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Executive summary

The project involves undertaking an applicationEorvironmental Authorisation in the form
of the Basic Assessment (BA) for the proposed caoson of five road intersections and the
upgrading of 35 kilometers of existing gravel roadthin the Amathole District

Municipality, Eastern Cape.. This project will aiseludes the closure of seven informal
intersections with the National Route 2 (N2), whachrently pose a threat to oncoming
traffic due to their location.

The study area is underlain by rocks of the Karope8group. These include mudstones and
sandstones belonging to the Balfour Formation (uppst Adelaide Subgroup) as well as the
overlying Katberg Formation (Tarkastad Subgroup).

The flood planes of thBeaufort Group (Karoo Supergrouyovide an internationally
important record of life during the early diversdtion of land vertebrates. During its
deposition giant amphibians coexisted with diapsjtiles (the ancestors of dinosaurs, birds
and most modern reptiles), anapsids (which probaislyde the ancestors of tortoises) and
synapsids, the dominant group of the time whiclkuished the diverse therapsids (including
the ancestors of mammals). Rocks of the Beaufast@provide the world’s most complete
record of the important transition from early régggito mammals.

The palaeontology of the former Cis- and Transkgians is extremely understudied for
historic reasons.

During the Jurassic Period, vertical and inclinegitk like fissures in the earth’s crust opened
up and acted as feeders for the formation of theawic Drakensberg Group (Stormsberg
Group, Karoo Supergroup). Molten lava that cooled within the fissures forndederite

dykes. Other magma was injected under pressureebatadeeply buried horizontal
sedimentary strata and cooled to form extensivezbotal sills of dolerite, such as that which
extensively outcrops north west of Butterworth. &k does not contain fossils.

During March 2013 all four borrowpits were visitadd all gravel roads intended for upgrade
were driven or walked by Rob Gess, even those appsrsituated over dolerite (on account
that geological maps of the former Transkei tendeamprecise as was once again
demonstrated here) All relevant outcrops of sedtargrmrock were examined.

It is interesting that in the vicinity of Magalakgop, the official Geological survey map data
did not correctly reflect the boundaries of theassiliferous dolerite intrusion and potentially
fossiliferous Adelaide Subgroup, indicating thdiarece on these maps to perform desktop
assessments of the likelihood of palaeontologesburces within an area may be
misleading.

Survey of the road upgrades indicates that thessitarated on a combination of dolerite,
metamorphosed sediments of the Karoo Supergroupeeyly weathered sediments of the
Karoo Supergroup. Neither of these latter two wWeusd to be fossiliferous within the study
area.

The borrowpits are designed for the extraction eatered dolerite. Where these incidently
impinge on adjacent sedimentary strata these weradfto be metamorphically altered and
were not found to contain palaeontological resairce



It is therefore concluded that palaeontological resurces are extremely unlikely to be
disturbed during this project and no further palaeontological survey or mitigation will

be required.

Notwithstanding, should any suspected palaeontolatal material be disturbed during
works a qualified palaeontologist and/or the Eastar Cape Provincial Heritage
Resources Agency should be notified.
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Background

The project involves undertaking an applicationEorvironmental Authorisation in the form
of the Basic Assessment (BA) for the proposed caoBon of five road intersections and the
upgrading of 35 kilometers of existing gravel roadshin the Amathole District

Municipality, Eastern Cape.. This project will aiseludes the closure of seven informal
intersections with the National Route 2 (N2), whichrently pose a threat to oncoming
traffic due to their location.

Four of the proposed road intersections are localtaty the N2, near Magalakangga, within
the Amathole District Municipality, Eastern Capeproved roads in this district are needed
in order to facilitate movement in and between Makmngga, Mnyamanzane and eBika as
well as to create a single, strategically placéergection with the N2.

A further two proposed road intersections are ledatear Qhorha village. Improved roads in
this district are needed in order to facilitate mioent in and between eMambabala and
KuLeleyo.

A further proposed road intersection and associgtadel roads located near Ngxakaxa
village, are needed to facilitate safer movemenisscthe N2 and within the Sheshegu
villages.

Aggregate for the project is to be extracted frour fexisting borrowpits for which it is
hoped to obtain mining licences.



Geology

The study area is underlain by rocks of the Karopesgroup. These include mudstones and
sandstones belonging to the Balfour Formation (uppst Adelaide Subgroup) as well as the
overlying Katberg Formation (Tarkastad Subgroup).

