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THE GEOLOGY OF THE WORCESTER AREA

Abstract

The Worcester Sheet comprises most of the area known as the Cape Syntaxis, the
area where the southern and western branches of the Cape Fold Beld meet and curve towards
the south-southwest. The area is characterised by rugged mountain ranges and wide, fertile
intermontane valleys, well known for fruit and grape cultivation.

The mountains are mostly formed of sandstones of the Palacozoic Cape Supergroup,
while the valleys are usually underiain by phyllite and greywacke of the Late Proterozoic
Malmesbury Group. The shaly Karoo Sequence also tends to underlie areas of subdued relief,
as in the northeastern part of the map bordering on the Karoo and in the southeast in the
Caledon and Bredasdorp regions.

Metasediments of the Precambrian Malmesbury Group are exposed in fault-bounded
valleys and erosional windows on the Worcester Sheet, and are correlated with similar rocks
belonging to the Tygerberg and Boland terranes of the Saldania Subprovince. The metasediments
are intruded by at least five major, composite granite plutons that are regarded as high-level
diapiric intrusions. They range in age from 630 to 500 Ma and were intruded during the late-
to post-tectonic phase, of the Saldania Orogeny.

The three groups of the Cape Supergroup are fully represented in the area. The
lower Table Mountain Group overlies the Malmesbury metasediments and granites
unconformably. It ranges in composition from conglomerate to sandstone and tillite. The
Bokkeveld Group is exposed in its type areas on the Worcester Sheet — the Warm and Cold
Bokkeveld around Ceres, and the Hex River Valley. Five upward-coarsening cycles representing
several coalescing delta lobes can be recognised. The Bokkeveld Group is overlain conformably
by the more arenaceous Witteberg Group which, like the Bokkeveld sediments, also contains
a variety of Devonian fossils.

Only the lower part of the Karoo Sequence is found in the map area. Deposition
was in a shallow, marginal, intracratonic marine basin. The glacial Dwyka Group at the base
of the Sequence is followed by the predominantly argillaceous Ecca Group.

Rocks of the Middle Jurassic to Lower Cretaceous Uitenhage Group occur in
remnant depositories along two westerly striking fault zones. The Worcester—Pletmos Basin line
represents the onland extension of the offshore Pletmos Basin southeast of Plettenberg Bay, and
the Bredasdorp Basin line in the Bredasdorp and Elim regions that of the offshore Bredasdorp
Basin.

The most important of the Cenozoic deposits are those of the Bredasdorp Group,
a sequence of marine to aeolian sediments of Pliocene to Late Pleistocene age. These highly
calcareous deposits are found along the coastline in the south between Bot River and the eastern
edge of the map. The Holocene Strandveld Formation is also regarded as part of the Bredasdorp
Group.

A wide variety of terrace gravels, scree, silcrete and ferricrete, soils and alluvium
cover the valley floors and mountain slopes throughout the area.

Apant from the granite intrusions in the Malmesbury metasediments, there are also
a large number of dolerite dykes older than the Jurassic Karoo Dolerites in the area, as well as
two olivine melilitite plugs that intrude the Mesozoic Enon Formation east of Robertson.



The basement sequence of Malmesbury Group rocks was deformed in late
Precambrianto Cambrian times by the Saldania Orogeny, which culminated before and continued
till after the intrusion of most of the Cape Granite Suite between 630 and 500 Ma ago. Cover
rocks of the Cape and Karoo Sequences were subsequently deformed by the Permo-Triassic Cape
Orogeny, which also produced strong overprinting in the basement in some areas. The Cape
Fold Belt developed as two contemporaneous arcuate belts that merge in the syntaxis domain
between Kleinmond and Ceres to produce northeasterly trending structures. Post-Jurassic normal
and strike-slip faults traverse the area in easterly, northwesterly and southwesterly directions.

Dolomite and limestone of the Malmesbury and Bredasdorp Groups are the only
mineral deposits mined in the map area. Notable deposits of kaolin and salt also occur, while
good quality brick clay is found throughout the area, especially in areas underlain by
Malmesbury, Bokkeveld, Witteberg and Ecca shales and phyllites.

Uittreksel

Die Worcesterblad beslaan die grootste gedeelte van die gebied wat bekend staan
as die Kaapse Sintaksis, die gebied waar die suidelike en westelike arms van die Kaapse
Plooigordel saamsmelt en suidsuidweswaarts buig. Die gebied word gekenmerk deur ruwe
bergreekse en uitgestrekte, vrugbare valleie wat bekend is vir die kweek van vrugte en druiwe.

Die berge bestaan meestal uit sandstene van die Paleosoiese Kaap Supergroep terwyl
die valleie gewoonlik onderlé word deur filliet en grouwak van die Laat-Proterosoiese
Malmesbury Groep. Die skalieryke Karoo Opeenvolging neig ook om gebiede van lae relief te
onderlé soos in die noordoostelike gedeelte van die kaarigebied aangrensend aan die Karoo en
in die suidooste in die Caledon- en Bredasdorpomgewing.

Metasedimente van die Voorkambriese Malmesbury Groep is in die Worcesterblad
blootgestel in verskuiwingsbegrensde valleie en erosievensters, en word gekorreleer met
soorigelyke gesteentes wat hoort tot die Tygerberg- en Bolandterrein van die Saldania
Subprovinsie. Ten minste vyf groot, saamgestelde granietplutone wat as hogvlak diapiriese
intrusies bestempel word, het die metasedimente ingedring. Die metasedimente, wat varieer in
ouderdom van 630 tot 500 Ma, is relatief tot die Saldania Orogenese laat- tot na-tektonies
ingedring.

Die drie groepe van die Kaap Supergroep is ten volle verteenwoordig in die gebied.
Die onderste Tafelberg Groep rus diskordant op die Malmesbury-metasedimente en -graniete.
Dit wissel in samestelling van konglomeraat tot sandsteen en tilliet. Die Bokkeveld Groep se
tipegebied is blootgesiel op die Worcesterblad — die Warm en Koue Bokkeveld rondom Ceres
en die Hexriviervallei. Vyf opwaartsgrowwerwordende siklusse wat verskeie saamgesmelte
deltalobbe verteenwoordig, kan herken word. Die Bokkeveld Groep word konkordant oorlé deur
die meer areniliese Wilteberg Groep wat, net soos die Bokkeveldsedimente, ook 'n
verskeidenheid van Devoonfossicle bevat.

