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SUMMARY / ABSTRACT 

 

The Saldania Belt in southern Africa, a product of the Pan-African Saldanian Orogeny, forms 

part of a system of Neoproterozoic mobile belts that border and weld older cratons on the 

African continent. It is a low-grade orogenic belt situated along the southwestern margin of 

the Kalahari Craton and is composed of several inliers of greenschist facies metasedimentary 

and metavolcanic rocks (Malmesbury Group), unroofed in megaanticlinal hinges of the 

Permo-Triassic Cape Fold Belt. The Malmesbury Group rocks were syn- and post-

tectonically intruded in a pervasive transpressive regime between 555 Ma and 515 Ma by 

Neoproterozoic to early Cambrian S-, I- and A-type granites, monzodiorites, gabbros and 

quartz syenites, which collectively constitute the rocks of the Cape Granite Suite (CGS). 

Along the south-western coastline of South Africa, the Saldanha Bay Volcanic Complex 

(which forms part of the CGS) is divided into two eruption centres both of which have been 

identified as ñintra-caldera pyroclastic ignimbritesò. The Postberg eruption centre is situated 

to the south of the Saldanha Bay entrance and the Saldanha eruption centre is situated to the 

north of the entrance. Both eruption centres display distinct geochemical signatures, the most 

apparent being the greater TiO2 concentrations (> 0.25 wt. %) of the Saldanha centre 

ignimbrites when compared to its Postberg centre counterparts. 

 

The Postberg eruption centre consists of S-type rhyolitic ignimbrites which are subdivided 

into the two geochemically distinct Plankiesbaai and Tsaarsbank Ignimbrites. Small amounts 

of the Jacobs Bay and Saldanha Ignimbrites (less felsic tephra from the Saldanha eruption 

centre) are also present in the Postberg eruption centre. A robust geochemical analysis of 

both the Plankiesbaai and Tsaarsbank magma groups display high SiO2 content (>76 wt. %), 

a lack of variation in TiO2 and Zr, high Al 2O3 and ASI (aluminium saturation index) values 

(> 1.0 and generally >1.1 which, on average, is higher than the Saldanha eruption centre 

ignimbrites), low CaO and Na2O, and a highly ferroan character. The Plankiesbaai ignimbrite 

also display lower #Mg concentration compared to the Tsaarsbank ignimbrite. Typical 

geochemical trends in the Postberg eruption centre include the lack of variation in Zr content, 

higher Rb content and lower Sr, Ba, V and Zn concentrations when compared to the tephra of 

the Saldanha eruption centre found in the Postberg area.  
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The studyôs main aim is not only to assess the geochemistry of the ignimbrites relative to the 

previous phases of magmatism originally proposed by Scheepers (1995) for the magmatism 

of the Cape Granite Suite, but also their age distribution. Previously defined phases of 

magmatism include Phase I (S-type granites subdivided into Sb, Sa1 and Sa2 all of which are 

dated to 555 - 540 Ma), Phase II (I-type granites subdivided into Ia and Ib both dated to 540 ï 

520 Ma), Phase III (A-type granites subdivided into Aa and Ab dated to ~ 520 Ma) and Phase 

IV (S-type volcanic and subvolcanic rocks dated to 515 Ma). 

 

Re-examination of the geochronology displays a U-Pb age for Postberg Centre Jacobs Bay 

Ignimbrite (tephra from the Saldanha eruption centre) of 538 ± 2.2 Ma: and for the Postberg 

Centre Tsaarsbank Ignimbrite between 536 ± 2 Ma ï 540 ± 3.4 Ma. These new dates, in 

combination with the geochronological work done in the Saldanha Centre (particularly in 

light of the Clemens and Stevens (2016) and Clemens et al. (2017) studies that reclassify 

these rocks differing from the original and previous studies), place all the ignimbrites of the 

Saldanha Bay Volcanic Complex securely within the age bracket for the initial S-type 

magmatism of the CGS.  

 

This thesis presents a revised order for the phases of magmatism of the Saldania Belt, and by 

extension, of the Cape Granite Suite. All  S-type magmatism, including that of the Saldanha 

Bay Volcanic Complex (Sv), forms part of the Phase I magmatism of the Saldania Belt (Sa1, 

Sa2, and Sb) emplaced between 555 ï 540 Ma. 
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(F) LA. NOTE THE MOSTLY CLEAR DIFFERENCES BETWEEN THE MAGMAS THAT FORMED 

THE SALDANHA AND JACOBS BAY IGNIMBRITES (BLUE DOTS AND PINK SQUARES, 

RESPECTIVELY). THESE PLOTS ARE REPRODUCED WITH PERMISSION FROM CLEMENS ET AL. 

(2017), AND ARE ONLY PRESENTED HERE FOR CONTEXTUAL AND COMPARATIVE PURPOSES.
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LIST OF ABBREVIATIONS AND ACRONYMS 

 

AEON   Africa Earth Observatory Network 

ASI   Aluminium Saturation Index 

Bt.   Biotite 

Ca.   Circa - meaning ñapproximatelyò 

CAF    Central Analytical Facility 

CGS    Cape Granite Suite 

Chl.   Chlorite 
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1 INTRODUCTION 

The Saldania Belt in southern Africa, a product of the Pan-African Saldanian Orogeny, forms 

part of a system of Neoproterozoic mobile belts that border and weld older cratons on the 

African continent. It is a low-grade orogenic belt situated along the southwestern margin of 

the Kalahari Craton and is composed of several inliers of greenschist facies metasedimentary 

and metavolcanic rocks (Malmesbury Group), unroofed in mega anticlinal hinges of the 

Permo-Triassic Cape Fold Belt (Gresse et al., 1992; Rozendaal et al., 1999). The Malmesbury 

Group rocks were syn- and post-tectonically intruded in a pervasive transpressive regime by 

Neoproterozoic to early Cambrian S-, I- and A-type granites, monzodiorites, gabbros, 

ignimbrites and quartz syenites; collectively known as the four ñphasesò of magmatism of the 

Cape Granite Suite (CGS, Gresse and Scheepers, 1993; Scheepers, 1995; Scheepers and 

Nortjé, 2000; Scheepers and Armstrong, 2002; Belcher and Kisters, 2003). Previously defined 

phases of magmatism (Scheepers, 1995) include Phase I (S-type granites subdivided into Sb, 

Sa1 and Sa2, all of which are dated to 555 - 540 Ma), Phase II (I-type granites subdivided into 

Ia and Ib dated to 540 ï 520 Ma), Phase III (A-type granites subdivided into Aa and Ab dated 

to ~ 520 Ma) and Phase IV later added by Scheepers and Nortjé (2000) (S-type volcanic and 

subvolcanic rocks dated to 515 Ma). 

 

Along the south-western coastline of South Africa, the Saldanha Bay Volcanic Complex 

(which forms part of the CGS) is divided into two eruption centres (Figure 1 and Figure 2), 

known as the Postberg and Saldanha eruption centres (Clemens and Stevens, 2016; Clemens 

et al., 2017). Two distinct suites of rock were identified for the ñPhase IVò magmatism in the 

Saldania Belt. These rocks were described as the Postberg Ignimbrites (volcanics), found on 

the southern portion of the bay, and the previously proposed Saldanha ñquartz porphyryò 
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(sub-volcanics) found at the opposite end (Scheepers and Nortjé, 2000; Scheepers and Poujol, 

2002). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The resultant linear depletion trends in the geochemistry were interpreted by Scheepers 

(1995) and Scheepers and Nortjé (2000) as the product of fractional crystallization. This 

distinguished the two rock types (the Postberg eruption centre ignimbrites and the Saldanha 

eruption centre ñquartz porphyryò) from one another and defined the ignimbrites as showing 

significantly lesser evidence of fractionation (prior to the eruption) when compared to the 

sub-volcanic ñquartz porphyryò. The U-Pb ID-TIMS (Isotope Dilutions ï Thermal Ionisation 

Mass Spectrometry) age, in conjunction with the geochemistry and petrography for the 

ñPhase IVò magmatism suggested that the volcanism, described as rhyolitic / rhyodacitic 

ignimbrite flows, took place on both the southern and northern portions of Saldanha Bay. 

Scheepers and Poujol (2002) presented a U-Pb age of 515 ± 3 Ma for the volcanic phase, 

marking the end of the magmatism for the CGS. 

 

Figure 1: Vector image of South Africa indicating the geological position of the study area (Saldana Bay Volcanic Complex) 

indicated by the red rectangle. 
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It is important to note, in terms of the re-assessment of the age distribution of the ignimbrites 

relative to previous works on the CGS, that there is approximately 35 ± 3.5 M.yrs between 

the first (Phase I; Hoedjiespunt granites at 552 ± 4 Ma) and the last phase of magmatism of 

the CGS (Phase IV; sub-volcanic and volcanic rocks ï 515 ± 3 Ma). Both Phase I and Phase 

IV rocks are present and immediately adjacent to each other on the northern side of Saldanha 

Bay (Figure 3; Scheepers, 1995; Scheepers and Armstrong, 2002). Given that the  515 ± 3 

Ma ID-TIMS age for the volcanic phase of the CGS was based on only two concordant 

zircons (which represented the entire Phase IV magmatism), recent zircon dating and 

reclassification of Saldanha Bay Volcanic Complex by Clemens and Stevens (2016) and 

Clemens et al. (2017), and the 35 ± 3.5 M.yrs between two immediately adjacent rocks in the 

Saldanha Bay Volcanic Complex (Figure 3, Phase I - Hoedjiespunt and Phase IV - ñsub-

volcanicò and volcanic rocks) brought into question the timing of the Phase IV volcanic and 

ñsub-volcanicò rocks. 

 

Figure 2: Google EarthÊ image of the Saldanha Bay Volcanic Complex. 
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This initiated the re-examination of the field relations, thin section petrography, geochemistry 

and geochronology of the rocks of Saldanha Bay by Clemens and Stevens (2016) and 

Clemens et al. (2017). They redefined sequences on the northern section of the bay and 

described it as an ñintra-caldera pyroclastic ignimbriteò previously referred to as ñquartz 

porphyryò by Scheepers and Poujol (2002) and proposed that the entire Saldanha Bay area 

formed part of a single volcanic complex (Saldanha Bay Volcanic Complex) consisting of 

two eruption centres - the Postberg eruption centre and the Saldanha eruption centre. They 

further suggested that the incorrect interpretation of the rocks as ñSaldanha quartz - 

porphyryò may be the result of viewing the rock body, as a whole, as intrusive; based on the 

cryptic nature of the mineralogy and the degree of partial melting. 
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Figure 3: Map, based on Fig. 2 of Scheepers and Armstrong (2002), showing the areas of exposure of the Postberg and 

Saldanha volcanic rocks (intracaldera ignimbrites) and the outcrops of local granitic units. This figure is reproduced, with 

permission, from Prof. G. Stevens (2016) co-author of Clemens and Stevens (2016). 
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Such voluminous, caldera-forming ignimbrites are not uncommon (e.g., Gray and White, 

2001; Cas et al., 2003; Bachman and Bergantz, 2004; Bachman and Bergantz, 2006, Bryan et 

al., 2006). The prevailing model showed that this type of ignimbrite represented erupted 

plutons that were almost fully crystallised before being partially re-melted as a result of the 

magma chamber being recharged by hotter mafic magma, which essentially triggered the 

eruption. Chemical variations of ignimbrites in such cases are commonly interpreted to 

represent zonation within the crystal mush of the magma chamber prior to eruption. Clemens 

et al. (2017) provides a revised model for such complexly zoned rhyolitic ignimbrites. 

