendix B of this EIA Report.
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BOX 13.1: DECLARATION OF INDEPENDENCE

I, John Almond, declare that | am an independent consultant and have no business, financial,
personal or other interest in the proposed Boven Solar PV3 Project, application or appeal in respect
of which | was appointed, other than fair remuneration for work performed in connection with the
activity, application or appeal. There are no circumstances that compromise the objectivity of my
performing such work.

Fin € Mol

JOHN ALMOND

1.2. DESCRIPTION OF PROJECT ASPECTS RELEVANT TO PALAEONTOLOGICAL
HERITAGE IMPACTS

As noted above, the Boven Solar PV3 project area near Kenhardt is located in a region of
Bushmanland that is underlain by potentially fossiliferous sedimentary rocks of Late Tertiary or
Quaternary age as well as by unfossiliferous basement rocks (as discussed in Section 1.3 of
this chapter). The construction phase of the proposed development will entail substantial
excavations into the superficial sediment cover and locally into the underlying bedrock as well.
These include, for example, surface clearance operations, excavations for the solar array
footings, underground cables, access and internal gravel roads, 132 kV transmission line
towers, on-site substation, laydown areas, stormwater channels, water pipelines (if required)
and foundations for buildings (offices, operational control centre, warehouse/workshop). All
these developments may adversely affect potential, legally-protected fossil heritage resources
within the study area by destroying, disturbing or permanently sealing-in fossils at or beneath
the surface of the ground that are then no longer available for scientific research or other public
good.

The planning, operational and decommissioning phases of the proposed solar energy facility
are very unlikely to involve additional adverse impacts on local palaeontological heritage,
however.

A detailed description of the proposed project is included in Chapter 2 of the EIA Report.

1.3. DESCRIPTION OF THE AFFECTED ENVIRONMENT

In this section of the report an outline of the geology of the proposed Boven Solar PV3 project
area is first given, based on the relevant geological maps and scientific literature. This is
followed by a brief review of fossil heritage that has previously been recorded from the
sedimentary rock units that are represented within the project area.

1.3.1. Geological Context

The study area for the proposed Boven Solar PV3 project, located on the Remaining Extent of
Boven Rugzeer Farm 169, located some 30 km northeast of Kenhardt, Northern Cape, is
situated in flat-lying terrain within the semi-arid Bushmanland region at elevations between c.
910 to 975 m amsl. with a gentle slope to the south. It is drained by a dendritic network of
shallow, southerly-flowing tributary streams of the Hartbeesrivier such as the Rugseerrivier
system. The geology of the study area is shown on 1: 250 000 geology sheet 2920 Kenhardt
(Council for Geoscience, Pretoria) (Figure 1.1). The entire area is underlain at depth by a
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variety of Precambrian basement rocks that are c. 2 billion years old and are assigned to the
Namaqua-Natal Province. These ancient igneous and high-grade metamorphic rocks - mainly
banded and migmatitic gneisses of the Korannaland Supergroup (Jacobsmynpan Group) —
are listed in the legend to Figure 1.1. The various basement rock units are described in the
Kenhardt 1: 250 000 sheet explanation by Slabbert et al. (1999) and placed in the context of the
Namaqua-Natal Province by Cornell et al. (2006). They crop out at surface as small patches
and are entirely unfossiliferous and so will not be discussed further here. The Precambrian
crustal rocks are transected to the north of the study area by the NW-SE trending Boven
Rugzeer Shear Zone. The shear zone separates two major crustal blocks in Bushmanland
known as the Kakamas Terrane and Areachap Terrane (Cornell et al. 2006, their fig. 18).

A large proportion of the basement rocks in the proposed project area are mantled by a range
of superficial sediments of Late Caenozoic age, some of which are included within the Kalahari
Group. These predominantly thin, unconsolidated deposits include small patches of calcretes
(soil limestones), gravelly to sandy river alluvium, pan sediments along certain watercourses,
surface gravels, colluvium (scree) as well as — especially — Quaternary to Recent aeolian (wind-
blown) sands of the Gordonia Formation (Kalahari Group). The basement rocks in the
Germsbok Solar PV6 study area are largely mantled by aeolian sands of the Gordonia
Formation (“Kalahari sands”) as well as by Late Caenozoic alluvial deposits along shallow
dendritic drainage lines.

The geology of the Late Cretaceous to Recent Kalahari Group is reviewed by Thomas (1981),
Dingle et al. (1983), Thomas & Shaw (1991), Haddon (2000) and Partridge et al. (2006). The
thickness of the unconsolidated Kalahari sands in the Bushmanland area is variable and often
uncertain. The Gordonia Formation dune sands are considered to range in age from the Late
Pliocene/Early Pleistocene to Recent, dated in part from enclosed Middle to Late Stone Age
stone tools (Dingle et al., 1983, p. 291). Note that the recent extension of the Pliocene -
Pleistocene boundary from 1.8 Ma back to 2.588 Ma would place the older Gordonia Formation
sands entirely within the Pleistocene Epoch. A number of older Kalahari formations underlie
the young wind-blown surface sands in the main Kalahari depository to the north of the study
area. However, at the latitude of the study area near Kenhardt (c. 29° S) Gordonia Formation
sands less than 30 m thick are likely to be the main or perhaps only Kalahari sediments present
(cf isopach map of the Kalahari Group, Figure 6 in Partridge et al.,, 2006). These
unconsolidated sands will be locally underlain by thin subsurface gravels along the buried
palaeosurface and perhaps by calcretes of Pleistocene or younger age (cf Mokalanen
Formation).
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Figure 1.1. Extract from 1: 250 000 scale geological map sheet 2920 Kenhardt (Council
for Geoscience, Pretoria) showing the geology of the Boven Solar PV3 study area on
the Remaining Extent of Boven Rugzeer Farm 169, situated c. 30 kmto the NE of

Kenhardt, Northern Cape. The area — including the preferred and alternative sites as
well as associated transmission lines - is approximately indicated by the pale blue

polygon.

