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Abstract 

The Singertât Complex forms part of the Skjoldungen Alkaline Igneous Province (SAIP, 2760-2690 Ma) located 

in SE Greenland. It was emplaced into the southern part of the SAIP in a sequence of small, sheet-like intrusions 

during the Late Archean and was thought until recently to be post-tectonic with previous work suggesting an age 

of 2680-2660 Ma. The complex consists of a variety of silica undersaturated (nepheline-bearing) alkaline rocks, 

which occur as modally layered, horizontal sheets cut by minor late-stage nepheline syenite pegmatites and 

carbonatites. This project aims to understand the petrogenesis of the Singertât Complex, including investigating 

magmatic processes and crystal cargo dynamics from mantle source to final emplacement in the upper crust. 

Crucial questions include whether the complex is constructed from single or multiple magma batches, whether 

those batches were emplaced as crystal-poor liquids or as crystal mushes and what type/s of crystallization 

processes operated? Detailed petrographic analysis indicates that the Singertât Complex is composed primarily 

of nepheline-bearing lithologies such as urtite (>70% nepheline), ijolite (70-30% nepheline) and melteigite (<30% 

nepheline). These alkaline silicate rock types are either equigranular or porphyritic and the main mineral phases 

include nepheline, orthoclase, microcline, anti-perthite, aegerine-augite, biotite, minor primary carbonate and in 

some samples sodalite, with accessory magnetite, apatite and zircon. Poikilitic growth relationships suggest that 

mafic minerals crystallized first followed by nepheline, which appears to have crystallized from the remaining 

interstitial liquid. Anti-perthite commonly exhibits anastomosing exsolution textures, indicating supersolvus 

crystallization temperatures above 600 ºC, followed by slow cooling. Both gradational transitions and sharp 

contacts between rock types are observed. Where sharp boundaries occur, crystal truncation suggests that the pre-

existing unit has been chemically or thermally eroded, perhaps as a result of sheet emplacement. 

Petrographic and geochemical evidence obtained has found that the syenitic gneiss which forms part of the 

Singertât Complex is actually a nepheline syenite as nepheline crystal were identified during petrographic 

investigation and confirmed during EPMA analysis. Major element results obtained from EPMA analysis also 

demonstrate that the nepheline populations found in the syenitic gneisses are similar to the population found in 

the nepheline-bearing alkaline rocks. This evidence could mean that if the syenitic gneisses have not undergone 

fenitization then the syenitic gneisses are not host rocks as previously thought but are actually part of the Singertât 

Complex itself.  

Major element compositions of the nepheline-bearing alkaline rocks show that while nepheline crystal 

populations in gradationally layered samples are similar (i.e. from the same magma batch), nepheline populations 

in samples with sharp contacts are different (i.e. from several discrete magma batches). Petrographic studies and 

EPMA indicated that the aegerine-augite crystals of the nepheline-bearing rocks were compositionally zoned and 

many of the aegerine-augite crystals in some samples depict a large crystal size variation with some crystals being 

as large as 1 cm and others < 1mm within the same rock. This compositional zonation and large variation in 
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crystal size may provide evidence that these aegerine-augite crystals were entrained in a magma which 

replenished the Singertât magma chamber promoting crystallization as a crystal-rich slurry. Further evidence to 

support this can be observed in some of the nepheline-bearing alkaline sample, where we observe flow textures 

with smaller crystals aegerine-augite and nepheline that are aligned around larger crystals. Flow textures are 

formed from eddie currents, where already crystallized, larger, primocrysts disrupt interstitial liquid flow, causing 

alignment of the smaller crystals during nucleation. Therefore, it would appear that the Singertât Complex formed 

as a result of multiple replenishments of crystal-rich magma. Major element analysis also shows that the Singertât 

is barely peralkaline and is in fact more metaluminous due the results obtained from the alkalinity index. The 

majority of the samples appear to fall into the category of miaskitic, as they fall within the peraluminous and 

metaluminous fields on the peralkalinity index and also due to indicator minerals such as zircon present in many 

of the rock types. 

New 206Pb/238U zircon age determinations show that the nepheline-bearing pegmatites range from 2785 ± 10 Ma 

to 2753.4 ± 5.8 Ma, one dated carbonatite returns an age of 2750 ± 11 Ma, a representative ijolite sample is dated 

at 2771 ± 32 Ma and a representative melteigite sample produces an age of 2774 ± 12 Ma. Not only does this 

prove that the Singertât Complex is older than previously thought but places the formation of the Singertât 

Complex outside the Singertât Stage and at the beginning of the Skjoldungen orogeny. These ages also 

demonstrate that the Singertât Complex may be the oldest alkaline complex in the world. The evidence presented 

above suggests that the small alkaline Singertât Complex formed during Late Archean orogenesis from multiple 

batches of crystal-rich magma with subsequent in-situ crystallization as the primary processes involved in layer 

formation. 
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1. Introduction 

The main focus of this project is the peralkaline Singertât Complex, which forms part of the Skjoldungen Alkaline 

Igneous Province (SAIP) of SE Greenland. The Singertât Complex comprises a variety of silica undersaturated 

alkaline rocks (e.g., urtites, ijolites and melteigites), which occur as modally layered sheets with minor late-stage 

foyaitic pegmatite and carbonatitic rocks.  Preliminary geochemical and geochronological research has been 

conducted on the SAIP, suggesting that the province may have formed due to arc magmatism in the Late Archean 

(2720-2650 Ma)(Blichert-Toft et al., 1995 and Kolb et al., 2013). However, very little investigation of the 

Singertât Complex has been completed, even though it is unique, and possibly the oldest example of a peralkaline 

intrusion (Blichert-Toft, Arndt and Ludden, 1996). Peralkaline complexes can be economically important due to 

the fact that the layered rocks are associated with multi-element ore deposits, often containing high concentrations 

of rare earth elements and phosphorus, as well as other critical metals such as tantalum, niobium and uranium. 

Furthermore, the formation of layering in ijolite complexes is poorly understood, as is the case in layered mafic 

intrusions such as the Bushveld Complex (South Africa).  Due to recent uplift and erosion, in addition to previous 

glacial coverage of the passive East Greenland continental margin, the Singertât Complex has experienced little 

to none of the pervasive alteration usually associated with peralkaline complexes, making it an ideal candidate 

for an in-depth investigation of the mineralogy and petrology of economically important peralkaline magmatic 

systems. It should be noted that compositionally similar intrusive complexes are typically highly overprinted or 

metasomatized (e.g., Phalaborwa and Pilanesberg), which hampers our understanding of the origin of peralkaline 

rocks and associated mineralization. Although the Singertât Complex is very well preserved, barely any 

geochemical and geochronological research has been conducted on this intrusive body due to its remote location 

and harsh climatic conditions in SE Greenland. Therefore, the aim of this project is to understand the origin and 
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evolution of the magma(s) that formed the Singertât Complex. This will include understanding of the processes 

that the magma may have experienced from the mantle source to final emplacement at crustal level, magma and 

crystal dynamics, as well as the evolution of crystal cargo in the system 

1.1 Location and Sampling  

The Skjoldungen Province of SE Greenland (Figure 1.1) is made up of numerous peralkaline intrusions (~3000 

km²), which were emplaced into a well-defined NW-SE-trending tract (Rosing et al., 1988). The Singertât 

Complex (~8 km²; Figure 1.2) represents one of these peralkaline intrusions and was emplaced into tonalitic 

gneiss, amphibolite and quartz syenite of the southern part of the SAIP as a sheet-like intrusion in the Late 

Archean at ca. 2664 + 4/-2 Ma (Blichert-Toft et al., 1995; Nielsen and Rosing, 1990; Kolb, 2010). Extensive 

sampling of the Singertât Complex took place in 2012 by Prof. Sebastian Tappe in collaboration with the 

Geological Survey of Denmark and Greenland, with samples currently curated at the University of Johannesburg. 