 

Upon review, Clemens and Stevens (2016) found four geochemically-distinct series of rocks 

in the Saldanha Bay Volcanic Complex; the Saldanha Ignimbrite and the Jacobs Bay 

Ignimbrite of the Saldanha eruption centre, dated to 542 ± 2 Ma by Clemens et al. (2017), and 

the Plankiesbaai Ignimbrite and the Tsaarsbank Ignimbrite which constitutes the bulk of the 

Postberg eruption centre. Minor portions of the Saldanha and Jacobs Bay Ignimbrites can be 

found in the Postberg centre as well. The available geochemical data for the two eruption 

centres, suggests that both centres may have been active around the same time, therefore, it is 

within reason to assume some close connections between the two eruption centres (Clemens 

and Stevens, 2016). 

 

In light of the uncertainty around the exact timing of the ignimbrites and the new U-Pb age of 

542 ± 2 Ma, presented by Clemens et al. (2017) for the Saldanha eruption centre, this thesis 

aims to re-examine and build a robust geochemical and geochronological dataset of the 

ignimbrites of the Postberg and Saldanha eruption centres. The new geochemical and 

geochronological data in conjunction with the re-examination work done by Clemens and 

Stevens (2016a) and Joseph (2012) and Clemens et al. (2017) will provide a new 

understanding of the timing and emplacement of the Postberg Centre Ignimbrites and by 

extension, the entire Saldanha Bay Volcanic Complex, and its place in the Cape Granite 

Suite. This thesis will present a Postberg centre petrographic review, various geochemical 

classification parameters, a robust U-Pb age determination on multiple magmatic zircons as 

well as Rb-Sr/ Sm-Nd isotope data on some of the ignimbrites to constrain the source of the 

magmatic events.  
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2 GEOLOGICAL SETTING 

2.1 Introduction 

 

The Saldania Belt, along the south-western coastline of South Africa, is considered one of the 

most inadequately understood Neoproterozoic to early Cambrian Pan-African fold belts. 

Notably, this lack of knowledge can be explained by the scantiness of the outcrop over large 

areas, the considerably weathered surfaces, its structural complexity, the low mineral 

exploration potential, and its burial beneath thick successions of siliclastic sedimentary rocks 

of the early Palaeozoic Cape Supergroup (Gresse et al., 2006). The prevailing confusion 

about the stratigraphy and tectonic makeup of the Saldania belt is highlighted by the common 

usage of the term ñMalmesbury Groupò for all the Neoproterozoic Lithostratigraphic units 

across the belt in spite of the differentiation between three separate terranes within the belt 

(Gresse et al., 2006; Frimmel et al., 2013).  

 

Although  a number of previous investigations have been undertaken, (Rozendaal et al., 1999; 

Belcher and Kisters, 2003; Buggisch et al., 2010; Rowe et al., 2010; Kisters et al., 2015) most 

of these investigations have focused on the petrology of the Cape Granite Suite along the 

coastal areas of the belt. Rozendaal et al. (1999) presented a regional study and established a 

model which considers the inter-relationships between the various volcanosedimentary 

sequences and the reconstruction of their palaeo-depositional environments. This model was 

discussed in relation to the late Proterozoic ï early Cambrian plate tectonics.  

 

Scheepers and Rozendaal (1992) and Gresse and Scheepers (1993) envisioned three major 

phases of magmatism of the Saldania Belt, with a volcanic fourth phase later added by 

Scheepers and Nortjé (2002). The model was later more accurately defined by Frimmel et al. 
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(2013) with a provenance study, involving U-Pb and Lu-Hf isotope analyses of detrital 

zircons, whole-rock geochemical analysis and Rb-Sr, Sm-Nd and Pb isotope analysis. This 

constrained the source domain and geodynamic models for the evolution of the Saldania Belt. 

 

This chapter aims to describe the geological background of the Saldania belt, its formation 

during the Pan-African Saldanian Orogeny, its composition and structure, and syn- and post- 

tectonically intrusive Cape Granite Suite. The reader is referred to Scheepers and Rozendaal 

(1992), Gresse and Scheepers (1993) Scheepers (1995), Rozendaal et al. (1999), Scheepers 

and Nortjé (2000) and Frimmel et al. (2013) for further details. Nevertheless, a summary of 

the scope of events that led to the construction and evolution of the Saldania Belt will be 

presented.  

 

A description and literature review of the local geology of Saldanha Bay has also been 

included to better understand the context of this study in relation to previous work done on 

the area of interest. A review of the Saldanha Bay Volcanic Complex has been inserted, with 

special focus on the rocks of the Postberg Eruption Centre. Clemens and Stevens (2016a) and 

Clemens et al. (2017) research on the Saldanha Centre suggest some close relationship 

between the two eruption centres, and although the Saldanha Centre is not the primary 

subject of this study, it has been included in a contextual and comparative capacity.  
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2.2 Regional Geology 

2.2.1 The Saldanian Orogeny  

 

The orogenic belts on either side of the Atlantic Ocean hold information about the initial 

fragmentation and rifting of an older supercontinent, Rodinia, around 780 - 750 Ma years 

ago. During the breakup of the supercontinent (see Figure 4), an interconnected complex of 

rift basins developed along the borders of the Paleo- to Meso-Proterozoic cratons. This 

exposed the seaboards around the craton margins resulting in the development of a wide 

oceanic basin, known as the Adamastor Ocean or proto-Atlantic (Frimmel et al., 2001). These 

semi-pull-apart rift basins became the depositional setting for the Pan-African 950-555 Ma 

greenschist facies, volcanosedimentary successions (Hartnady et al., 1985; Rozendaal et al., 

1999; Gresse et al., 2006). The Gamtoos, Kaaimans, Kango and Malmesbury groups were 

deposited on the continental crust during the subduction of the ocean floor in Saldanian 

Orogeny which can be related to the increase in sea levels and the decrease of the ófreeboardô 

in geologic history (Dalziel et al., 1994; Rozendaal et al., 1999). These sedimentary and 

volcanic rocks are considered as the distal facies of the rift successions, overlying a mid-

Proterozoic crystalline basement on the south-western edge of the Kalahari Craton 

(Rozendaal et al., 1999).  

 

From ~600 Ma onward, the continental fragments of Africa and South America collided 

along subduction zones resulting in the closure of the Adamastor Ocean due to the 

subsequent docking of the Kalahari and Rio de le Plata cratons, and the subsequesnt orogenic 

mountain belts (Belcher and Kisters 2003; Kisters and Belcher 2018). The closure proceeded 

in a north to south zipper-like fashion during the continental construction of the southern 

supercontinent Gondwana, ca. 550 ï 500 M.yrs ago in the late Neoproterozoic to early 

Cambrian (Rozendaal et al., 1999). Along the south-western portion of the Kalahari craton 

(Figure 5A), the product of this event is represented by the Damara, Gariep and Saldania 

belts. These mobile belts along the south-western coastline of southern Africa characterise 

the later stages of this evolution (Rozendaal et al., 1999).  
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2.2.2 The Saldania Belt 

 

The Saldania Belt in southern Africa, a product of the Pan-African Saldanian Orogeny, forms 

part of a system of Neoproterozoic mobile belts that border and weld older cratons on the 

African continent (Figure 5A). It is a low-grade orogenic belt situated along the south-

western margin of the Kalahari Craton and is composed of a number of inliers of greenschist 

facies metasedimentary and metavolcanic rocks (Malmesbury Group), unroofed in mega-

anticlinal hinges of the Permo-Triassic Cape Fold Belt (Gresse et al., 1992; Rozendaal et al., 

1999). The Malmesbury Group and its main exposure to the north of Cape Town constitute 

the oldest rocks in the belt. They are divided into three tectono-stratigraphic terranes (Figure 

6) by predominant northwest trending sinstral/dextral strike-slip fault and shear zones 

(Hartnady et al., 1974). Towards the east of the belt, several smaller exposures of supposed 

ópre-Capeô rocks form part of the Saldania Belt. As previously mentioned, these are the: 

Gamtoos Group in the Port Elizabeth area, the Kaaimans Group in the George area and the 

Kango Group in the Oudtshoorn area. 

 

The folding and thrusting seen in the Saldania Belt was a result of the Permo-Triassic Cape 

Orogeny. This tectonism along with its weakly metamorphosed Neoproterozoic basement 

resulted in the overprinting of most of the earlier ópre-Capeô structures and reset radiometric 

ages in the metamorphites (some granite as well) to 230-278 Ma (Halbich et al., 1983; Gresse 

and Scheepers, 1993). Structures indicating southeast-directed movement, common along the 

South African west coast, are notably absent along the south coast (Gresse and Scheepers, 

1993). Within the Saldania belt ópre-Capeô deformation, folding had a NNW-SSE trending 

fold axis. As indicated in Figure 5 B and Figure 6 along the western portions of the belt, this 

folding formed concentrated sinistral-transpressional deformation. This resulted in near 

vertical faults with the most prevalent being the Colenso Shear Zone (CSZ) and the 

Piketberg- Wellington Shear Zone (PWSZ).   
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Figure 4: Diagram reproduced from Nance et al. (2014) showing the assembly and break-up of the supercontinent, Rodinia, 

and the construction of the supercontinent Gondwanaland. (a) 1100 Ma; (b) 1050 Ma; (c) 1000 Ma; (d) 900 Ma; (e) 825 Ma; 

(f) 780 Ma; (g) 750 Ma; (h) 720 Ma; (i) 630 Ma; (j) 600 Ma; (k) 550 Ma; (l) 530 Ma. 
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The Colenso (Saldanha-Stellenbosch) and Piketberg-Wellington fault zones are present on a 

regional scale (Figure 6). Stratigraphically, these large-scale NW-striking faults zones loosely 

separate the Malmesbury Group into three terranes known as the south-western Tygerberg 

terrane, the central Swartland terrane and the north-eastern Boland terrane (Hartnady et al., 

1974). The CSZ separates the Swartland and Tygerberg terranes, and the PWSZ separates the 

Swartland and Boland terranes. The CSZ divides older S-type granites present in the 

Tygerberg terrane from the essentially younger I-type granites in the Swartland terrane 

(Rozendaal et al., 1994).  

 

 

 

Figure 5: (A) Palaeographic reconstruction of the Saldania Orogeny at 550 Ma showing the distribution of the Pan-African 

orogenic belts in southern Africa and South America. (B) Geological map of the Saldania and Gariep Belts including the 

intrusive Cape Granite Suite (CGS) and the study area of this thesis indicated by the red rectangle (modified after Rozendaal 

et al., 1999). 
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However, this terrane model was challenged by Belcher and Kisters (2003) where they 

differentiated between an older redefined Swartland Group and a younger Malmesbury 

Group. This differentiation was seen across all three terranes where both groups were 

separated by an inferred unconformity. An alleged older deformation phase was recognised in 

the Swartland Group only and is described as a high-grade polydeformed paragneiss, which 

according to Frimmel et al. (2011) is likely to be part of the Mesoproterozoic basement of the 

Namaqua-Natal belt. This interpretation, however, becomes highly problematic. Frimmel et 

al. (2011) suggested that the Swartland ñterraneò sediments must have been deposited on 

their basement rather than the Neoproterozoic one as previously mentioned. The same is 

likely for the basement of the Boland ñterrane.ò Therefore, the Swartland and Boland 

tectono-stratigraphic units are no longer believed to be true terranes but rather represent para-

autochthonous zones of the Kalahari Craton. Only the westernmost portion of the Tygerberg 

terrane might be a true autochthonous terrane. 