The main geological units represented within the Boven Solar PV3 project area include:
PRECAMBRIAN BASEMENT ROCKS
KORANNALAND SUPERGROUP

e Dark blue (Mja) = Jacomynpan Group

LATE CAENOZOIC SUPERFICIAL SEDIMENTS

e Pale yellow with sparse red stipple (Qg) = aeolian sands of the Gordonia
Formation (Kalahari Group)

[ ]
e Pale yellow with dense black stipple = alluvial and pan sediments
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1.3.2. Palaeontological Heritage

The Precambrian basement rocks represented within the study area are high grade
metamorphic rocks that were last metamorphosed some 1 billion years ago and are entirly
unfossiliferous. The sparse fossil record of Late Caenozoic superficial sediments in the
Bushmanland region are briefly reviewed here (Refer also to Table 1.1). Note that, to the
author's knowledge, there are no fossil records from the broader Nieuwehoop Solar
Development project area itself and no palaeontological fieldwork has been undertaken here.

The diverse superficial deposits within the South African interior, including Bushmanland, have
been comparatively neglected in palaeontological terms. However, sediments associated with
ancient drainage systems, springs and pans may occasionally contain important fossil biotas,
notably the bones, teeth and horn cores of mammals as well as remains of reptiles like tortoises
(e.g. Skead 1980, Klein 1984, Brink 1987, Bousman et al. 1988, Bender & Brink 1992, Brink et
al. 1995, MacRae 1999, Meadows & Watkeys 1999, Churchill et al. 2000, Partridge & Scott
2000, Brink & Rossouw 2000, Rossouw 2006, Almond in Macey et al. 2011). Other late
Caenozoic fossil biotas that may occur within these superficial deposits include non-marine
molluscs (bivalves, gastropods), ostrich egg shells, trace fossils (e.g. calcretised termitaria,
coprolites, invertebrate burrows, rhizocretions), and plant material such as peats or
palynomorphs (pollens) in organic-rich alluvial horizons (Scott 2000) and diatoms in pan
sediments. In Quaternary deposits, fossil remains may be associated with human artefacts
such as stone tools and are also of archaeological interest (e.g. Smith 1999 and references.
therein). Ancient solution hollows within extensive calcrete hardpans may have acted as
animal traps in the past. As with coastal and interior limestones, they might occasionally
contain mammalian bones and teeth (perhaps associated with hyaena dens) or invertebrate
remains such as snail shells.

Diverse fossils associated with the ancient Tertiary drainage systems of the Karoo and
Bushmanland region have been summarized by Almond in Macey et al. (2011) (See also
articles by Cooke 1949, Wells 1964, Butzer et al. 1973, Helgren 1977, Klein 1984, Macrae
1999). They include remains of fish, reptiles, mammals, freshwater molluscs, petrified wood
and trace fossils (e.g. De Wit 1990, 1993, De Wit & Bamford 1993, Bamford 2000, Bamford &
De Wit 1993, Senut et al. 1996).

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

Abraded Plio-Pleistocene fossil woods from relict alluvial terraces of the Sak River just north of
Brandvlei include members of the Family Polygalaceae and also indicate humid growth
conditions (Bamford & De Wit 1993). These terraces were formed by meandering rivers during
intermittent pluvial (i.e. wetter), but still semi-arid, episodes following the onset of generally arid
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conditions in the western portion of southern Africa towards the end of the Miocene. So far
fossils have not been recorded from the Sakrivier system closer to Kenhardt.

Pan sediments in Bushmanland have also recently yielded interesting Pleistocene mammalian
faunas in association with age-diagnostic archaeological material. Important fossil mammalian
remains assigned to the Florisian Mammal Age (c. 300 000 — 12 000 BP; MacRae 1999) have
recently been documented from stratigraphic units designated Group 4 to Group 6 (i.e. calcrete
hardpan and below) at Bundu Pan, some 22 km northwest of Copperton (Kiberd 2006 and
references therein). These are among very few Middle Pleistocene faunal records from
stratified deposits in the southern Africa region (Klein 1980, 1984a, 1984b, 2000) and are
therefore of high palaeontological significance. Characteristic extinct Pleistocene species
recorded at Bundu Pan are the giant Cape Horse or Zebra (Equus capensis) and the Giant
Hartebeest (Megalotragus priscus). Other extant to extinct taxa include species of warthog,
blesbok, black wildebeest, springbok and baboon. There is additionally trace fossil evidence for
hyaenids (tooth marks) as well as ostrich egg shell. Preliminary dating and the inferred ecology
of the fossil taxa present suggests the presence of standing water within a grassy savanna
setting during the 200 - 300 000 BP interval when the Bunda Pan faunal assemblage
accumulated. A sequence of Earlier, Middle and Later Stone Age (ESA, MSA and LSA,
respectively) artefact assemblages is also recorded from this site. Stratigraphic Groups 4 to 6
(i.e. calcrete hardpan and below) contain a Final Acheulian or transitional ESA/MSA artefact
assemblage, while Groups 2 - 3 above the calcrete horizon contain a MSA artefact
assemblage. Orton (2012) recorded a single fossil equid tooth associated with a rich MSA
artefact assemblage from gravels overlying a calcrete hardpan on the farm Hoekplaas near
Copperton. This horizon is probably equivalent to Group 3 of Kiberd's stratigraphy at Bundu
Pan, and therefore somewhat younger than the Florisian mammal fauna reported there.

