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Abstract 

 

Recent development of high-tech industries and the global drive towards a carbon 

free economic have placed a tremendous demand on Li and placed substantial 

importance on exploration of lithium deposits. The Meldon Aplite has long been 

described as unique feature across SW England in terms of its mineralogy and 

exception enrichment in rare-element such as lithium, caesium, fluorine, 

phosphorous and niobium-tantalum. The Meldon Aplite present a potential for 

lithium mineralization. This study has identified a range of lithium rich minerals in 

the Meldon Aplite including lepidolite, elbaite, petalite, amblygonite-montebrasite, 

and eucryptite. It has equally ruled out the presence of spodumene in the aplite. 

Mineralogy and textural studies conducted in this study resulted in the 

identification of four different crystallization stages. These are magmatic, 

magmatic-hydrothermal, hydrothermal and supergene stages. In terms of lithium 

mineralisation, lepidolite, elbaite, petalite and amblygonite-montebrasite are 

primary magmatic phases with eucryptite forming at the expenses petalite 

complete hydrothermal replacement and clay montmorillonite forming from 

petalite weathering. The close association of amblygonite-montebrasite with 

fluorapatite indicate that it is altered at a certain extent. From trace element, the 

Meldon Aplite is characteristically enriched in Li (2626 to 5569 ppm), Cs (75 to 

612ppm), Rb (940 to 2540 ppm), and moderately enriched in Be (8 to 84 ppm), 

Ta (11 to 49 ppm), and Nb (35 to 90 ppm). Such geochemistry suggest that the 

Meldon Aplite is relatively evolved. Comparison of Tellus (2014) soil data with the 

Meldon Aplite geochemistry has delineated six zones with high caesium and 

tantalum concentration, geochemically comparable to the Meldon Aplite. These 

are underlain by metasedimentary rocks, metabasic rocks and on one occasion 

by Gunnislake granite. The Meldon Aplite extent cannot be traced with surface 

exposure, however soil samples close to the aplite contain relatively elevated Rb 

(>62ppm). 
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Chapter 1 : Introduction 

 

1.1 Introductory statement (Statement of scene of dissertation) 

Since the early 1900s, the Meldon aplite has been known as a unique feature in 

terms of its exceptional mineralogy across Britain, (Worth, 1920). Over the 20th 

century, it received a considerable amount of interest due to its unusual 

enrichment in rare elements such as lithium, caesium, fluorine, phosphorous and 

niobium-tantalum, (Worth (1920); McLintock (1923); Von Knorring (1951); 

Edmond et al., (1964); Von Knorring and Condlife (1984)); an elemental 

assemblage which was unknown anywhere else in the British Variscides. Despite 

being unique in Britain however, aplite-pegmatite fields with mineralogy and 

geochemistry comparable to that of the Meldon Aplite have been discovered 

elsewhere in the European Variscides, for example: Barroso-Alvao (Northern 

Portugal; Lima et al., (2003), and aplite-pegmatite field of Central Iberian Zone 

(Roda-Robles et al., 2018). These contain Li which can be economic.  

With recent technological development and the global drive towards a carbon free 

economy, Li-rich deposits have received special importance as one of the primary 

sources of Li used in Lithium-ion batteries. To address this growing demand, new 

exploration projects are globally developing, as Li demand is set to substantially 

increase over the next decades.   

The Meldon Aplite high Li concentration attracted mineralogical studies, 

sometimes concerned with identifying Li phases. Despite these studies however, 

the aplite mineralogical and geochemical characteristics are still questionable as 

some minerals reported to occur in the aplite were based on falsified results, for 

example Kingsbury, (1966), and sometimes different studies reported 

contradictory findings. This project will study its mineralogical, textural, and 

geochemical characteristics to address the long standing controversy about the 

aplite mineralogy. As the potential of rare-element pegmatite mineralisation in 

Cornwall and Devon is not yet fully understood. This project will compare the 

Meldon Aplite geochemical data with Tellus (2014) SW England soil data 

(covering Devon and a small part of Cornwall) to assess potential of rare element 

pegmatite mineralisation across SW England. 
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1.2 Study Area location 

The Meldon aplite is located in Meldon at ~6 km south of the town of Okehampton 

in Devon, Figure 1.1A, and ~1km NW of Dartmoor granite, (Worth, 1920). Tellus 

(2014) geochemical soil data covers Devon and the northern part of Cornwall, an 

area ~6300 km2, Figure 1.1B. The Meldon Aplite has been worked in two quarries, 

referred to as eastern and western aplite quarries, crossing the Rev-a-ven Brook 

River, Figure 1.1C. 

 

Figure 1.1: A: geographical location of the study area, B: google map with Tellus (2014) soil data 

(black dots: soil samples, red dot: Meldon Aplite quarries), C: Meldon Aplite quarries crossing the 

Red-a-ven Brook river.  
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Due to the exceptional geology and remarkable geomorphological features 

occurring around the Meldon aplite, the Meldon Aplite quarry is a designated Site 

of Special Scientific Interest (SSSI), and it is protected by Natural England.  

 

1.3 Aim and objectives of the project 

 

This project aims to study the mineralogical, petrogenetic, and geochemical 

characteristics of the Meldon of the aplite, and to investigate the potential of 

Cornwall and Devon in rare-element pegmatite mineralisation (potentially 

Lithium-Caesium-Tantalum (LCT) pegmatite/aplite). The main objectives of this 

project are: 

1. To examine the mineralogical, textural and petrogenetic characteristics of the 

Meldon aplite using optical microscopy, SEM and XRD 

 

2. To geochemically characterise the Meldon aplite by examining different 

materials including rock samples, pan concentrate, stream sediments and 

soils samples collected within the study area. The main elements of interest 

include lithium, caesium, rubidium, tantalum, niobium, beryllium, fluorine, 

phosphorus and boron; elements characteristic of LCT rare-element aplite-

pegmatite mineralization. 

3. To investigate the potential of Cornwall and Devon in terms of LCT 

mineralisation by comparing the Meldon Aplite geochemical signature 

(identified in objective 2) against Tellus (2014) soil data, and identify areas 

with elevated rare-elements signature. These areas may form the basis of 

further exploration studies.  Comparison of the Meldon Aplite geochemistry 

with Tellus (2014) soil data will be done using ioGas software and the maps 

for anomalies will be produced using ArcMap 10.5.1 software. 

4. To establish the extent of the Meldon Aplite with field mapping, and if possible 

with analytical data.  
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1.4 Scope of the project 

 

1.4.1 Activities undertook: 

Over the course of this project, the main activities undertaken include: 

1. Mapping the Meldon Aplite by field exposure 

2. Sample collection in collaboration with the supervisor. Samples collected 

include rock, pan concentrate, stream sediments and soil samples. 

3. Sample preparation including crushing and grinding of rock samples, milling 

and sieving soil samples, sieving stream sediment samples and heavy liquid 

separation to obtain a clean pan concentrate. Thin sections are prepared by 

Mr Stephen Pendray. 

4. Analytical work includes detailed petrographic study to identify and 

characterise the aplite mineralogy, texture and petrographic characteristics 

using optical microscopy, SEM and XRD. Dissolution sample preparation and 

ICP-MS analysis is run Ms Sharon Uren.  

 

1.4.2 Organisation of the dissertation 

This dissertation is composed of seven chapters in the following way: 

Chapter 1: Introduction 

This chapter introduces the project, explains the nature of the problem to be 

addressed, describes the study area, and highlights the main activities 

undertaken to achieve the project aims. 

Chapter 2: Background knowledge 

This chapter provide an overview of the regional geological evolution of SW 

England (Cornwall and Devon). The chapter discusses previous research 

undertook on the Meldon Aplite, and the global occurrence and geodynamic 

settings of rare-element aplite-pegmatite mineralisation.   
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Chapter 3: Fieldwork and Sample Collection 

This chapter discusses observations made during the field work and discusses 

how and where samples were collected. The chapter ends with a discussion on 

Tellus (2014) soil data. 

Chapter 4: Analytical Procedures 

This chapter discusses the sample preparation methods undertaken over the 

course of this study and the analytical conditions for ICP-MS, SEM-EDS and 

XRD.  

Chapter 5: Results  

This chapter provides the petrographic description and geochemical results for 

all analysed samples (rock, pan concentrate, stream sediments and soils). The 

chapter discusses how data varies between the Meldon Aplite different rock units. 

Chapter 6: Discussion 

This chapter links the background information, especially previous work on the 

Meldon Aplite, with this project results. It compares what has been reported in 

previous studies and what this project has contributed towards understanding the 

Meldon Aplite mineralogy, geochemistry and petrogenesis. This chapter 

discusses the Meldon Aplite classification in relation to global characteristics of 

lithium rich aplite-pegmatite. The chapter ends with a discussion on further areas 

of exploration across Devon and northern part of Cornwall.  