The strata of th&aroo Supergroup were deposited within the Karoo sedimentary Basin,
which resulted from shortening and thickening & slouthern margin of Africa, with coeval
folding and uplift of the Cape Supergroup stratmglits southern margin. Lowermost Karoo
strata of the Dwyka and lower Ecca Groups werectdteby folding in the vicinity of the
Cape Fold Belt. Deposition was shifted from thetimem edge of the Agulhas Sea to the
increasingly freshwater, inland Karoo Basin. Therd0 Supergroup strata are between 310
and 182 million years old and span the Upper Cafbaus to Middle Jurassic Periods.
During this interval the basin evolved from an imdasea flooded by a melting ice cap, to a
giant lake fed by seasonal meandering (and at tbreeded) rivers. This lake steadily shrank
as it filled with sediment and the basin’s rateswibsidence stabilised. The land became
increasingly arid and was covered with wind blovandgtowards the end of its cycle. Finally
the subcontinent was inundated with basaltic laaaissued from widespread linear cracks
within the crust, to form the capping basalts & Brakensberg Group.

The uppeBalfour Formation (Adelaide Subgroup, Beaufort Group, Karoo Supergyo
mudstones and sandstones, were deposited duritgigise Permian. They consist of
sandstone layers deposited by meandering rivemgtaand associated flood levies, as well
as greenish and purplish mudstones deposited diloioding events on the adjacent flood
planes.

The Permotriassic boundary is situated within thpenmost Balfour Formation. This was
initiated by a massive extinction event that de¢eddife. Large scale extinction of the
dominantGlossopteridlora may account for a change of sedimentatiflected in the
overlying Katberg Formation.

The Katberg Formation (Tarkastad Subgroup, Bea@ooup, Karoo Supergroup) is
characterised by more abundant sandstones refidatjher erosion rates and a change to a
braided river system. Mudstones are dominated bpomamudstones indicative of a more
arid climate.

During the Jurassic Period, vertical and inclinegitk like fissures in the earth’s crust opened
up and acted as feeders for the formation of theawic Drakensberg Group (Stormsberg
Group, Karoo Supergroup). Molten lava that cooled within the fissures forntederite

dykes. Other magma was injected under pressureebatadeeply buried horizontal
sedimentary strata and cooled to form extensivezbotal sills of dolerite, such as that which
extensively outcrops north west of Butterworth.

Palaeontology

The flood planes of thBeaufort Group (Karoo Supergrouyovide an internationally
important record of life during the early diversdtion of land vertebrates. During its
deposition giant amphibians coexisted with diapstiles (the ancestors of dinosaurs, birds
and most modern reptiles), anapsids (which probaislyde the ancestors of tortoises) and
synapsids, the dominant group of the time whiclkuished the diverse therapsids (including



the ancestors of mammals). Rocks of the Beaufat@provide the world’s most complete
record of the important transition from early régggito mammals.

The Beaufort Group is subdivided into a seriesiotoatigraphic units on the basis of its
faunal content.

TheDicynodonAssemblage Zonextends into the lower Palingkloof Member of tipper
Balfour Formation. Characterised by the co-occurence of two thedapSicynodonand
Theriognathusthis zone demonstrates the Beaufort Groups gteditessity of vertebrate
taxa, including numerous genera and species ohdagnt, biarmosuchian, gorgonopsian
and therocephalian and cynodont therapsid Synapsigether with diverse captorhinid
Reptilia and less well represented eosuchian Repiimphibia and Pisces. Trace fossils of
invertebrates and vertebrates as welbasssopteridlora plants have also been described.
The lower Palingkloof Member provides importantdmnce regarding the fauna and flora,
immediately preceding the Permotriassic extincgeant which decimated the vertebrate
fauna and extinguished the diverse glossopteriatgla

TheKatberg Formation is coincident with theystrosaurusAssemblage ZoneThe
LystrosaurusAssemblage Zone contains a limited fauna survivimgpediately after the
Permotriassic extinction event. It is dominatedatsingle genus of dicynodoriystrosaurus,
which together with the captorhinid reptifrocolophon characterise this zone.
Biarmosuchian and gorgonopsian Therapsida do meiveuinto theLystrosaurus
Assemblage Zone, though therocephalian and cyn@ionherapsida exhibit moderate
abundance. Captorhinid Reptilia are reduced, homaveinprecedented diversity of giant
amphibians characterises this interval. Fossil fisitlipedes and diverse trace fossils have
also been recorded

The effects of the end Permian extinction eveniadse evident in the extensive and
important record of fossil plants present in thekeoof the Karoo. Whereas faunas of
Permian age are dominated by a wide range of sadg plants, the Glossopteridales (which
probably include the ancestors of modern gymnospamd ultimately angiosperms), this
group appears to have gone entirely extinct dutiegend-Permian extinction. The rocks of
the Karoo provide an unrivalled sequential recdrthese changes and the diversification of
other groups of plants in the aftermath of theretion. The strata of the Karoo basin have
also yielded fossil insects and insect leaf dantdgerange of ages.