The fossil record of the Kalahari Group as a whole is generally sparse and low in diversity; no
fossils are recorded here in the Kenhardt geology sheet explanation by Slabbert et al. (1999).
The Gordonia Formation dune sands were mainly active during cold, drier intervals of the
Pleistocene Epoch that were inimical to most forms of life, apart from hardy, desert-adapted
species. Porous dune sands are not generally conducive to fossil preservation. However,
mummification of soft tissues may play a role here and migrating lime-rich groundwaters
derived from underlying lime-rich bedrocks may lead to the rapid calcretisation of organic
structures such as burrows and root casts. Occasional terrestrial fossil remains that might be
expected within this unit include calcretized rhizoliths (root casts) and termitaria (e.g.
Hodotermes, the harvester termite), ostrich egg shells (Struthio), tortoise remains and shells of
land snails (e.g. Trigonephrus) (Almond in Macey et al. 2011, Almond & Pether 2008). Other
fossil groups such as freshwater bivalves and gastropods (e.g. Corbula, Unio), ostracods (seed
shrimps), charophytes (stonewort algae), diatoms (microscopic algae within siliceous shells)
and stromatolites (laminated microbial limestones) are associated with local watercourses and
pans. Microfossils such as diatoms may be blown by wind into nearby dune sands (Du Toit
1954, Dingle et al., 1983). These Kalahari fossils (or subfossils) can be expected to occur
sporadically but widely, and the overall palaeontological sensitivity of the Gordonia Formation is
therefore considered to be low. Underlying calcretes might also contain trace fossils such as
rhizoliths, termite and other insect burrows, or even mammalian trackways. Mammalian bones,
teeth and horn cores (also tortoise remains, and fish, amphibian or even crocodiles in wetter
depositional settings) may be expected occasionally expected within Kalahari Group sediments
and calcretes, notably those associated with ancient alluvial gravels (See Koa River Valley
above). The younger (Pleistocene to Recent) fluvial and alluvial sands and gravels within the
proposed development area are unlikely to contain many, if any, substantial fossil or subfossil
remains.
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Table 1.1: Fossil heritage recorded from the major rock units that are represented within the broader
Nieuwehoop Solar Development study area near Kenhardt

PALAEONT-
GEOLOGICAL UNIT ROCK TYPES AND AGE FOSSIL HERITAGE OLOGICAL
SENSITIVITY

fluvial, pan, lake and | bones and teeth of wide

terrestrial sediments, | range of mammals (e.g.

including diatomite | mastodont  proboscideans,

(diatom deposits), | rhinos, bovids, horses,

pedocretes (e.g. | micromammals), fish, reptiles

calcrete), colluvium | (crocodiles, tortoises),

LATE CAENOZOIC GENERALLY LOW

(slope deposits such as | ostrich egg shells, fish,

SUPERFICIAL . . BUT LOCALLY HIGH
scree), aeolian sands | freshwater and terrestrial
SEDIMENTS, . . L X
(Gordonia Formation, | molluscs (unionid bivalves, . .
: (e.g. Tertiary alluvium
. Kalahari Group) gastropods), crabs, trace . )
especially " . associated with old
fossils (e.g. calcretised river courses)
LATE TERTIARY, termitaria, horizontal
ALLUVIAL AND PAN .
SEDIMENTS PLEISTOCENE TO invertebrate bur_r_ows, stone
RECENT artefacts), petrified wood,
leaves, rhizoliths,
stromatolites, diatom floras,
peats and palynomorphs.
Basement granites and Highly-metamorphosed None
gneisses sediments, intrusive

granites
NAMAQUA-NATAL ZERO
PROVINCE MID-PROTEROZOIC (c.1-

2 billion years old)

1.4. APPLICABLE LEGISLATION AND PERMIT REQUIREMENTS

All South African fossil heritage, including palaeontological sites and specimens, is protected by
law (National Heritage Resources Act (Act 25 of 1999) and fossils cannot be collected,
damaged, destroyed or disturbed without a permit from SAHRA or the relevant Provincial
Heritage Resources Agency.

As mentioned previously, where palaeontological mitigation of a development project is
required, the palaeontologist concerned with mitigation work would need a valid fossil collection
permit from SAHRA and any material collected would have to be curated in an approved
depository (e.g. museum or university collection). All palaeontological specialist work should
conform to international best practice for palaeontological fieldwork and the study (e.g. data
recording fossil collection and curation, final report) should adhere as far as possible to the
minimum standards for Phase 2 palaeontological studies recently developed by SAHRA (2013).

The present palaeontological heritage assessment falls under Sections 35 and 38 (Heritage
Resources Management) of the National Heritage Resources Act (Act 25 of 1999), and it will
also inform the Environmental Management Programme for this project.