Chapter 7: Recommendation and Conclusion 

Based on the results obtained in this study. This chapters provide 

recommendation on further mineralogical, geochemical studies that can be done 

and states area of potential exploration.  

 

1.4.3 Problem 

As the Meldon Aplite quarry is a Site of Special Scientific Interest, and hence 

protected by Natural England, sample collection was limited to outcrops that can 

be accessed without endangered the site. 
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1.5 Definition and Terminology 

 

LCT: Lithium-Caesium-Tantalum aplite-pegmatite 

REL-Li: lithium rich rare-element aplite-pegmatite 

SEM-EDS: Scanning electron microscope. Analysis undertaken with JOEL 840 

at Camborne School of Mines. 

XRD: X-ray diffraction. Analysis undertaken with Siemens Diffraktometer D5000 

at Camborne School of Mines 

pXRF: Portable X-ray fluorescence. Analysis undertaken with Olympus delta 

portable XRF at Camborne School of Mines. 

ICP-MS: Inductively Coupled Plasma Mass Spectrometer. Analysis taken at 

Camborne School of Mines 

G-Base: Geochemical Baseline Survey of the Environment 
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Chapter 2 Literature review 

 

2.1 Regional geological history of SW England 

The geological history of SW England over the last 400Ma can be divided into a 

series of three main tectonic events, Figure 2.1, 1. Geology related to the Rheic 

Ocean and its margins (rifting on its northern margin and the Variscan orogeny), 

2. Pangea intraplate (various rifting periods), 3. Palaeocene Atlantic opening 

(significant uplift, intra-plate deformation along strike slips faults, and quaternary 

changing climatic conditions over the last 2.7Ma).  

 

Figure 2.1: key elements of SW England regional geological evolution using data from onshore 

and offshore areas, extracted from Shail 2018.  

 

2.1.1 Pre-Devonian basement  
 

Little is known about the pre-Devonian basement of SW England. The only pre-

Devonian basement of SW England, the Man of War Gneiss, is structurally 

preserved below mantle periodate of the Lizard complex, (Shail and Leveridge, 
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2009). Man of War Gneiss is comprised of originally gabbroic to tonalitic, calc-

alkaline plutonic rocks with U-Pb zircon age dating back to Tredomoc, lower 

Ordovician (499 +8/-3 Ma), (Sandeman et al., 1997).  

Cooks et al., (1997) suggests that prior to Devonian time, SW England as well as 

the rest of southern England may have formed part of the Gondwanaland 

supercontinent together with Africa, Antarctica, Australia, India and South 

America over, at a position of ~700 S. LeBoutilier (2002) states that during this 

time, Cadomia orogenic movement uplifted the part of Gondwana that hosted 

southern England forming E-W trending topographic highs with a series of basins 

and shelf seas called Pretannia. Closure of the Tournquist Sea between Avalonia 

and Baltica in early Silurian was accompanied by considerable movement of 

deep, NW-SE trending crustal scale transcurrent faults, (Durrance, 1998). 

Dearman (1963) and Selwood (1990) states that the Cadomian E-W and 

Tournquist sea closure NW-SE structures played a big role in the 

Devonian/Carboniferous and latter basins development in SW England. Turner 

(1984) claims that their reactivation before, during, and after the Variscan 

orogeny influenced the present day structure of SW England.  

 

2.1.2 Rheic ocean rifting and passive margin development 

 

During Ordovician, the Rheic Ocean opening broke off Avalonia superterrane 

from Gondwana, which moved northwards carrying SW England with the rest of 

southern Britain with it, (Durrance, 1998). Later fragmentation of Avalonia 

superterrane gave rise to three continents, namely Avalonia (which hosted 

southern England along the Cadomian uplifted southern margin), Iberia, and 

Armorica continents, (LeBoutilier 2002). This Ordovician northward movement of 

Avalonia due Rheic ocean opening was spatially synchronous with the closure of 

the Iapetus Ocean between Avalonia/Baltica with Laurentia forming the 

Caledonian fold belt, which brought together northern and southern Britain by the 

end of Silurian, (LeBoutiler, 2002).  Following the amalgamation of the northern 

and southern Britain by the Caledonian orogeny and the formation of the old red 
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sandstone (ORS) continent (Laurassia), Cornwall and Devon laid on the northern 

passive margin of the Rheic ocean (Rhenohercynian passive margin).  

Throughout early to upper Devonian, the Rheic Ocean northern passive margin, 

which hosted SW England, progressively stretched the continental lithosphere. 

This movement and subsequent subsidence initiated formation of E-W trending, 

non-marine, half-graben, syn-rift, ensialic basins, Figure 2.2, and rift-related 

bimodal magmatism in late Lockhovian (earliest Devonian), (Shail and Leveridge 

2009). These are, from SW to NE, Gramscatho, Looe, South Devon, Tavy, Culm, 

and North Devon Basin.   

 

Figure 2.2: Onshore geology of SW England showing the main rock units. Top left inset shows 
the location of SW England in European variscides, extracted from Shail and Leveridge (2009). 

 

The basins are considered to have developed by continued northward rifting 

throughout the Devonian period, Figure 2.3, (Leveridge, 2011). Andrews et al., 

(1998) suggest that the basins formation may have been influenced by former 

Cadomian E-W and Tournquist sea closure related NW-SE crustal scale 
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structures, and their continual development was supported by crustal extension 

due to continual mantle peridotite exhumation and limited sea floor spreading in 

the Rheic Ocean.  In addition, Leveridge and Hartley (2006) states that the 

development of SW England basins reflects the development of a large, complex 

passive margin due to continental rifting with oceanic lithosphere in its south, in 

early Devonian-Dinantian.  

 

 

Figure 2.3: diagram showing northward progressive rifting during SW England basins formation, 
extracted from Leveridge (2011). 
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Over the Devonian-early carboniferous, Barnes and Andrews, (1986) states that 

formation of oceanic crust during the Rheic ocean development is evidence by 

the Lizard complex, and the Gramscatho basin tectonostratigraphy. The Lizard 

complex is a mantle peridotite dominated by spinel lherzolite and plagioclase 

peridotite, and some gabbro, (Shail and Leveridge 2009).  

 

2.1.3 Variscan convergence and passive margin inversion  
 

The Variscan orogeny formed from closure of the Rheic Ocean, and subsequent 

collision of Gondwana and Laurentia continents to form Pangea supercontinent 

in Devonian-late carboniferous (Ziegler, 1990). The Varsican fold bet is an E-W 

trending belt that runs from Portugal to Poland forming a series of nappes and 

overthrusts, (Floyd et al., 1993). Charoy and Noronha (1999) states that the 

tectonic characteristics of the European Variscides reflect a classical obduction-

collision belt; which formed from the convergence, obduction, subduction and 

collision of North Laurentia and Gondwana continents, with minor intervening 

microcontinental blocks.  

At a regional scale, the Variscan fold belt can be subdivided into three tectonic 

zones separated by major thrust faults, from north these are northern (marginal) 

Rhenohercynian zone, internal Saxothuringian, and Moldanubian Zones of 

central Europe,  

Figure 2.4, (Bromley and Holl, 1986). Cornwall and Devon lies in the 

Rhenohercynian zone and exactly north of the Rhenohercynian suture, Figure 

2.2 top left and Figure 2.4. Across SW England, the Varsican orogeny had 

variably deformed, inverted, and metamorphosed the whole of the Rheic ocean 

passive margin sequence by late carboniferous, Figure 2.5.  
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Figure 2.4: tectonic zones of the Variscan fold belt, 1: Rhenohercynian Zone, 2: Saxothuringian 

Zone, 3. Moldanubian Zone, (extracted from Bromley and Holl, 1986).  

 

 

Figure 2.5: schematic cross-section showing inversion of SW England passive margin Variscan 
orogeny, extracted from Shail (2017). 
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SW England Devonian-Carboniferous strata underwent three main deformation 

events (D1-D3), (Dearman 1971, Sanderson 1973, Leveridge and Hartley 2009). 

The first two phases are taught to have occurred during the Variscan 

convergence and collision (late Devonian-late Carboniferous) whereas D3 event 

is taught to be post convergence, and related to different stress regimes that 

occurred before or during the Cornubian granite emplacement, (Turner, 1986; 

Rattey and Sanderson 1984; Alexander and Shail, 1995, 1966; Leveridge and 

Hartley, 2006). Variscan orogeny D1 and D2 deformation in Gramscatho basin 

for example is associated with NNW-SSE shortening, and it resulted in NNW 

verging tight to isoclinal folds, (Leveridge et al., 1984). D1 was coeval with the 

orogeny peak metamorphism (3.2 ±0.3 kbar and 320 ± 100C, equates to 13km 

depth) whereas D2 occurred at 1.2 kbar and 2700C, (equates to 4.5km depth) 

metamorphic conditions, (Harvey et al., 1994).   