Fifty-one samples were selected for this project (Figure 1.2) and include a suite of nepheline-bearing, felsic to 

mafic lithologies plus several carbonatites, pegmatites and syenitic gneisses. The nepheline-bearing rocks make 

up the majority of the complex and are cross-cut by the pegmatitic rocks, while the carbonatite breccias cross-

cuts the nepheline-bearing rocks as well as the pegmatitic rocks. The syenitic gneiss surrounds the entire complex 
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and is said to be the host rock intruded by the Singertât Complex (Figure 1.2) (Blichert-Toft et al., 1995; Kolb, 

2010). 

Figure 1.1: Schematic geological map showing the lithologies that make up the North Atlantic Craton (NAC). 

The inset shown on the bottom right of the geological map, shows the location of the SAIP and NAC in southern 

Greenland (Kolb et al., 2013). 
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1.2 Geological setting  

The Archean rocks of southern Greenland extend over ~ 500 km on the eastern coast and ~ 700 km on the western 

coast, forming part of the North Atlantic Craton (NAC; Figure 1.3). The NAC assembled during the Late Archean 

due the subduction and collision of Early Archean microcontinents (Windley and Garde, 2009). According to 

Tappe et al. (2011), the growth and stabilization of the NAC in the Late Archean was due to tectonic stacking of 

heterogeneous oceanic lithosphere accompanied by voluminous tonaliteïtrondhjemiteïgranodiorite (TTG) 

magmatism along active margins.  

Figure 1.3: Schematic geological map showing the extent of the North Atlantic Craton (NAC). The red box shows 

the location of the SAIP on the NAC. (Bagas et al., 2013). 
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The SAIP is located within the NAC and is exposed on the eastern coast of southern Greenland. The ~ 2.76 ï 

2.68 Ga Skjoldungen Orogeny, was accompanied by granulite facies peak metamorphism and complex calc-

alkaline to alkaline and carbonatitic magmatism (Kolb et al., 2015; Blichert-Toft et al., 1995). The basement in 

southeast Greenland, which was intruded by the SAIP, is said to be older than 2865 Ma and possibly as old as 

3450 Ma (Kolb et al., 2013). At ~ 2.7 Ga the Skjoldungen Arc was formed (Kolb, 2010; Kolb et al., 2013), the 

orogen was exhumed to greenschist-facies relatively quickly, the deformation associated with the orogeny 

resulted in isoclinal folding and shearing of the surrounding Mesoarchean rocks of the Thrym Complex (Kolb et 

al., 2013b; Berger et al., 2014). These shear zones would serve as conduits for upwelling magma coming off the 

subducting slab in the Skjoldungen arc (Figure 1.4). Magmatism, due to the formation of the Skjoldungen Arc, 

began at ~ 2.75 Ga (Figure 1.4) with the emplacement of quartz-monzodiorite to syenite and ultramafic intrusions 

(Kolb et al., 2015; Bagas et al., 2013). The shear zones, which are a result of the deformation caused by orogeny, 

are said to be associated with the ~2.72-2.70 Ga alkaline rocks, which include hornblende-pyroxenite, 

hornblendite, hornblende-norite, diorite, leucogabbro, monzonite, monzodiorite and syenite (Blichert-Toft et al., 

1995). At ~ 2.68 Ga, orogen-normal extension, known as the Singertât Stage of deformation, resulted in alkaline-

carbonate magmatism (i.e. nephelinite and carbonatite magmas), which formed the intrusive Singertât Complex 

(Figure 1.5) (Kolb et al., 2013b; Kolb et al., 2015). 

 

Figure 1.4: Schematic of the Skjoldungen Arc during the Skjoldungen Orogen taken from Bagas et al. (2013).  
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Figure 1.5: Synoptic sketch by Bagas et al. (2013), which depicts a proposed Late Archean to Early Proterozoic 

evolution of the NAC in southeast Greenland. The Singertât Complex intruded at approximately 2664 +4/-2 Ma 

(Nielson and Rosing, 1990 and Kolb et al., 2012a) and is indicated by the red circles.  
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2. Literature Review 

2.1 Alkaline igneous rocks 

According to Gill (2010), the alkaline igneous rock category encompasses a wide spectrum of rock types, from 

ultramafic to felsic. The fascination with these rocks relates to their composition and mineral assemblages which 

are characterized by: 

Å A deficiency in SiO2, resulting in the crystallization of various feldspathoids in place of feldspar species 

(Figure 2.1). 

Å Mineral families such as pyroxene and amphibole often appear in alkali rocks. These minerals include 

sodic clinopyroxenes such as aegerine-augite and riebeckite, a sodic amphibole. 

Å High concentrations of incompatible elements in alkaline magmas which results in (at least in evolved 

peralkaline rocks) rare accessory minerals, such as eudialyte and arfvedsonite. 

  

Figure 2.1: Ternary diagram showing how different feldspathoids relate compositionally and the different alkali 

feldspars (in molar proportions). Optical features of each feldspathoid is present. TS=thin section. Taken from 

Gill (2010). 
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The nepheline-bearing rocks (Figure 2.2), according to Gill (2010), are classified into two categories. The first 

being nephelinite, which refers to a volcanic rock consisting essentially of nepheline and pyroxene. The second 

being nephilinolite, which refers to a plutonic rock in which nepheline is the abundant feldspathoid. Therefore, to 

avoid unusual and cumbersome terms, nepheline-bearing rocks in this study will be referred to as urtite, ijolite 

and melteigite, on the basis of mafic mineral content in the rock. Urtite is the more felsic of the three rock types 

with over 70% nepheline, ijolite is an intermediate rock type with between 30% - 70% nepheline and melteigite 

is the more mafic rock type with between 10% - 30% nepheline (Le Maitre, 2002). Gill (2010) refers to melteigite, 

urtite and ijolite as variations of nephelinitic magmas intruded at depth. 

 

Figure 2.2: Generalized IUGS nomenclature for coarse-grained alkali rocks, based on the silica undersaturated 

portion of the QAPF diagram (bottom left). The main diagram shows the modal nomenclature applied to rocks, 

in which nepheline is the dominant Foid. The rock types seen at the top of the diagram with < 10% nepheline are 

said to be ñnepheline-bearingò or ñfoid bearingò rocks. f = foidolite, fmd = foid monzanite, fg = foid gabbro, P 

= feldspar >5% An, A = feldspar < 5% An. Taken from Gill (2010) 

 

2.2. Peralkaline rocks versus metaluminous rocks 

According to Gill (2010) and Le Maitre et al. (2002), peralkaline is a chemical term for rocks in which the 

molecular amounts of Na2O + K2O > Al2O. In contrast, rocks in which the molecular amounts of Na2O + K2O < 

Al 2O, are considered to be metaluminous (Figure 2.3). According to Marks et al. (2011), peraluminous nepheline 

syenites are a rare occurrence as nepheline syenites are usually either metaluminous or peralkaline.  
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Figure 2.3: Ternary plot of peraluminous, metaluminous and peralkaline rocks, determined from whole rock 

Na2O + K2O, Al2O and CaO content (in molar proportions; Gill, 2010).  

Peralkaline rocks may be divided into two categories, agpaitic and miaskitic, which can be defined as follows (Le 

Maitre, 2002): 

¶ Agpaitic is a general term to characterize nepheline syenites, these rocks generally have high contents of 

Na, Fe, Cl and Zr with low Mg and Ca. Agpaitic rocks are restricted to nepheline syenites which contain 

Zr and Ti minerals i.e. eudialyte and zircon. For agpaitic rocks the molecular ratio (Na2O + K2O) / Al2O3 

> 1. 