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; and
= palaeontological objects and material, meteorites and rare geological specimens.
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According to Section 35 of the National Heritage Resources Act (Act 25 of 1999), dealing with
archaeology, palaeontology and meteorites:

1)
2)

3)

4)

5)

The protection of archaeological and palaeontological sites and material and meteorites is

the responsibility of a provincial heritage resources authority.

All archaeological objects, palaeontological material and meteorites are the property of the

State.

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.

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

I.  destroy, damage, excavate, alter, deface or otherwise disturb any archaeological or
palaeontological site or any meteorite;

i. destroy, damage, excavate, remove from its original position, collect or own any
archaeological or palaeontological material or object or any meteorite;

ii. 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

iv.  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.

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.
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1.5. IDENTIFICATION OF KEY ISSUES

1.5.1. Key Issues Identified During the Scoping Phase

The only key issue identified by the specialist during the Scoping Phase is the potential loss of
palaeontological heritage resources (fossils, fossil sites including their geological context)
through surface clearance and excavations into sedimentary rocks during the construction
phase of the project.

The Scoping Report was released for a 30-day comment period which extended from 23
October 2015 to 24 November 2015.

As noted above, based on the low palaeontological sensitivity of the area, this desktop
Palaeontological Impact Assessment is being undertaken during the EIA Phase (i.e. prior to the
commencement of construction of the Boven Solar PV3 project (subject to the issuing of an
Environmental Authorisation)). As mentioned above, this specialist assessment is conducted by
Dr. John Almond in order to assess the significance of potential impacts of the proposed project
on palaeontological resources (which is discussed in Section 1.6 of this chapter).

1.5.2. Identification of Potential Impacts
The potential impacts identified during the EIA Phase are:
1.5.3. Construction Phase

= Potential loss of palaeontological heritage resources through disturbance, damage or
destruction of fossils and fossil sites (including associated geological contextual data)
through surface clearance and excavation activities during the construction phase.

1.5.4. Operational Phase

No significant impacts on palaeontological heritage are anticipated during the operational
phase of the development.

1.5.5. Decommissioning Phase

No significant impacts on palaeontological heritage are anticipated during the operational
phase of the development.

1.5.6. Cumulative Impacts

= Potential cumulative loss of palaeontological heritage resources through disturbance,
damage or destruction of fossils and fossil sites (including associated geological
contextual data) through surface clearance and excavation activities during the
construction phase of several alternative energy facilities within the broader Kenhardt
region and other key electrical infrastructure developments within a 20 km radius of the
proposed project site.

1.6. ASSESSMENT OF IMPACTS AND IDENTIFICATION OF MANAGEMENT ACTIONS

In this section of the report potential impacts of the construction, operational and
decommissioning phases of the proposed PV solar facility development on palaeontological
heritage are outlined and recommendations for any necessary monitoring or mitigation are
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provided. Possible cumulative impacts in the light of other alternative energy development
proposals in the Kenhardt region are also evaluated.

1.6.1. Potential Impact 1: Construction Phase

The construction phase of the proposed solar energy facility will entail substantial surface
clearance and shallow excavations into the superficial sediment cover (aeolian sands, surface
gravels, stream alluvium etc.), which may contain fossil remains, and in some cases also into
the underlying unfossiliferous bedrock. These include, for example, surface clearance
operations, excavations and foundations (which will likely be drilled and concreted into the
ground) for the solar array footings, underground cables, access and internal gravel roads, 132
kV transmission line towers, on-site substation, laydown areas, stormwater channels, water
pipelines and foundations for buildings (offices, operational control centre,
warehouse/workshop). As a result, fossils at the ground surface or buried beneath it may be
disturbed, damaged, destroyed or sealed-in while their scientifically informative sedimentary
context will also be disturbed or destroyed.

Desktop analysis of the fossil records of the various rock units underlying the proposed project
area indicates that the majority of these units are of zero to low palaeontological sensitivity (as
discussed in Section 1.3.2 and Table 1.1 of this chapter). The basement rocks are entirely
unfossiliferous while the overlying Late Caenozoic superficial sediments (wind-blown sands,
alluvium, gravels etc.) are of low to very low palaeontological sensitivity. Construction of the
solar panel arrays, overhead power lines, buildings and associated infrastructure is therefore
unlikely to entail significant impacts on local fossil heritage resources.

The inferred impact of the proposed solar facility development on local fossil heritage is
assessed in Table 1.2 below. This assessment applies only to the construction phase of the
development since further impacts on fossil heritage during the operational and
decommissioning phases of the solar energy facility are not anticipated.

The destruction, damage or disturbance out of context of fossils and fossil sites preserved at
the ground surface or below ground represents a direct negative impact that is confined to the
development footprint (site specific). Such impacts are made only during the construction
period, and can usually be partially mitigated but cannot be fully rectified; i.e. they are non-
reversible and of permanent duration. Since several of the sedimentary units represented within
the study area do contain fossils of some sort, some level impact on fossil heritage is probable
(likely). However, because of the generally very sparse occurrence of well-preserved,
scientifically-valuable fossils within the superficial sediments, and because most of the fossils
encountered are likely to be of widespread occurrence (low irreplaceability) the consequence of
these impacts is rated as slight.