Slegs die onderste gedeelte van dic Karoo Opeenvolging word in die kaartgebied
aangetref. Afsetting was in ’n vlak, marginale, intrakratoniese mariene kom. Aan die basis van
die Opeenvolging is die glasiale Dwyka Groep wat gevolg word deur die corwegend argillitiese
Ecca Groep.

Gesteentes van die Uitenhage Groep van die ouderdom Middel-Jura tot Onder-
Kryt kom in oorgeblewe afsettings langs twee weswaartsstrekkende verskuiwingsones voor. Die
Worcester—Pletmos-komlyn verteenwoordig die aanlandige verlenging van die aflandige
Pletmoskom suidoos van Plettenbergbaai, en dic Bredasdorpkomlyn in die Bredasdorp- en
Elimomgewing dié van die aflandige Bredasdorpkom.

Die belangrikste Senosoiese afsetting is die Bredasdorp Groep, 'n opeenvolging van

mariene tot eoliese sedimente van Plioseen- tot Laat-Pleistoseenouderdom. Hierdie hoogs
kalkryke afsettings word in die suide langs die kus tussen die Botrivier en die oostelike grens
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van die kaartgebied gevind. Die Strandveld Formasie van Holoseenouderdom word ook as deel
van die Bredasdorp Groep beskou. 'n Wye verskeidenheid van terrasgruis, puin, silkreet en
ferrikreet, grond en alluvium bedek valleivioere en berghange oor die hele gebied.

Afgesien van die granietintrusies in die Malmesbury-metasedimente word daar ook
*n hele aantal dolerietgange wat ouer as die Karoodoleriete van Jura-ouderdom is, asook twee
olivienmelilitietproppe wat die Mesosoiese Enon Formasie oos van Robertson indring, aangetref.

Die opeenvolging van vloergesteentes van die Malmesbury Groep is in laat-
Prekambriese tot Kambriese tye vervorm deur die Saldania Orogenese wat gekulmineer het voor,
maar aangehou het tot na die intrusie van die grootste gedeelte van die Kaap Graniet Suite
tussen 630 en 500 Ma gelede. Dekgesteentes van die Kaap en Karoo Opeenvolgingsis sedertdien
deur die Kaapse Orogenese van Perm-Triasouderdom vervorm. Dit het ook ’n sterk afdruk op
die vloergesteentes in sonunige gebiede gelaat. Die Kaapse Plooigordel het ontwikkel as twee
gelyktydige, gebog gordels wat saamsmelt in die sintaksgebied tussen Kleinmond en Ceres en
sodoende noordoosstrekkende strukture vorm. Af- en strekkingwaartse verskuiwings van Na-
Jura-ouderdom sny deur die gebied in oostelike, noordwestelike en suidwestelike rigtings.

Dolomiet en kalksteen van die Malmesbury en Bredasdorp Groepe is die enigste
delfstowwe wat in die kaartgebied gemyn word. Noemenswaardige afsettings van kaolien en sout
kom ook voor terwyl gaeie kwaliteit baksteenklei deurgaans gevind word, veral in gebiede wat
onderlé word deur skalies en fillicte van die Malmesbury, Bokkeveld, Witteberg en Ecca
Groepe.

1. INTRODUCTION

Sheet 3319 Worcester covers the area from latitude 33°S in the north to the
Atlantic coast between longitudes 19°E and 20°E, and includes portions of the
magisterial districts of Ceres, Piketberg, Tulbagh, Wellington, Paarl, Worcester,
Montagu, Robertson, Swellendam, Caledon, Hermanus and Bredasdorp. Geologically
it comprises most of the area known as the Cape Syntaxis (De Villiers 1956; SGhnge
and Hilbich 1983) where the western and southern branches of the Cape Fold Belt
meet.

The geology of the area was first depicted on a 1:238 000-scale geological map
of the Geological Commission of the Cape of Good Hope, compiled by Rogers,
Schwarz and Du Toit, and published in 1906. Subsequently, the Geological Survey
published a 1:125 000-scale map of part of the area (Sheet 3319 C Worcester/ 3419 A
Caledon), compiled and described by De Villiers, Jansen and Mulder (1964). The
present 1:250 000 Sheet 3319 Worcester is based on mapping by staff members of
the Geological Survey (1959-1988), the University of Stellenbosch (1941-1943) and
the University of Cape Town (1958-1976). The senior author revised many of these
maps and their stratigraphic subdivisions, and also mapped small areas that were still
outstanding.

Geological formations in the area range from the Late Proterozoic Malmesbury
basement through Palaeozoic Cape and Karoo cover rocks, to isolated outliers of the
Mesozoic Uitenhage Group, the Cenozoic Bredasdorp Group along the southern coast
and various Quaternary surficial deposits.

The topography of the area is dominated by the very prominent mountain ranges
of the Cape Fold Belt, separated by cultivated, wide intermontane valleys. The most
prominent ranges are the Langeberg, Hex River, Witzenberg, Skurweberg, Du Toits,
Drakenstein, Riviersonderend and Kleinriviers Mountains. The valleys of Ceres, the
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Hex River, Tulbagh-Worcester-Robertson, Franschhoek and Grabouw, as well as
the Rfiens area, south of the Riviersonderend and Bredasdorp Mountains, are
underlain mainly by Malmesbury phyllite and Bokkeveld shale. Northeast of Ceres,
in the Ceres-Karoo, rocks of the Karoo Sequence are exposed in a relatively flat,
semi-arid region resembling the greater Karoo.

The syntaxis, with its very high mountains, forms a prominent watershed between
rivers flowing west (Berg River), north (Olifants and Doring Rivers), east (Breede
and Riviersonderend Rivers), and south (Bot, Klein and Nuwejaars Rivers). Rivers
draining to the south, notably the Bot and Klein Rivers, display characteristics of
drowning, such as estuarine lagoons, at their mouths. The highest peaks occur in the
northern mountains where the Matroosberg reaches an elevation of 2 249 m above
sea level. In the southern mountains Akkedisberg is the highest at 847 m above sea
level. The valleys and low-lying arcas of Ceres, Tulbagh, Worcester, Robertson and
Villiersdorp are generally more than 1 000 n lower than the mountain peaks.