¶ Miaskitic is said to be a leucocratic variety of biotite-nepheline monzosyenite, with oligoclase and perthite 

orthoclase. For miaskitic rocks the molecular ratio is also (Na2O + K2O) / Al2O3 < 1. The Singertât 

Complex is said to be a miaskitic peralkaline complex (Blichert-Toft et al., 1995). 

According to Marks and Markl, (2017), peralkaline rocks are rich in the following: 

¶ High ion lithophile elements (LILE i.e. Li, Na, K, Rb and Cs)  

¶ Halogens (F, Cl, Br and I),  

¶ Rare earth elements 

¶ High field strength elements (HFSEs i.e. Zr, Hf, Nb, Ta and U) 

It is due to this extreme enrichment of alkalis, HFSEs, halogens and REEs during the differentiation of peralkaline 

magmas that the precipitation of a substantial amount of rare minerals including F-bearing phases (e.g. 

villiaumite) and Cl-minerals (e.g. sodalite) may result. Peralkaline magmatic systems appear to be Cl-rich 
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compared to metaluminous systems, because in peralkaline systems, Cl partitions into the melt phase rather than 

into coexisting fluids. Hence, degassing of Cl in metaluminous systems is much larger than in peralkaline varieties 

(Marks and Markl, 2017; Bacon et al., 1992). The Cl in many peralkaline rocks partition into what is known as 

early-magmatic sodalite-group minerals (SGMs). These SGMs can be subdivided into Cl-rich (sodalite sensu 

stricto) and S-rich (haüyne and nosean). This is important because SGMs are often sulfate-rich in miaskitic rocks, 

while Cl-rich in agpaitic rocks (Mark and Markl, 2017; Parat et al., 2011; Krumrei et al., 2007). Marks et al. 

(2011) also state that sodalite present in nepheline syenites, syenitic gneisses or nepheline-rich rocks may indicate 

a transition from miaskitic to agpaitic. 

According to Marks et al. (2011), the mineralogical transition from miaskitic to agpaitic depends on variations in 

the chemical potentials of Na2O, K2O and CaO in the melt. These then define two evolutionary paths for agpaitic 

rocks; the first being the Ca-depleted trend (e.g. Gardar Province) and the second being the high-Ca trend (e.g. 

Kola Peninsula). The Ca-depleted trend forms from basaltic parental melts due to fractionation of plagioclase 

prior to the formation of the peralkaline plutonic rocks. While high-Ca trends can only form if the plagioclase 

fractionation did not occur in the early fractionation history of the precursor melts, which were most likely 

nephlinitic in composition.  

 

2.3 Development of igneous layering 

The layering observed in peraluminous to peralkaline intrusions is common throughout geological history 

(Naslund and McBirney, 1996). The layering observed in these intrusions is said to represent processes in 

fossilized magma chambers and can, therefore, aid in the understanding of magma origin and evolution 

(O'Driscoll et al., 2014). The formation of these layers is said to occur at the cumulus stage through processes 

such as gravity settling, in-situ crystallization, gain or loss of volatiles, pressure changes, magma replenishments 

and assimilation (Irvine, 1987; Spandler et al., 2005; Mondal and Mathez, 2007).  

Magma chambers that experience multiple injections of crystal-rich magma (entrained crystal cargos), may result 

in the formation of primary igneous layering (Hunt, 2015). The microphenocrysts entrained in these magmas are 

likely to have nucleated in a plumbing system below the main chamber (i.e. a lower magma chamber or staging 

magma chamber), where they were incorporated into the magma as suspended load and injected into the upper 

magma chamber (Eales, 2000). Development of stratiform layers on the magma chamber floor would form as a 

result of settling of these crystals from suspension or injection as crystal-rich slurries. Repeated replenishment 

events would result in cyclicity of the layering (Hunt, 2015; Mondal and Mathez, 2007). However, development 

of primary igneous layering may also occur due to convection currents and thermal gradients (Marsh, 2013). 

Double-diffusive convection cells are said to account for primary igneous layering and occur in magma bodies in 
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which variation in composition exists (Hunt, 2015; Hupert and Sparks, 1984). Thermal gradients present within 

a magma chamber allow for crystal nucleation at thermal boundaries. This nucleation is a result of the lowering 

of the liquidus temperature as a response to cooling at the thermal boundary. The crystals that nucleate at the 

thermal boundary may be transported away by convection currents and will either dissolve or continue to grow 

(which may result in the formation of a crystal mush) (Marsh, 2013; Hunt, 2015).  

According to Marsh (2013), the processes responsible for the formation of layering in large igneous intrusions is 

undoubtedly due to injections of crystal-rich slurries in the magma system. Marsh (2013) argues that layers form 

as a result of repetition of emplaced magmas carrying phenocrysts with appropriate composition. Marsh (2013) 

notes that layering may be formed from crystal-rich slurries in the following scenarios: 

¶ Layering in granular avalanches: this occurs when crystals with significantly different angles of repose 

and shape are poured together and form a conical heap. The coarser grains roll down the bed of fine 

particles much easier than finer particles run down a heap of coarse particles. The fine particles sieve 

through and fill the interstices among the larger particles. The heap then grows in size and an avalanche 

occurs and the grains reaching the base of the pile form a slope with a distinct break or kink in its profile, 

which runs back up slope to form a layer. The layering produced in this process is reversely graded, coarse 

over fine.  

¶ Kinetic sieving in granular flows: in poorly sorted granular flows, particles become sorted by size. This 

depicts an upward migration of large particles in a finer medium due to kinetic sieving.  

¶ Layering and segregation in slurry sedimentation: a large contrast in size allows small particles to sieve 

through the matrix of larger grains, even when the larger grains are at maximum packing. Small grains 

plug the matrix and collect at specific horizons, spread horizontally, separating the larger grains and 

forming an extensive layer. The higher the density contrast between the size classes, the better the layering 

or segregation. In experiments with metallic copper grains as the small particles and leucite as the larger 

particles, the copper forms unusually sharp and distinct layers strikingly similar to the Dwars River 

chromite seams in Bushveld anorthosite. 

However, Latypov et al. (2015) state that it is improbable for repeated recharge of magma that invariably 

contained phenocrysts with just the right compositions to mimic fractional crystallization of a single parent 

magma. Latypov et al. (2015) therefore propose that layering in igneous intrusions is more likely a result of 

internal processes occurring within the main magma chamber, such as in-situ crystallization or gravity settling as 

seen in Figure 2.4, which shows layer formation in potholes of the Merensky Reef in the Bushveld Complex. 

While Latypov (2015) does not denounce the fact that magma replenishments may hold crystals in suspension, 

he says it is improbable that each layer in a layered intrusion formed as a result of a single pulse of crystal rich 

magma which does not undergo some sort of in-situ crystallization. Evidence for this is cryptic layering which is 



PAGE 23 

ignored by March (2013), as this presents an obstacle the acceptance of external crystal slurries as essential 

components in the development of layered cumulates. 

 

 

Figure 2.4: Predictions of the geometry of igneous layering within potholes owing to crystal settling (a) and in 

situ crystallization (b). Settling of crystals from flowing/convecting melt will form layered rocks that are 

discordant with respect to pothole margins. In contrast, in situ crystallization should result in layering that 

follows the outlines of pothole margins, (Latypov et al., 2015).  
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3. Aims and Objectives 

The overarching aim of this project is to understand the origin and evolution of the magmas that formed the 

Singertât Complex. An understanding of the origin and evolution or petrogenesis of the magma(s) includes 

assessing the processes that the magma may have experienced from the mantle source to final emplacement at 

upper crustal level, magma and crystal dynamics, as well as the evolution of the crystal cargo in the system.  