No previously recorded areas or sites of exceptional fossil heritage sensitivity or significance
have been identified within the proposed project area as a whole. Due to the inferred scarcity
of exceptional fossil remains within the study area, the overall impact significance of the
construction phase of the proposed solar energy project is assessed as VERY LOW (without
mitigation). Due to the paucity of palaeontological field studies within this part of Bushmanland,
confidence levels for this desktop palaeontological heritage assessment are only moderate
(medium).

Specialist palaeontological monitoring and mitigation for this project are not recommended,
pending the discovery of new fossil sites during development, given its low impact significance.
The Environmental Control Officer (ECO) responsible for the construction phase of the project
should be aware of the necessity of conserving fossils and should monitor all substantial
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excavations into sedimentary rocks for fossil remains. Proposed mitigation of chance fossil
finds during the construction phase involves safeguarding of the fossils (preferably in situ) by
the responsible ECO, reporting of finds to the SAHRA and, where appropriate, judicious
sampling and recording of fossil material and associated geological data by a qualified
palaeontologist (as discussed in Section 1.8 of this chapter). Should these recommended
mitigation measures be fully implemented, the impact significance of the development would
remain VERY LOW but small residual negative impacts (e.g. loss of undetected fossils) would
remain. However, these negative impacts would be partially offset through the improved
scientific understanding of local palaeontological heritage in a hitherto poorly-studied region of
South Africa which would be considered as a significant positive outcome.

There are no fatal flaws in the proposed development proposal as far as fossil heritage is
concerned.

1.6.2. Potential Impacts (Operational and Decommissioning Phases)

No significant impacts on fossil heritage resources are anticipated during the operational and
decommissioning phases of the proposed solar energy facility.

1.6.3. Cumulative Impacts

The palaeontological heritage impact significance of all seven solar energy developments and
associated electrical infrastructure proposed for Phase 2 of the Nieuwehoop Solar
Development, as well as other proposed solar facilities and electrical infrastructure (discussed
in Chapter 4 of the EIA Report) near Kenhardt (within a 20 km radius of the proposed project)
are rated equally as very low. The potentially fossiliferous sedimentary rock units represented
within the broader project area are of widespread occurrence and this is also likely to apply to
most of the fossils they contain. It is concluded that the cumulative impact on fossil heritage
resources posed by the proposed seven projects of the Nieuwehoop Solar Park Development
and associated electrical infrastructure to the northeast of Kenhardt is of a low significance.

Given the generally low palaeontological sensitivity of the basement and overlying sedimentary
rocks in the broader eastern Bushmanland region, significant cumulative impacts on fossil
heritage are not anticipated here as a result of the various alternative energy and other
infrastructure developments that have been proposed here (refer to the several recent
palaeontological impact assessments undertaken by the author for projects near Kenhardt that
are listed in the references).

1.7. IMPACT ASSESSMENT SUMMARY

The assessment of impacts on palaeontological heritage resources as well as recommended
mitigation and monitoring measures, as discussed above, are collated in Tables 13.2 and 13.3
below.

The no-go option (no solar developments) will have a neutral impact on local palaeontological
heritage resources.
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Table 1.2 Impact assessment summary table for the Construction Phase

Construction Phase

Direct Impacts

Significance of Impact

Nature of and Risk
Aspect/ Potential Spatial Reversibility | Irreplac Potential Wiy Ranking of Confidence
Impact Status Duration | Consequence | Probability - Mitigation Without Mitigation/ Residual
Impact/ Extent of Impact eability L - Level
Pathway . Measures Mitigation/ Management Impact/ Risk
Risk .
Management (Residual Impact/
Risk)
Undertake
monitoring of all
substantial
excavations into
Surface Loss of sedlmeqtary rogks
clearance fossil for fossil remains
Z:gavations heritage at Negative Site Permanent | Slight Likely Non- Low ::S findssia:es?ttard Very low Very low 5 Medium
into or beneath reversible Appoint ' a
superficial ground professional
) surface .
sediments palaeontologist to
record and
sample any

chance fossil finds
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Table 1.3 Cumulative impact assessment summary table

Cumulative Impacts

Significance of Impact

and Risk
Aspect/ Nature of . _— Potential With Ranking of .
Impact Potential Status ISEF)):::tI Duration | Consequence | Probability Rg‘ﬁ::":lltty Irreplaceability Mitigation Without Mitigation/ Residual Cotilfllzlnce
Pathway | Impact/ Risk P Measures Mitigation/ Management Impact/ Risk
Management (Residual
Impact/ Risk)
Undertake
monitoring  of
all  substantial
excavations
into
Surface sedimentary .
. rocks for fossil
clearance Loss of fossil :
. remains  and
and heritage at or Non- safequard an
excavation | beneath Negative Site Permanent | Slight Likely , Low aleguare v Very low Very low 5 Medium
. reversible finds in situ.
s into | ground Aopoint
superficial | surface ppoint a
sediments professional _
palaeontologist
to record and
sample  any
chance fossil
finds
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1.8. INPUT TO THE ENVIRONMENTAL MANAGEMENT PROGRAMME

Given the low palaeontological sensitivity of the proposed project area, as determined from
desktop analysis, as well as the inferred very low impact significance of the alternative energy
projects for fossil heritage conservation, no specialist palaeontological monitoring or mitigation is
recommended here, pending the potential discovery of substantial new fossil remains during
construction.