The climate is predominantly Mediterrancan, but temperatures and precipitation
are largely influenced by relief. Mean temperatures range between 6 and 36 °C, but
during winters the high mountains are capped with snow. Similarly, the rainfall -
mainly during winter — varies from less than 200 mm in the northeast to more than
3 000 mm in the mountains. The most important water-storage dams of the
southwestern Cape, like Vodlvlei, Brandvlei, Kwaggaskloof, Theewaterskloof and
Wemmershoek, are situated in the arca.

The natural vegetation of the arca consists mainly of Proteaceae, Restionaceae,
Compositae and Karoo-type plants such as the “renosterbos" (Elytropappus
riiynocerotis), while intruder plants such as Rooikrans (Acacia cyclops), Port Jackson
(Acacia cyanophylla) and Hakea (Hakea tenuifolia) are rapidly spreading.

2. GEOLOGICAL SEQUENCES

There are five main geological sequences exposed in the area (Table 2.1), namely
(1) the late Precambrian Malmesbury Group and associated intrusive Cambrian to
Namibian Cape Granite Suite that crop out in deeply incised valleys and on plains
west of the mountains, (2) the earlier Palacozoic Cape Supergroup which covers
almost 80 per cent of the map area, (3) the later Palacozoic Karoo Sequence in the
northeast, (4) the Mesozoic Enon Formation in the Worcester-Robertson Valley and
(5) the late Cenozoic Bredasdorp Formation in the south, and other surficial deposits.

3. MALMESBURY GROUP

The Precambrian Malmesbury Group, of which the main exposures are situated
west of the Worcester Sheet, was defined as such by Hartnady ef al. (1974). The
Malmesbury metasediments form part of the Saldania Subprovince which has been
divided into the Tygerberg, Swartland and Boland terranes separated by major
northwest-trending fault and shear zones (Fig. 3.1). The latter seem to extend
southeastwards onto the Worcester Shect, underneath cover rocks of the Table
Mountain Group, so that pre-Cape exposures in crosional windows and valleys of
Sheet 3319 are provisionally correlated with these terranes.

3.1 TYGERBERG TERRANE
The pre-Cape exposures east of Stanford and Baardskeerdersbos are correlated
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Table 2.1 — GEOLOGICAL UNITS ON THE WORCESTER SHEET

Quaternary Surficial deposits
to Tertiary Bredasdorp Group
Jurassic Uitenhage Group
Permian to KAROO SEQUENCE Ecca Group
Carboniferous Dwyka Group
Devonian to CAPE SUPERGROUP Witteberg Group
Ordovician Bokkeveld Group

Table Mountain Group

Klipheuwel Group

Wellington Pluton
Stellenbosch Pluton

Cambrian CAPE GRANITE Hermanus Pluton
to SUITE Robertson Pluton
Namibian Greyton Pluton
Worcester granite
Fragment/Pluton
Namibian Malmesbury Group

with the Tygerberg Formation because they appear to lie southwest of the extension
of the Saldanha—Franschhoek terrane boundary. The rocks are very poorly exposed
and completely overprinted by very intense deformation of the Cape Orogeny (see
later), so that correlations on lithological or structural grounds are extremely difficult.
In fact, the deformation is so intense that it is often not even possible to distinguish
between pre-Cape phyllites and tectonised shales of the Devonian Bokkeveld Group.
This problem is illustrated by the fact that phyllites south and southeast of
Viljoenshof, close to the southern extremity of the map, which were previously
mapped as Malmesbury (Spies ef al. 1963), are now thought to be Bokkeveld on
grounds of their apparently normal stratigraphic relationship to the Rietvlei Formation
in the Buffelsjagsberg (Malan 1985).

Exposures northeast of Baardskeerdersbos and south of the Salmonsdam Nature
Reserve are undoubtedly Malmesbury as they are intruded by granite, e.g. on
Zondags Kloof 672 and Toekoms 244. Correlation of the triangular exposure of
phyllite on Paapjes Valey 679, southwest of the Zondags Kloof occurrence, is still
in question. It apparently follows normally on the Rietvlei Formation to the south,
but there is clear evidence of faulting in this area. Consequently, the highly tectonised
phyllites are thought to be related rather to the adjoining exposure of Malmesbury
to the northeast.

The Malmesbury rocks northeast of Baardskeerdersbos occur mainly as highly
weathered, brown, yellow or reddish, sericitic to chloritic phyllites, with minor fine-
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SWARTLAND TERRANE BOLAND TERRANE

Piketberg-Wellington
fault zone

Saldanha-Franschhoek
Fault zone|

TYGER
BERG
TERRAN

Tygerberg Fm

Fig. 3.1 - Schematic block diagram of probable spatial relationships between
formations of the Malmesbury Group (adapted from Hartnady ef al. 1974).

grained greywacke, in stream beds or road cuttings. The phyllites display at least
two or three different cleavages, the two youngest of which appear to be related to
the Cape Orogeny. Bedding is hardly ever preserved. In the contact aureole of granite
intrusions the phyllites are hornfelsic and more resistant to weathering.

3.2 BOLAND TERRANE

The Saldanha—Franschhoek and Piketberg—Wellington Fault zones appear to
converge towards the southeast (Fig. 3.1) and join somewhere in the region of
Franschhoek (cf. Hartnady 1985, p. 11). This means that the Swartland terrane
effectively wedges out in this direction and that the Boland and Tygerberg terranes
should be juxtaposed farther southeast. This would further imply that the
Franschhoek, Villiersdorp, Stettynskloof and Slanghoek areas also fall within the
Boland terrane. De Villiers et al. (1964) apparently came to the same conclusion but
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they correlated all these pre-Cape exposures, including parts of the present-day
Porterville Formation northeast of Wellington, with the "Klipheuvel Formation".
These rocks do not resemble the Klipheuwel Group proper, which, to the west of
the present map area, overlies the Porterville Formation unconformably at
Heuningberg and southeast of De Hoek (Visser et al. 1981).