Marking the final closure of the Rheic Ocean is transpressive movements 

between Armorica/Iberian microcontinents with Avalonia along E-W trending, 

sinistral, crustal scale fault zones, (Durrance, 1998). These may have reactivated 

Cadomia E-W faults, (LeBoutilier, 2002).   

 

2.1.4 Early post-Variscan extension 

 

The latest Carboniferous-early Permian of SW England marked a transition from 

Variscan convergence to NNW-SSE regional extension. This extension resulted 

in considerable crustal thinning, and is linked to substantial bimodal magmatism, 

sedimentary basin development (infilled with Permo-Triassic red bed continental 

successions), and reactivation of earlier structures, (Cornwell et al., (1990); Shail 

and Leveridge, (2009)). For the European Variscides as a whole, this post 

Variscan extension is taught to have been controlled by changes in plate 

boundary stress rather than orogenic collapse, as crustal thickness may have 

only reached ~40km, topographically with land surface elevation not exceeding 

3km above sea level, (LeBoutiler, 2002).   
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This post Varsican extension marked D3 deformation phase affecting the 

Devonian-Carboniferous strata and resulted in the development of F3 SSE 

verging folds beginning with late Carboniferous (Stephanian), (Alexender and 

Shail, 1995, 1996) and rotation of D1 and D2 structures, (Coward and McClay, 

(1983), Coward and Smallwood, (1984)). D3 deformation can be divided into 

three main styles, namely ductile distributed shear, brittle-ductile detachment and 

brittle listric faults, (Alexander, 1997).  D3 deformation was followed by a late, 

high angle, brittle, ENE-WSW strike-slip faulting, NNW-SSE and ENE-WSW 

extension that persisted into the Permo-Triassic, (LeBoutilier, 2002). LeBoutiler 

(2002) states that the post-Variscan crustal extension has been accounted at 15-

20%. 

The development of crustal scale extensional structures formed fracture sets that 

facilitated the development of elvan dykes, later minerals lodes, (Alexander and 

Shail, 1995, 1996), and Cornubia granite magmatism. LeBoutilier (2002) states 

that Cornubia granites intrusion, elvan dykes and most main-stage of 

mineralization occurred during the NNW-SSE extensional period, (295-270 Ma). 

The interaction of variscan structures, pre-variscan cadomia dextral E-W 

transform faults and Tornquist sea closure NNW-SSE wrench faults resulted into 

pull-apart structures that also influence the high level emplacement of Cornubia 

batholiths, (LeBoutilier, 2002). 

 

2.1.5 Early post-Variscan tectonics and magmatism  

 

The early Permian of the Rhenohercyian zone of SW England was marked by 

Cornubia granites intrusions which was generated by an extensional regime 

following the Variscan convergence, (Simons et al., 2016). These are S-type, 

peraluminous plutons hosted by the deformed and metamorphosed Devonian-

Carboniferous successions, Figure 2.2. The granites were emplaced over a 

period of ~20Ma. Cornubia batholiths are exposed in series of six major plutons, 

spanning from Devon to Isle of Sicily, with a number of small intrusions, Figure 

2.6, (Simons et al., 2016). 
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In terms of emplacements age, Cornubia batholiths were formerly divided into 

older granites, and younger granites. Simons et al., (2016) divides the granites 

into 5 types basing on field relations, mineralogical, geochemical, and mineral 

chemistry criteria, all of which are peraluminous, Figure 2.6. These are: early 

granites divided into G1 (Two-mica) or G2 (muscovite) granites which represent 

the earliest stage of granite magmatism between 290-292Ma, and later granites 

divided into Biotite (G3), tourmaline (G4) and topaz (G5), representing the later 

stage of granite magmatism between 285 to <274Ma.  

 

Figure 2.6: geological map of SW England showing the principal mineralogical and textural 
variations in the Cornubia batholiths, modified from Simons et al., (2016) 

 

G1 (two mica) granites are fine-coarse grained, commonly porphyritic, and are 

generally monzogranites, (Simons et al., 2017). They are composed of 

microperthitic K-feldspar which can be up to 25mm, (Simons et al., 2016), contain 

up to 6% muscovite, 5-10% Mg siderophyllite/siderophyllite micas,  and 1% 

tourmaline, (Simons et al., 2017). Andalusite, zircon, apatite, monazite, rutile, 

xenotime, apatite, ilmenite, fluorite and topaz occur as accessory minerals, 

(Simons et al., 2017). G1 is the dominant lithology in Bodmin, Carnmenellis and 

isles of Scilly plutons, Figure 2.6, (Simons et al., 2016).  
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G2 (muscovite) granites contain muscovite (up to 10%) dominating over biotite 

with microperthitic alkali feldspar, plagioclase and late tourmaline (2% modal), 

(Simons et al., 2016) with accessory minerals such as topaz, apatite, zircon, Nb-

rich rutile, and fluorine, (Simons et al., 2017). G2 granite is confined to St 

Micheal’s mount, Cligga, Kit Hill, Hingston Down and Hemerdon, Figure 2.6, 

(Clack et al., 1994).  

G3 (biotite) granites are fine-coarse grained, commonly porphyritic, and are 

generally monzogranites, (Simons et al., 2017).  They are composed of 

microperthic alkali feldspar (>25mm), ~10% biotite, and tourmaline (2.5% modal), 

(Simons et al., 2017) with cordierite, zircon, monazite, apatite, and rutile as 

accessory minerals, (Simons et al., 2016). G3 granite is dominant lithology in 

Dartmoor, St Austell and Land’s end granites, Figure 2.6, (Simons et al., 2016).  

G4 (tourmaline) granite contain tourmaline as the dominant ferromagnesian 

mineral along with Li-rich biotite, and topaz, apatite, columbite and Nb-rich 

rutile/ilmenite as accessory minerals, (Simons et al., 2016). Spatially associated 

with G3 granites, hence confined to Dartmoor, St Austell and Land’s end granites, 

Figure 2.6, (Simons et al., 2017).  

G5 (topaz) granites are medium-coarse grained, (Simmons et al., 2017). They 

are composed almost pure albite, Li-Fe rich trioctahedral micas (lepidolite and 

zinnwaldite), and rare alkali feldspar, tourmaline and topaz (~3%). Amblygonite, 

Nb-rich rutile, Mn-rich apatite, columbite-tantalite, cassiterite, zircon, fluorite in 

low concentrations, and very rare wolframite occur as accessory minerals, 

(Simons et al., 2016). G5 granites include Tregonning and Hensbarrow stocks 

(hosted in St Austel granite), Figure 2.6, (Simmons et al., 2017). The Meldon 

Aplite forming the aim of this study is the only Topaz aplite, Figure 2.6.  

Gravity and seismic anomaly data indicate the Dartmoor is the thickest, ~10km, 

pluton with other granites being 7-8km, and that there is extensive Permian 

magmatism onshore. 

Coveal with the granites emplacement, are mantle derived, ultrabasic, 

peralkaline, post-Variscan basalts and lamprophyres dykes/sills occurring around 

the same time as the granites, Figure 2.6, (LeBoutilier, 2002). This suggests that 

there was both mantle and crustal melting occurring at the same time, (bimodal 
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magmatism). The lamprophyre dykes are about 1 to 15m thick on average, 

generally trend NE-SW, and mainly occupy pre-existing cleavage, or extensional 

faults, (Selwood et al., 1998).  Petrographically, the lamprophyre dykes have 

been classified as phlogopite or olivine-phylogopite minettes (Manning, 1998), 

which present enrichment in mantle incompatible elements such Ba, P, and Sr, 

(LeBoutilier, 2002). A radiometric age dates them back to 296 ± 5 Ma, (Darbyshire 

and Shepherd, 1985), roughly coeval with the earliest granitic intrusions, 

(LeBoutilier, 2002).  

A number of models have been put forward to explain the geochemical evolution 

of peraluminous granites, these include 1. Source variation, 2. Varying degree of 

partial melting, 3. Incorporation of restite material or peritectic phase, 4. Mixing 

with mantle derived melts, 5. Wall-rock assimilation, 6. Fractional crystallisation, 

(Simons, et al., 2016). Basing on their peraluminous nature and co-existing with 

the mafic rock intrusions, Simons, et al., (2016) proposes that Cornubia batholiths 

formed by anataxis melting induced by the intrusion of mantle derived melts. 

Major and trace elements analysis indicate that G1-G2 and G3-G4 granites are 

linked with fractionation, therefore pointing to two distinct magmatic episodes for 

these plutons, and suggest that G2 and G4 are more evolved compared to G1 

and G3 respectively. G5 on the other hand have been found to follow the G1-G2 

or G3-G4 fractionation trends, (Simons, et al., 2016).  

G1 granites are taught to have formed by dehydration melting of a metagrewacke 

source rock composed of up to 20% muscovite and minor biotite at moderate 

temperature and pressure of ~731-8060C and >5kbar, (Simons, et al., 2016)  . 

