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Geology 314

Field trip to granites on the West Coast
· Departure: Saturday 7h30

· Return: Sunday 18-19h

· Accommodation: camping in Cape Columbine Nature Reserve (Titiesbaai)

1. The Cape Granite Suite: a short introduction

Arnaud Villaros, March 2006

The Cape Granite suite (CGS) is composed of several late Precambrian granitoids, located in the South West part of Western Province. Those plutons intrude the Precambrian Malmesbury Supergroup and are covered by the Table Mountain Group. The Cape Granites’ formed during the Saldanian orogeny, part of the Panafrican orogenic system. This orogenic event corresponds to the closure of the “Adamastor Ocean”, and the convergence of South American and Namibian cratons (Rozendaal et al., 1999
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1.1. The Malmesbury Supergroup (1200 to  500 Ma)

Ages of the Malmesbury Supergroup are only poorly constrained, and few absolute ages are available.  It is deposited on the Kibaran basement and intruded by the CGS. Therefore, deposition, deformation and metamorphism of the Malmesbury group  occured between 1.2 Ga and 510 Ma (Belcher and Kisters, 2003). 

Owing to poor outcrops, the stratigraphy of the Malmesbury Supegroup is only poorly known and several, conflicting terminologies are in use. Recent studies allowed a new description of the Malmesbury group, based on the lithologies, the deformation and the element composing each subgroup. From the oldest until the most recent the Malmesbury Group is divided in 3 groups: The Swartland, Malmesbury, and Klipheuwel groups (Belcher and Kisters, 2003).

Swartland group (>575 Ma):

The Swarland group is the oldest, and is composed by three distinct formations (Berg River, Bridgetown and Mooresburg). All of them present a greenschist facies metamorphism (chlorite schist and biotite-feldspar-quartz schist.). The Bridgetown formation is a particularity in the Malmesbury Supergroup. Lithology of this formation corresponds with mainly dark green metavolcanic rock, associated with dolomites and cherts. This formation is commonly interpreted as tectonic sliver of oceanic crust within the sequence.

Globally the deformation of the Swartland group is characterised by intrafolial, isoclinal folding, thrusting and imbrication and upright open to tight folding. (Belcher and Kisters, 2003).

Malmesbury group (575—540 Ma):

The Malmesbury Group (not to be confused with the Malmesbury Supergroup!) is a clearly detrical sequence, composed of three formations (Piketberg, Tygerberg and Porterville). It includes conglomerates derived from the Berg River formation (in the Piketberg formation), arenites, greywackes, sandstones and shales. This group has not been metamorphosed. Structurally, the Malmesbury group is characterized by upright open to tight folding and axial planar cleavage.
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Klipheuwel group (<520 Ma):

Finally the Klipheuwel Group ends the Malmesbury Supergroupgroup. As the Malmesbury Group, it’s a mostly detrical sequence. Sediments derive from both the lower Malmesbury Supergroup and the CGS; the Klipheuwel group mostly occurs in fault-bounded (rifts?) basins on the top of either the rest of the Malmesbury Supergroup, or granites from the CGS. Three formations are described: the Franshoek formation is made of conglomerates, grits and shales. The Magrug formation consists of coarse sandstone, while the Populierbos formation is characterized by finer sediments (mudstone, shale). Metamorphism and deformation structures haven’t been described in the Klipheuwel.

1.2. The Colenso Fault

The Colenso fault is a major structure of the Saldanian orogen. It separates the Saldanhan belt into a Tygerberg terrane, in the South West  (Hartnady et al., 1974; Belcher and Kisters, 2003), and a Swartland terrane, North of it. Further North still, the Boland terrane occurs mostly as inliers within the Table Mountain Supergroup sandstones; the “Piketberg-Wellington fault”, poorly exposed, separates the Swartland and Boland terranes.

Displacement along the Colenso fault is particularly complex and understanding it is a key issue in the tectonic of the Saldanian orogeny and Cape Granite Suite emplacement. Several plutons from the CGS are syntectonically emplaced along the Colenso fault.

Earliest displacement, obtained from the study of the Darling Batholith (547 +/- 6 Ma) corresponds to a sinistral movement. Deformation of a younger granite (Trekoskraal, 539 +/-4 Ma) give a dextral movement which continued until at least until 520Ma, associated with extensive movement corresponding the collapse of the Saldanian orogen and the exhumation of the previously emplaced Cape Granites.

1.3. The Cape Granite Suite

About a dozen of Panafrican plutons intrude the Malmesbury Supergroup. On the base of petrological and geochemical characteristics, three types of granites are identified (S, I and A), each with several subtypes. Each type is also found only in specific parts of the Saldanhan belt.