 

Nevertheless, Rozendaal et al. (1999) suggested a possible Meso- to Paleo-Proterozoic 

crystalline basement on which the Malmesbury Group was deposited during the break-up of 

the supercontinent Rodinia (ca. 780 ï 750 Ma). The existence of a Namaquan (1.0 - 1.2 Ga) 

and possibly an Eburnean (1.7 - 2.0 Ga) basement underlying the Malmesbury Group was 

confirmed by Da Silva et al. (2000), Scheepers and Armstrong (2002) and Villaros et al. 

(2012); with reported inherited zircon cores dated back to 1.1 - 1.9 Ga within the intruded 

granitoids of the Cape Granite Suite.  
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Figure 6: Geological map showing the southwestern coast of South Africa (the northern branch of the Saldanha belt) and the 

distribution of the various granitic plutons of the Cape Granite Suite (undifferentiated), major fault zones and the three 

terranes of the Malmesbury Group. The black square indicates the study area (after Hartnady et al, 1972; Theron et al.,1991). 
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2.2.3 The Cape Granite Suite 

 

Subsequent to the closure of the Adamastor Ocean and continental collisions, the 

Malmesbury Group rocks were syn- and post-tectonically intruded in a pervasive 

transpressive regime between 555 Ma and 515 Ma by Neoproterozoic to early Cambrian S-, 

I- and A-type granites, monzodiorites, gabbros and quartz syenites. Collectively they 

constitute the Cape Granite Suite (CGS, Gresse and Scheepers, 1993; Scheepers, 1995; 

Scheepers and Armstrong, 2002; Belcher and Kisters, 2003). Scheepers (1995) subdivided 

these intrusive granitoids (S-, I- and A-type) primarily according to geological and 

petrological analysis as well as, to a lesser extent, on the field relations, multi-cationic 

interpretations, major and trace element geochemistry, rare earth element composition and 

age. 

 

While the age of the Malmesbury Group is somewhat elusive, recent geochronological 

studies on the exposed upper portions of the Cape Granite Suite plutons points to a late-

Neoproterozoic (~575 ï 555 Ma) timing of deposition, sedimentation and volcanism making 

them the oldest rocks in the Saldania belt (Scheepers and Armstrong, 2002). The inliers of the 

Saldania belt are partly, unconformably overlain by successions of lower Phanerozoic 

(Ordovician to Silurian) sub-greenschist facies quartz-rich metasediments of the Cape 

Supergroup and were extensively affected during the Permo-Triassic Cape Orogeny (Gresse 

et al., 1992; Gresse et al., 1996; Barnett et al., 1997; Scheepers and Armstrong, 2002). 

 

Based on internal structure, petrographic analysis, mineralogy, the nature of enclaves, 

geochemical features and relationships with enclosing rocks - Scheepers and Rozendaal 

(1992) and Gresse and Scheepers (1993) identified three major phases (I, II, III) of igneous 

magmatism for the Saldania belt. Scheepers and Nortjé (2000) later added an additional 

volcanic (rhyolitic) phase (IV). These four major phases of magmatism were further 

subdivided into seven distinct granitic associations (Table 1), each having one or more unique 

features:  Sa1, Sa2, Sb, Ia, Ib, Aa and Ab (Scheepers, 1995). 
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Table 1: Summary of the major phases of the magmatism for the Saldania Belt, modified after Scheepers (1995). 

 

2.2.3.1 Phase I Magmatism  

 

The first phase (555 ï 540 Ma) of magmatism consists of collision-related syn- to late-

tectonic granites with peraluminous to metaluminous S-type characteristics (Sb, Sa2, Sa1), 

intrusive mainly in the Tygerberg terrane (Scheepers, 1995). These granitoids were precursed 

by mafic and intermediate magmas of tholeiitic affinity and are characterised by low K2O and 

granophile elements. The older and geochemically distinct Sa association (~560 Ma) is 

further subdivided into Sa1 and Sa2 where P2O5 and Th were used as the principle 

discriminating factors. For further differentiation Na2O, K2O, Zr, Nb, Y and REE 

discrimination was applied (Scheepers, 1995). The initial phase of magmatism of the 

Saldania Belt concluded with the intrusion of the Sb granititoids (540 Ma) along or in the 

vicinity of major fault zones. Scheepers (1995) describe the Sb association as ñcontaminated 

metaluminous melts with a high degree of fractionationò and inferred that the stability of 

amphiboles seen in some intrusions show the transition towards the I-type characteristics of 

the second magmatic phase.  

Magmatism Association Rock Type Examples 

 

Phase IV 

515 Ma 

Volcanic 
Ignimbrite, tuffisite, quartz 

porphyry 

Postberg Ignimbrite, Saldanha ñquartz 

porphyryò 

Phase III 

520 Ma 

Aa 
Alkali Fs granite, Quartz 

syenite 

Klipberg granite 

 

Ab Alkali Fs Granite Cape Columbine granite 

Phase II 

540-520 Ma 

Ib Granite, alkali Fs granite 
Paarl fine grained granite, Slippers Bay 

granite 

Ia 
Monzogranite, granite, 

alkali Fs granite 

Paarl coarse-and medium- grained granite, 

Vredenburg monzogranite, Greyton pluton 

Phase I 

555-540 Ma 

Sb 
Granite 

 

Trekoskraal granite, Karnberg, Rondeberg 

granite, Coarse porphyritic, Darling granite 

Sa2 
Granite, alkali Fs granite 

 

Stellenbosch fine grained granite, 

Contreberg granite, Olifantskop granite 

Sa1 Granite 
Hoedjiespunt granite, Seeberg granite, 

Peninsula granite 
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2.2.3.2 Phase II Magmatism 

 

The second phase (540 ï 520 Ma) of magmatism is dominated by late-tectonic, metaluminous 

to slightly peraluminous I-type intrusions, currently exposed in the Boland and Swartland 

terranes. Two distinct associations are recognised: the first (Ia), showing high concentrations 

of Th and other radioelements, these rocks classify as high K calc-alkaline quartz-monzonites 

and granites with I-type features. The second (Ib) and slightly younger (~517 ï 520 Ma) 

association, intrusive into the Ia quartz-monzonites, consists of alkali feldspar granites 

(Scheepers, 1995). Both associations can be found in the Swartland and the Boland terranes 

(Da Silva et al., 2000). 

 

2.2.3.3 Phase III Magmatism 

 

The third phase consists of a series of anorogenic A-type granites that intruded both the 

Tygerberg and Swartland terranes post-tectonically at ~520 Ma. The intrusion of a high-K 

calc-alkaline intermediate rock starts this phase of felsic magmatism and can be subdivided 

into two compositionally distinct A-type associations known as Aa and Ab (Scheepers, 

1995). Scheepers and Poujol (2002) describes how the Aa associated granitic rocks, enriched 

in Nb, Zr and REE, vary in composition from Ab amphibole quartz- to biotitic quartz- syenite 

and alkali feldspar granite. This association lacks deformation and shows small-scale widely 

scattered xenoliths, whereas the Ab associated granitic rocks, enriched in Th, Y and REE, is 

primarily alkali feldspar granites, and show no such features (Scheepers 1995). 

 

2.2.3.4 Phase IV Magmatism 

 

The fourth and final phase of magmatism is assigned to the volcanic association of the felsic 

magmatic events that took place in the Saldania belt. Scheepers and Poujol (2002) described 

this phase as fractionated peraluminous S-type volcanic and subvolcanic rocks exposed in the 

Saldanha Bay area. There is a notable geochemical differentiation between the two, with the 

volcanics being enriched in SiO2, having a higher ASI value and a higher Rb/Sr ratio than the 

subvolcanic counterpart. This phase was also described by Scheepers and Armstrong (2002) 

as extrusions of rhyolitic to rhyodacite peraluminous felsic rocks present as hypabyssal 

rhyolites, tuffisites, and óquartz porphyriesô on the northern side of Saldanha Bay. It was 
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concluded that the volcanism in Saldanha Bay, along the NW-SE orientated fracture zone, are 

primarily ignimbrite flows and tuffisite intrusions. Scheepers and Nortjé (2002) described the 

rocks of the Postberg peninsula, the southern portion of Saldanha Bay, as large ignimbrite 

flows which were dated at 515 ± 3 Ma by Scheepers and Poujol, (2002) using limited 

microprobe analysis on zircon. 

 

Table 2: Summary table of the evolution of the Saldania Belt (after Rozendaal et al., 1999). 

Event 
Age 

(Ma) 

Tectonic 

regime 
Basin type Sedimentation Magmatism 

Rifting Phase 

 

Break-up of 

supercontinent 

Rodinia and 

opening of proto-

Atlantic Ocean 

 

780 - 

750 

Transtensional, 

rifted margin 

Stepped pull- 

apart basins 

Rift related diamictite, 

arkosic quartzite, 

distal facies 

conglomerate quartzite 

and limestone 

(Goegamma 

Subgroup, Boland 

terrane, Gamtoos 

Group) 

Rift 

volcanic/intrusive 

andesite, 

dolerite/diabase 

(Brewelskloof, 

Tulbag, Kango) 

Ocean floor 

spreading 

700 - 

600 
Transtentional 

Evolving 

ocean/ 

continental 

margin 

basins 

Deep water thick 

turbidite successions 

(Swartland terrane, 

Goegamma Subgroup, 

Kaaimans and 

Gamtoos groups) 

Basaltic, WPB-

MORM (Bridgetown 

Formation) 

Reversal/ 

transpression and 

subduction phase 

Reversal of 

spreading and 

closure of proto-

Atlantic Ocean 

Subduction/ 

oblique collision 

600 - 

570 

 

 

 

 

570 - 

545 

 

Sinistral 

transpressional 

 

 

 

Poorly 

developed 

collision 

orogeny 

  

 

 

 

 

 

 

Syn - and post-

tectonic S-, I- and A-

type granites (Cape 

Granite Suite) 

(Cape Granite 

Suite) 

Foreland basin 

phase 

Development of 

syn- to post- 

orogenic basins 

(550 

- 

510) 

 

570 - 

510 

 

 

 

Syn- to post- 

orogenic 

 

Foreland, 

intra-orogen 

and marginal 

pull-apart 

basins 

 

Molassic and related 

deposits (Kansa 

subgroup, 

Franschhoek) 
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2.3 Local Geology 

2.3.1 Saldanha Bay, Saldanha, southwestern coastline of South Africa 

 

Saldanha Bayôs major lithological unit was initially mapped as a 250 km2 high-level intrusive 

volcanic succession, known as ñSaldanha quartz porphyryò (Scholtz, 1946). These rocks were 

originally dated by Schoch and Burger (1976) to have a U-Pb zircon age of 522 ± 12 Ma, and 

then later dated to 515 ± 3 Ma by Scheepers and Poujol (2002) using ion-microprobe 

analyses.  