During the construction phase all substantial bedrock excavations should be monitored for fossil
material by the responsible ECO. Should significant fossil remains - such as vertebrate bones
and teeth, plant-rich fossil lenses, petrified wood or dense fossil burrow assemblages - be
exposed during construction, the responsible ECO should safeguard these, preferably in situ.
The SAHRA should be alerted as soon as possible (Contact details: Mrs Colette Scheermeyer,
P.O. Box 4637, Cape Town 8000, Tel: 021 462 4502, Email: cscheermeyer@sahra.org.za), so
that appropriate action can be taken by a professional palaeontologist, at the developer’s
expense. Mitigation would normally involve the scientific recording and judicious sampling or
collection of fossil material as well as associated geological data (e.g. stratigraphy,
sedimentology, taphonomy) by a professional palaeontologist.

The palaeontologist concerned with mitigation work will need a valid fossil collection permit from
SAHRA and any material collected would have to be curated in an approved depository (e.g.
museum or university collection). All palaeontological specialist work should conform to
international best practice for palaeontological fieldwork and the study (e.g. data recording fossil
collection and curation, final report) should adhere as far as possible to the minimum standards
for Phase 2 palaeontological studies recently developed by SAHRA (2013).

No monitoring or mitigation is required during the operational and decommissioning phases of
the development.

These mitigation recommendations (as summarised in Part B of the EIA Report) should be
incorporated into the EMPr for each Solar PV energy facility proposed by Mulilo Renewable
Project Developments.

1.9. CONCLUSION AND RECOMMENDATIONS

The study area for the Boven Solar PV3 facility (including preferred and alternative sites as well
as the associated 132 kV transmission line) is underlain at depth by Precambrian basement
rocks (c. 1-2 billion years old) assigned to the Namaqua-Natal Province. These ancient igneous
and high-grade metamorphic rocks - mainly banded and migmatitic gneisses of the
Korannaland Supergroup (Jacobsmynpan Group) - crop out at surface in small areas and are
entirely unfossiliferous. A large proportion of the basement rocks are mantled by a range of
superficial sediments of Late Caenozoic age that may contain sparse fossil remains. These
predominantly thin, unconsolidated deposits include small patches of calcretes, gravelly to
sandy river alluvium, pan sediments, surface gravels, colluvium (scree) as well as Pleistocene
to Recent wind-blown sands of the Gordonia Formation (Kalahari Group). Most of these
younger rock units are of widespread occurrence and low palaeontological sensitivity.
Scientifically important vertebrate fossil remains (e.g. Pleistocene mammalian bones and teeth)
have been recorded within older stratified pan and river sediments elsewhere in the
Bushmanland region where they are often associated with stone artefacts, while a limited range
of trace fossils (e.g. plant root casts, termitaria and other invertebrate burrows) may be found
within calcrete horizons.
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No previously recorded areas or sites of exceptional fossil heritage sensitivity or significance
have been identified within the Nieuwehoop Solar Development project area as a whole. Due to
the inferred scarcity of scientifically important fossil remains within the Boven Solar PV3 study
area, the overall impact significance of the construction phase of the proposed solar energy
project is assessed as VERY LOW (before and after mitigation). No significant impacts on fossil
heritage are anticipated during the operational and decommissioning phases of the proposed
solar energy facility. The potentially fossiliferous sedimentary rock units represented within the
study area (e.g. Gordonia sands, calcrete) are of widespread occurrence and this is also likely
to apply to most of the fossils they contain. It is concluded that the cumulative impacts on fossil
heritage resources posed by the known alternative energy and other infrastructural
developments in the region (as explained in Chapter 4 of the EIA Report) is of very low
significance. There are no fatal flaws in the proposed solar facility development, nor are there
objections to its authorisation as far as fossil heritage conservation is concerned, since
significant impacts on scientifically valuable fossils or fossil sites are not anticipated here. The
only proposed condition to accompany environmental authorisation is that the recommendations
for monitoring and mitigation included in the EMPr are fully complied with. The no-go option (no
solar developments) will have a neutral impact on local palaeontological heritage resources.

Given the low palaeontological sensitivity of the broader eastern Bushmanland region, as
determined from desktop study, as well as the inferred very low impact significance of the
Boven Solar PV3 75 MW Solar PV Facility for fossil heritage conservation, no specialist
palaeontological monitoring or mitigation is recommended here, pending the discovery of
substantial new fossil remains during construction. Mitigation measures and monitoring
recommendations for inclusion in the EMPr are discussed in Sections 1.6 and 1.8 of this report.

In this report the entire site (and transmission line) for the Gemsbok Solar PV3 75 MW Solar
Photovoltaic (PV) Facility on Portion 3 of Gemsbok Bult Farm 120 has been assessed based on
the worst case scenario. From a palaeontological heritage impact point of view, the applicant
can select any 250 ha area within the surveyed area to build the PV plant, provided that the
recommended mitigation measures are implemented as applicable.

1.10. REFERENCES

ALMOND, J.E. 2008a. Fossil record of the Loeriesfontein sheet area (1: 250 000 geological
sheet 3018). Unpublished report for the Council for Geoscience, Pretoria, 32 pp.

ALMOND, J.E. 2009. Contributions to the palaeontology and stratigraphy of the Alexander
Bay sheet area (1: 250 000 geological sheet 2816), 117 pp. Unpublished technical report
prepared for the Council for Geoscience by Natura Viva cc, Cape Town.