G3 granites are taught to have formed by partial melting of a source similar to 

that of G1, but previously undergone melt extraction, at higher temperature and 

lower pressure (768-8470C, <4kbar), (Simons et al., 2016). Sr and Nd isotopes 

data support mixing of the metagreywacke melts with minor mantle magma for 

G1 and G3 granites, ~<5-10%, (Darbyshire and Shepherd, 1994).  Simons et al., 

(2016) argues that G5 (topaz) granites formed by melting of a biotite-rich restite 

after extraction of G3 granite magma.  
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2.1.7 Mineralization 

 

Cornwall and Devon has been known to host a range of different economic 

minerals. The table below provides a summary of cornwall mineralization types 

of the last 400Ma, (Robin, 2017).  

Table 2.1: Summary mineralization across SW England, extraxcted from Robin 2017 

 Control on 
mineralization 

Mineralization style 

Devonian-late 
Carboniferous 

Rifting and 
passive margin 

Industrial minerals (limestone, mafic rocks for 
aggregates, lizard serpentinite for ornaments), poorly 
developed SEDEX and VMS, poorly developed 
orthomagmatic in the Lixard ophiolite 

 During Variscan 
orogeny 

Uneconomic very low grade orogenic gold and 
antimony veins 

Latest 
carboniferous-
early Permian 

Early post-
variscan 
extension 

Sn, Cu, W, Zn, U + others (magmatic-hydrothermal) 
+ minor U/C 

Permian-
Triassic 
 

Granite Disseminated magmatic mineralization 
Eg: cassiterite 

Mineralised aplites/pegmatites 
Eg: Meldon for ceramics 

Replacement/skarns 
Eg: tin 

Veins/lodes with potassic/greisen wall rock alteration 
Eg: wolframite 

Tourmaline-dominated veins/intrusive breccias/lodes 
Eg: cassiterite 

Polymetallic quartz-chlorite-flourite-sulphides lodes 

Topaz granite with high tungsten prospectivity, 
(Simmons et al., ) 

Basinal brines 
(Epithermal, 
cross-course) 

Pb-Ag-Zn ± Cu 

Cretaceous Hydrocarbon (Bath et al., 1986), kaolinisation, Ag-As-Bi-Co-Ni-U 

Oligocene-
Eocenen 

Sedimentary Kaolins (ball clay) 

Quaternary Development of supergene enrichment, formation of secondary 
minerals, fluvial deposits (eg: cassiterite) 

 

 

2.2 Previous work on the Meldon aplite 

 

2.2.1 Texture and mineralogy of Meldon aplite 

The Meldon aplite is fine grained, microgranitic rock with a distinctive streakiness 

due to the presence of coloured rare-element minerals such as lithium rich mica, 

and green tourmaline. Based on earlier analyses, Worth (1920) classified the 
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aplite as a sodium-potassium-lithium or lepidolite-soda-granite, given its high 

alkali (total alkali of ~8.13-9.20%), and Li contents, Table 2.2.  

 

Table 2.2: chemical analyses of the Meldon Aplite 

 A B C 

SiO2 70.79 71.07 67.55 

TiO2 0.08 Trace? 

Al2O3 17.42 16.85 17.22 

Fe2O3 0.22 0.27 0.62 

MgO 0.25 0.05 0.24 

CaO 1.28 0.87 1.28 

K2O 3.11 3.83 4.38 

Na2O 5.02 4.92 6.41 

MnO 0.28 n.d 0.45 

P2O5 0.03 n.d 0.35 

SO3 0.04 n.d - 

F 0.08 n.d 1.39 

Li2O 0.004 n.d 0.42 

B2O3 n.d n.d - 

CO2 n.d n.d - 

A: analysis for commercial purposes. Conducted by Mr Bernard Moore, and reported in Worth 

(1920); B: analyses under the direction of Prof P G H Boswell, reported in Worth (1920); C: 

analysed conducted by Edmonds et al., (1968) 

Despite the Meldon Aplite fine grained nature, Kingsbury (1964) recognised that 

the aplite is complexly composed of a fine-grained microgranitic main dyke which 

is crosscut by a number of different types of veins. Chaudhry and Howie (1973) 

described the presence of two types of thin (2-7cm), pegmatitic veins; with the 

first type consisting of orthoclase, quartz, lithium-aluminium micas, albite and 

elbaite, and the secondary type consisting of orthoclase, lithium-aluminium mica, 

quartz, albite, topaz and petalite. Chaudry and Howie (1976) categorise two types 

of tourmaline containing veins based on age relations; namely primary magmatic 

and secondary pneumatolytic-hydrothermal veins. The magmatic veins contain 

green tourmalines (elbaite) whereas the hydrothermal veins contain pink 

tourmaline (rubellite). Chaudry and Howie (1973) further suggest that the 

pegmatitic veins are volatile-rich (F, B, H2O) than the main aplite dyke. In addition 

to the pegmatite veins/lenses, joint filling veins crosscut the aplite. These contain 

minerals such as axenite, prehnite, datolite, bavenite, and fluorite, (Edmonds et 

al., 1968). 
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Mineralogy of the Meldon Aplite was first examined by Worth (1920) who 

identified albite, quartz, lithium-mica (lepidolite), and orthoclase as essential 

minerals, associated with minor tourmaline, topaz, apatite, fluorspar, 

montmorillonite and axinite. The presence of petalite as an accessory mineral 

was first described by McLintock (1923) in the coarser sections of the aplite and 

in some pegmatite veins. Von Knorring (1951) also identified small amount 

columbite from a pegmatite vein, listed the presence garnet, heulandite, prehnite 

and cordierite, and argued that niobium predominates tantalum.  

In addition to the above minerals, Kingsbury (1964, 1966, 1970) described the 

presence of beryllium, lithium, caesium, and alkali minerals, from the pegmatite 

lenses, which are known to be rare in SW England. These include bavenite, beryl, 

beryllonite, chrysoberyl, eudidymite, milarite, rhodizite, spodumene, amblygonite-

montebrasite, pollucite, prehnite, heulandite, different types of tourmalines (pink, 

green, parti-coloured and blue), lollingite, zoisite, scheelite, and arsenopyrite. 

Kingsbury (1961, 1964, 1966, 1970) studies are however arguably questionable 

and need re-confirmation as the author is known to have used some manipulated 

data.   

The presence of minerals such as native arsenic, arsenian antimony, stibiconite, 

beryllonite, herderite, autinite, beryl, pollucite and minute niobium tantalum 

minerals (columbite-tantalite, manganotantalite and microlite), in the Meldon 

aplite, have been reported by Von Knorring and Condliffe (1984) as rare 

accessory minerals. Electron microprobe examination of the columbite-tantalite 

crystals shows a complex oscillatory zoning of Ta-rich and Nb-rich zones with Ta 

content increasing towards the crystals cores, (Von Knorring and Condlife, 1984).  

On field grounds, Chaudhry and Howie (1973) divided the Meldon aplite, 

outcropping in the wastern quarry part (Figure 1.1), into blue, white and brown 

categories based on colour and mineralogy. The blue aplite type is light-blue to 

azure in colour, and it contains albite and quartz with minor amount of apatite, 

tourmaline, orthoclase and colourless lithium-aliminium mica. The white aplite 

contains albite, quartz, and colourless-very light pink lithium-aluminium mica. The 

Brown aplite is described as a coarser, autometasomatised (moderate-strong) 

aplite which contains larger amounts of pink to brown lithium-aliminium mica and 
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quartz than the blue and white types. The Brown aplite is taught to probably 

contain notable amounts of elbaite, topaz, fluorite, and apatite, (Chaudry and 

Howie, 1973). 

Albite is considered to be the main mineral phase in the Meldon aplite, (Von 

Knorring and Condliffe, 1984), with petalite and lepidolite as the main lithium 

hosting minerals, (Worth (1920); McLintock (1923)). Worth (1920) noted that 

axinite only occur at contact zones with host rock whereas montmorillonite is an 

alteration product of some feldspar and petalite minerals. Chemistry and 

crystallography of topaz, lepidolite, and tourmaline (elbaite-schorl series) has 

been respectively detailed in Chaudry and Howie (1970, 1973, and 1976). 