 

Scheepers and Poujol (2002) inferred that the òSaldanha quartz porphyryò was the younger 

magmatic phase when compared to the surrounding granites, due to the presence of older 

granitic enclaves (i.e. Hoedjiespunt Granite) inside the ñquartz porphyryò, thereby 

establishing what they interpreted as an intrusive relationship between the two rock types. 

These enclaves however, establishes an age relationship between the two rock types but does 

not provide evidence for an intrusive origin, as most explosive volcanism often produces 

large blocks of pre-existing rocks at the base of the deposits which was not the case in 

Saldanha Bay (Clemens and Stevens, 2016a; Branney and Kokelaar, 2002).  

 

Scheepers and Nortjé (2000) identified the rocks on the southern side of Saldanha Bay, 

known as the Postberg peninsula, as ignimbrites. The rocks on the northern side, known as 

the Saldanha Peninsula, were described by Scheepers and Armstrong (2002) as hypabyssal 

rhyolites (sometimes known as óquartz porphyriesô) and tuffisites (see Fig. 4A). Scheepers 

and Poujol (2002) proposed the term ñSaldanha tuffisiteò for those rocks with notable textural 

and mineral variations. These rocks exhibit flow banding, have a cryptocrystalline matrix and 

contain fragmented crystals, although, they become increasingly microcrystalline as one 

moves further away from the ñintrusiveò contacts. They proposed that the peraluminous 

rhyolitic phase of the Postberg peninsula and the ñquartz porphyry/ tuffisiteò of the Saldanha 

peninsula represented the volcanic to subvolcanic hypabyssal /near-surface end of the CGS 

(Scheepers and Armstrong, 2002; Scheepers and Poujol, 2002). The compositional variations 

seen between the Postberg Ignimbrites and the ñquartz porphyryò indicated that the upper 

SiO2 -rich portion of the magma chamber was tapped in the early stages of crystallisation. 

This described the formation of the basal rhyolitic phase and the crystallization of the upper 
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rhyodacitic phase, as the magma chamber became increasingly more depleted over time 

(Scheepers and Nortjé, 2000). Scheepers and Poujol (2002) concluded that the emplacement 

of the tuffisites and ñquartz porphyryò was a direct result of the magma chamber undergoing 

a huge degassing event which caused a reduction in the magma flow, choking the vents, and 

creating rocks with subvolcanic features. Again, this interpretation may stem from the fact 

that they viewed the rock body, as a whole, as having an intrusive origin. 

 

The presence of columnar jointing and recrystallized lapilli as well as evidence of 

recrystallized pumice fragments of feldspar and interlocking quartz, seen on both a macro and 

microscopic scale, raised the question of whether or not these rocks have been interpreted 

correctly as Saldanha ñquartz porphyry.ò This initiated a re-examination of the Saldanha 

peninsula rocks. Clemens and Stevens (2016) established that the rocks are fragmented and 

show S-type volcanic characteristics and unconformably overlay an eroded surface of the 

Hoedjiespunt granite. They reinterpreted the geology of the Saldanha Bay area as having two 

separate bodies, both of which are S-type ignimbrites (Figure 7), on opposite ends of the 

Saldanha Bay entrance. One lies to the north, in the Saldanha peninsula, and the other to the 

south, mainly on the tip of the Postberg peninsula. They describe these S-type bodies as a 

massive welded ignimbrite succession and suggested that the area around Saldanha Bay 

represents a large composite caldera complex consisting of the Postberg and Saldanha 

eruption centres, together known as the Saldanha Bay Volcanic Complex ( 

Figure 7B). They concluded that the rocks of the Saldanha centre are not ótuffisitesô but 

predominantly ignimbrites and that the volcanic activity may have overlapped with that in the 

Postberg centre. Since the whole volcanic complex is roughly 30 km2 in extent, it is 

reasonable to hypothesize a close relationship between the two eruption centres and their 

products (Clemens et al., 2017).  
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Figure 7: A simplified geological map illustrating the distribution of the granitic and volcanic phase, now considered to be 

an incorrect interpretation (after Scheepers and Armstrong, 2002).  

 

Clemens and Stevens (2016a) found that in the Saldanha centre, two geochemically distinct 

ignimbrite magmas are present - the Saldanha and Jacobôs Bay ignimbrites. They also 

recognised two geochemically distinct, more silicic magma groups in the Postberg centre - 

the Plankiesbaai and Tsaarsbank ignimbrites. The Plankiesbaai and the Tsaarsbank 

ignimbrites occurred exclusively in the Postberg centre while the other two members, the 

Saldanha and Jacobs Bay Ignimbrites, occur mainly in the Saldanha centre with minor 

volumes present in the Postberg centre. 
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Figure 8: A geological map of the current interpretation of the Saldanha Bay Volcanic Complex showing the exposures of 

pre-volcanic granitic intrusions as well as the Postberg and Saldanha eruption centres (Note that both centres are now 

described as Ignimbrites). The white areas represent tertiary and quaternary sands and calcarenites. (after Clemens and 

Stevens, 2016). 

 

 

 



Chapter 2: Geological Setting 

23  Matthew Misrole - March 2020 

Clemens et al. (2017) show that the rhyolitic magmas (Saldanha and Jacobs Bay Ignimbrites) 

erupted at 542 ± 3 Ma, which is considerably earlier than the published date for the Postberg 

ignimbrites at 515 ± 3 Ma by Scheepers and Poujol (2002). At least some volcanism 

(currently only confirmed for the Saldanha Centre rocks) was coeval with the main stages of 

magmatism in the CGS (550 ï 530 Ma, Chemale et al. 2011).  

 

The data presented here will show that the ignimbrites of the Postberg centre produces an 

almost identical U-Pb age to that of the Saldanha Centre ignimbrites (542 ± 2 Ma) at a date 

that is considerably earlier than the 515 ± 3 Ma age published by Scheepers and Poujol 

(2002). Clemens and Stevens (2016) suggested, based on the extent of the outcrop and 

revised mineralogy, that the volcanic activity of the eruption centres may have been co-

synchronous but the volcanic activity of the Saldanha centre terminated slightly earlier than 

that of the Postberg centre. The new U-Pb ID- TIMS (Isotope Dilutions ï Thermal Ionisation 

Mass Spectrometry) age of 542 ± 2 Ma for the Saldanha Centre presented by Clemens et al. 

(2017), in conjunction with the robust U-Pb age of 536 ± 3 ï 542 ± 3 Ma presented in this 

thesis for the Postberg centre (see later), confirms this statement conclusively. It also 

confirms that the volcanism seen in the Saldanha Bay area was coeval with the main stages of 

magmatism of the CGS (550 ï 530 Ma). A comprehensive and comparative geochemical 

data-set was built for the Postberg Ignimbrites by combining this studiesô collected sample 

data with data from Scheepers and Poujol (2002), Scheepers and Nortjé (2000), Joseph 

(2012), Clemens and Stevens (2016), and Clemens et al. (2017). Rb-Sr/ Sm-Nd isotope 

correlations have also been included in order to constrain the source of the magmatic events 

of the Postberg Centre ï Jacobs Bay Ignimbrite as well as to compare them to the Saldanha 

Centre- Jacobs Bay Ignimbriteôs source. 
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3 ANALYTICAL METHODS 

3.1 Introduction 

 

This chapter describes the criteria used in acquiring and developing the various datasets of 

this study. The outline of the entire analytical procedure as well as the quality control 

measures taken for each step is presented below. Sample sizes were chosen based on the prior 

knowledge of the study area and on aims for the analytical outputs. All data outputs were 

then processed and analysed accordingly. 

 

Figure 9: Flow chart outlining the research design, data collection, data processing and data outputs. 
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3.2 Research design and data collection 

3.2.1 Fieldwork and sampling  

 

The Postberg Ignimbrites of the Saldanha Bay Volcanic Complex are exposed exclusively in 

the West Coast National Park, South Africa. Permission from Cape NatureÊ was obtained 

before the fieldwork commenced. A total of three representative samples weighing 

approximately 4-5 kg each of the Postberg Ignimbrites were collected in early August 2016, 

where standard sample-collection protocol was followed (see Figure 10 and Table 3). An 

additional two samples were received from Prof Gary Stevens at the University of 

Stellenbosch, from their extensive work done on the same area (see Clemens and Stevens, 

2016). Altered or weathered segments of rock were removed with a diamond saw prior to thin 

sectioning and petrographic analysis at the University of the Western Cape, South Africa. 

3.2.2 Petrographic analysis  

 

Examination of the thin sections that were cut from various rock samples was performed at 

the University of the Western Capeôs microscope laboratory using a LeicaÊ Microsystems 

DM300 Transmission microscope with Binocular 1000 x Transmitted light. Both normally 

transmitted plane-polarized and cross-polarized light was used for effective petrographic 

descriptions on the polished thin sections. Photomicrographs of the thin sections were taken 

on the same microscope with a LeicaÊ camera fitting.  
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Figure 10: Google EarthÊ images of the Saldanha Bay area showing the locations of all collected field samples: 1-MM1, 2-

MM2, 3-MM3, 4-Pos1, and 5-Pos2. White boxes and corresponding letters represent zoomed in portions of the bay.
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Table 3: Rock types and geographic location of all collected samples in the Postberg Centre, Saldanha Bay Volcanic 

Complex. 

 

3.2.3 Whole rock chemistry  

 

The bulk rock geochemical data is presented as electronic appendices EA1 and EA2 with a 

summary data table presented in EA3. Approximately 1-2 kg of rock sample were crushed to 

a fine powder (<1 mm) using a jaw crusher and tungsten swing mill prior to the preparation 

of a fused disc for whole rock analysis. The jaw crusher and swing mill were cleaned using 

pure quartz and acetone after processing each sample, to avoid cross contamination. Glass 

disks were prepared for XRF analysis at CAF, Stellenbosch University, South Africa, using 

10g of high purity trace element and REE element free flux (LiBO2 = 32.83%, Li2B4O7 = 

66.67%, LiI = 0.50%) mixed with 1g of the rock sample.  

 

Whole rock major element compositions were determined by XRF spectrometry on a 

PANalytical Axios Wavelength Dispersive spectrometer. The instrument is fitted with a Rh 

tube, a gasïflow proportional counter, and a scintillation detector with the following 

Sample Name Rock Type UTM Longitude and Latitude  Elevation (m)  

MM1 Ignimbrite  
33H0779154 

UTM-6328628 

3 σσЈ πψȭτςȢχȭȭ 

% ρχЈ υωȭσσȢυȭȭ 
2 

MM2 Ignimbrite  
34H0220336 

UTM-6328228 

3 σσЈ πψȭυτȢρȭȭ 

% ρψЈ ππȭπφȢτȭȭ 
1 

MM3 Ignimbrite  
33H0777273 

UTM-6329927 

3 σσЈ πψȭπςȢσȭȭ 

% ρχЈυψȭρωȢφȭȭ 
5 

Pos 1 Ignimbrite  - 
S 33° πφȭςπȢπȭȭ 

% ρψЈππȭρτȢπȭȭ 
148 

Pos 2 Ignimbrite  - 
3 σσЈ πχȭυσȢπȭȭ 

E 17° υψȭςςȢπȭȭ 
0 
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analysing crystals: LIF200, LIF220, LIF420, PE, and PX1. The gasïflowôs proportional 

counter uses a 90% Argon and 10% methane gas mixture.  