ALMOND, J.E. 2011. Proposed Solar Cape Photovoltaic Electricity Generation Facility near
Kenhardt, Northern Cape Province. Palaeontological impact assessment: desktop study, 18
pp. Natura Viva cc, Cape Town.

ALMOND, J.E. 2014a. Proposed Exheredo CSP and PV solar energy facilities on the farm
Styns Viey 280 near Kenhardt, Northern Cape Province. Palaeontological heritage
assessment: desktop study, 28 pp. Natura Viva cc, Cape Town.

ALMOND, J.E. 2014b. Proposed Exheredo CSP and PV solar energy facilities near
Kenhardt, Northern Cape Province. Palaeontological heritage assessment. combined
desktop & field-based study, 61 pp. Natura Viva cc, Cape Town.

CSIR — January 2016
pg 20



ALMOND, J.E. 2014c. Proposed Gemsbok Solar PV1 Solar Energy Facility near Kenhardt,
Northern Cape Province. Desktop study, 21 pp. Natura Viva cc, Cape Town.

ALMOND, J.E. 2014d. Proposed Boven Solar PV1 Solar Energy Facility near Kenhardt,
Northern Cape Province. Desktop study, 21 pp. Natura Viva cc, Cape Town.

ALMOND, J.E. & PETHER, J. 2008. Palaeontological heritage of the Northern Cape.
Interim SAHRA technical report, 124 pp. Natura Viva cc., Cape Town.

BAMFORD, M.K. 2000. Cenozoic macro-plants. In: Partridge, T.C. & Maud, R.R. (Eds.) The
Cenozoic of southern Africa, pp.351-356. Oxford University Press, Oxford.

BAMFORD, M.K. & DE WIT, M.C.J. 1993. Taxonomic description of fossil wood from
Cainozoic Sak River terraces, near Brandvlei, Bushmanland, South Africa. Palaeontologia
africana 30: 71-80.

BENDER, P.A. & BRINK, J.S. 1992. A preliminary report on new large mammal fossil finds
from the Cornelia-Uitzoek site. South African Journal of Science 88: 512-515.

BOUSMAN, C.B. et al. 1988. Palaeoenvironmental implications of Late Pleistocene and
Holocene valley fills in Blydefontein Basin, Noupoort, C.P., South Africa. Palaeoecology of
Africa 19: 43-67.

BRINK, J.S. 1987. The archaeozoology of Florisbad, Orange Free State. Memoirs van die
Nasionale Museum 24, 151 pp.

BRINK, J.S. et al. 1995. A new find of Megalotragus priscus (Alcephalini, Bovidae) from the
Central Karoo, South Africa. Palaeontologia africana 32: 17-22.

BRINK, J.S. & ROSSOUW, L. 2000. New trial excavations at the Cornelia-Uitzoek type
locality. Navorsinge van die Nasionale Museum Bloemfontein 16, 141-156.

BUTZER, K.W., HELGREN, D.M., FOCK, G. & STUCKENRATH, R. 1973. Alluvial terraces of
the Lower Vaal River, South Africa: a re-appraisal and re-investigation. Journal of geololgy
81, 341-362.

CHURCHILL, S.E. et al. 2000. Erfkroon: a new Florisian fossil locality from fluvial contexts in
the western Free State, South Africa. South African Journal of Science 96: 161-163.

COOKE, H.B.S. 1949. Fossil mammals of the Vaal River deposits. Memoirs of the
geological Survey of South Africa 35, 1-117.

CORNELL, D.H., THOMAS, R.J., MOEN, H.F.G., REID, D.L., MOORE, J.M. & GIBSON, R.L.
2006. The Namaqua-Natal Province. In: Johnson, M.R., Anhaeusser, C.R. & Thomas, R.J.
(Eds.) The geology of South Africa, pp. 461-499. Geological Society of South Africa,
Marshalltown.

DE WIT, M.C.J. 1990. Palaeoenvironmental interpretation of Tertiary sediments at
Bosluispan, Namaqualand. Palaeoecology of Africa and the surrounding islands 21: 101-
118.

DE WIT, M.C.J. 1993. Cainozoic evolution of drainage systems in the north-western Cape.
Unpublished PhD thesis, University of Cape Town, Cape Town, 371 pp.

CSIR — January 2016
pg 21



DE WIT, M.C.J. 1999. Post-Gondwana drainage and the development of diamond placers
in western South Africa. Economic Geology 94: 721-740.

DE WIT, M.C.J. & BAMFORD, M.K. 1993. Fossil wood from the Brandvlei area,
Bushmanland as an indication of palaeoenvironmental changes during the Cainozoic.
Palaeontologia africana 30: 81-89.

DE WIT, M.CJ., MARSHALL, T.R. & PARTRIDGE, T.C. 2000. Fluvial deposits and
drainage evolution. In: Partridge, T.C. & Maud, R.R. (Eds.) The Cenozoic of southern Africa,
pp.55-72. Oxford University Press, Oxford.

DINGLE, R.V., SIESSER, W.G. & NEWTON, A.R. 1983. Mesozoic and Tertiary geology of
southern Africa. viii + 375 pp. Balkema, Rotterdam.

DU TOIT, A. 1954. The geology of South Africa. xii + 611pp, 41 pls. Oliver & Boyd,
Edinburgh.

HADDON, I.G. 2000. Kalahari Group sediments. In: Partridge, T.C. & Maud, R.R. (Eds.) The
Cenozoic of southern Africa, pp. 173-181. Oxford University Press, Oxford.