 

2.2.2 Geographical extend of the Meldon aplite 

 

Besides the mineralogy and geochemistry, the extent of the Meldon aplite is a 

subject of controversy. Earlier authors including Worth (1920) proposed that the 

Meldon aplite forms a long dyke which extends at ~3.2 Km from Meldon Quarries 

to Sourton tors, between point 17 (256831 92138) and 6 (254602 90040), Figure 

2.7A; also with a possible extension beyond point 17. In contrast, however, 

Edmonds et al., (1968) questions the aplite extension southwest wards beyond 

the western aplite quarry. Edmonds et al., (1968) confines the Meldon Aplite at 

an extent of ~390m cropping out between the eastern (256792 92105) and 

western (256562 91901) aplite quarries, red circle on Figure 2.7A and Figure 

2.7B.  
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Figure 2.7: Geological map showing the Meldon Aplite extent, A is based on Worth (1920) mapping (red circle indicate the aplite extent shown in B) and B is based on BGS mapping (Edmonds et al., 1968), (the map is extracted from 

Digimap) 
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2.3. Accounts on the occurrence and formation of rare-element 

pegmatites/aplites 

 

2.3.1 Global prospective on rare-element pegmatites/aplites 

Rare-elements pegmatites/aplites are highly evolved plutonic rocks that contain 

exotic minerals usually unknown in ordinary felsic rocks, (Selway et al., 2005). 

The common economic minerals found in such rare-element deposits include 

lithium minerals (spodumene, petalite, lepidolite, elbaite, amblygonite-

montebrasite), Caesium minerals (pollucite, Cs bearing beryl), columbite-

tantalite), cassiterite along with feldspar, quartz and mica, (Hewitt, (1966); Selway 

et al., (2004)). Columbite-tantalite are the primary source of niobium and 

tantalum, and beryl and tourmalines can be mined as gemstones, (Bradley and 

McCauley, 2013). Feldspars and quartz are mined for their industrial use. With 

recent technological developments, rare-element pegmatites/aplites have 

received special importance as one of the primary sources of Li used in Lithium-

ion batteries. Li-rich pegmatites/aplites currently account for ~26% of global Li 

resources (Gruber et al, 2011). The presently developing market of electric fleet 

and the global drive towards a carbon free economy are set to substantially 

increase Li demand over the next decades. By 2100, Li demand is projected to 

reach ~20Mt, (Gruber et al, 2011). To address this growing demand, new 

exploration projects are globally developing, (Roda-Robles et al., 2018).   

Based on exploration purposes, pegmatites/aplites can be divided into 

common/barren and rare-element categories, (Bradley and McCauley, 2013). 

Ceryn and Ercit (2005) classification of granitic pegmatites petrologically divide 

the rare-element category into three families, namely:    

1. NYF (Niobium-Yttrium and Fluorine) family which are enriched in Nb, Y and F 

and other elements such as Be, REE, Sc, Ti, Ze, Th and U, (Selway et al., 

2005). NYF family is commonly associated with A-type, quartz poor, 

subaluminous to metaluminous anorogenic magmatism (rift zones and stable 

continental areas), (Cerny and Ercit, (2005); (Bradley and McCauley, (2013)). 

Such origins may include for example melting from depleted deep continental 

crust or mantle contributions, (Cerny and Ercit, 2005). 
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2. LCT (Lithium-Caesium and Tantalum) family is marked by distinguishable 

accumulation of Li, Cs and Ta and other elements such as Rb, Be, Sn, B, P, 

F, Ga, Mn, Nb, and Hf,  (London, 2017). LCT family is usually associated with 

S-type, quartz rich, peralumninous granites that form from partial melting of 

metasedimentary source rocks; less commonly with I-type, (Cerny and Ercit, 

(2005); Selway et al., (2005); London, (2017)). The most economically 

important LCT deposits include for example Tanco in Canada, Bikita in 

Zimbabwe and several others, (Bradley and McCauley, 2013).   

 

3. Mixed NYF + LCT family that may develop from various origins, (Cerny and 

Ercit, 2005). 

Several studies conducted in the European Variscides aplite-pegmatite fields 

indicate that the majority of the European Variscides rare-element 

aplites/pegmatites belong to the LCT family, with minor NYF, (Charoy and 

Noronha (1999); Fuertes-Fuente and Martin-Izard (2001); Lima et al., (2003); 

Deveaud et al., (2015); Roda-Robles et al., (2018)). Bradley and McCauley, 

(2013) states that LCT pegmatites/aplites consists of quartz, potassium feldspar, 

albite and muscovite with garnet, tourmaline and apatite as the common 

accessory minerals. They are exclusively associated with convergent zones, with 

most of them occurring in collisional/orogenic zones, Figure 2.8, (Cerny and Ercit 

(2005)).  
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Figure 2.8: Global map of LCT pegmatites. The symbols are colour coded by age, larger deposits 
are represented by bigger symbols, extracted from (Bradley and McCauley, 2013).  

 

Two genetic models are favoured for the development of for LCT 

pegmatites/aplites, those are their relationship to S-type, peraluminous, granitic 

plutons or anatexis melting of metasedimentary rocks, (Bradley and McCauley, 

2013). Genetic relationships between LCT pegmatites/aplites and parental 

plutons can been established in some deposits; typical examples include the 

Greer Lake deposit, (Canada, Cerny et al., (2005)), and the Central Iberian Zone 

aplite-pegmatite field, (Roda-Robles et al., 2018) where the pegmatites show a 

physical continuity with a parental pluton. Bradley and McCauley, (2013) claims 

that LCT pegmatites/aplites of that kind are particularly promising in rare-element 

enrichment.  However, regardless of the petrogenetic model, field evidences 

strongly demonstrate that LCT pegmatites/aplites spatially occur in 

peraluminous, S-type magmatic terranes, (Bradley and McCauley, 2013). 

The peraluminious nature of LCT family pegmatites derive form from partial 

melting of pelagic marine sediments (or metamorphic equivalents) which contain 

a considerable amount of clay and micas, (London, 1995). Partial melting of 

marine sediments transfers Li from micas (muscovite and biotite) to forming 

granitic melts. Early fractional crystallisation of Li poor quartz and feldspar 

minerals enriches Li in residual melts. London (2017) indicate that the 

peraluminous character in pegmatites/aplites is usually expressed by the 

abundance of muscovite or lepidolite and other alumina rich minerals. 

Brisban (1986) indicated that most LCT pegmatites/aplites show a certain degree 

of structural control where they tend to intrude pre-existing structures; such as 

faults, fractures, foliations and bedding planes; especially those occurring at 

shallow depths. Fatherston (2004) similarly notes that in high grade metamorphic 

zones for example, LCT pegmatites/aplites mainly exploit regional foliation. The 

shape and form of LCT pegmatites/aplites locally depend on the nature of the 

hosting structures. Examples deposits for examples occur as tabular dikes, 

tabular sills, lenticular bodies and irregular masses, and they can be of any size, 

(Bradley and McCauley, 2013).  
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Internal structure of LCT pegmatites/aplites 

Bradley and McCauley, (2013) points out that most LCT pegmatites/aplites 

usually exhibit an internal concentric; but irregular; mineralogically and texturally 

controlled zoning. Zoned aplites have been noted for example in Fregeneda-

Almendra, Goncalo, and Arroyos fields of the Central Iberia Zone, Spain and 

Portugal, (Roda-Robles et al., 2016). Based on the United States of America 

deposits, Cameron et al., (1949) identified four main zones: 1. a thin (a few 

centimetres), fine-grained chilled margin border zone between the pegmatite and 

country rock, which is mainly composed quartz, muscovite and albite, 2. A wall 

zone composed of albite, perthite, quartz, muscovite and graphic intergrowths of 

perthite and quartz, 3. A discontinuous intermediate zone(s) with essential 

minerals as plagioclase, K-feldspar, micas, and quartz, and 4. A core zone, 

Figure 2.9.  

 

Figure 2.9: Deposit scale zoning patterns in an ideal pegmatite, extracted from Bradley 
and McCauley, (2013) 

 

Typically, wall zones are less than 3m-thich, their largest crystals rarely exceed 

30cm, they are usually mined for muscovite and can sometimes contain 

tourmaline and beryl, (Bradley and McCauley, 2013). In terms of rare-elements 

mineralisation in most evolved pegmatites, the intermediate zone contains beryl, 

spodumene, elbaite, columbite-tantalite, pollucite and lithium phosphates with a 

grain size coarser than the wall zone, (Bradley and McCauley, 2013). Barren 

pegmatites/aplites may not have intermediate zones. London (2008) states that 

in many zoned Li rich pegmatites, the core zone is usually composed of 

monomineralic quartz, and may sometimes be with perthite, albite, 

spodumene/Lithium alumninosilicates or montebrasite.  
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2.3.2. Regional scale examination of LCT deposits 

At field scale, LCT pegmatites/aplites can be recognised by their light-coloured 

appearance, (Bradley and McCauley, 2013). Pegmatites contrary to aplites, 

which are fine grained, can also be recognised by the presence of enormous 

crystals. To identify LCT deposits, Bradley and McCauley, (2013) states that the 

identification of parental fertile granites is key as most such deposits are linked 

to fertile, peraluminous, S-type granites. Field and geochemical studies suggest 

that most fertile parental granites generally contain green coarse muscovite 

rather than silvery, white K-felspar rather than pink, and accessory minerals such 

as garnet, tourmaline, fluorite and cordierite, (Selway et al., 2005), and have 

relatively high caesium, lithium, rubidium, tin, tantalum, and low calcium, iron and 

magnesium than barren granites. The elements should be at least three times 

higher than the crustal abundance, (Selway et al., 2005).Selway et al (2005) 

further suggest that fertile granites may have unusual elemental ratios such as 

Mg/Li<10, and Nb/Ta<8. Despite this however, not all LCT deposits can be 

spatially and genetically linked to parental granites, (Bradley and McCauley, 

2013).  