The main objectives that will assist in achieving these aims include:  

¶ Understanding whether the complex is constructed from multiple batches of magma, or a single pulse.  

¶ Determining whether those magma batches were mushes (crystal-bearing) or were emplaced mainly as 

crystal-poor liquids. 

¶ Determining the processes of crystallization, such as gravity settling or in-situ crystallization that operated 

in the magma chamber and assessing the layering mechanism in these alkaline rocks. 

¶ Determine if any relationship exists between the ñhostò syenitic gneisses and the alkaline rocks of the 

Singertât Complex. 

¶ Determine and better constrain the age of the Singertât Complex using U/Pb geochronology. 

4. Hypothesis 

We propose that the Singertât Complex operated as an open-magma system, whereby the main magma chamber 

experienced multiple magma injections of crystal-bearing liquid. We also propose that while the magma chamber 

may have experienced repeated replenishment events of crystal slurries, the dominant crystallization processes 

occurring within the magma chamber is in-situ crystallization. This may account for the compositional and 

textural variation, as well as the sharp layer boundaries seen in the layered nepheline-bearing intrusive rocks. We 

further propose that the syenitic gneisses are not host rocks, but rather that the syenitic gneisses formed with the 

at the same time as the other rocks which make up the Singertât Complex. 
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5. Methodology 

5.1 Electron probe microanalysis (EPMA):  

Electron probe microanalysis was performed at the Spectrum analytical facilities of the University of 

Johannesburg, using the Cameca SX-100 instrument operating at 20 kV with a beam current of 20 nA. SiO , 

Na O, CaO, K O, MgO, Al O , TiO , MnO, Cr O  and (total Fe as) FeO. All elements were measured by analyzing 

the cations on their KŬ lines. Electron microprobe analysis was performed on the clinopyroxene, nephelines and 

feldspars from 12 Singertât samples. The 12 samples were all carbon coated at the University of Johannesburg 

5.2 Whole-rock analyses 

Of the 51 samples selected for this project, 26 representative samples were analyzed for whole rock major and 

trace element compositions. The 26 samples were coarsely crushed by hand using a hammer and steel plate at the 

University of the Witwatersrand. Samples were then milled to a powder using the carbide steel swing mill at the 

University of Johannesburg.  

5.2.1 Major element analyses 

Major element (SiO2, Al2O3, CaO, Na2O, K2O, Fe2O3, MgO, TiO2, MnO, P2O5, NiO, Cr2O3, SO3) compositions 

of 20 samples were determined by X-Ray Fluorescence (XRF) using the Panalytical PW2404 spectrometer, 

located in the Earth Laboratory at the University of the Witwatersrand. The powdered samples were prepared into 

fusion disks, using a Spectroflux 105 flux, according to the following method provided by the Earth Laboratory 

at the University of the Witwatersrand: 

Samples were first dried in a furnace at 1020 °C.   

¶ Approximately 1.75g of Spectroflux 105 was added into each Pt crucible. The sample was then ignited 

at 1020oC for 40 minutes after which the samples were removed from the furnace and allowed to cool in 

a desiccator. 

¶ Using the Pt crucible ID and LOI dishes ID number to match the samples. Approximately 0.34g of the 

pre-ignited sample is measured into each corresponding Pt crucible. Samples are ignited at 1020oC for 50 

minutes after which remove samples from the furnace and allow to cool in a desiccator.   

¶ Fusion beads were individually poured and pressed on the hot plate.  

¶ The beads were allowed to on the hot plate after which the hot plate was switched off to allow to anneal 

overnight. The samples were then ready to be analyzed.  

The results for the CRMs measured can be found in Table 1. 
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Table 1: Results of the CRMS that were analyzed as unknowns at the Earth Laboratory in the University of 

the Witwatersrand with the Singertât samples.  

 

 

Major element (SiO2, Al2O3, CaO, Na2O, K2O, Fe2O3, MgO, TiO2, MnO, P2O5, NiO, Cr2O3, SO3, BaO, V2O5) 

compositions of the 6 carbonatite samples were determined by XRF using the wavelength-dispersive XRF 

spectrometer Malvern Panalytical MagiX PRO located in the analytical facilities (Spectrum) of the University of 

Johannesburg because this facility has more experience analyzing carbonatites and yields some of the best results 

for these rock types . The powdered samples were prepared into fusion discs using the following method provided 

by the Spectrum at the University of Johannesburg: 

Samples were first dried in a furnace at 105 °C.   

¶ 1 g of the dried material was used to determine the loss on ignition (LOI) after about 30 min at 930 °C.  

¶ 0.7 g of the dried material was mixed with 0.5 g LiNO3 and 5.9 g of a lithium borate flux, fused for 19 

minutes in a Ptï5 % Au crucible at 1050 °C and then cast to form a glass disc on cooling. An electric 

fusion machine called TheOx from Claisse.   

¶ The lithium borate flux consisted of 49.75 mass % Li 2B4O7, 49.75 mass % LiBO2 and 0.50 mass % LiBr.   

¶ The LOI measurements and fusions were done in an air atmosphere. 

¶ Borate fusion discs of BE-N, JSy-1, SARM 2 and SARM 16 together with the unknowns.  The 

measurements of the RMs were used for a drift correction. 

The XRF major element method had been calibrated with mixtures of pure chemicals (essentially oxides) and 

with certified reference materials (RMs) using a fundamental parameters model.  This allows for all combinations 

of elements within the range of the calibration from about 0.05 mass % up to: 

SiO2 Al2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O TiO2 P2O5 Cr2O3 NiO TOTAL LOI

NIM-P 51.15 4.3 1.28 10.39 0.22 25.44 2.63 0.34 0.09 0.189 0.03 3.5535 0.0772 99.69 -0.23

NIM-D 38.9 0.32 1.71 13.85 0.22 43.83 0.3 0.01 0.01 0.0251 0.01 0.4013 0.2649 99.85 -0.51

W2 53.06 15.59 1.1 8.88 0.17 6.48 10.96 2.24 0.63 1.0706 0.13 0.0287 0.0114 100.35 0.19

NIM-S 63.84 17.4 0.14 1.13 0.01 0.46 0.69 0.37 15.4 0.048 0.12 0.0168 0.0001 99.61 0.42

GSP2 67.34 15.12 0.5 4.01 0.04 0.97 2.13 2.85 5.46 0.6722 0.29 0.0127 0.0031 99.41 0.87

BCR2 55.05 13.77 1.4 11.31 0.19 3.66 7.18 3.21 1.81 2.2823 0.36 0.0194 0.0007 100.24 0.1

NIM-N 53.31 16.81 0.91 7.33 0.18 7.61 11.55 2.45 0.25 0.1975 0.02 0.0186 0.0152 100.65 0.04

NIM-G 76.57 12.32 0.2 1.6 0.02 0.04 0.8 3.35 5.09 0.097 0.01 0.0156 -0.0014 100.12 0.73

PCC1 43.9 0.73 0.87 7.01 0.13 45.72 0.59 0.06 0.01 0.0139 0.01 0.4076 0.33 99.77 5.09

BHVO2 50.2 13.76 1.25 10.12 0.17 7.32 11.45 2.22 0.52 2.7408 0.27 0.0541 0.0155 100.09 -0.48

AGV2 60.55 17.31 0.68 5.53 0.1 1.82 5.3 4.29 2.94 1.047 0.48 0.0135 0.0023 100.05 1.8

G2 69.72 15.48 0.27 2.17 0.03 0.77 1.96 4.1 4.53 0.4868 0.14 0.0101 -0.0004 99.67 0.64

DTS1 41.02 0.25 0.87 7.06 0.12 50.17 0.16 0.08 0 0.0064 0.01 0.5733 0.3131 100.64 -0.02

G2 69.73 15.48 0.27 2.16 0.03 0.76 1.95 4.11 4.52 0.4851 0.14 0.0104 -0.0021 99.65 0.64

For CRMs 10% of total Fe allocated as Fe3+
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¶ 3 mass % Cr2O3. 