 

Major elements were analysed on a fused glass disk at 50 kV and 50 mA tube operating 

conditions. Matrix effects in the samples were corrected for by applying theoretical alpha 

factors and measured line overlap factors to the raw intensities measured with the SuperQ 

PANalytical software. The results are reported normalized to 100 wt% anhydrous, with total 

Fe expressed as FeOT. 

3.2.4 Trace element chemistry 

 

The bulk rock geochemical data is presented as Electronic Appendices EA1 and EA2 with a 

summary data table presented in EA3. Fusion disks were prepared for XRF analysis by an 

automatic Claisse M4 Gas Fusion instrument and ultrapure Claisse Flux, using a ratio of 1:10 

sample: flux, where the samples were coarsely crushed and a chip of sample mounted along 

with up to 12 other samples in a 2.4cm round resin disk. The mount was mapped and then 

polished for analysis. 

 

An ASI 193 nm resolution Excimer laser connected to an Agilent 7500ce ICPïMS was used 

for the analysis of trace elements in bulk rock samples and single mineral grains. Ablation 

was performed in He gas at a flow rate of 0.35L/min, and then mixed with argon (0.9L/min) 

and Nitrogen (0.004L/min) just before introduction into the ICP. For traces in fusions, 2 spots 

of 100µm were ablated on each sample using a frequency of 10Hz and 3.6J/cm2 energy (See 

Table 4 for further details).  

 

Trace elements were quantified using NIST 612 for calibration and the wt.% SiO2 from XRF 

measurement as internal standard, using standard - sample bracketing. Two replicate 

measurements were made on each sample, with the average reported as the measured 

concentration. The calibration standard was run every 12 samples. A quality control standard 

was run in the beginning of the sequence as well as with the calibration standards throughout. 

Further queries regarding the analytical procedures and methods should be addressed to the 

Central Analytical Facility (CAF) at Stellenbosch University, South Africa. 
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3.2.5 Rb-Sr & Sm-Nd isotope analysis 

 

Tracer-isotope data collected for the Postberg Centre ï Jacobs Bay Ignimbrites are presented 

as Electronic Appendix EA7. Chemical preparation of whole-rock Sr and Nd isotope analysis 

(Table 1) was performed in PicoTrace® clean lab facilities and isotope ratios were measured 

with a Nu Instruments thermal ionization mass spectrometer (Nu-TIMS) at Departamento de 

Geología, Centro de Investigación Científica y de Educación Superior de Ensenada 

(CICESE) in the state of Baja California (Mexico), equipped with twelve fixed Faraday cups 

and the Nu-instruments zoom optics for perfect alignment of all masses of interest into the 

Faraday cups. Element separation was achieved in two steps, first with quartz-glass columns 

filled with DOWEX AG 50W-X8 resin to separate Sr and REE and then with Ln-Spec® resin 

to separate Nd. Samples were loaded on Re filaments in double filament technique with 

H3PO4 for Nd and with single filament technique together with a TaF4 activator for Sr. Both 

Sr and Nd isotope ratios were measured in static mode (8 blocks of 10×16 s integrations). 

Correction for mass bias for Sr and Nd was achieved by normalizing to 86Sr/88Sr = 0.1194 

and 146Nd/144Nd = 0.7219, respectively.  

3.2.6 Zircon U-Pb geochronology 

 

All U -Pb data for the samples collected from the Postberg Centre, Saldanha Bay Volcanic 

Complex, is presented as an Electronic Appendix EA6. Prior to U-Pb dating, the following 

sample preparation procedures were followed: Crushing and milling of approximately 2-5 kg 

rock sample, panning and magnetic separation by Frantz Isodynamic Separator, and heavy 

liquid separation (tetrabromoethane ï Br2CHCHBr2) to further separate the non-magnetic 

fractions. From the processed sample, zircons were handpicked using a Wild M3Z 

microscope. A mixed SpeciFix Resin and Curing Agent along with the EpoFix Resin and 

hardener were poured into the mould and allowed to cure (1-inch resin mount). The mount 

was then polished (1µm) and prepared for cathodoluminescence (CL) imaging with a Zeiss 

MERLIN Field Emission Scanning Electron Microscope (FE-SEM) at CAF, Stellenbosch 

University.  
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In-situ U-Pb age dating of zircons was performed at the Central Analytical Facility (CAF) at 

Stellenbosch University. All UïPb age data obtained at the CAF were acquired by laser 

ablation - single collector - magnetic sectorfield - inductively coupled plasma - mass 

spectrometry (LA-SF-ICP-MS) employing a Thermo Finnegan Element2 mass spectrometer 

coupled to an ASI Resolution SE S155 Excimer laser ablation system. Prior to age dating, the 

internal textures of the zircons were studied by CL imaging obtained at Central Analytical 

Facility (CAF) at Stellenbosch University (see Table 4). 

 

All U-Pb age data presented here was obtained by single spot analyses with a spot diameter 

of 30 µm and a crater depth of approximately 10-15 µm. The methods employed for analysis 

and data processing are described in detail by Frei and Gerdes (2009) and Cornell et al. 

(2016). The calculation of Concordia ages and plotting of Concordia diagrams were 

performed using Isoplot/Ex 3.0 (Ludwig, 2003). For detailed method descriptions see Table 4  

as well as Frei and Gerdes (2009). 
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Table 4: LA-SF-ICP-MS U-Th-Pb dating methodology provided by CAF, Stellenbosch University.  

Laboratory & Sample Preparation  

Laboratory name Central Analytical Facility, Stellenbosch University 

Sample type / mineral Magmatic zircons  

Sample preparation Conventional mineral separation, 1-inch resin mount, 1 µm polish to finish 

Imaging CL, LEO 1430 VP, 10 nA, 15 mm working distance 

Laser ablation system  

Make, Model & type ASI Resolution SE S155, ArF Excimer Atlex ATL 

Ablation cell & volume Laurin Technology S155 double Helix large volume cell 

Laser wavelength 193 nm 

Pulse width 4 ns 

Fluence 1.4 J/cm-2 (measured with external energy meter above sample funnel) 

Repetition rate 9 Hz 

Spot size 30 µm 

Sampling mode / pattern 30 µm single spot analyses 

Cell carrier gas 100% He, Ar and N2 make-up gases combined using injectors into double 

Helix sampling funnel 

Pre-ablation laser warm-up (background 

collection) 

3 cleaning shots followed by 20 seconds background collection 

Ablation duration 15 seconds 

Wash-out delay 15 seconds 

Cell carrier gas flows 330 ml/min He 

ICP-MS Instrument  

Make, Model & type Thermo Finnigan Element2 single collector HR-SF-ICP-MS 

Sample introduction Via Nylon 10 tubing  

RF power 1350 W 

Make-up gas flow 910 ml/min Ar & 0.03 ml/min N2 

Detection system Single collector secondary electron multiplier 

Masses measured 202, 204, 206, 207, 208, 232, 233, 235, 238 

Integration time per peak 4 ms 

Total integration time per reading 1 sec 

(represents the time resolution of the data) 

Sensitivity 30000 cps/ppm Pb 

Dead time 6 ns 

Data Processing  

Gas blank 20 second on-peak 

Calibration strategy GJ-1 used as primary reference material, Pleġovice & M127 used as 

secondary reference material (Quality Control) 

Reference Material info GJ-1 (Jackson et al. 2004), Pleġovice (Slama et al. 2008), M127 (Nasdala et 

al. 2008; Mattinson 2010) 

Data processing package used / Correction 

for LIEF 

In-house spreadsheet data processing using intercept method for LIEF 

correction 

Mass discrimination Standard-sample bracketing with 207Pb/206Pb and 206Pb/238U normalized to 

reference material GJ-1 

Common-Pb correction, composition and 

uncertainty 

204-method, Stacey & Kramers (1975) composition at the projected age of 

the mineral, 5% uncertainty assigned 

Uncertainty level & propagation Ages are quoted at 2 sigma absolute, propagation is by quadratic addition. 

Reproducibility and age uncertainty of reference material and common-Pb 

composition uncertainty are propagated. 

Quality control / Validation M127: Concordia age = 529±4 Ma (2s, MSWD = 0.27) 

Pleġovice: Concordia age = 340±2 Ma (2s, MSWD = 0.47) 
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3.3 Data quality control 

 

3.3.1 Whole rock chemistry  

 

The control standards used in the calibration procedures for major element analyses were 

NIM-G (granite from the Council for Mineral Technology, South Africa) and BHVO-1 

(basalt from the United States Geological Survey, Reston). For quality control, GJ-1 was used 

as the primary reference material and Pleġovice & M127 as the secondary reference material. 

In-house spread-sheet data processing using intercept method was used for LIEF correction. 

Standard-sample bracketing with 207Pb/206Pb and 206Pb/238U was normalized to reference 

material GJ-1, see Electronic Appendix EA4.  

3.3.2 Trace element chemistry  

 

BCR-2 or BHVO 2G, both basaltic glass certified reference standards produced by USGS (Dr 

Steve Wilson, Denver, CO 80225), were run at the beginning of the sequence. A fusion 

control standard from certified basaltic reference material (BCR-2, also from USGS) was also 

analysed in the beginning of a sequence to verify the effective ablation of fused material. The 

reference material is from published BHVO glass in Jochum et al. (2005) and BHVO powder 

form Jochum et al. (2016). Data tables are presented as Electronic Appendix EA4. 

 

3.3.3 Rb-Sr & Sm-Nd isotope analysis 

 

The neodymium standard JNdi-1 (Tanaka et al., 2000), analysed in the same run as the 

unknowns, yielded 143Nd/144Nd = 0.512103 Ñ 3 (2ů); the average of six analyses within the 

same month was 0.512099 ± 4 (1 s.d.). NIST 987 standard yielded 87Sr/86Sr = 0.710236 ± 10 

(2ů) when measured with the unknowns, and an average of 0.710236 ± 8 (1 s.d.) for six 

analyses carried out in the same month as the analysis of the unknowns.  
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3.3.4 Zircon U-Pb geochronology 

 

For quality control, the Plesovice (Sláma et al., 2008) and M127 (Nasdala et al., 2008; 

Mattinson, 2010) zircon reference materials were analysed, and the results were consistently 

in excellent agreement with the published ID-TIMS ages. Full analytical details and the 

results for all quality control materials analysed are presented as Electronic Appendix EA5 

(Figure 37Figure 40). Table 4: LA-SF-ICP-MS U-Th-Pb describes the dating methodology of 

CAF, Stellenbosch University. 
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4 RESULTS 

4.1 Introduction 

 

This chapter aims to embody all the data outputs of the Postberg Ignimbrite - Saldanha Bay 

research. An array of figures, graphs and tables are presented beginning with a 

petrolographical display of the Postberg Ignimbrite samples. Various photos of rock cuttings 

are displayed along with their corresponding thin-section photomicrographs.  