Five formations can be recognised in the Boland terrane, as defined here. They
are the Porterville and Piketberg Formations in the Riebeek West—Piketberg region,
the Franschhoek Formation in the Franschhoek-Villiersdorp—Riviersonderend region,
the newly defined Norree Formation in the Robertsonr—Swellendam region and the
Brandwacht Formation between Worcester and Robertson. The proposed relationships
between the various formations in the Boland terrane are illustrated in Figure 3.2.
One of the five formations mentioned, namely the Piketberg Formation, occurs to the
northwest, beyond the limits of Sheet 3319.

(WEST) Cratonword direction?
—,  EAST)
WAL L it it s el o

- / iz

? ? ? ? ?

SWARTLAND TERRANE

LEGEND
Nb : Brandwacht Formation—conglomerate, greywacke

Npo: Porterville Formation - phyllite, greywacke
Nro : Norree Formation - greywacke, quartzite , phyltite
Np : Piketberg Formation - grit, conglomerate, greywacke

Nf : Franschhoek Formation — quartzite , conglomerate, subgrey-
Limestone /dolomite wacke
Quartzite

b eEERENE

Fig. 3.2 - Proposed reiationships between the formations of the Malmesbury
Group in the Boland terrane.

Dunlevey (1984) provides evidence that the Robertson, Greyton—Riviersonderend
and Swellendam Granite Plutons are diapiric intrusions in the Malmesbury
metasediments. However, he incorrectly correlated the pre-Cape sediments, in the
Worcester—Swellendam mountain foreland and at Greyton, with the Swartland terrane.
It now transpires that it is in fact rocks of the Boland terrane into which granite
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plutons in these areas are intrusive — a fact hitherto not realised. Up until now the
Boland terrane has been regarded as a "granite-free" metasedimentary sequence. The
Franschhoek Formation itself is intruded by many quartz-porphyry dykes and bodies
related to the late phase of Cape Granite intrusion (Dunlevey 1981). The Norree
Formation is intruded by the Robertson and Swellendam Plutons (the latter to the east
of the map area), and the Riviersonderend inlier by the Greyton Pluton. The age of
these granites is of the same order as that of the Franschhoek and Saldanha quartz
porphyries (Burger and Walraven 1976). There are no known granite intrusions in
the Boland terrane west of Worcester, other than a quartz-porphyry dyke northeast
of Botha Siding (De Villiers et al. 1964). However, there are unpublished reports —
based on drilling results of mining companies — of granite intrusions in the western
part of the Boland terrane, north of Piketberg, on Sheet 3218 Clanwilliam.

One notable unifying feature of the entire Boland terrane as defined here, is
widely distributed greenstone dykes, sills and plugs, as well as slightly younger
dolerite dykes (Chapter 3.2.5). Although there are also greenstones and lavas in the
Swartland and Tygerberg terranes, they are much more localised in their distribution
and, probably, also older than most of the Boland terrane greenstones.

3.2.1 Franschhoek Formation

The Franschhoek Formation was originally defined in the Franschhoek Valley,
extending thence northwestwards into the Agter Paarl region, beyond the limits of
the present map. There is, however, good reason for including certain other pre-
Cape inliers, namely those at Kaaimansgat (V illiersdorp), Wemmershoek,
Stettynskloof and Riviersonderend, in the Franschhoek Formation. These occurrences
all comprise massive-looking quartzite, conglomerate, slate and phyllite. The quartzite
is either grey or brown when fresh, weathering into lighter colour, whereas the
conglomerate and slate tend to be either green, reddish or purplish when fresh. Some
of the quartzites have been described as "subgreywacke" (De Villiers et al. 1964),
consisting of angular, unsorted quartz grains in a fine-grained sericitic matrix. Other
quartzites are white, coarse to very coarse feldspathic rocks. The conglomerate is
polymictic and consists of pebbles, cobbles and boulders — up to 30 cm in diameter —
of quartz, various metasedimentary rock types, quartz porphyry, lava and hornfels.
Due to deformation these rocks are usually strongly folded and cleaved, and pebbles
are distinctly oriented and elongated.

Some earlier investigators propagated a possible pre-Franschhoek basement in
the Franschhoek Valley. Hartnady (1969) remarked on the sheared and brecciated
nature of the gneissic granite underlying Franschhoek conglomerates south of
Franschhoek. He suggested that this granite, like the sheared granite thrust over the
Brandwacht Formation at Worcester and perhaps even the peripherally sheared
"Robertson Granite", could represent pre-Malmesbury granitoids. Dunlevey (1983)
also advocated a pre-Malmesbury basement at Franschhoek on grounds of a
"sedimentary contact” recognised in a section of core. However, considering the
intense deformation observed everywhere in the Franschhoek (Hartnady 1969) and
also in the "sediments” in contact with the granite in the core section mentioned, it
is very doubtful that it represents a normal, undisturbed sedimentary contact.



3.2.2 Norree Formation”

The Norree Formation is a newly defined stratigraphic unit in the Boland terrane.
It occurs in the area between Nuy and Swellendam, between the Table Mountain
Group outcrops in the north and the Worcester Fault in the south. Although the name
is used here for the first time, rocks of this Formation have previously been mapped
by various geologists including De Bruyn et al. (1974), Toogood (1976) and, partly,
also Hartnady (1969).

The Norree Formation consists of phyllite, medium-grained to gritty greywacke,
feldspathic and sericitic quartzite, limestone, dolomite, and felspathic and calcareous
grit. With the exception of the calcareous rocks, it closely resembles the lithologies
of the Franschhoek Formation. Furthermore, excluding the more massive quartzitic
horizons, the Norree Formation also bears a certain resemblance to the Piketberg
Formation, which occurs to the northwest of the present map area. It is therefore
tentatively suggested that the three formations may have a facies relationship as
depicted in Figure 3.2. There appears to be a transition zone, containing an
intercalated quartzitic and calcareous facies, between the Porterville pelites and the
underlying Norree and Piketberg Formations. The calcareous-quartzitic Norree
Formation could represent a near-shore, littoral facies which grades into a calcareous-
pelitic, deeper-water (shelf) facies towards the south.