S-type Granites (600-540Ma)

Location

The S-type plutons are the volumetrically dominant type in the CGS. They are found mainly or only South of the Colenso fault, in the Tygerberg terrane (Hartnady et al., 1974). They also correspond to the earliest phase of intrusion (phase I), probably syn-collisional.

Several individual plutons (Darling batholith, the Peninsula plutons, the Spier-Stellenbosch plutons, or the Saldania pluton) belong to this group and present some diversity in texture and mineralogy.

Petrology

Detailed studies of the granitic textures have been done allowing differentiating various S-type granites defined as Sa1, Sa2 and Sb. They all have in common a dominantly peraluminous chemistry, and commonly show Al-rich minerals such as cordierite and muscovite in addition to biotite. They are granites s.s. with few or no other rock types associated with them.

· Sa1 granites are the most abundant (Coarse porphyritic granite from the Peninsula, Stellenbosch, Seeberg, Hoedjiespunt, and Darling intrusions). They are biotite and cordierite bearing, and present petrologically interesting garnet accumulations in enclave rich zones. Some are syntectonic (Darling, Stellenbosch) and record a well developed ductile deformation sometimes grading to mylonite, e.g. in the Darling batholith along the Colenso Fault.

Granites of Sa2 and Sb sub-types are less deformed and late tectonic; they are relatively minor components of the CGS. 

· Sa2 granites (fine grained granite and alkali-feldspar granite) contain primary muscovite and biotite. They are intrusive in the older Sa1 association. 

· Sb granites (Trekoskraal, Olifantskop) ended the Phase I and are intrusive along shear zones related to the Colenso fault. They are sometimes metaluminous, such that amphiboles occasionally appears in some of those plutons (Scheepers, 1995).

Sa1 and Sa2 both contain metasediment angular xenoliths, apparently related to the Malmesbury sediment. Some present a typical gneissic texture, and an interpenetrative relationship with the granites. Surmicaceous enclaves, and enigmatic “clots” of mafic minerals (biotite ± garnet ± cordierite) are found. Microgranular mafic enclaves (MME) are also observed.

I-type Granites (560-520Ma)

Location

I-type granites are generally post-tectonic, and belong to phase II. They are found only in the Swartland and Boland terranes, North of the Colenso fault.

Petrology

Two I type association has been defined: Ia and Ib. Both are metaluminous, and typically show no “interesting” minerals in addition to biotite.

· Ia subtype is the dominant association (Paarl, Malmesbury, Vredenburg plutons). Ia granites are not deformed and can be either fine or coarse grained. They range from quartz monzonite to granite and alkali feldspar granite. They also contain xenoliths (generally rounded) and some MME.

· Ib subtype (Granite alkali feldspar granite) is a minor type, only found as (late, differenciated?) phases in other granitoids of the phase II.

A-type Granites and mafic intrusions (520-500Ma)

Location

The last phase (phase III) is clearly post tectonic, and is represented by a few intrusions of small size of A-type granites (Cape Columbine, Riviera Granites), together with more mafic intrusions (Yzerfontein). 

Petrology

Two different associations of A-type granites are defined within the CGS: Aa and Ab. Both are metaluminous granites, sometimes evolving towards peralkali compositions. They can contain amphibole in addition to biotite; they also commonly have a typical texture with subedral quartz, common in alkali igneous rocks.

· Aa type ranges from amphibole-bearing quartz syenite to alkali granite and biotite quartz syenite. It intrudes mostly in the Tygerberg terrane (Klipberg pluton).

· Ab (Alkali feldspar granite, quartz syenite, and syenite) intrudes the Swartland terrane (Cape Columbine).

Both types contain few enclaves.

The Yzerfontein formation belongs to a high-K calc-alkaline series, defined by olivine gabbro, gabbro, monzogabbro, monzonite and syenite. It is intrusive in the Tygerberg terrane. 

Rhyolites and ignimbrites (515 Ma)

Rhyolites and ignimbrites are peraluminous S-type volcanic and sub-volcanic magma which set up lately through of the Malsmesbury and previous granites. The gap of time (35Ma) between S-type plutons and S-types volcanoes is interpreted as the expression of progressive magma accumulation in the magmatic chamber before its final extraction (Scheepers and Poujol, 2002).

1.4. Conclusion and perspectives

The CGS is an interesting example of granites related to orogenic processes. It has been the subject of many local and regional studies, leading to a good understanding of its geology and map distribution. In contrast, due to lack of outcrops, the geology of the Malmesbury supergroup is only poorly known; its exact stratigraphy, depositional setting and sources are largely unconstrained and might remain so for a while.

However, more interpretative work dealing with the petrogenesis of the CGS, its emplacement history and mechanisms, or its tectonic and geodynamic setting are still largely lacking. Present work conducted at University of Stellenbosch aims at a better understanding of the petrogenesis of the S components of the CGS, by coupling geochemistry and experimental studies (melting of samples from the Malmesbury Supergroup).
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3. Excursion stops
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3.1. Day 1

The first day will be spent visiting key outcrops, and showing you good examples of the various magmatic rocks that occur within the CGS.