 

The geochemical outputs are displayed as a variety of chemical variation diagrams. It is 

important to note, as this thesis aims to re-asses both geochemistry and the age distribution of 

these ignimbrites relative to previous studies, that the geochemical data for the Postberg 

eruption centre is a collection of various studies, including Scheepers and Poujol (2002), 

Scheepers and Nortjé (2000), Joseph (2012), Clemens and Stevens (2016), and Clemens et al. 

(2017) with additional field samples collected for this report. Furthermore, a variety of 

geochemical plots from Clemens et al. (2017) have been included for the Saldanha Centre 

Ignimbrites. Although they are not part of the primary study, they have been inserted for 

contextual, comparative and classification purposes.  

 

Rb/Sr and Sm/Nd tracer isotope data for Postberg Centre ï Jacobs Bay ignimbrites is 

displayed as a variety of correlation plots and tables, which includes those of the Saldanha 

Centre ï Jacobs Bay ignimbrites in order to compare their magmatic source to that of the 

Postberg eruption centre. All t he modified data tables are displayed as Electronic Appendices.  

 

The U-Pb isotope data results are presented as cathodoluminescence (CL) images, Concordia 

data plots and probability-density distribution plots for selected samples of the Postberg 
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Centre. A description of the form, colour, and internal structure of the extracted zircon grains 

are presented with the U-Pb age for the various samples, referenced to their corresponding 

figures and their respective data tables, are displayed in the Electronic Appendices along with 

quality control diagrams for selected reference material.  

 

In this chapter, several abbreviations are used for the various types of ignimbrites found in 

the Postberg and Saldanha eruption centre. When referring to the eruption centres themselves, 

the abbreviations ñPCò is used for the Postberg Centre and ñSCò for the Saldanha Centre. As 

mentioned before the Saldanha Bay Volcanic Complex has four geochemically distinct 

magma series. The abbreviations for the different magma series were done as follows: the 

Plankiesbaai Ignimbrites ñPIò and Tsaarsbank Ignimbrites ñTIò (both found exclusively in 

the Postberg Centre) and the Saldanha Ignimbrite ñSIò and Jacobs Bay Ignimbrite ñJIò (found 

in both eruption centres). Therefore, when describing a specific magma series (PI, TI, SI or 

JI) within an eruption centre (PC or SC) the abbreviation was made as follows: ñeruption 

centreò ï ñmagma seriesò. For example, the Postberg Centre - Saldanha Ignimbrite is 

abbreviated to (PC-SI) and Saldanha Centre - Saldanha Ignimbrite to (SC-SI) etc. 
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4.2 Petrography 

 

The three representative ñMMò samples of this study collected from the Postberg Centre are 

fine-grained pyroclastic rocks that chemically classify as Jacobs Bay Ignimbrites (PC-JI). 

They are light/medium grey to pale brown in colour (Figure 11) and contain small magma 

clasts. 

 

Phenocrysts constitute around 50-65 vol. % of the Postberg Ignimbrites with varied 

phenocrystic assemblages of (note these are expressed as a percentage of the phenocrysts vol. 

%) alkali feldspar (35%), quartz (25%), plagioclase (20%), biotite (15%) and orthopyroxene 

(5%). The crystal grain size varies between microcrysts of ~ 0.1 mm to 0.6 mm and 

phenocrysts from ~ 0.8 mm to ~6mm. Several textures and alterations can also be seen in the 

photomicrographs and will be discussed later. The diagrams display a variety of photo-

macrographs (Error! Reference source not found.) and photomicrographs (Error! 

Reference source not found.,Error! Reference source not found. andError! Reference 

source not found.) with some areas of interest displayed at 10x/0.25 magnification 

(displayed in both cross and plane polarised light). 

 

Alkali feldspar (usually light to medium-grey/pale brown to tan in colour) and quartz (pale to 

medium grey in colour) make up the greatest proportion of phenocrysts in the Postberg 

Ignimbrites (~60% of the total phenocrystic vol. %). Approximately 35 vol. % of the 

Postberg Ignimbrites is groundmass - primarily recrystallized polygonal quartz and feldspar 

(plagioclase and alkali feldspar) granules with some recrystallized biotite ingrowths. 
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Figure 11: Macrophotographs of the rock samples collected in the Postberg Centre. A & B) - Sample MM1; C & D) -Sample 

MM2; E & F) -Sample MM3.  

 

Alkali feldspar phenocrysts (~1-6 mm grain size) form subhedral to anhedral grain shapes. 

They are often fractured/broken (Figure 12 A, C, & F and Figure 13 A, C & A) and exhibit 

some rounding at the edges of the crystal (Figure 12 A, C & F and Figure 13 A, C & F). 

Exsolution of albite lamellae (Figure 13 A & E) as well as sericite and chlorite alteration 

(Figure 12 E, Figure 13 C & D and Figure 14 C & D), although highly variable, are not 

uncommon. The perthitic texture seen in these crystals, caused by subsolidus unmixing of 

two minerals, resulted in an intergrowth of both sodic and potassic feldspar during 

recrystallization (Figure 13 E). Under higher magnification, displays of both simple and 

multiple twinning are observed in most alkali feldspar phenocrysts, where multiple inclusions 

of biotite, orthopyroxene and zircons (Figure 12 A & B, Figure 13 B, C & D and Figure 14 B, 

C & D) are a regular occurrence.  

 

A 

F E 

D C 

B 
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Figure 12: Photomicrographs of representative sample MM1 for the Postberg Centre in the Saldanha Bay Volcanic Complex 

showing the mineralogy and textures. All images were taken under cross polarized light. Please note plate B) and E) are 

taken at a higher magnification (10x0.25) and are represented by the red circles in plate A) and D) respectively. Please note 

that the polarisation on the microscope is not quite right (the two polarising lenses are slightly offset from exactly 

perpendicular to each other). 
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Quartz phenocrysts are euhedral to subhedral and have a grain size range of around ~1-6 mm 

(Figure 12 A and Figure 13 A & F) and microcrysts ranging from 0.1-1 mm (Figure 12 E). 

Both sub grain and monocrystalline varieties (exhibiting characteristic undulose extinction, 

seen in Figure 13 A and E. The red box indicating the original position of the stage and the 

blue box indicating the rotated position) are observed across all three of the samplesô thin 

sections. Both types display slight fracturing around the edges of the crystal and are typically 

filled with fine-grained matrix materials (polygonal feldspar, quartz and biotite) or quartz 

microlites (Figure 12 E & F and Figure 13 A, E & F). 

 

Plagioclase phenocrysts (grain size range of ~0.5-6 mm) have euhedral forms (Figure 12 C 

and Figure 13 A, C & F). These crystals display well- to poorly-defined fracturing and 

display characteristic oscillatory zoning sometimes obscured due to sericite or chlorite 

alteration, which is more predominant here than in the alkali feldspar phenocrysts (Figure 12 

A and Figure 13 C). 

 

Biotite phenocrysts, the main ferromagnesian mineral in the rock samples, forms reddish-

brown tabular/plate shaped crystals (Figure 12 B & D, Figure 13 E and Figure 14 C & D). 

They have varied grain sizes ranging from ~0.1 mm (microcrysts) to 4 mm (phenocrysts). 

Interstitial and lamellar laths can be observed within larger crystals of biotite as well as 

within other minerals that had pre-existing fractures (Figure 12 B and Figure 13 E). On 

occasion, biotite overgrows the matrix and become partly altered in the process (Figure 12 A- 

indicated by green dashed line, B, D & E, Figure 13 C & D and Figure 14 C). They contain 

inclusions of alkali feldspar, quartz and zircons (Figure 12 B, Figure 13 B, C & D and Figure 

14 B, C & D). Sericite, iron oxide and chlorite alterations are often associated with these 

phenocrysts. In PPL biotite is typically light brown to a reddish brown in colour with circular 

spots known as ñpleochroic halos.ò 

 

Phenocrystic pyroxene ranges between 0.1-0.5 mm in length and display a pinkish blue to 

yellowish brown colour. The crystal maintains strong angular edges (slightly fractured) while 

biotite reaction coronas can be seen around fractured sections of the phenocryst (Figure 13 

F). 
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Figure 13: Photomicrographs of representative sample MM2 for the Postberg Centre in the Saldanha Bay Volcanic Complex 

showing mineralogy and textures. These images were taken under cross-polarized light except for plate D) which was taken 

under plane polarised light. Please note plate C) and D) are taken at a higher magnification (10x0.25) and is represented by 

the red circle in plate B) (red box indicates the original orientation; the blue box indicated the rotated position). Please note 

that the polarisation on the microscope is not quite right (the two polarising lenses are slightly offset from exactly 

perpendicular to each other). 
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The groundmass has undergone substantial recrystallization where most of its original 

textures, which would generally classify them as pyroclastic, were removed in the process. 

The microcrystalline groundmass shows considerable compositional variation between 

individual samples, as well as within a single samplesô thin section. It is primarily made up of 

equigranular, recrystallized polygonal -quartz and -feldspar granules with some recrystallized 

biotite ingrowths (Note, the groundmass grain size are much smaller around some of the 

quartz and feldspar phenocrysts as seen in Figure 12 A, C & F, Figure 13 A & E and Figure 

14 A). In some areas of the thin sectionsô, between adjacent or broken phenocrysts, the matrix 

grains vary in size form ~20 µm to ~1 mm and contain similarly sized crystals quartz or 

slightly coarser glomerocrysts of feldspar, quartz and biotite; or in some cases, quartz and 

biotite only (Figure 12, Figure 13 and Figure 14). There are also some chlorite alterations, 

displaying a dark green to olive colour and constitutes the main alteration assemblage for the 

ignimbrites of the Postberg and Saldanha eruption centres (Figure 12 E, Figure 13 C & D and 

Figure 14 C & D).  

 

One or two zircon grains (Figure 12 B, Figure 13 A & E and Figure 14 A) displaying 

cloudy/patchy colours of light-pink and green are also seen in some photomicrographs (high 

order interference colours). They are generally tetragonal-prismatic shaped with dipyrimidal 

gain-tip terminations, commonly found within, or surrounded by biotite and pyroxene 

(brown/light brown/green).  
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Figure 14: Photomicrographs of representative sample MM3 for the Postberg Centre in the Saldanha Bay Volcanic Complex 

showing mineralogy and textures. These images were taken under cross-polarized light except for plate D) which was taken 

under plane polarised light. Please note plate C), D) and F) are taken at a higher magnification (10x0.25) and is represented 

by the red circle in plate B) and E) respectively. Please note that the polarisation on the microscope is not quite right (the two 

polarising lenses are slightly offset from exactly perpendicular to each other). 
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4.3 Bulk rock chemistry  

4.3.1 Ignimbrite of the Saldanha Bay Volcanic Complex 

 

The bulk-rock chemical data for the Saldanha Bay Volcanic Complex is presented in 

Electronic Appendix EA1 and EA2. Since the Postberg Ignimbrites form the primary focus of 

this study, the Saldanha Ignimbrites have only been added for contextual and comparative 

purposes. A summary table of the geochemical data for both eruption centres are presented as 

Electronic Appendix EA3.  