¶ 20 mass % for Na2O, SO3, K2O, V2O5, NiO and BaO. 

¶ 40 mass % P2O5. 

¶ 50 mass % for MgO and TiO2. 

¶ 65 mass % MnO. 

¶ 90 mass % CaO. 

¶ 95 mass % Fe2O3. 

¶ 100 mass % for Al2O3 and SiO2. 

5.2.2 Trace element analyses 

Trace elements were analyzed for the same 26 samples by inductively-coupled plasma mass spectroscopy (ICP-

MS) using a Perkin-Elmer ELAN DRC in the Earth Laboratory at the University of the Witwatersrand. The 

analytical procedure is described as follows: 

50 mg of sample powder is dissolved in a 2:1 HF/HNO mixture and is placed into the microwave digester at 

190°C and 450 PSI, for 40 minutes.  

¶ Samples are then evaporated on the hot plate at 70°C until all the liquid has evaporated.  

¶ 2 ml of HNO  is then added, the beakers are capped and placed on a hot plate at 60ÁC for 24 hours. 

¶ After 24 hours the cap is removed and the beakers are placed on a hot plate at 70°C until all the liquid has 

evaporated. 

¶ 2ml of HNO  is added to the sample and left to evaporate. 

¶ Once all the liquid is evaporated 300 µl of HNO  is added and the sample is ready to be analyzed using 

ICP-MS. 

Standardization was USGS against artificial multi-element standards BCR-2 and BHVO-2, results can be seen in 

Table 2. 

Table 2: Results for artificial multi-element standards BHVO-2, which were run with the Singertât samples.  

 
This study Published values 

 
Run 1 Run 2  Run 3 1 2 3 4 

La 12.00 12.02 15.14 15.2 15 14.8 15.25 

Ce 31.51 32.11 36.59 37.5 38 38.8 37.84 

Pr 4.25 4.33 4.94 5.29 
  

5.351 

Nd 19.44 19.62 23.35 24.5 25 24.6 24.39 

Sm 4.81 4.85 5.63 6.07 6.2 6 6.03 

Eu 1.68 1.69 1.89 2.07 
 

2.01 2.036 

Gd 5.01 4.95 5.86 6.24 6.3 
 

6.229 
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Tb 0.79 0.77 0.84 0.936 0.9 0.88 
 

Dy 4.15 4.11 4.84 5.31 
  

5.3 

Ho 0.76 0.74 0.89 0.972 1.04 
  

Er 2.05 2.04 2.25 2.54 
  

2.547 

Tm 0.26 0.25 0.29 0.341 
   

Yb 1.53 1.53 1.93 2 2 1.89 1.955 

Lu 0.22 0.21 0.25 0.274 0.28 0.275 0.2709 

1 = Raczek et al. (2001); 2 = Wilson (1997); 3 = Ila & Frey (2000); 4 = Kent et al. (2004) 

5.2.3 Zircon Mineral Separation 

10 representative samples were chosen taken to the University of Pretoria to undergo mineral liberation using the 

Selfrag, to ensure preservation of the zircons during the separation process. The comminuted samples were then 

sieved down to Ò 0.5 mm and underwent mineral separation at the Earth Laboratory at the University of the 

Witwatersrand. The following procedure was used for mineral separation using heavy liquids:  

¶ Each sample was poured onto a clean sheet of white paper and a hand magnet was used to remove magnetic 

minerals. Remaining non-magnetic minerals were then processed through heavy liquid separation. 

¶ Tetrabromoethane (TBE), which has a density of 2.96 g/cm3, was used as the heavy liquid media. The 

TBE was poured into the separating funnel after which the sample was added. The sample was then stirred 

using a plastic rod to insure all the heavy minerals would sink to the bottom of the funnel while the light 

minerals floated to the top (Figure 5.1).  

¶ The tap at the bottom of the funnel was then opened to allow for the heavy minerals to be separated out 

onto the filter paper which was placed on a second funnel directly below the separation funnel (Figure 

5.1). The heavy minerals were the placed in beaker with some ethanol and the beakers were placed in a 

water bath for 5 minutes to evaporate in TBE that remained in the sample. The samples were then placed 

in an oven to dry.  

¶ Once the samples were dry they were placed in a magnetic separator where variable current was used to 

separate out any remaining magnetic minerals. These magnetic minerals were also placed in vials and kept 

and the non-magnetic minerals were placed in separate vials for zircon picking later on.  

The vials of non-magnetic minerals were then taken to the University of Johannesburg for zircon picking. Out of 

the 10 samples that underwent mineral separation only 7 samples were found to contain zircons. These zircons 

were first picked and arranged on double-sided tape before being mounted in epoxy resin and later analyzed using 

the LA-ICPMS at the (Spectrum) of the University of Johannesburg (Figure 5.2).  
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Figure 5.1: Fume cupboard set up for heavy liquid separation using Tetrabromethane (TBE) at the Earth 

Laboratory in the University of the Witwatersrand.  

 

Figure 5.2: a) Photomicrograph of the zircon grains in sample 542206 as they were being picked, grains are 

0.5 mm or less. Schematic maps showing the position of each sample on its respective grain mount, as well as 

the rock type of each sample. 

Pegmatites                        Ijolite                       Melteigite                 

Carbonatite   

-525964                             -525971                   -542204                     -

525972      

-525969                                                                                                 

a

b) 
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5.2.4 U-Pb zircon dating 

 

U-Pb dating was performed on the Resolution ASI laser ablation system, which is connected to a Nu Plasma II 

MC-ICP-MS instrument in the Department of Geology at the University of Johannesburg. The zircon U-Pb ages 

were analyzed using a single 50 ɛm spot size, energy set to 4 mJ, a frequency of 2 Hz and attenuator value of 

12.5 %. The energy of the electron beam was 1.9 J/cm2 and the measurement was measurements were taken over 

50 s with a background measurement of 20 s. The calibration standards used were OGC (207Pb/206Pb age = 3465.4 

± 0.6 Ma: Stern et al., 2009), 91500 (207Pb/206Pb age = 1065 ± 1 Ma: Wiedenbeck et al., 1995) and A382 

(207Pb/206Pb age = 1877 ± 2 Ma: Huhma et al., 2012). While CDQGNG (207Pb/206Pb age = 1851 ± 2 Ma: Black et 

al., 2003) and Mud Tank (207Pb/206Pb = 732 ± 5 Ma: Black and Gulson, 1978) were used as secondary standards 

to ensure the accuracy of results.  

 

Figure 5.3: Concordia plots for the secondary standards that were measured while analyzing the Singertât 

Complex zircon samples a) CDQGNG b) Mud Tank. 

 

a) b) 

Intercepts at 

-----±----- & 1830.7±4.0 [±5.1] 

Ma 

MSWD = 0.78 

Intercepts at 

480±360 & 939±630 Ma 

MSWD = 0.78 
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6. Results 

6.1 Petrography 

The following section deals with a petrographic description of the main rock types in the study area, namely the 

nepheline-bearing layered intrusive rocks (urtite, ijolite and melteigite), host syenitic gneisses (Figure 6.1), late-

stage carbonatites and peralkaline pegmatites. These rock types have been characterized and classified according 

to modal abundance analysis and results for the syenitic and nepheline-bearing rocks are shown in Figure 6.1 and 

Appendix XI. The main focus of this section is to identify mineral assemblages, as well as predominant textures 

that aid in the fulfilment of the aims and objectives of this study.  