In the region between the Hex River and Noree, west of Robertson, greywackes
and phyllites underlying the Brandwacht Formation, formerly called the "Glen Heatlie
Formation" by Hartnady (1969) and included in an undifferentiated Malmesbury
sequence by Toogood (1976), are now regarded as forming part of the Norree
Formation. Quarizitic and calcareous horizons appear to interfinger with the
greywacke and phyllite in the Noree-Vink area (De Bruyn e al. 1974;
Toogood 1976). Quanzites at Waaihoek, Mitchell’s Pass, Botha Siding and in
Slanghoek, between Worcester and Wolseley, seem to underlie the Porterville pelites
and wackes and are also included in the Norree Formation. A sequence of rocks
cropping out between Gouda and Wellington, west of the Elandskloof and Limiet
Mountains, contain many quartzitic horizons resembling those at Waaihoek, and they
are therefore also tentatively regarded as part of the Norree Formation. These rocks
were previously named "Vogelvlei greywacke and quanzite” by Rabie (1974), but
Visser et al. (1981) failed to distinguish them from the rest of the Porterville
Formation. Also included in this succession is the concordant Voélvlei greenstone
body, a highly altered volcanic rock consisting of chlorite, quartz, calcite,
saussuritised feldspar, actinolite, apatite and iron-oxides. These rocks, as well as all
those mentioned in the Worcester—Wolseley area, were previously correlated with
Franschhoek rocks by De Villiers ef al. (1964), but under the name of the Klipheuwel
Formation.

Clearly there are good reasons to distinguish these rocks from the rest of the
Porterville Formation, but whether they can, in fact, be correlated with the
Franschhoek Formation still needs to be ascertained. Once again, it appears highly
likely that the Franschhoek, Piketberg and Norree Formations are facies of the same
succession (Fig. 3.2).

“ Not yet approved by SACS



A problem was also encountered in classifying the Greyton—Riviersonderend inlier
of pre-Cape rocks, which are presently included with the Franschhoek Formation
because of the absence.of calcareous rocks. However, the association of greywacke,
quartzite and pelites, intruded by granite, is almost identical to the Robertson and
Swellendam occurrences.

3.2.3 Porterville Formation

The Porterville Formation is only found in the northwestern corner of the map,
north of Saron and northwest of Wellington, as well as in the Tulbagh Valley as far
south as Botha Siding. It consists predominantly of phyllitic shale and fine- to
medium-grained greywacke. The unit displays a rapid alteration of the two main
lithologies, giving it a characteristic banded appearance. There is, however, no
grading, but cross-lamination has been preserved in a number of places where
cleavage development is less intense, as for example at Artois, between Tulbagh and
Wolseley. The Porterville shales are generally bluish grey to black when fresh, but
weather to brown and buff colours. Sericite is developed in the phyllitic shale. The
greywackes consist of quartz, albite, muscovite and microcline with about 50 per
cent clay matrix.

3.2.4 Brandwacht Formation®

The Brandwacht Formation, defined by Hartnady (1969) in the area immediately
north of Worcester, had already been recognised as a distinctive lithological unit in
the early 1940s (De Bruyn ef al. 1974). The broad band of conglomerate occurring
in a syncline northwest of Noree and Vink (Toogood 1976) is here regarded as part
of the Brandwacht Formation, following the work of De Bruyn er al. (1974).
Hartnady (1969) found that the Brandwacht Formation of Worcester was also
preserved in a synclinal structure, resting on older rocks with a basal conglomerate.
This basal unit is up to 100 m thick and possibly represents a type of tectonic
mélange associated with a major slide or thrust surface.

The Brandwacht Formation comprises a very distinct lithological association
consisting of greywacke and pelite, with interbedded conglomerate and volcanics. The
greywackes are greenish grey to dark grey when fresh but weather to a drab brown.
They usually consist of angular quartz grains in a quartz-sericite-chlorite matrix.
Graded bedding is characteristic and the greywackes range from ruditic through
arenaceous to fine-grained shale varieties. The conglomerates form poorly sorted,
irregular lenses and contain quartz, greywacke and slate clasts.

The metamorphosed Brewelskloof " Andesite Member" (Hartnady 1985) consists
of a concordant greenstone body in the upper part of the Brandwacht Formation. This
rock has variously been described as diorite (De Bruyn et al. 1974), biotite-eucrite
(De Villiers e al. 1964) and metabasalt (Hartnady et al. 1974). Hoal (1978) called
it a meta-andesite, and described extrusive textures and deformed amygdales.

3.2.5 Greenstones of the Boland terrane

Greenstones in the Boland terrane consist either of large concordant bodies,

" Not yet approved by SACS
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deformed with the enveloping rocks during pre-Cape tectonism, or of younger
intrusive dykes, sills or plugs that were only aflected by the Cape Orogeny. The two
main concordant bodies are the ones at Voélvlei and at Brewelskloof.

The Voélvlei greenstone is about 5 kin long and crops oul along the western
shores of the Voélvlei Dam where it is in sharp contact with Robertson shale and
phyllite. This greenstone was compared with the Bridgetown-type volcanics, northwest
of the present map area, by Visser ef al. (1981). It exhibils extensive calcification
(Fig. 3.3), chertification, manganisation and ferruginisation, and these alteration
products penetrate the surrounding shale to a distance of about 6 m. Pyroclastic
lextures may be present, but are difficult to recognise as a result of alteration and
tectonism. The fresh rock is dark green to grey, and fine grained. Its original
mineralogy has been obliterated and it prescntly consists of chlorite, quartz, calcite,
saussuritised albitic feldspar, actinolite, apatite and iron-oxide minerals. An ophitic
texture can still be recognised in places.

f 4
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Fig. 3.3 - Pink, replacement carbonate lens in Voélvlei greeastones.
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The Brewelskloof greenstone is an early tectonic, intrusive or extrusive
(Hoal 1978) concordant body in the upper Brandwacht Formation north of Worcester.
The greenstone has been cleaved and deformed with the metasedimentary envelope
and exhibits low-grade, greenschist-type metamorphism. Highly sheared rock consists
mostly of chlorite, calcite, quartz and magnetite/ilmenite, but in porphyritic varieties
biotite, plagioclase (An 70-96), altered pyroxene and apatite form the main
constituents, with secondary minerals such as chlorite, magnetite/ilmenite, quartz,
epidote, calcite, sericite and tremolite.