Furthermore, Cerny (1991) and Selway et al., (2005) suggest that LCT 

pegmatites/aplites typically occur in groups/fields which may be constituted of 

hundreds of pegmatites/aplites, and they are usually structurally controlled by 

deep seated faults, lithological boundaries or pre-existing contacts. Bradley and 

McCauley, (2013) argues that pegmatites/aplites occuring in the same field often 

exhibit a certain mineralogical and geochemical zonation in relation to the 

parental granite, both in map view and in cross-section. For pegmatites 

petrogenetically linked to parental granites, the most distal pegmatites/aplites are 

the highly fractionated, and my contain index minerals such as beryl, columbite, 

tantalite, Li minerals, pollucite, (Selway et al., 2005). 

Additionally, host rocks of rare-element pegmatites are also enriched in elements 

and volatiles such as Li, Rb, Cs, H2O, B, F (Cerny, 1989). These may constitute 

a dispersion halo around economic rare-element pegmatites. Smith et al., (1987) 

demonstrates that soils occuring in/around evolved LCT pegmatites/aplites may 

contain elevated concentrations of arsenic, beryllium, antimony,  tin, niobium, 

tantalum and boron. Heavy and insoluble minerals such as cassiterite, tantalite, 
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elbaite and spessartine may serve as indicators of LCT pegmatites/aplite 

mineralization, (Bradley and McCauley, 2013).. 

In a given pegmatite/aplite field, the most highly evolved pegmatites/aplites which 

can contain economic concentrations usually consitute 1-2% of the population, 

(Stewart, (1978); Ginsburg et al., (1979)). These usually occur in greater 

distances from parental granite (up to 10km) owing to their increased mobility 

caused by their high levels of volites.  
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Chapter 3 Fieldwork and Sample Collection 

 

3.1 Field mapping 

Field mapping is undertaken to review the Meldon aplite extent with an aim of 

elucidating the contradictory findings between Worth (1920) and Edmonds et al., 

(1968), section 2.3.2, and examine field relationship between the Meldon aplite 

and its host rocks.  During this mapping, the Meldon Aplite has been found at an 

extent of ~350 m between the eastern (256801 92107) and western quarry 

(256562 91901) as Edmonds et al., (1968) indicated, Figure 3.1. Exposure 

beyond the western quarry is extremely limited, and the Meldon Aplite cannot be 

traced as Worth (1920) did. Some localities Worth (1920) identified as outcrops 

of the Meldon Aplite beyond the western quarry have been re-mapped, Figure 

2.7A and mainly no surface exposures were identified, Table 3.1. However, Worth 

(1920) pointed out that at some localities, the aplite was found in excavations and 

in trenches (point 6 and 5 and area around south Down, Figure 2.7A), and draw 

some of the aplite extend from surface boulder.  

Table 3.1: Comparison of Worth (1920) field observation and the observation made in this project 

Coordinates Worth (1920) observation Observation in this study  

Between 
256553 
91867 and  
256365 
91547 

SW of the western quarry and the Meldon 
Reservoir: traced the aplite based on surface 
boulders 

Boulders of the aplite are present 
but there is no evidence that they 
can be used to infer the aplite 
extent. They probably originated 
from quarrying activities 

256101 
91344 

Point 25: aplite outcrop It now lies beneath the Meldon 
Reservoir 

255964 
91247 

20: aplite outcrop Metadolerite outcrop, but a small 
boulder of aplite is present 

255585 
91041 
255645 
91115 

21-22: aplite boulders Covered with vegetation 

254602 
90040 
 

Point 6: aplite found in excavation in 1903. 
Occur as three parallel veins in shales which 
are between 1.27-4.5 cm thick, with two 
parallel veins being about 45cm apart 

No aplite 

254641.4458 
90067.4885 

Point 5: a 1.2m wide aplite found under 1.83m 
of rubble-head, in 1910 

No aplite exposure 

254713.4323 
90130.8366 
 

Point 7: No aplite found in dug pits. But the 
shale of ~ 1.83 m thick in line with the aplite 
was altered to pale-grey porcellanite. Such 
conditions prevailed in the surrounding area 

No aplite exposure 

255089 
90000 

Point 9:  small aplite dyke in quarry Old quarry but no aplite exposure 
found 
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Figure 3.1: geological map of 
the Meldon Aplite 
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A small eroded sill of aplite has been found crosscutting the Meldon slate and 

quartzite formation in the West Okement River (256395 91749), ~240 m south 

west of the western aplite quarry, Figure 3.2. However, this has an extremely 

small exposure which has been mostly eroded away, and there is no evidence to 

indicate that it is an extension of the Meldon Aplite. Additionally, outcrops of aplite 

were found while constructing the Meldon reservoir at ~ 400m southwest of the 

western quarry exposure, (Moon, pass.com).  Basing on these evidence, it is 

possible that there may a number of small aplite intrusions in the area or the 

Meldon Aplite may potentially extend up to the Meldon reservoir (256101 91344).  

 

Figure 3.2:  small aplite sill, (256395 91749) 

 

The aplite hanging wall and footwall exhibit different characteristics. The hanging 

wall boundary is almost straight, with a few offshoots, whereas the footwall 

boundary occurs as a gradational zone of ~20 m thick in which numerous aplite 

dykes and sills intruded the host rock, Figure 3.1 and 3.3 A-B. In the eastern 

quarry for example, Figure 3.3A, the aplite divide into three arms, which are 30-

35cm thick, fed by a dyke.  
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Figure 3.3: Meldon Aplite footwall and hanging wall boundary with the host rock (A: aplite dyke 
and sills intruding the footwall in the eastern quarry, 256792 92105, B: aplite dyke and sills 
intruding the footwall, 256748 92080), C: aplite-hanging wall boundary, 256618 91926, D: aplite-
hanging wall boundary, eastern quarry, 26829 92126)  

 

A vertical borehole drilled ~2m SE of the aplite boundary (256720 92020), 

appendix 1, cut the aplite from 29.17 m to 43.34 m (14.17 m in the borehole), and 

shows that the dip shallows to ~400SE at depth, with a true width of ~10.85 m, 

Formula 3.1. At surface, the Meldon Aplite main dyke trends NE-SW, dips at 

~500SE and it is ~20-25m thick, with a true width of ~15-19 m. Formula 3.1. This 

indicate that the Meldon Aplite do not probably form a larger intrusion at depth. 

Borehole 

                             sin 500 =
true width

(43.34−29.17)m
=

true width

(14.17)m
                                                

                      true width = sin 500 x 14.17 m = 10.85 m   

 

 

  

At surface 

                              sin 500 =
true width

(20 to 25)m
 

true width = sin 500 x 20 m = 15.32 m 

true width = sin 500 x 25 m = 19.15 m 

 

Equation 3.1: True width calculation at depth and at surface; borehole width exaggerated. 

 

Despite the aplite-footwall gradational zone being apparent at surface, Figure 3.1, 

it is thin within the borehole, from 43.43 to 45.14 m in the borehole, (appendix 1). 

This indicate that the aplite offshoots are prominent where the dyke is the mostly 

steep, and the offshoot dykes and sills do not continually extend at depth. 
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3.2 Sample collection 

A total of 25 samples were collected from the study area. The samples include 

12 rocks samples of the Meldon Aplite and host rock, 1 pan concentrated, 3 

stream sediments and 9 soils samples, Figure 3.4. Full description of the 

collected samples is available in appendix 2. The rock samples were quarried 

with a hammer from the abandoned Meldon Aplite quarries and from Red-a-ven 

Brook River where the aplite crops out. The samples were collected to represent 

different variations observed in the aplite to aid in petrogenetic and geochemical 

characterisation of the aplite. Stream sediment samples were collected from the 

Red-a-Ven Brook River both upstream and downstream the aplite whereas the 

pan concentrate was collected downstream of the aplite. The stream sediments 

and the pan concentrate collected with a hand pan; the pan concentrate was 

sieved in the field to a finer grain size. Soil samples were collected southwest of 

the western quarry, with a hand auger, and at a depth of ~15cm.  

 

Figure 3.4: sample location (E: eastern quarry, W: western quarry) 
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3.3 Tellus SW database 
 

Tellus SW project is a collaborative environment and research project which was 

conducted in collaboration of the British Geological Survey (BGS), the Centre for 

Ecology and Hydrogeology, the British Antarctic Survey, and Camborne School 

of Mines, with an aim of providing scientific data for economic, environmental, 

research, and several other uses, ((Tellus, 2014); (G-Base, 2017)). The project 

was conducted in a number of surveys including, 1. Airborne geophysical, 2. 