Figure 6.1: Ternary diagram used to classify the Singertât rock samples based on the modal abundances obtained 

during petrographic analyses. M = melteigites, I = ijolites, U = urtites and S = syenitic gneisses.  
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6.1.1 Nepheline-bearing rocks 

The nepheline-bearing rocks are coarse-grained (1.5 cm ï 1 cm grain size) with a urtitic to melteigitic composition 

and show late-stage intergrowths of albite and K-feldspar i.e. anti-perthite. On the basis of mineral abundances, 

there are 3 types of nepheline-bearing layered intrusive rocks and urtite contains the highest modal proportions 

of nepheline (approximately >70%). Ijolite contains between 70-30% nepheline and melteigite contains <30% 

nepheline with more mafic minerals present such as dark green clinopyroxene (aegerine), dark brown biotite and 

in some sampleôs minor amounts of microcline or plagioclase (Figure 6.2). It is noted that all samples contain 

some form of accessory calcite, magnetite and/or ilmenite.  Detailed petrographic descriptions can be found in 

Appendix XI. 

 

 

Figure 6.2: a) Urtite from the Singertât Complex, SE Greenland. The green mineral is clinopyroxene while the 

grey mineral is nepheline and the white mineral is alkali feldspar (Sample 525988). b) Ijolite from the Singertât 

Complex, SE Greenland. The black-green mineral is clinopyroxene, while the grey-brown mineral is nepheline 

and the white mineral is alkali feldspar (Sample 542214). c) Melteigite from the Singertât Complex, SE 

Greenland. The black-green mineral is clinopyroxene, while the grey-brown mineral is nepheline and the white 

mineral is alkali feldspar (Sample 542203). 
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Urtite 

Predominantly composed of nepheline with very small amounts of aegerine-augite, biotite and minor anti-perthite 

(Figure 6.3a, b). The nepheline crystals are euhedral to subhedral and range in size from 0.5 mm to >3 mm. The 

aegerine-augite and biotite are subhedral and range in size from 0.1 mm to 2 mm. Disseminated magnetite does 

occur as an accessory mineral in this rock type, along with some clay alteration.  

Figure 6.3: Photomicrographs of urtite sample 525988 showing the nepheline, anti-perthite and small percentage 

of clinopyroxene present in the sample. a) ppl, b) xpl. 

Ijolite 

The ijolite samples are primarily composed of nepheline, aegerine-augite, biotite, anti-perthite and accessory 

magnetite, calcite and zircon in certain samples. The nepheline that occurs in these rocks appears to be euhedral 

to subhedral, while the aegerine-augite is subhedral and biotite crystals are euhedral to subhedral (Figure 6.4a and 

6.4b). The anti-perthite ranges between 5% and 15% and is interstitial, likely representing the last major mineral 

that crystallized (Figure 6.4c and 6.4d). The anti-perthite is seen as orthoclase lamellae that have been exsolved 

from an albite host. The volumetric proportions of lamellae to host crystal vary from sample to sample, with some 

anti-perthites containing 60% host and 40% lamellae and 80% host to 20% lamellae in other samples. Minor 

disseminated magnetite and pyrite occur in the ijolites.  

a) a) 

Nph 
Nph 

anti-perth 

anti-perth Aeg-Aug 

b) 
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Figure 6.4: Photomicrographs of Ijolite samples 542214 a) full thin section scan in ppl, b) thin sections scan in 

xpl, c) anti-perthite present in the ijolite samples in ppl, d) anti-perthite present in the ijolite samples in xpl. 

Melteigite 

The melteigites are composed of predominantly aegerine-augite with subordinate biotite, nepheline and anti-

perthite, samples also contain accessory magnetite, calcite and in some cases zircon. The nepheline that occurs in 

these rocks appears to be subhedral to anhedral, while the aegerine-augite and biotite crystals are euhedral to 

subhedral (Figure 6.5a and 6.5b). The anti-perthite is interstitial at approximately 5% (Figure 6.5c and 6.5d). The 

nph 

np

h 
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anti-perthite is seen as orthoclase lamellae that have been exsolved from an albite host. Disseminated magnetite 

and pyrite occurs in the melteigites.  

 

Figure 6.5: Photomicrographs of Melteigite sample 542215 a) full thin section scan in ppl, b) thin sections scan 

in xpl, c) anti-perthite present in the ijolite samples in ppl, d) anti-perthite present in the ijolite samples in xpl  

ne 
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Layered nepheline-bearing intrusive rocks and the host syenitic gneisses 

The layered Singertât samples consist of the urtite, ijolite, melteigite, which intrude weakly foliated syenitic 

gneisses. The samples either have a gradational contact between different rock types (Figure 6.6a, 6.7a and 6.7b)  

or sharp contacts (Figure 6.6c, 6.8a and 6.8b). The samples that contain sharp contacts seem to have truncated 

grain boundaries (Figure 6.6b). In layered sample 542219, looking at the layers in 542219AII we observe that 

sodalite occurs with nepheline in one rock layer and in this sample and nepheline is the dominant feldspathoid 

(Figure 6.7b). However, when looking at the layers in sample 542219BII we observe that there less than 30 % 

nepheline and sodalite is the dominant feldspathoid in this particular layer (Figure 6.9a and 6.9b).  

 

Figure 6.6: The layering seen between the nepheline-bearing alkaline rocks show in samples a)542205 which 

depicts a gradational change (dashed white line) between melteigite and ijolite and b) 542219, which depicts a 

sharp change (white line) from syenitic gneiss to melteigite to ijolite.   

 

 

a

c

b

) 
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Figure 6.7: Photomicrographs of a layered nepheline-bearing rock sample 542216BII, which shows a 

gradational contact (indicated by the dashed white line) between an urtite and a melteigite layer. a) full thin 

section scans in ppl, b) thin sections scan in xpl.  

 

 

 

Melteigite Urtite 
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Figure 6.8: Photomicrographs of a layered nepheline-bearing rock sample 542219AII, which shows a sharp 

contact between a syenitic gneiss and a melteigite layer (indicated by the white line), with a melteigite vein cross 

cutting the syenitic gneiss. a) full thin section scans in ppl, b) thin sections scan in xpl.  

 

 

nph 
nph 

nph 

Melteigite Syenitic Gneiss 
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Figure 6.9: Photomicrographs of a layered nepheline-bearing rock sample 542219BII, which shows a 

gradational contact between an ijolite and a melteigite layer. In this sample there is little nepheline, however 

sodalite appears to be the dominant feldspathoid present and flow textures are observed in this sample, a) full 

thin section scan in ppl, b) thin sections scan in xpl c) depicts a truncated boundary seen in sample 542219CII.  

c) 

flow textures 
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Peralkaline pegmatites 

The pegmatites are primarily composed of nepheline, orthoclase and biotite with all samples containing accessory 

magnetite, zircon and apatite. All minerals are euhedral and the crystals range in size from 1 cm to >5 cm (Figure 

6.10, 6.11a-6.10f). Disseminated magnetite is present in all the samples and the zircon crystals ranging from 0.1 

mm to 4 mm (Figure 6.11a and 6.11b).  

 

Figure 6.10: Hand samples of a)525969 and b) 542206 which depicts pegmatitic nepheline (pale brown-grey), 

feldspars (white) and biotite (dark brown ï black).   