In the same vicinity the Brandwacht Formation contains many concordant dykes
or sills related to the Brewelskloof "Andesite Member", as well as other rock types,
regarded as quartz felsites by De Bruyn ez al. (1974) and-as possible dacitic tuff by
Siegfried (1984). The latter consists of angular fragments of quartz and plagioclase
in a sericitic matrix. Some of the altered fragments resemble shards. The rock
weathers white and is obviously highly sheared. This prompted Hartnady (1969) to
call it a mylonite, although Siegfried (1984) could still recognise a gradation from
coarse to fine grained towards its contacts. Greenstone rafts have also been noted in
the granitic thrust sheet north of Worcester (Hoal 1978).

The Tulbagh—~Winterhoek greenstone dykes and plugs, or "Tulbagh Metadolerite
Swarm” (Hartnady 1985), were originally divided into two types by Visser et al.
(1981). They distinguished between deformed Bridgetown-type dykes and less-
deformed Kleinviei-type dykes, but there are no other differences. The dykes have
concordant as well as cross-cutting relationships to the Malmesbury tectonic grain,
but even the discordant ones have undergone varying degrees of deformation along
strike. They also display chilled contacts, xenoliths and contact metamorphism of the
host rock.

The greenstones are very similar to the ones already described and vary from fine-
to coarse-grained and pyroclastic types. The fine-grained ones consist mostly of
chlorite and altered feldspar. Coarser-grained, less-deformed varieties are composed
of plagioclase, augite/pigeonite, hornblende, uralite, quartz, chlorite, apatite, calcite
and iron-oxide minerals. Pipe-like bodies consist of wff and lava with a prominent
flow texture, and angular to rounded clasts of quartz and chert. Greenstone bodies
between Robertson and Swellendam are correlated, by the present authors, with the
Tulbagh—Winterhoek occurrence.

The Klapmuts—Franschhoek greenstones oceur as dykes and plugs in the
Franschhoek Formation and granites of the Stellenbosch Pluton (Siegfried 1985).
Three dykes and two plugs occur on line between Klapmuts, Pniel and Keerwedernek,
south of Franschhoek. One of these is 5 m wide and at least 200 m long. Their strike
parallels the general northwesterly trend of major faults in the area. A single dyke
occurs 7 kin southeast of the Wemmershoek Dam and another plug is situated on
Dwarsberg, 13 km south of Rawsonville. These rocks have been described as tuff,
feldspathic rhyolite and amygdaloidal andesite by Truter (1949), while a gabbroic
variety is also present. The greenstones are generally greenish grey and fine grained,
and consist now mostly of chlorite, plagioclase, epidote and secondary silica.

33 DEPOSITIONAL ENVIRONMENT AND AGE
The stratigraphic rclationships between the stratigraphic units of the three

northwest-trending tectonic terranes of the Malmesbury Group (Fig. 3.1) are still
unknown. It is not clear whether they represent the products of a single depositional
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system, or of separate depositional systems that were subsequently juxtaposed by
lateral and/or vertical crustal movements.

The Tygerberg Formation is typified by regular alternations of shale, greywacke
and impure quartzite with a few thin, impure limestone and conglomeratic beds. The
flysch-type deposits are clearly of turbidite origin and accumulated either in a
continent-rise/ocean-trench environment (Hartnady et al. 1974; Tankard ef al. 1982),
or as submarine fans at the foot of the continental slope in a tectonically active
environment (Von Veh 1983).

Sediments of the Swartland terrane — not represented on the Worcester Sheet —
have been likened to more proximal eugeosynclinal deposition by Tankard et al.
(1982). Hartnady (1985) speculated on the possibility that sediment accretion and
intense, localised polyphase deformation within a subduction complex was
represented. In this scenario, the Swartland-Boland terrane boundary may represent
a geosuture with the mafic volcanics of the Bridgetown Formation (Fig. 3.1) being
disrupted relics of oceanic crust.

The highly variable succession of phyllite, greywacke, conglomerate, limestone,
chert and arkosic sandstones of the Boland terrane has been compared to shallow
marine-shelf deposition in a miogeoclinal setting (Hartnady 1985; Stump 1976) or
submarine-fan sedimentation (Tankard er al. 1982). Tankard er al. (1982, p. 305)
apparently considered the Franschhoek Formation, or part thereof, as belonging to
the Boland terrane and thought that it had some similarities to braided fluvial
sediments.

The general concept of Malmesbury sedimentation has always been one of a
geosynclinal basin fringing the western and southern margins of the Kalahari Craton.
The “present correlation scheme (Fig. 3.2) is based on the possibility that the
Franschhoek and Piketberg Formations are related and represent coarser, fluvio-
marine sediments at the base of the Boland succession, deposited along a highly
irregular, northeastward-transgressingcoastline. The subarkosic to arkosic sandstones
are thought to be derived from the crystalline basement to the northeast. The shelf-
and shoreline-related sandstone-limestone gradational facies of the Piketberg and
Norree Formations grade upwards into the deeper-water Porterville pelites and
greywackes. The overlying Brandwacht Formation may represent deltaic sediments
deposited during a subsequent regressive episode. Alternatively it could be an
allochthonous, tectonically emplaced wedge of an adjoining terrane (Hartnady 1969,
1985). A better understanding of the age and nature of the Brewelskloof andesites will
perhaps shed new light on the nature and origin of the Brandwacht Formation.

The age of the Malmesbury Group, or of the various terranes of the Saldania
Subprovince, is still highly speculative. Likely it is related to the Gariep Sequence
which overlies basement gneiss unconformably in southern Namaqualand. The age
of the basement, 1 000-1 200 Ma (Burger and Coertze 1973; Clifford er al. 1975),
places an upper limit on the age of the Malmesbury, while the age of the intrusive
Cape Granite Suite, +630-500 Ma (Schoch and Burger 1976; Burger and
Walraven 1976), can be regarded as a lower limit.