Stop 1.1 – “Porphyries” near Darling

Access: Drive out of  Stellenbosch on R304 (Kayamandi road), to Klipheuwel and Malmesbury; turn left into Malmesbury on R315 to Darling. Leave Darling on the R315 towards Yzerfontein, and stop about 4.5 km after Darling on small outcrop on the left hand side.
The outcrop is madeof what is locally know as “porphyries”, very similar to rhyolites. Euhedral quartz phenocrysts are observed in a fine-grained matrix. Some pegmatitic veins (tourmaline bearing) are observed.

Stop 1.2 – Layered gabbros and diorites, Yzerfontein

Access: Continue on the R315 to Yzerfontein. Drive to the beach in the Northern part of town, and walk to small outcrops on the beach about 200 m N. of the parking.

The outcrops are made of layered gabbros (plagioclase+pyroxene). A modal layering (changing proportions of minerals) is observed.

Access: Drive towards the Harbour, about 1 km further South. Stop near prominent dark rocks.

Complex outcrop, mostly made of diorite (plag+amphibole), but with 

1) inclusions of other mafic rocks (gabbros?)

2) dykes of different natures;

3) hydrothermal veins, with quartz and fluid-related hydrothermal alteration on the edgs of the veins.

Stop 1.3 – S-type granite and enclaves, Saldanha

Access: Drive back to the R27 (West Coast road), turn left (North) and drive to Saldanha, past the big steel mill and into town. Turn left into twon towards the caravan park, and stop on the beach (Hoedjiesbaai).

Large boulder of cordierite-bearing, S-type granites, featuring all sort of enclaves:

· Microgranular mafic enclaves (comagmatic mafic melts)

· Xenoliths

· Surmicaceous (restitic) enclaves

· Microgranular felsic enclaves (chilled magin)

Stop 1.4 – I-type granite, Paternoster

Access: Drive to Vredenburg, and from there to Paternoster. Stop on big pavements next to the fish market.

Pavements of pinkish I-type granite. It contains huge microgranular felsic enclaves, with spectacular figures of magma mingling (lobed contacts, resorbed feldspars, etc.)

Stop 1.5 – A-type granite, Cape Columbine

Access: Drive into Cape Columbine Nature Reserve, towards the camp site in Titiesbaai. Examine any of the boulders around the camp site.

Boulders of pink A-type granite. It’s here quite homogeneous, with little or no enclaves. Occasionally, it’s possible to find mylonite bands deforming the rock.

3.2. Day 2

Stop 2.1 – Near Cape Columbine lighthouse

Access: Drive ~1 km North from the camp site, under the lighthouse. Work on outcrops both North and South (in the direction of the camp site) of the parking.

Investigate the relations between the different rock type present here, and the deformation (mylonite) event or events. Propose a relative chronology.

Stop 2.2 – Trekroskraal

Access: Drive out of the Nature Reserve, into Paternoster and back towards Vredenburg. Turn right on a dirt road towards Trekroskraal; drive past the first beach camp and work on the beach here.
Establish a cross section across the beach. Investigate the relations between the different rock type present here. Propose a relative chronology.

4. Report

Individually or in groups of two, write a report on the outcrop visited during day two. Your report should mostly consist in a relative chronology of the successive events observed in each site, together with supporting evidence (e.g., A occurs as enclaves in B; C cuts across B; etc.) for your proposed chronology. Remember that a good sketch (e.g. a schematic sketch, clearly summarizing the relations between the rock types) is worth a thousand words!

Try to relate the events in the two sites, and propose a regional evolution accounting for all your observations in the two sites (plus, possibly, observations from day 1).

From, Scheepers, 1995�
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[image: image4.emf]Table 18-1.  The Various Types of Enclaves

Name Nature Margin Shape Features

Xenolith

piece of country sharp to angular contact metamorphic

rocks gradual to ovoid texture and minerals

Xenocryst

isolated foreign sharp angular corroded

crystal reaction rim

Surmicaceous

residue of melting sharp, lenticular metamorphic texture

  Enclave

(restite) biotite rim micas, Al-rich minerals

Schlieren

disrupted enclave gradual oblate coplanar orientation

Felsic Micro-

disrupted sharp to ovoid fine-granied

  granular Enclave

fine-grained margin gradual igneous texture

Mafic Micro-

Blob of coeval mostly ovoid fine-granied

  granular Enclave

mafic magma sharp igneous texture

Cumulate Enclave

disrupted mostly ovoid coarse-grained

  (Autolith)

cumulate gradual cumulate texture

After Didier and Barbarin (1991, p. 20).