Airborne LiDAR, 3. Soil and stream sediment geochemical sampling (carried out 

by the BGS G-Base project), and 4. Soil and habitat surveys. The project was 

completed in 2013, and the data were released in 2014, (Tellus, 2014).  

 

As part of the G-Base soil and stream sediment project, 1154 shallow (5 to 20 

cm) soil samples were collected across SW England at varying densities of one 

sample per 2km2 to one sample per 5km2 depending on the underlying geological 

material, (G-Base, 2017). Sub-150µm and sub-2µm fraction soil samples were 

analysed by X-ray fluorescence on pressed pellets. The samples were analysed 

for Ag, Al, As, Ba, Bi, Br, Ca, Cd, Ce, Cl, Co, Cr, Cs, Cu, Fe, Ga, Ge, Hf, I, In, K, 

La, Mg, Mn, Mo, Na, Nb, Nd, Ni, P, Pb, Rb, S, Sb, Sc, Se, Si, Sm, Sn, Sr, Ta, Te, 

Th, Ti, Tl, U, V, W, Y, Yb, Zn, Zr, (G-Base 2017). G-Base (2017) mentions that 

analytical quality of the analysis was strictly high. Further information about Tellus 

SW database can be found at Tellus (2014) and G-Base (2014) and can be 

request from BGS. Tellus (2014) soil data available for this project covers Devon 

and the northern part of Cornwall. The data spans from the Loe basin to Culm 

basin with a small part of Permotriassic sediments, Figure and appendix 3.  
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Figure 3.5: geological and geographical coverage of Tellus SW soil data, (soil samples obtained 
from Tellus, 2014) 
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Chapter 4 : Analytical Procedures 
 

4.1 Sample preparation 

The collected samples were prepared according to the analytical methods 

involved, appendix 4.  

Rock samples 

The rock samples were split into two blocks; one for thin section preparation 

(optical microscopy and SEM-EDS) and the other for powder preparation (ICP-

MS and XRD). Depending on their size, appendix 4, rock samples were split with 

a rock splitter into smaller blocks, crushed at 2 mm, and grinded to 50 µm fine 

powder. Grinding was done within a TEMA mill, for three minutes within a chrome 

carbide grinder.  

 

Figure 4.1: rock samples preparation flowsheet 

 

To avoid cross-contamination, the crusher, the mill and sieves were cleaned after 

each sample using vaporised water, and sand is milled for three minutes in-

between for cleaning purposes. Pressured air was used to clean riffles and sieve.  

 

Stream sediments, soil samples and pan concentrate 

The stream sediments were oven dried at 500C for ~40 hours. The soil samples 

and the pan concentrate were oven dried at 500C for ~96 hours. Both the stream 

sediment and soil samples were sieved in the laboratory with a plastic sieve to 
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~80µm. Prior to sieving, the soil samples were manually grinded using a mortar 

and pestle. To obtain a clean concentrate, the pan concentrate sample was 

separated in sodium polytungstate heavy liquid, and then micro-riffle split to ~8g 

to be mounted with resin to obtain a polished block 

 

4.2 Analytical conditions 

Mineralogy 

Mineralogy of the 12 rock samples and 1 pan concentrated was first determined 

using Nikon Eclipse E200 microscope on uncovered thin sections; in transmitted 

and reflected light mode depending on the sample. Photomicrographs were taken 

with a camera mounted on Nikon Eclipse E600 POL microscope. Identification of 

minerals in optical microscopy is achieved by comparing minerals with key optical 

properties drawn from Nesse (2004), Saggerson (1975), webmineral, mindant, 

and Anthony et al., (2004, online version).  

Some samples, appendix 4, were chosen for further analysis with Scanning 

Electron Microscope mounted with an Energy Dispersive X-ray Spectrometer 

(SEM-EDS). The instrument used is JEOL 840 under 20kev and in high vacuum 

mode. Prior to SEM-EDS analysis, the samples were carbon coated at 25nm 

under 5x10-5kbar. Minerals identification with SEM-EDS is achieved by 

comparing SEM-EDS qualitative chemistry with mineral chemical composition 

reported at webmineral, appendix 5.  

To identify Li mineral phases present in the aplite, X-ray diffraction was conducted 

on the aplite and pegmatite samples, appendix 4, using Siemens D500 

diffractometer instrument with Scintillation point detector. X-ray diffraction and the 

interpretation were conducted with the following conditions:  
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Table 4.1: XRD analytical conditions 

X-Ray Tube 1.5kW, Cu-anode 

kV & mA 40kV, 30mA 

Wavelength 1.5406/1.54439 (Cu Kα1/2) 

Div. Slit V6 (variable, 6mm) 

AntiScatter Slit V6 (variable, 6mm) 

Scan Type 2θ/θ locked 

Scan Range 2-70 °2θ 

Step Size 0.02 °2θ 

Scan time 1 sec/step 

Scan Rotation Yes 

Interpretation software EVA v.18.0.0.0. 

PDF Database JCPDS PDF-2 (2004) database 

 

Geochemistry 

Rock and stream sediments data were analysed for 41 elements using Agilent 

7700 ICP-MS instrument. Prior to analysis, the samples were digested by the four 

acids method using a combination of Hydrochloric acid (HF), Nitric acid (HNO3), 

Hydrofluoric acid (HCl), and Perchloric acid (HClO4). For quality control, the 

analysis used 3 certified reference materials, 1 standard, and blank samples 

offered by the CSM laboratory. One rock sample (RS10) and one stream 

sediment (sed1) were used as duplicates, Appendix 5. Soil samples were 

analysed by Olympus delta pXRF using soil mode. 

Table 4.2: elements analysed with ICP-MS and the detection limits (DL) 

Element DL (ppm) Element DL (ppm) Element DL (ppm) Element DL (ppm) 

Li   0.000844 Cu  0.000726 Mo  0.000691 Hf   0.000618 

Be   0.000761 Zn   0.001458 Ag   0.000622 Ta   0.000359 

B   0.000615 Ga   0.000644 Cd  0.000663 W  0.000715 

P   0.003043 Ge  0.000624 In   0.000645 Au   0.002814 

Sc  0.000756 As   0.0006 Sn  0.000744 Tl   0.000553 

Ti   0.000781 Se 0.000645 Sb   0.000801 Pb  0.000757 

V   0.000653 Rb   0.000589 Te  0.000579 Bi   0.000652 

Cr   0.000719 Sr   0.000625 Cs   0.000564 Th   0.000648 

Mn   0.001039 Y   0.000671 Ba 0.000674 U   0.000642 

Co  0.000658 Zr   0.000568 La   0.000635   

Ni   0.000612 Nb   0.000733 Ce   0.00065   
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Chapter 5 Results 

 

5.1 Field aspects 

At field scale, the Meldon Aplite is composed of the main aplite dyke, which locally 

hosts pegmatite and pegmatite lenses. Fluorite and axinite veins commonly 

crosscut both the aplite and the host rocks, Figure 5.1. The description presented 

in here focuses on the major outcrops from which samples were collected, 

eastern quarry, Red-a-ven Brook River and western quarry, Figure 3.4 
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Figure 5.1: Examples of mineralogical and textural variations in the Meldon Aplite. A-C: main 
Meldon Aplite dyke (A: sample EQ1 from eastern quarry, 256792 92105), B: sample RS11 from 
Red-a-ven Brook River, 256680 91997), C: leached zone aplite, western quarry, 256595 91933), 
D: Petalite rich pegmatite (sample RS12 from Red-a-ven Brook River, 256676 91992), E: 
pegmatite within a fine grained matrix (sample A from western quarry, 256562 91901), F-H: 
pegmatite lenses (eastern quarry, 256792 92105), K: axinite vein (256783 92101), and , L-I: 
fluorite vein (eastern quarry, 256783 92101 ). Li: lithium, P: petalite, G: groundmass, M: 
montmorillonite, Per: Perthite, Q: quartz, El: elbaite, R: rubellite, and F: fluorite. 



49 
 

In the Eastern quarry, northeast end of the aplite, Figure 3.4, the main aplite dyke 

is fine grained, light in colour and do not contain macroscopic phenocrysts except 

streakiness from green elbaite and blue apatite, Figure 5.1A. Further SW, the 

aplite cropping out in the Red-a-ven Brook River and western quarry is medium 

grained and show slight alteration, Figure 5.1B-C. Despite the grain size 

differences, the assemblage of the rock forming minerals is fairly simple on both 

ends of the aplite. It is composed of albite, quartz, lithium mica, perthitic K-

feldspar with minor elbaite and apatite.  

Pegmatite units, which are at least 10cm thick, can be found at two localities. 