HELGREN, D.M. 1977. Geological context of the Vaal River faunas. South African Journal
of Science 73, 303-307.

KIBERD, P. 2006. Bundu Farm: a report on archaeological and palaoenvironmental
assemblages from a pan site in Bushmanland, Northern Cape, South Africa. South African
Archaeological Bulletin 61, 189-201.

KLEIN, R. 1980. Environmental and ecological implications of large mammals from Upper
Pleistocene and Hoocene sites in southern Africa. Annals of the South African Museum 81,
223-283.

KLEIN, R.G. 1984. The large mammals of southern Africa: Late Pliocene to Recent. In:
Klein, R.G. (Ed.) Southern African prehistory and paleoenvironments, pp 107-146. Balkema,
Rotterdam.

KLEIN, R. 2000. The Earlier Stone Age in southern Africa. The South African Archaeological
Bulletin 40, 107-122.

MACEY, P.H., SIEGFRIED, H.P., MINNAAR, H., ALMOND, J. AND BOTHA, P.M.W. 2011.
The geology of the Loeriesfontein Area. Explanation to 1: 250 000 Geology Sheet 3018
Loeriesfontein, 139 pp. Council for Geoscience, Pretoria.

MACRAE , C. 1999. Life etched in stone. Fossils of South Africa. 305 pp. The Geological
Society of South Africa, Johannesburg.

MEADOWS, M.E. & WATKEYS, M.K. 1999. Palaeoenvironments. In: Dean, W.R.J. &
Milton, S.J. (Eds.) The karoo. Ecological patterns and processes, pp. 27-41. Cambridge
University Press, Cambridge.

ORTON, J. 2012. Heritage impact assessment for a proposed solar energy facility on the
farm Hoekplaas near Copperton, Northern Cape, 32 pp. Archaeology Contracts Office,
University of Cape Town, Cape Town.

CSIR — January 2016
pg 22



PARTRIDGE, T.C. & SCOTT, L. 2000. Lakes and Pans. In: Partridge, T.C. & Maud, R.R.
(Eds.) The Cenozoic of southern Africa, pp.145-161. Oxford University Press, Oxford.

PARTRIDGE, T.C., BOTHA, G.A. & HADDON, I.G. 2006. Cenozoic deposits of the interior.
In: Johnson, M.R., Anhaeusser, C.R. & Thomas, R.J. (Eds.) The geology of South Africa, pp.
585-604. Geological Society of South Africa, Marshalltown.

PICKFORD, M. & SENUT, B. 2002. The fossil record of Namibia. 39 pp. The Geological
Survey of Namibia.

ROSSOUW, L. 2006. Florisian mammal fossils from erosional gullies along the Modder River
at Mitasrust Farm, Central Free State, South Africa. Navorsinge van die Nasionale Museum
Bloemfontein 22, 145-162.

SAHRA 2013. Minimum standards: palaeontological component of heritage impact
assessment reports, 15 pp. South African Heritage Resources Agency, Cape Town.

SCHNEIDER, G. & MARAIS, C. 2004. Passage through time. The fossils of Namibia. 158
pp. Gamsberg MacMillan, Windhoek.

SCOTT, L. 2000. Pollen. In: Partridge, T.C. & Maud, R.R. (Eds.) The Cenozoic of southern
Africa, pp.339-35. Oxford University Press, Oxford.

SENUT, B., PICKFORD, M., WARD, J., DE WIT, M., SPAGGIARI, R. & MORALES, J. 1996.
Biochronology of the Cainozoic sediments at Bosluis Pan, Northern Cape Province, South
Africa. South African Journal of Science 92: 249-251.

SIEBRITS, L.B. 1989. Die geologie van die gebied Sakrivier. Explanation of 1: 250 000
geology sheet 3020, 19 pp. Council for Geoscience, Pretoria.

SKEAD, C.J. 1980. Historical mammal incidence in the Cape Province. Volume 1: The
Western and Northern Cape, 903pp. Department of Nature and Environmental
Conservation, Cape Town.

SLABBERT, M.J., MOEN, H.F.G. & BOELEMA, R. 1999. Die geologie van die gebied
Kenhardt. Explanation to 1. 250 000 geology Sheet 2920 Kenhardt, 123 pp. Council for
Geoscience, Pretoria.

SMITH, A.B. 1999. Hunters and herders in the Karoo landscape. Chapter 15 in Dean,
W.R.J. & Milton, S.J. (Eds.) The Karoo; ecological patterns and processes, pp. 243-256.
Cambridge University Press, Cambridge.

THOMAS, M.J. 1981. The geology of the Kalahari in the Northern Cape Province (Areas
2620 and 2720). Unpublished MSc thesis, University of the Orange Free State,
Bloemfontein, 138 pp.

THOMAS, R.J., THOMAS, M.A. & MALHERBE, S.J. 1988. The geology of the Nossob and
Twee Rivieren areas. Explanation for 1: 250 000 geology sheets 2520-2620. 17pp. Councll
for Geoscience, Pretoria.

THOMAS, D.S.G. & SHAW, P.A. 1991. The Kalahari environment, 284 pp. Cambridge
University Press.

CSIR — January 2016
pg 23



WELLS, L.H. 1964. The Vaal River ‘Younger Gravels” faunal assemblage: a revised list.
South African Journal of Science 60, 92-94.

CSIR — January 2016
pg 24