Dolerite, being an intrusive igneous rock, corgaio fossils.

For historical reasons the Transkei region haseeh extensively surveyed from a
palaeontological point of view and remained urgdently a data vacuum. Work by Bordy
(Bordy 2010) revealed vertebrate palaeontologio&mial near Tsomo in the former
Transkei. Subsequent borrow pit surveys conducyetiib author have revealed plant fossils
throughout the former Transkei (Gess, 2011). Algtono fossils had previously been
recorded along the N2 route in this area, abundenébrate skeletal elements and trace
fossils were revealed during the site survey ferrttain N2 route (Gess, 2012), considerably
adding to the sparse knowledge of vertebrate ®f®im this understudied region
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Figure 4: Detailed map of proposed intersectiortsgravel road upgrades near Qhorha
village superimposed on geological survey data.

Figure 5: Detailed map of proposed intersectiortsgravel road upgrades near Ngxakaxa
village superimposed on geological survey data.
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Site Visit Observations

During March 2013 all four borrowpits were visitadd all gravel roads intended for upgrade
were driven or walked by Rob Gess, even those apfgrsituated over dolerite (on account
that geological maps of the former Transkei tendegdmprecise as was once again
demonstrated here) All relevant outcrops of sedtargrrock were examined.

Intersections

Gravel roads fed bintersections one and two and servicing Magalakangy
Mnyamanzane and eBika villages (fig.3), are aceaydd survey map information largely
underlain by the Butterworth sill.

During this survey it was conversely established the top of the ridge along the crest of
which the N2 (and gravel roads parallel to it) siteated, is capped by Beaufort Group
sediments variably altered by contact with the ulydeg dolerite intrusion. The routes of
these roads are only underlain by dolerite south@fine at point 2 (fig.3) (fig 6).

Roads parallel to the N2, north of this point, siteated on baked sediments, largely of
sandstone origin (figs 7-10). Thickly bedded samuistis visible in an old quarry a little to
the west of point 3 (figs, 3-Q, 8). An exceptiomiBere the land dips down slightly near
points 6 and 7 and the underlying dolerite is erpda$igs 11-12).

The road east to Magalakanqua descends into g/ \allgely carved into the Butterworth
sill.

No palaeontological material was observed in anhefsedimentary rocks in this area.

Figure 6: Dark russet colour dolerite boulders deem point 1 (fig.3).



Figure 7: Metamorphic alteration of ripple crossldhed sandstone at point 3 (fig. 3)

Figure 8. Boulders of sandstone at point 4 (fign3preground with coarsely bedded
sandstone in quarry (fig.3 Q) in middle distance
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Figure 9:Boulders of fine grained sandstone digdrtburing previous roadworks at point 5
(fig. 3)

Figure 10: Baked sandstone (above) and Lydianitggmorphosed mudstone) at point 8
(fig. 3)



Figure 11: Dolerite boulders exposed at pointd. (3).

Figure 12: Weathered dolerite exposed in quarpoatt 6 (fig.3).

Figure 13: Dolerite boulders lining the road atnp® (fig. 3).
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The gravel road east fromtersection 3, near Qhorha servicing Komkulu,similarly
consists of somewhat metamorphosed sandstone aifébuB Formation sediments on the
high ground (in this case in the west) (figs 14-167) overlying dolerite of the Butterworth
sill on the lower ground (in this case largelytie east) (fig. 18). Where Balfour Formation
mudstone has been deeply weathered between paamis 2, virtually no outcrop is available
(fig. 15). No palaeontological resources were sdeng this stretch of road.

Figure 14: Slabs of metamorphosed sandstone (abodefyeshly broken surface (below) at
point 1 (fig.4)

Figure 15: view of road between points 2 and 3 #ig



Figure 16: Sandy mudstone exposed at point 3 ffig.4

Figure 17: Mudstone (above) and underlying bakeds@ne (belowO at point 4 (fig. 4)
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Figure 18: Dolerite exposed at point 5 (fig. 4).