 

Both geochemical datasets include samples A1-A40 and B1-B32 from Scheepers and Poujol 

(2002), some of which were tabulated by Scheepers and Nortje (2000), with alternative 

sample numbers with QP prefixes added by Scheepers and Poujol (2002). For those selected 

samples, both sample numbers are given, separated by commas (e.g. EA2 ï B10, QP4). 

Samples CJA1-CJA7, CJB9-CJB30, MB1-MB26, WIG and WP8-WP31B are from Joseph 

(2012). Samples Pos1 & Pos2 in EA1 and Sal1-Sal8 in EA2 are from Clemens et al. (2017). 

Note, this dataset was originally used by Clemens et al. (2017) and modified by the addition 

of samples LQP1-LQP6 form Scheepers and Nortje (2002) as well as three additional 

samples form present work (MM1, MM2 and MM3). Both Scheepers and Poujol (2002) and 

Joseph (2012) had samples with óAô and óBô prefixes; thus, to clearly differentiate the two 

sets, óCJô has been added to the prefixes of the relevant Joseph (2012) samples.  

 

As previously stated, Clemens and Stevens (2016) showed that Saldanha Bay Volcanic 

Complex has two bodies of S-type ignimbrites at opposite ends of the Saldanha Bay entrance, 

with the Saldanha eruption centre to the north and the Postberg eruption centre to the south. 

In the Saldanha Centre (SC), two chemically distinct ignimbrite magmas are present - the 

Saldanha Ignimbrite (SI) and Jacobôs Bay ignimbrites (JI). The initial recognition and 

chemical characterisation of these ignimbrites are best illustrated on the TiO2 vs. K2O (Figure 

17 B) plot after Clemens and Stevens (2016). 
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Figure 15: Google EarthÊ image of the Saldanha Bay Volcanic Complex (indicated by the white dashed-line box) 

displaying the Postberg eruption centre and the Saldanha eruption centre. 

 

They also recognised two chemically distinct, more silicic magma groups in the Postberg 

centre (PC) - the Plankiesbaai Ignimbrites (PI) and Tsaarsbank Ignimbrites (TI). The 

chemical differences between these two ignimbrites are best illustrated on plots with K2O as 

the abscissa. The Mg# (mol. 100 Mg/ [Mg + Fe]) vs. K2O plot (Figure 16) shows a clear gap 

in Mg# between the Tsaarsbank and the Plankiesbaai ignimbrites, with the latter being more 

ferroan in composition (Mg# < 13).  

 

Since the Plankiesbaai and the Tsaarsbank Ignimbrites occurred exclusively in the Postberg 

centre and the other two members, the Saldanha and Jacobs Bay Ignimbrites, occur mainly in 

the Saldanha Centre, with minor volumes present in the Postberg Centre (two pink triangles 

and one blue triangle in Figure 16 a & b), Clemens and Stevens (2016) surmised that the 

volcanic activity in the two eruption centres may have occurred simultaneously, but the 
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activity in the Saldanha centre may have terminated earlier than that of the Postberg centre 

(discussed later with the new geochronology data).  

 

It is for this reason that the samples collected from the Postberg Centre (MM samples, red 

circles) as well as the volcanic (LQP, yellow circles) samples from Scheepers and Nortje 

(2002) in Figure 16 a) & b) had to be classified accordingly. Figure 16 displays all the 

samples from both the Postberg Centre and the Saldanha Centre with the R2 as correlation 

coefficients for each ignimbrite. 

 

 

 

 

 

 

Figure 16: Diagram showing the chemical variation between the Ignimbrites of the Saldanha Centre (represented by various 

coloured squares and circles) and Postberg Centre (represented by various coloured triangles). MM samples from present 

work and LQP samples from Scheepers and Nortje (2002) have also been included as red and yellow circles respectively. 

Plot (a) Mg# (mol. 100 Mg/ [Mg + Fe]) is modified after Fig. 20a from Clemens and Stevens (2016). Plot (b) is modified 

after Fig. 10d from Clemens et al. (2017). 
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4.3.2 Sample classification  

 

When all the geochemical data is viewed on a single chemical variation plot, as seen in 

Figure 16, it is unclear or challenging to identify which of the four known magma groups the 

collected Postberg Ignimbrites samples relate to. For example in Figure 16 (a), the Postberg 

Ignimbrite LQP samples (PC-LQP, yellow circles) lie within the same general area as both 

the Saldanha Centre, Saldanha Ignimbrites (SC-SI, blue circles) and the Postberg Centre 

Tsaarsbank Ignimbrites (PC-TI, orange triangles). Likewise, the PC-MM samples (red 

circles) could belong to either Saldanha Centre, Jacobs Bay Ignimbrite (SC-JI, pink squares) 

or the Saldanha Centre, Saldanha Ignimbrites (SC-SI, blue circles). 

 

Figure 17 presents a number of chemical variation  diagrams; Figure 17 a & c (Zr, K2O vs. 

SiO2), b & d (TiO2, FM vs. K2O) and e & f (TiO2, Al2O3 vs. FM) which classify the MM 

samples collected in the Postberg Centre as Jacobs Bay Ignimbrites (PC-JI).  

 

Figure 18 a & b displays two chemical variation plots (TiO2, CaO vs. K2O) and classifies the 

volcanic LQP samples collected in the Postberg Centre by Scheepers and Nortje (2002) as 

Tsaarsbank Ignimbrites (PC-TI).  
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Figure 17: Selection of chemical variation plots showing rocks of the Saldanha Centre-Jacobôs Bay Ignimbrite (SC-JI, pink 

squares), the Saldanha Centre-Saldanha Ignimbrite (SC-SI, blue circles) as well as the Postberg Centre-MM samples (PC-

MM, red circles) collected for the present work. Plots Zr and K2O vs. SiO2 are modified versions of the Harker plots Fig. 6b 

and Fig. 4e from Clemens et al. (2017) respectively. Plots TiO2 and FM [FeOT + MnO + MgO] vs. K2O are modified after 

Fig. 7a, b from Clemens et al. (2017). Note the geochemical difference (TiO2 & FM vs K2O and TiO2 Al 2O3 vs FM) in the of 

the magmas that formed the Saldanha Ignimbrite and the Jacobôs Bay Ignimbrite of the Saldanha eruption centre. The PC-

MM samples can therefore be classified as Jacobôs Bay Ignimbrites.  
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Figure 18: Diagram showing chemical variation plots between the Saldanha Centre-Saldanha Ignimbrite (SC-SI, blue circle) 

and the Postberg Centre-Tsaarsbank Ignimbrite (PC-TI, orange triangle) as well as the Postberg Centre Volcanic rock 

samples from Scheepers and Nortje (2002) (PC-LQP, yellow circles). These plots clearly display the chemical differences 

between the Saldanha and Tsaarsbank ignimbrites which may not be apparent in Figure 16 (a) and (b) and certainly classifies 

the PC-LQP samples as Postberg Centre- Tsaarsbank Ignimbrites (PC-TI). 

4.3.3 Ignimbrites of the Postberg Centre 

 

Using the TAS diagram (Figure 19; after Bas et al., 1986) and the molar Na2O ï Al2O3 ï K2O 

plot (Figure 20), all the analysed samples from both the Postberg Centre and the Saldanha 

Centre are peraluminous, form part of the subalkaline/tholeiitic series and are classified as 

rhyolites. As previously stated, the initial chemical characterisation of two distinct magma 

groups within the Postberg Centre was recognised by Clemens and Stevens (2016) ï 

Plankiesbaai and Tsaarsbank Ignimbrites. Both magma groups are characterised by high SiO2 

contents (>76 wt.%), a lack of variation in TiO2, and Zr, high Al2O3 and ASI values 

(aluminium saturation index), low CaO and Na2O, and a highly ferroan character, with Mg# 

values of < 18.  

 

The results of the geochemical analysis for samples of the Postberg Ignimbrites (Figure 

21Figure 24) are in excellent agreement with the work done by Clemens and Stevens (2016) 

and Clemens et al. (2017). Figure 21 displays a variety of Harker diagrams for selected major 

oxides (TiO2, Al2O3, CaO, P2O5, Mg# (mol. 100 Mg/[Mg + Fe]), Na2O, K2O and ASI (mol. 

Al 2O3/ [CaO - 3.33 P2O5 + Na2O + K2O]) showing the fields for various magma series and 

plotted with SiO2 as the abscissa. Figure 22 displays Harker diagrams for selected trace 

elements (Rb, Sr, Zr, Ba, V, Zn) verses SiO2 content. The same plots are displayed in Figure 

23 and Figure 24 this time plotted against the K2O content. 
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Figure 20: Molar Na2O ï Al 2O3 ï 

K2O plot displaying all samples 

of the Saldanha Bay Volcanic 

Complex, classifying them as 

peraluminous. Postberg Centre 

Saldanha Ignimbrites (green 

triangles, hidden behind sample 

points but indicated by green 

arrow), Postberg Centre Jacobs 

Bay Ignimbrite (red squares), 

Postberg Centre Plankiesbaai 

Ignimbrites (open blue diamond), 

Postberg Centre Tsaarsbank 

Ignimbrites (open purple 

diamonds), Saldanha Centre 

Saldanha Ignimbrites (closed blue 

diamonds), Saldanha Centre 

Jacobs Bay Ignimbrites (closed 

purple diamonds). 
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Figure 19: TAS diagram (after Bas et al., 1986) for all the samples of the Saldanha Bay Volcanic Complex, classifying them 

as subalkaline/tholeiitic rhyolites. Postberg Centre Saldanha Ignimbrites (green triangles indicated by green arrow), 

Postberg Centre Jacobs Bay Ignimbrite (red squares) Postberg Centre Plankiesbaai Ignimbrites (closed blue diamond), 

Postberg Centre Tsaarsbank Ignimbrites (open purple diamonds), Saldanha Centre Saldanha Ignimbrites (closed blue 

diamonds), Saldanha Centre Jacobs Bay Ignimbrites (closed purple diamonds). Alkali/sub - alkali boundary line after Irvine 

and Baragar (1971). 
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Figure 21: Harker plots of selected major oxides and derived parameters for rocks of the Postberg Centre in the Saldanha 

Bay Volcanic Complex; (a) TiO2, (b) Al2O3, (c) CaO, (d) P2O5, (e) Mg# (mol. 100 Mg/[Mg + Fe]), (f) Na2O, (g) K2O 

showing the fields for various magma series, (h) ASI (mol. Al2O3/ [CaO - 3.33 P2O5 + Na2O + K2O]). Plankiesbaai 

Ignimbrite (PC-PI, green triangle), Tsaarsbank Ignimbrite (PC-TI, orange triangle), Saldanha Ignimbrite (PC-SI, blue 

triangle) and Jacobôs Bay Ignimbrite (PC-JI, pink triangle). 



Chapter 4: Results 

51  Matthew Misrole - March 2020 

 

 

Figure 22: Harker plots of selected trace elements for rocks of the Postberg Centre in the Saldanha Bay Volcanic Complex; 

(a) Rb, (b) Sr, (c) Zr, (d) Ba, (e) V, (f) Zn. Plankiesbaai Ignimbrite (PC-PI, green triangle), Tsaarsbank Ignimbrite (PC-TI, 

orange triangle), Saldanha Ignimbrite (PC-SI, blue triangle) and Jacobôs Bay Ignimbrite (PC-JI, pink triangle).  