4. KLIPHEUWEL GROUP

The name "Klipheuwel Beds” was first used by Haughton (1933), who assigned
it to a succession of sedimentary rocks in the western Cape that is younger than the
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Malmesbury Group and older than the Cape Supergroup. Although the Klipheuwel
and Table Mountain successions are conformable in places, they are separated by an
unconformity on a regional scale (Visser 1967). De Villiers et al. (1964) correiated
most of the pre-Cape outcrops in the Worcester, Tulbagh and Slanghoek Valleys, and
west of the Limiet Mountains, north of Wellington, with the "Klipheuwel Formation”.
Most of these exposures are now thought to belong to the Porterville and Norree
Formations.

Only one small outcrop of reddish conglomerate at the northern end of the
Slanghoek Valley, west of the road on Witte Else Boom 214, is now still regarded
as proper Klipheuwel. The conglomerate is very poorly sorted and contains clasts of
quartzite, vein quartz and purple shale. The quartzite clasts are rounded lo
subrounded and up to 15 em in diameter, but the quartz and shale clasts are angular
to flaky. It is a clast-supported conglomerate with only a small proportion of gritty
matrix.

Similar outcrops of red to purple conglomerate, sandstone and shale are found at
Riebeek West and Heuningberg, some 30 to 50 km northwest of Slanghoek on the
Cape Town Sheet. The conglomerates at Slanghoek and Heuningberg are almost
identical and are assigned to the Magrug Formation of the Klipheuwel Group.

The Klipheuwel Group is thought to have been deposited as alluvial-fan and
lacustrine deposits during block faulting or rifting at the end of the pre-Cape (late
Pan-African) orogenesis (Tankard ef al. 1982).

5. CAPE SUPERGROUP

The three groups of the Cape Supergroup (Table 2.1) are fully represented. They
cover large portions of the map area where, due to the generally rugged relief, good
exposures are found. One exception is the basal contact of the Supergroup which is
often covered beneath seree and/or soil. The best exposures of the marked
unconformity between the Cape Supergroup and the highly deformed Malmesbury
Group occur at Klein Winterhock, Snecugat and Bellevue Peak, north of Tulbagh,
along the slopes of the Waaihoek Mountains and at the entrance to Hexrivierpoort
on New Glen Heatlie 183. The unconformity between the Cape Supergroup and the
Cape Granite is clearly visible at the foot of Witteberg near the hotel in the Du
Toitskloof Pass, along the mountain slopes northeast of Wemmershoek Dam and in
the Langeberg Range north of Robertson.

5.1 TABLE MOUNTAIN GROUP
5.1.1 Piekenierskloof Formation

In its type area to the northwest of the Worcester Sheet the Piekenierskloof
Farmation, which occurs at the base of the Table Mountain Group, is typically
conglomeratic. Rocks that could be assigned to this unit are only sporadically
developed in the northwesternmost portion of the present map area. In most instances
these basal rocks consist of medium- to coarse-grained, thick orthosandstone beds
with thin, intercalated, gritty (vein quartz) and purplish shale layers. Rudites do
become more prominent in the Slanghoek area, west of Worcester, probably reflecting
a local basement high. Here, on farms like De Hoek 399 and Slanghoeksberg 409,
coarse polymictic conglomerate with rather angular clasts of quartzite, quartz por-
phyry, chert, and pelite fragments of Malmesbury derivation, is found. Although its
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thickness exceeds 50 m in places, it is not shown on the map because of its limited
outcrop width, due to steep topography.

5.1.2 Graafwater Formation

This Formation has transitional boundaries with both the underlying
Piekenierskloof Formation, where developed, and the overlying Peninsula Formation.
It comprises purplish to reddish, thin-bedded sandstone, silistone and mudstone,
characterised by ripple marks, mud cracks, bioturbation and trace fossils (Fig. 5.1).
At Porterville the Graatwater Formation just exceeds 100 m but there is an overall
lateral facies change southwards. At the entrance to the Vier-en-twintigriviere ravine,
on Drie Das Bosch 18, the lower mudstone-siltstone sequence has thinned markedly
and farther south, along the Limiet Mountains on Palmiet Valley 54, the Graafwater
Formation totals a mere 25 m. The unit is also recognisable in the Groot Winterhoek
Mountains and just south of Mitchell’s Pass on Ons Rus (Tul. Q. 3.37 294). The
thinning of the Formation and its intermittent exposure constrain its accurate
delineation — on this scale — along the slopes of the Witzenberg Range. At Waaihoek
(Zeebas Bosch 192), northwest of Worcester, lenticular purple-red siltstone and
mudstone units wedge out against pre-Graafwater topography (Rust 1967).
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Fig. 5.1 - Desiccation cracks in the Graafwater Formation on Voorberg,
Porterville.

Thin, lenticular reddish siltstone and mudstone, some with organic traces, mud
cracks and ripple marks, occur intermittently within the lowermost white
orthosandstone beds of the Peninsula Formation in the mountain ranges near
Franschhoek, but not in the Du Toitskloof and Stettynskloof Mountains.
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5.1.3  Peninsula Formation

The Peninsula Formation consists of predominantly planar-bedded, light-grey,
coarse-grained quartzitic sandstone, with occasional thin layers or stringers of vein-
quartz pebbles, particularly towards its base and top (Fig. 5.2). From Du Toitskloof
northwards black and white chert pebbles become more frequent (Rust 1967).

Fig. 5.2 - Thickly bedded, coarse-grained quartzitic sandstone of the Peninsula
Formation in Du Toitskloof resting unconformably on granite.

Although feldspar occurs throughout, it is rather inconspicuous. The succession
is generally thickly bedded with isolated bioturbated zones, biogenic trails and rare
arthropad traces. Large-scale tabular cross-bedding becomes prominent in places, for
example along the coast at Hermanus, especially near the New Harbour. Oceasional
shale and siltstone beds, up to 1 m thick, also occur. The Formation varies from a
maximum thickness of approximately 2 000 m in the north to 900 m in the south.