Deep weathering of Balfour Formation sedimentsiaicinity ofQuorha, adjacent to
intersection 4has resulted in a great paucity of rock outcrop.ohtcrop was found near the
gravel roads intended for upgrade north west ofNR€figs 19-21). Likewise very little
outcrop was encountered along the gravel roadecalith east of the N2, with one exception
(point 9, fig.4) where sandy mudstone is found gfate the road (fig. 22) and sandstone is
exposed in a small dam or flooded old borrowpd.@B). No palaeontological material was
encountered.

Figure 19: View of gravel road north west of pdinffig. 4).

Figure 20: View of gravel road south west of pair{tig. 4).



Figure 21: View of gravel road south east of p@&irttig.4).

Figure 22: sandy mudstone exposed in roadbankiat p¢fig. 4)

Figure 23: sandstone exposed in small flooded bagitaat point 9 (fig. 4)
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Gravel roads to be upgraded in the vicinity of Sheheguare situated on a hilltop of
weathered Katberg Formation (Tarkastad Subgroumd<&upergroup) sediments. These
offer very little outcrop. Leached greenish muds®are exposed in a culvert beside the road
at point 1 (fig. 5)(fig. 24), whereas greenish sdades are exposed in and beside the roadbed
between points 2 and 3 (fig.5) (figs 25-26). Nodewvice for palaeontological material was
found in any of these.

Figure 24: Leeched mudstone in roadside culvepbatt 1 (fig. 5)

Figure 25: Sandstone exposed in the roadbed at pdfiy. 5).

Figure 26: Impressions of mud chip lag depositindstone at point 2 (fig. 5).
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Borrowpits

All four borrowpits were examined. It was foundttiraall cases the aggregate being utilised
was weathered dolerite. Borrowpits 2 and 3 arasstliwell within the Butterworth sill and
do not impinge on any sedimentary strata (figs22g,

Borrowpit 1, situated within the Fish River canyiercut into a vertical dolerite dyke. This
dyke exploits a fault approximately 90 km long teatends from the Qora mouth to about 20
kilometers north west of the borrowpit. This hugalf and others parallel to it were formed
during the breakup of Gondwana. Mining at Borrowlpévoids the vertical wall of baked
sediment, which is somewhat altered through commetamorphism (fig. 27).

Borrowpit 4 is excavated into a horizontal dolesié Although dolerite is the target rock it
also impinges on overlying metamorphosed sedindritse Katberg Formation (Tarkastad
Subgroup, Karoo supergroup). These are howeverwbatenetamorphosed and
examination revealed no palaeontological matefigl 80).

Figure 27: Borrow pit one (above) showing weatheatel@rite at centre and baked sediments
of fault wall at left; altered Adelaide Subgrowgdgnents (below).



Figure 28: Weathered dolerite in borrowpit 2.

Figure 29: Weathered dolerite in borrowpit 3.
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Figure 30: Borrowpit 4: view of dolerite overlaiy baked sediments (top); weathered
dolerite (middle), and slightly metamorphosed Kageormation (Tarkastad Subgroup,
Karoo Supergroup) sediments (bottom).
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Conclusions and Recommendations

It is interesting that in the vicinity of Magalakgoma, the official Geological survey map data
did not correctly reflect the boundaries of theassiliferous dolerite intrusion and potentially
fossiliferous Adelaide Subgroup, indicating thdiarece on these maps to perform desktop
assessments of the likelihood of palaeontologesburces within an area may be
misleading.

Survey of the road upgrades indicates that thessitarated on a combination of dolerite,
metamorphosed sediments of the Karoo Supergroupeeyly weathered sediments of the
Karoo Supergroup. Neither of these latter two wWeusd to be fossiliferous within the study
area.

The borrowpits are designed for the extraction eatlered dolerite. Where these incidently
impinge on adjacent sedimentary strata these woeradfto be metamorphically altered and
were not found to contain palaeontological resairce

It is therefore concluded that palaeontological resurces are extremely unlikely to be
disturbed during this project and no further palaeontological survey or mitigation will
be required.

Notwithstanding, should any suspected palaeontolatal material be disturbed during
works a qualified palaeontologist and/or the Eastar Cape Provincial Heritage
Resources Agency should be notified.
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