 

All the PC samples have ASI values (mol. Al2O/ [CaO ï 3.33P2O5 + Na2O + K2O]) that are > 

1.0 and generally >1.1, with only two samples of the PC-JI having ASI values of 1.09 (Figure 

21 H). They have high Al2O3 content (avg. 13.58 wt.%), a low CaO content (avg. 1.06 wt.%) 

and Na2O (avg. 2.48 wt.%). They have fairly high SiO2 contents (69.92 wt.% - 79.04 wt.%) 

with an average SiO2 for the PC-PI and PC-TI between 77.55 wt.% and 76.33 wt.% 

respectively. The ignimbrites found exclusively in the Postberg Centre (PC-PI & PC-TI) is 

more silicic than its PC-SI (SiO2 = 74.18 wt.%) & PC-JI (SiO2 = 72.19 wt.%) counterparts. 
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These ASI and SiO2 values are characteristic of S- type magmas as described by Cheppell 

and White (1974). 

 

Figure 21 a (TiO2 vs. SiO2) shows a clear distinction between the TiO2 content of PC-JI and 

PC-SI as well as the PC-PI and PC-TI. The TiO2 ranges are as follows: PC-JI (0.33-0.48 

wt.%), PC-SI (0.26 wt.%), PC-TI (0.16-0.19 wt.%), PC-PI (0.15-0.19 wt.%). The dividing 

TiO2 content between PC-SI & PC-JI and PC-TI &PC-PI is set at < 0.2 wt.% (represented by 

the solid grey line in Figure 21 a). The dividing TiO2 content set at 0.28 wt% by Clemens et 

al. (2017) for the SC- SI and SC-JI (represented by the solid black line in Figure 21 a) also 

hold true for the SI and JI found in the Postberg Centre, although a slightly lower limit of 

0.25 wt.% is suggested.  

 

The Mg# (mol. 100 Mg/ [Mg + Fe]) in Figure 21 e and Figure 23 e, is the only clear 

geochemical parameter that shows a distinct separation between the Plankiesbaai and 

Tsaarsbank Ignimbrites, with Mg# values ranging PI: 8.07-12.79 and TI: 14.90-17.87. Based 

on the 43 samples from the PC (28 samples for PC-PI and 15 samples for PC-TI) the dividing 

Mg# content is set at Mg# = 14, with PC-PI Ò 14 and PC-TI Ó 14 (Figure 21 e & Figure 23 e).  

PC-PI and PC-TI are characterised by a lack of variation in Zr content, higher Rb content and 

lower Sr, Ba, V and Zn content when compared to its PC-SI and PC-JI counterparts (Figure 

22 a-f). These observations become even clearer with the selected trace elements plotted with 

K2O as the abscissa (Figure 24 a-f) although, without the R2 values (correlation coefficient 

lines) for each particular ignimbrite, it is quite difficult to distinguish between the PI and TI 

using trace element data alone. Nevertheless, they do show that these magmas are distinctly 

different from the magmas of the Saldanha Eruption Centre. 
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Figure 23: Variety of major oxides and derived parameters for the rocks of the Postberg Centre in the Saldanha Bay 

Volcanic Complex, plotted against K2O content. (a) TiO2, (b) CaO, (c) SiO2, (d) FM [FeOT + MnO + MgO], (e) Mg# (mol. 

100 Mg/[Mg + Fe]), (f) Al2O3. Plankiesbaai Ignimbrite (PC-PI, green triangle), Tsaarsbank Ignimbrite (PC-TI, orange 

triangle), Saldanha Ignimbrite (PC-SI, blue triangle) and Jacobôs Bay Ignimbrite (PC-JI, pink triangle). 
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Figure 24: Variety of trace element concentrations for the rocks of the Postberg Centre in the Saldanha Bay Volcanic 

Complex, plotted against K2O content. (a) V, (b) Rb, (c) Zn, (d) Sr, (e) Zr, (f) Ba. Plankiesbaai Ignimbrite (PC-PI, green 

triangle), Tsaarsbank Ignimbrite (PC-TI, orange triangle), Saldanha Ignimbrite (PC-SI, blue triangle) and Jacobôs Bay 

Ignimbrite (PC-JI, pink triangle). 
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Figure 25: Selected major oxides and derived parameters of the rocks of the Saldanha Centre and the Postberg Centre in the 

Saldanha Bay Volcanic Complex, plotted against height (in meters above sea level) - an alternative for stratigraphic position. 

(a) SiO2, (b) TiO2, (c) Mg# (mol. 100 Mg/ [Mg + Fe]), (d) FM [FeOT + MnO + MgO]. The rocks of the Saldanha Centre-

Saldanha Ignimbrite (SC-SI) are plotted as blue circles, the Saldanha Centre- Jacobôs Bay Ignimbrite (SC-JI) plotted as pink 

squares, the Postberg Centre-Jacobôs Bay Ignimbrite (PC-JI; MM samples only) plotted as red circles and the Postberg 

Centre-Tsaarsbank Ignimbrite (PC-TI; Pos 1&2 only) plotted as purple circles. 

 

4.3.4 Rb-Sr & Sm-Nd tracer-isotopes for the Postberg Centre 

 

Whole-rock Sr and Nd tracer-isotope analysis (Table 5) was performed in PicoTrace® clean 

lab facilities. The isotope ratios were measured with a Nu Instruments thermal ionization 

mass spectrometer (Nu-TIMS) at Departamento de Geología, Centro de Investigación 

Científica y de Educación Superior de Ensenada (CICESE) in the state of Baja California 

(Mexico). Full analytical details as well as QA/QC procedures can be found in the Chapter 3 

(Analytical Methods) of this thesis.  
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Table 5: Tracer-isotope data, calculated at 538 Ma, for the rocks of the Postberg Centre ï Jacobs Bay Ignimbrites in the 

Saldanha Bay Volcanic Complex. 

Sample 87Sr/86Sr0 Rb (ppm) Sr (ppm) 87Rb/86Sr (calc.) 87Sr/86Srt ŮNdt tDM (Ga) 

MM1 0.704132 225.67 89.38 7.474 0.761449 -7.60 1.430 

MM2 0.697057 241.75 94.94 7.533 0.754826 -7.92 1.405 

MM3 0.701667 227.84 102.06 6.603 0.752304 -7.73 1.409 

        

Sample 143Nd/144Nd0 Sm (ppm) Nd (ppm) 147Sm/144Nd (calc.) 143Nd/144Ndt ŮNdi t2DM (Ga) 

MM1 0.511810 10.04 49.69 0.122 0.512240 -2.63 1.411 

MM2 0.511806 10.21 52.03 0.119 0.512224 -2.71 1.417 

MM3 0.511811 10.57 53.29 0.120 0.512234 -2.61 1.409 

 

The analysed samples for the PC-JI have ʀNd538 Ma values of -7.60 (MM1), -7.92 (MM2) and 

-7.73 (MM3) with calculated, two stage, depleted mantle model (t2DM) of 1.411 Ga, 1.417 Ga, 

1.409 Ga respectively (Table 5, Figure 26 and Figure 27). The 143Nd/144Ndi values show little 

variation across the three MM samples at ~0.5118. The 87Sr/86Sri values, however, vary 

significantly 0.697057 - 0.704132, which is consistent with the inference of partial melting of 

a heterogeneous source. The 87Sr/86Sr538 Ma values are significantly higher than the 87Sr/86Sri 

of the PC-JI samples with values of 0.761449 (MM1), 0.754826 (MM2) and 0.752304 

(MM3). 

 

 

Figure 26: Isotope-correlation plot for the analysed samples of the Postberg Centre - Jacobs Bay Ignimbrite, represented as 

red triangles. 
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Figure 27: Nd isotopic growth diagram (two stage) for analysed Postberg Centre - Saldanha Ignimbrite samples, represented 

as red triangles. The t2DM GA values for MM1 (1.411 Ga), MM2 (1.417 Ga) and MM3 (1.409 Ga). 

4.3.5 Ignimbrites of the Saldanha Centre 

 

Displayed below is a selection of geochemical diagrams from the Saldanha Centre as a 

contextual and comparative dataset (Clemens and Stevens, 2016; Clemens et al., 2017). 

Figure 28Figure 30 shows that the Saldanha Ignimbrite (SI) and Jacobs Bay Ignimbrite (JI) 

are geochemically distinct from one another. They occur mainly in the Saldanha Centre with 

minor proportions in the Postberg Centre. The uppermost sections of the Saldanha Centre are 

made up exclusively by the Jacobs Bay Ignimbrites (see Figure 25), while the Saldanha and 

Jacobs Bay Ignimbrites are adjacent to each other at stratigraphically lower sections of the 

Saldanha peninsula (Clemens and Stevens, 2016). 

 

The Saldanha and Jacobs Bay Ignimbrites show contrasting and roughly linear trends when 

plotted on Harker diagrams (Figure 28). Clemens et al. (2017) explained that it may simply 

be due to variation within a series derived from a single parent magma, however, when 

viewed on variation diagrams with K2O as the abscissa, the differences between the two 

become apparent- this rules out the simple differentiation of one series from the other (Figure 

30). It is also important to note that the Saldanha and Jacobs Bay Ignimbrites have virtually 

identical phenocrystic make-ups. Since they can only be distinguished geochemically, it is 
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sensible to assume that the compositional contrasts between the two must be due to the 

variation in the composition of the liquid portions of the magma. The reader is referred to 

Clemens and Stevens (2016a) and Clemens et al. (2017) for further details. 

 

  

Figure 28: Harker plots of selected major oxides and derived parameters for rocks of the Saldanha Centre in the Saldanha 

Bay Volcanic Complex; (a) TiO2, (b) Al2O3, (c) FM, (d) CaO, (e) K2O showing the fields for various magma series, (f) ASI 

(mol. Al2O3/ [CaO - 3.33 P2O5 + Na2O + K2O]). Saldanha Ignimbrite (blue circles) and Jacobs Bay Ignimbrite (pink 

squares). These plots are reproduced with permission from Clemens et al. (2017), and are only presented here for contextual 

and comparative purposes. 
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Figure 29: A selection of Harker plots for the rocks of the Saldanha Centre in the Saldanha Bay Volcanic Complex; (a) Rb, 

(b) Zr, (c) Ba and (d) ңREE (total rare-earth element content). Saldanha Ignimbrite is plotted as blue circles and the Jacobs 

Bay Ignimbrite is plotted as pink squares. These plots are reproduced with permission from Clemens et al. (2017), and are 

only presented here for contextual and comparative purposes. 
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Figure 30: Variety of chemical parameters for rocks of the Saldanha Centre in the Saldanha Bay Volcanic Complex, plotted 

against K2O content; (a) TiO2, (b) FM (FeOT + MnO + MgO), (c) Mg# (mol. 100 Mg/[Mg  +  Fe]), (d) V, (e) Sr, and (f) La. 

Note the mostly clear differences between the magmas that formed the Saldanha and Jacobs Bay Ignimbrites (blue dots and 

pink squares, respectively). These plots are reproduced with permission from Clemens et al. (2017), and are only presented 

here for contextual and comparative purposes. 
































































































