 

a) 

b) 
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Figure 6.11: Photomicrographs of the pegmatite samples a) a zircon crystal in the sample 542206 in ppl, b) a 

zircon crystal in the sample 542206 in xpl, c) macrocrystic nepheline and anti-perthite in sample 542206 in ppl, 

d) pegmatitic nepheline and anti-perthite in sample 542206 in xpl, e) anti-perthite texture seen in sample 525969 

in xpl, d) pegmatitic biotite crystals in sample 525969 in xpl.  

nph 
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Carbonatites 

The Singertât Complex contains two types of the carbonatitic occurrence. The first type of carbonatite is 

composed predominately of calcite and in places contains garnet and aegerine-augite (Figure 6.12b and 6.12c). 

The second is a carbonatitic breccia, which contains fragments of the nepheline-bearing layered silicate rocks 

(Figure 6.12 a), as well as larger nepheline and orthoclase crystals from the pegmatites (Figure 6.13b and 6.13c). 

The calcite present in these samples has perfect cleavage and is euhedral to subhedral. The garnet in these samples 

has a high-Ti content due to the unusual orange-red color and is euhedral to subhedral, as is the aegerine-augite 

in these particular carbonatites. The carbonatites contain little or no magnetite, however, there is still some 

accessory apatite and zircon present. (Figure 6.13a and 6.13b).  

 

Figure 6.12: Hand samples of a)525972, b)542232 and c) 542249 which depicts a carbonatite breccia 

(contains fragments of nepheline-bearing rocks and pegmatite), a carbonatite containing almost 100% calcite 

and a carbonatite containing high Ti-garnet respectively.  

a) 

b) c) 
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Figure 6.13: Photomicrographs of carbonatite sample 542249, which shows a garnet and clinopyroxene 

surrounded by a large amount of calcite. a) full thin section scans in ppl, b) nepheline xenocryst in carbonatite 

breccia in ppl and c) rounded fragments of ijolite in a carbonatite breccia in xpl.  

 

Grey Syenitic Gneisses 

These rocks are primarily composed of anti-perthite with aegerine-augite, biotite and small amounts of nepheline 

with all samples containing accessory magnetite and apatite (Figure 6.14). The clinopyroxenes are euhedral to 

b) c) 
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subhedral, nepheline and anti-perthite are subhedral, while the biotite is anhedral (Figure 6.15a and 6.15b). 

Disseminated magnetite is present in all the samples and the zircon crystals range from 0.1 mm to 0.5 mm 

 

Figure 6.14: Hand samples of a)542217, b)525981 and c) 525989 which depicts syenitic gneisses showing the 

typical gneissic texture (alignment of aegerine-augite and biotite grains). 

 

a) 

c) b) 
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Figure 6.15: Photomicrographs of syenitic gneiss sample 542217B a) full thin section scan in ppl, b) thin sections 

scan in xpl, c) anti-perthite present in the ijolite samples in ppl, d) anti-perthite present in the ijolite samples in 

xpl.  
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6.2 Mineral Chemistry 

The aim of this section is to determine whether the minerals observed in different layers are compositionally 

similar or not. This aids in determining if the minerals crystallized from the same melt or not and ultimately 

whether the Singertât Complex was formed from a single magma or multiple batches of magma. For the 

detailed mineral chemistry results refer to Appendix I-IX. 

Nepheline  

Due to the formula for nepheline being (Na, K)AlSiO4, variation diagrams containing each component were 

plotted in Figures 6.16, 6.17 and 6.18.  These plots are meant to depict variation between nepheline crystals found 

in the different layered nepheline-bearing rock types. Sample 542205 shows an ijolite gradationally transitioning 

into melteigite and back to ijolite again. Nepheline from both rock types generally appear to plot in a cluster, with 

the exceptions of a few outliers (Figure 6.16). The general clustering of data could suggest that the melteigite and 

the ijolite in this particular sample crystallized from the same melt.  
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Figure 6.16: Variation diagrams depicting variations in mineral compositions for the layered sample 542205 

which depicts gradational transitions from ijolite to melteigite and back to ijolite again. The blue dots represent 

analyses that were taken across the ijolite-melteigite boundary, while the black dots were analyses taken in the 

melteigite layer only. 
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For sample 542216, two thin sections were analyzed, sample 542216 BI shows a sharp transition from urtite to 

melteigite, while sample 542216 CII shows a gradational transition from ijolite to melteigite. Referring to Figure 

6.17 it appears that there are different populations of nepheline in each rock type. The nephelines in sample 

542216BII are higher in SiO2, K2O and Al2O3, while in sample 542216 CII the ijolite has higher amounts of Na2O. 

It is observed that in both samples 542216BII and 542216CII the nepheline population in the melteigites contain 

more sodium compared to the ijolite and urtite, this may be due to the fact that these particular nepheline crystals 

were crystalizing with the aegerine-augite. Therefore, both minerals would be competing for sodium in the 

magma, this would leave less sodium in the residual liquid from which the nepheline populations in the ijolite 

and urtite may have crystallized from. While this is likely for sample 542216CII, where we observe some overlap 

between the two populations of nepheline, seen in plots where Na2O vs K2O and Al2O3 (Figure 6.17).  
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 Figure 6.17: Variation diagrams depicting variations in mineral compositions for the layered sample 542216 

using samples 542216 BI and CII which transitions from ijolite to melteigite and melteigite to urtite respectively. 

The blue squares represent analyses from the ijolite layer and the blue dots represent analyses taken in the 

melteigite layer in samples 542216 CII. The black squares represent analyses from the urtite layer and the blue 

dots represent analyses taken in the melteigite layer in samples 542216 BI. 

For sample 542219 three thin sections were analyzed, sample 542219 AII shows sharp transition from syenitic 

gneiss to melteigite, sample 542219 CII shows a sharp transition from ijolite to melteigite and finally sample 
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542219 DII shows a gradational transition from ijolite to melteigite. According to Figure 6.18 the nepheline 

populations which in the syenitic gneiss and melteigite appear to be similar in composition, as the results for these 

two rock types tend to cluster together. However, the population of nepheline occurring in the ijolite layer appears 

to compositionally different from the populations in the syenitic gneiss and melteigite layers. The nepheline 

occurring in the ijolite has the highest percentage and range of silica (43.9 ï 45.6 wt% SiO2), while the nepheline 

in the melteigite and syenitic gneiss samples have a similar silica percentage and range from 43.0 ï 44.2 wt% 

SiO2. The syenitic gneiss and melteigite have higher percentages of Al2O3 and K2O, but lower Na2O with respect 

to the ijolite.  
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Figure 6.18: Variation diagrams depicting variations in mineral compositions for the layered sample 542219 

using thin sections 542219 AII, CII and DII which transitions from syenitic gneiss to melteigite and then to ijolite. 

The black dots represent analyses from the syenitic gneiss layer, the blue dots represent analyses taken across 

the melteigite-ijolite transition and the red dots represent analyses from the ijolite layer. 

Aegerine- Augite 

For samples 542205 and 542216 it was noted that some of the clinopyroxene crystals appeared to be zoned, 

therefore core and rim readings were taken (Figure 6.19 and 6.20). It was further noted that the populations of 

clinopyroxenes on either side of the gradational boudary in sample 542205 were similar in composition. However 
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in sample 542216, sample 542216 CIIôs clinopyroxenes are compositionally different from the clinopyroxenes in 

sample 542216 BI.  

Referring to Figure 6.19, it appears that sample 542205 does show some compositional zoning as we see seperate  

clusters of core and rim data. The rims appear to be more alkaline in composition due to the higher amounts of 

Na2O (  4.05 -4.35 wt%) in comparison with the core which appears to have higher concentration of CaO ( .18.1 

ï 18.4 wt%), i.e. more diopside-rich. The rims also have a higher Al2O3 content, but lower SiO2, TiO2 and MgO 

and similar amounts of FeO and Fe2O3. This can similarly be seen in sample 542216 CII, which also shows a 

gradational change from ijolite to melteigite (Figure 6.20).  