The upper contact of the Peninsula Formation varies from a normal, sharp,
concordant contact to a gradational one. Its uppermost beds occasionally display a
zone of complex intraformational folds, the "Fold Zone™, which may extend for more
than 100 m into the Peninsula Formation,

5.1.4  Pakhuis Formation

The Pakhuis Formation in this area comprises three members which are not

distinguished on the map. The close relationship between the underlying "Fold Zone"
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and the occurrence of the basal Snceukop Member of the Pakhuis Formation
necessitates its description here. In the map area the soft-sediment deformation
associated with the "Fold Zone" seems to diminish gradually towards the southeast.
Its morphology and origin have been extensively discussed by Haughton et al. (1925),
Rust (1967, 1981) and Blignault (1981). Ubiquitous characteristics, well displayed
at Gevonden 522 (Rawsonville), Slanghoek Peak, Franschhoek Pass and Groot
Hoek 70 (De Doorns), are sharp, narrow, cuspate anticlinal folds alternating with
broad-bottomed synclines with near-vertical or even overfolded flanks (Fig. 5.3). The
resultant canoe-shaped structures attain maximum dimensions of 200 to 300 m across
and have their long axes oriented mainly north-south.
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Fig. 5.3 - Narrow, cuspate anticlinal folds separated by broad-bottomed synclines
in the fold zone, Pakhuis Formation on Limietberge, Bainskloof.

Diamictite of the Sneeukop Member, a lithic quartz arenite with abundant faceted
and striated erratics, is restricted to the synclines of the "Fold Zone"' and therefore
has a most irregular distribution and thickness. The diamictite, which is rather
structureless and weathers reddish brown, rarely exceeds 70 m in thickness. Erratics
vary considerably in size and consist mainly of quartzite and other resistant
sedimentary and metamorphic rock types such as chert, black siltstone, blue and white
vein quanz, and rare jasper and chalcedony. Evidently these clasts underwent pre-
glacial rounding. Accessible, well-exposed outcrops occur in Franschhoek Pass,
Mitchell's Pass and on De Molen Rivier 294, some 25 km north of Ceres. Clastic
dykes (Blignault 1981) and patterned ground (Daily and Cooper 1976; Hobday and
Tankard 1978) have also been described from this unit.
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Both the "Fold Zone” and the "enclosed” diamictite of the Sneeukop Member
were very conspicuously truncated by a phase of intraformational erosion. This was
followed by local redeposition of water-sorted sediments — the Oskop Member — at,
amongst others, Wellington Snceukop, Slanghoek Peak, Wemmershoek Forest
Reserve and in the Franschhock and Hex River Mountains. This orthosandstone unit
is usually indistinctly or thickly bedded and lenticular in habit. It contains
conglomerate lenses within upward-coarsening cycles. The upper surface of the
sandstone of the Oskop Member is frequently marked by current ripples with variable
flow directions and, north of the map area, by glacial striae (Rust 1967, 1981).

The Oskop Member is conformably averlain by a thin, dark bluish-green, poorly
bedded quarnzose diamictite, the Steenbras Member, seldomly more than a few metres
thick. The latter also contains striated and faceted erratics, mostly of quartzite and
vein quartz, but also some less-resistant types. The Steenbras diamictite differs from
the Snecukop diamictite in being darker coloured, and in having a greater percentage
of clay matrix and a smaller proportion of erratics.

The rarely exposed upper contact of the Pakhuis Formation is probably gradational
into the overlying Cedarberg Formation. However, at Wellington Sneeukop, the
Kweekkraal Mountains — north of Villiersdorp — and in the Hex River Mountains —
north of De Doorns - the contact is sharp.

5.1.5 Cedarberg Formation

The smoothly weathered slopes which characterise this Formation make it an
outstanding marker horizon amidst the otherwise rugged-weathering Table Mountain
Group (Fig. 5.4). However, good accessible outcrops of Cedarberg shale are rare.
The Formation consists of two members — not distinguished on the map — namely the
thinly laminated, micaceous Soom Shale Member at the base, overlain by the Disa
Siltstone Member which constitutes the larger portion of the Formation. Pyrite occurs
in both units.

The Soom Shale is well exposed at Langvlei in the Voorberg, just east of
Porterville, where it attains a thickness of some 12 m. It thins southwards, as is
evident in Michell’s Pass, at Gevonden 522 (Rawsonville), Kweekkraal Mountains —
north of Villiersdorp — and in the Hex River Range (Buffelshoek and Groothoek
Peaks). The bluish-black shale weathers to ash-white, finely laminated, friable clay.
Near Buffelshoek Peak it contains the trilobite Mucronaspis olini and incomplete
mollusc specimens (Moore and Marchant 1981; Cocks and Fortey 1986). This
mucronaspidine trilobite is generally considered characteristic of a late Ashgillian,
uppermost Ordovician age. An orthosandstone bed, the "Hard Band", which occurs
in the Soom Member in the Slanghoek and Limiet Mountains, is prominently
displayed at Wellington Sneeukop, where it is 6 m thick.

Good exposures of the Disa Member occur more commonly than those of the
underlying Soom Shale. The Disa Member evidently thickens eastwards (Rust 1967).
In the Franschhoek Pass it attains 75 m and in the Voorberg, east of Porterville, 70
m. At the latter locality the Disa Member consists of a basal thin-bedded siltstone
overlain by more massively bedded, bioturbated, fossiliferous siltstone and mudstone,
followed by fine-grained, dark-grey sandstone in which the bed thickness increases
upwards from 15 em at the base to 30 cm at the top (Rust 1967). The fossiliferous
zone contains a brachiopod assemblage of which the overall generic aspect is that of
the Hirnantia fauna which is widespread in the latest Ordovician throughout the world
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Fig. 5.4 - Smooth, grass-covered slope constituted by the Cedarberg Formation in
the Hexrivier Mountains. The overlying cliff is built by the Goudini and
Skurweberg Formations. Note the fold zone in the upper portion of the Peninsula
Formatiou, just below the Cedarberg shales.

(Cocks and Fortey 1986). This zone has also been identified southwards in the
Witzenberg Range and at Wellington Sneeukop.

The Disa Member frequently displays ripple marks, load casts, biogenic tubes and
trails, and small-scale trough cross-bedding. It generally coarsens upwards and has
a gradational contact with the overlying Goudini Formation. Roadside excavations in
the Groenland Mountains, 2 km southeast of Mount Lebanon, display thin pyritic
layers.

5.1.6 Goudini Formation

The basal contact of this Formation is usually taken at the first more-prominent,
light-coloured, mediu