For sample 542216 BI (Figure 6.20), we observe very little variation from core to rim in the melteigite and urtite 

layers. The cores and rims seem to have similar concentrations of all the major elements, however, some of the 

rims seem to have a slightly higher magnesium and alumina content compared to the rest of the data (  9.55 -9.65 

wt% MgO and  4.3 ï 4.5 wt% Al2O3). The populations of clinopyroxene appears to differ from sample  

Referring to Figure 6.21 for the layered sample 542219, which transitions from syenitic gneiss to melteigite to 

ijolite. A vein of meleigitic composition was analyzed and plotted, this vein is seen cross-cutting the syenitic 

gneiss. The sample shows that while the clinopyroxene populations found in the syenitic gneiss are different, the 

clinopyroxes found in the vein and the melteigite are compositionally similar with respect to the major elements 

compositons. The clinopyroxene in the ijolitic layer appears to be compositionally different from the vein (similar 

to the nepheline data mentioned before). The ijolitc layer appears to have a higher percentage of MgO, SiO2 and 

CaO. This shows that the clinopyroxene found in the ijolitic layer may be more augite-rich in composition 

compared with the clinopyroxenes in the syenitic gneiss, vein and melteigite layers. It also appears that the amount 

of Na2O present in the aegerine-augite crystals, ocurring in the ijolite layer, begins to decrease this may be due to 

nepheline beginning to crystalize. The vein which appears to be melteigitic in composition is appears to be 

chemically different from the actual melteigite layer regarding TiO2 and MgO . The vein has a higher percentage 

of TiO2, but a lower percentage of  MgO with respect to the melteigite layer percentage of TiO2, but a lower 

percentage of  MgO with respect to the melteigite layer. Therefore while vein is melteigtic in composition it is 

not part of the melteigite layer we observe in sample 542219.  

Referring to Appendices III, V and VIII we observe that the samples have characterstic alkali clinopyroxene such 

as higher Fe3+ vs Fe2+ in all the clinopyroxenes that were analyzed. The pyroxenes also have mol%, 24% - 30% 

acmite (aegerine) with considerable amounts of Jadeite. The pyroxenes also appeat to have elevated Ca-

tschermark values and excess alumina.  
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Figure 6.19: Variation diagrams depicting variations in mineral compositions for the layered sample 542205 

which depicts the core- rim data for aegerine-augite. 
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Figure 6.20: Variation diagrams depicting variations in mineral compositions for the layered samples 542216BI 

and 542216CII, which depicts the core- rim data for aegerine-augite. 
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Figure 6.21: Variation diagrams depicting variations in mineral compositions for the layered sample 542219 

which depicts the aegerine augite crystals in the syenitic gneiss, a vein of aegerine-augite within the syenitic 

gneiss, melteigite and ijolite. 
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Referring to Figure 6.19, it appears that sample 542205 does show some compositional zoning as we a see seperate  

clusters of core and rim data. The rims appear to be more alkaline in composition due to the higher amounts of 

Na2O (  4.05 -4.35 wt%) in comparison with the core which appears to have higher concentration of CaO ( .18.1 

ï 18.4 wt%), i.e. more diopside-rich. The rims also have a higher Al2O3 content, but lower SiO2, TiO2 and MgO 

and similar amounts of FeO and Fe2O3. This can similarly be seen in sample 542216 CII, which also shows a 

gradational change from ijolite to melteigite (Figure 6.20).  

Figure 6.22: A ternary diagram representing the EPMA results for the clinopyroxene crystals found in the 

nepheline-bearing alkaline rocks of the Singertât Complex. 
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Sodalite 

Sodalite was identified using EPMA in the syenitic gneiss sample (542217B) and petrographically the sodalite 

appeared isotropic. It was observed as the medium gray BSE reflectance seen in Figure 6.23. The results obtained 

can be seen in Table 3. The total weight does not add up to 100 wt% due the fact that spectrometers were not 

calibrated to measure chlorine and fluorine.  

Figure 6.23: BSE taken of the EPMA image, which shows the sodalite that was analyzed in sample 542217B.  

Table 3: EPMA results for sodalite in sample 542217B  

Sodalite 

Major elements (wt%) Na2O MgO SiO2 K2O CaO TiO2 FeO MnO Cr2O3 NiO Al2O3 Total

8.85 0 34.7 0.15 5.65 0 0.01 0 0 0.01 24.85 74.22

8.44 0 34.42 0.2 5.62 0 0 0 0 0.01 24.69 73.36

8.52 0.01 35.6 0.47 5.76 0 0 0 0 0.01 27.02 77.4

9.1 0 35.25 0.15 5.64 0 0 0 0 0 27.48 77.63

9.03 0 34.71 0.17 5.53 0 0.07 0 0 0.01 27.34 76.85

8.93 0 34.86 0.16 5.63 0.01 0.04 0 0 0 25.95 75.57

8.74 0 34.9 0.15 6 0.01 0 0.01 0 0 27.34 77.14

8.68 0 34.63 0.16 5.71 0 0.02 0 0 0 24.56 73.75

8.41 0.01 35.01 0.26 5.74 0 0.02 0 0 0 25.51 74.96

8.66 0.01 34.45 0.16 5.76 0 0.01 0.01 0.01 0 25.85 74.91

8.78 0 34.72 0.17 5.69 0 0 0 0 0 28.23 77.59

8.88 0 34.72 0.16 5.64 0.01 0 0 0 0 25.16 74.58

9.11 0 35.31 0.15 5.76 0.02 0.02 0 0.01 0 28.77 79.15

8.64 0.02 34.87 0.14 5.52 0 0 0.01 0 0 26.56 75.76

8.66 0 35.09 0.2 5.66 0 0 0 0 0 27.72 77.34

8.89 0 34.49 0.13 5.52 0 0 0 0 0 25.68 74.73

9.21 0 34.74 0.12 5.71 0.01 0 0 0 0 25.88 75.68

9.67 0.01 35.18 0.15 5.79 0 0 0 0 0 26.93 77.74

9.16 0.01 34.82 0.14 5.87 0 0 0 0 0 27.04 77.05

9.12 0 34.38 0.13 5.91 0 0 0 0 0.01 25.6 75.14

8.75 0 34.76 0.17 5.99 0.01 0 0 0 0.01 27.05 76.74

9.05 0 34.61 0.16 5.95 0 0.01 0 0 0 28.79 78.57

9.06 0 34.74 0.15 5.85 0 0 0 0 0.01 27.27 77.08

8.86 0 34.79 0.18 5.99 0 0 0 0 0 28.24 78.07

9.06 0 34.63 0.15 5.86 0 0 0 0.01 0 28.24 77.95

16.63 0 34.8 0.2 6.79 0.03 0.02 0.01 0.01 0 28.65 87.14

542217B
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Anti-perthite 

The anti-perthite is present in all the samples and appears as dark grey orthoclase lamellae occurring as 

anastomosing textures with a light grey albite host (Figure 6.24). The anti-perthites were analyzed using EMPA 

to determine the crystals mineral composition, averages for each major element were plotted for each sample on 

Figure 6.24. Referring to Figure 6.25, we can see the anti-perthite is made up orthoclase and albite, however there 

is an anorthite component to the anti-perthites in each sample.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.24: BSE image showing the anti-perthite that was analyzed in sample 542219. The dark grey lamellae 

are the orthoclase, while the lighter grey is the albite host. 

 

Anti-perthite 
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Figure 6.25: Ternary diagram for all the samples that were analyzed using EPMA. The results seen are the 

averages taken for each sample and the orthoclase lamellae and albite host results are joined by tie-line for 

each sample.  


















































