These are concordant with the main aplite dyke. Based on the mineralogy 

identifiable in the field, these can be divided into two categories: 

1. Petalite rich pegmatite (sample RS12, Figure 5.1D, Red-a-ven Brook river, 

256676 91992) is composed of albite, quartz, perthitic K-feldspar, lithium 

mica, and petalite within a medium grained aplitic matrix. Elbaite is minor and 

occurs as an accessory mineral. Perthitic k-feldspar can sometimes be up to 

7cm long or 3.6 cm wide. This pegmatite is ~20cm thick, dips at 400 SE, and 

occurs in association with a number of repetitive pegmatite units occupying a 

zone of ~10m wide. This pegmatite zone developed in the central part of the 

main aplite dyke at ~4 to 5 m from the NW and SE boundaries with host rock.  

 

2. Fine grained pegmatite (sample A, Figure 6.1E, western quarry, 256562 

91901) is composed of phenocrysts of pink coloured perthitic K-feldspar, 

orthoclase, elbaite and lithium mica within a fine-grained groundmass. This 

pegmatite is about 10cm thick, dips at 500SE, and it occurs at ~5m from the 

SE boundary. The perthitic K-feldspar is up to 3.5cm long while orthoclase is 

~1cm long. Elbaite crosscuts perthite. The lithium micas occur in the 

groundmass and are only a few millimetres across.   The pegmatite occur in 

association with a host rock xenolith in the aplite. 

 

The pegmatite units are randomly distrubed and do not show any preferential 

occurrence along the dyke length. However where they are present, they tend to 

roughly form in the central part of the  aplite dyke, Figure 3.4.  
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In the eastern quarry, the fine-grained aplite hosts small pegmatite lenses, Figure 

5.1F-H. These are relatively coarse grained, ~2cm thick, may be concordant or 

discordant with the hosting aplite. The mineralogy of the pegmatite lenses varies 

depending on individual lenses. The identified pegmatite lenses contain for 

example, in order of crystallization, 1: rubellite, quartz, apatite, orthoclase and 

lepidolite, Figure 5.1F; 2: lepidolite, elbaite, orthoclase and lithium micas, Figure 

5.1G-H. Lepidolite in the pegmatite lenses is lilac coloured, individual flakes can 

be up to 1cm long, and preferentially precipitate at the pegmatite-aplite boundary 

or crosscut orthoclase. Fracture controlled fluorite and axinite veins crosscut the 

both Meldon Aplite and the host rocks on several occasions, Figure 5.1I-K, and 

in some parts leached zones can be encountered, Figure 5.1C.   

 

5.2 Mineralogical and textural characteristics 

To analyse the mineralogical, petrogenetic characteristics and determine the 

crystallization sequence of the Meldon Aplite, Meldon Aplite samples (eight 

samples of the main aplite dyke, one sample for Petalite rich pegmatite, one 

sample of Fine grained pegmatite), footwall sample, hanging wall sample, and 

the pan concentrate are analysed with optical microscopy, SEM-EDS (only 

selected samples) and XRD (only selected samples), appendix 4, and Figure 3.4. 

The pegmatite lenses have not been analysed as no samples could be collected 

without damaging the outcrops.  

 

5.2.1 Meldon Aplite 

A. Main Aplite dyke 

In summary, the Meldon Aplite main dyke contains albite, quartz, orthoclase, 

perthite and lepidolite as the main rock forming minerals with minor elbaite, 

fluorapatite, topaz, petalite and opaque minerals, which are present in variable 

proportions. Energy dispersive x-ray qualitative spectrum analysis identified the 

presence of eucryptite, amblygonite-montebrasite, and with sub-microscopic 

zircon, titanite, grayite as accessory minerals, and identified opaque minerals as 

mangano columbite-tantalite, Table 5.1.  
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Table 5.1: Summary mineralogical composition of the Meldon Aplite dyke (Figure 3.4 for sample location) 

 

Location sample 
ID 

General 
observations 

Rock forming minerals Minor minerals  Accessory 
minerals 

Secondary 
minerals  

Hydrothermal 
minerals 

eastern 
quarry 

EQ1 fine grained aplite, 
crosscut by a 
lepidolite veinlet, 
slightly altered 

Albite (35%), quartz 
(25%), lepidolite (10%), 
orthoclase (5%) 

elbaite (3%), petalite (2%), perthite (2%), 
mangano columbite-tantalite (1-2%), 
amblygonite-montebrasite*, topaz*, apatite* 

Xenotime, zircon, 
monazite, grayite, 
perhamite?,  

Eucryptite, 
orthoclase, 
lepidolite, 
perhamite? 

Secondary 
fluorapatite, 
fluorite, 
perhamite?,  

EQ3A coarse grained 
aplite, moderately 
altered 

Albite (20%), quartz 
(20%), lepidolite (15%), 
orthoclase (10%), 

elbaite (5%), perthite (5%), wolfram rich 
mangano columbite-tantalite (2%), petalite 
(<1%), amblygonite-montebrasite* 

zircon  eucryptite, 
orthoclase, 
quartz, albite 

secondary 
fluorapatite, 
strontium rich 
apatite, fluorite 

EQ4 highly altered and mineral modal percentage cannot be justified, aplite sample with fluorite veinlet  fluorite 

Red-a-
ven 
Brook 
River 

RS10 medium grained 
aplite, slightly 
altered 

Quartz (30%), albite 
(20%), lepidolite (10%), 
orthoclase (10%) 

Elbaite (3%), amblygonite-montebrasite, 
perthite/antipertite (<1%), columbite-tantalite 
(<1%) 

 
Hubernite  

RS11 coarse aplite, 
petalite in hand 
specimen, 
moderately altered 

Quartz (30%), albite 
(15%), orthoclase (10%), 
lepidolite (10%) 

elbaite (5%), perthite, mangano columbite-
tantalite (<1%), amblygonite-montebrasite*, 
fluorapatite*  

zircon, Ymineral 
in albite 

eucryptite, 
orthoclase, albite, 
montmorillonite, 
calcium silicate,  

fluorapatite,  

RS12 petalite rich 
pegmatite, slightly 
altered 

Quartz (25%), albite 
(20%), petalite (20%), 
perthite (15%), lepidolite 
(8%) 

elbaite (5%), orthoclase, mangano 
columbite-tantalite (<1%), amblygonite-
montebrasite*, topaz*, apatite* 

monazite, coffinite eucryptite, 
montmorillonite, 
calcium silicate 

fluorapatite,  

RS13 aplite, highly altered Quartz (35%), albite 
(15%), lepidolite (15%) 

orthoclase (5%), elbaite (1%), wolfram rich 
mangano columbite-tantalite (1%), topaz* 

zircon eucryptite, 
orthoclase, albite, 
lepidolite, quartz 

fluorapatite 
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Table 5.1 continues 

 

Location sample 
ID 

General 
observations 

Rock forming minerals Minor minerals  Accessory 
minerals 

Secondary 
minerals  

Hydrothermal 
minerals 

western 
quarry 

WQ19 Medium grained 
aplite, highly altered 

Quartz, albite, lepidolite 
(15%)  

Elbaite (3%), Mangano columbite-tantalite Zircon 
 

Abundant 
fluorite 

A pegmatite with fine 
grained matrix, 
highly altered 

Albite, quartz, perthite, 
orthoclase, lepidolite (7%) 

elbaite (1%),  mangano columbite-
tantalite(1%), amblygonite-montebrasite, 
topaz* 

mangano 
columbite, zircon, 
mangano 
columbite, zircon 

montmorillonite, 
secondary copper 
and zinc mineral  

flourite, 
fluorapatite 

 

*:  modal percentage cannot be counted
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Mineralogy of the main aplite dyke is analysed with eight samples which were 

collected along and across the Meldon Aplite dyke (EQ1, EQ3A, EQ4, RS10, 

RS11, RS13 and WQ19), Table 5.1 and Figure 3.4. The following description is 

hence a summary of mineralogical and textural observations made with optical 

microscopy and SEM-EDS on these samples with emphasis on key petrogenetic 

characteristics and mineral relations. A fully detailed petrographic description of 

these samples is also provided in appendix 7.  

Albite is abundant in all the main aplite samples as the main plagioclase, and the 

dominant phase occurring in modal percentages between 15-35%, Table 5.1. It 

can be identified with optical microscopy, SEM-EDS and XRD methods. For 

coarse grained samples, for example EQ3A and RS11, albite is present both as 

phenocryst and in the groundmass. Whether in fine grained texture or as 

phenocrysts, albite forms euhedral lath shaped crystals which present both 

multiple and single twinning; sometimes bent twins. In coarse grained sample 

such as EQ3A, albite phenocrysts can reach ~7mm long.  

Quartz is fairly present in all samples in modal percentage between 20-35% Table 

5.1, and it can be easily identified with all the used methods. Quartz is present 

mainly as a main rock forming, primary magmatic mineral. It usually forms 

euhedral, spherically shaped crystals, with can be up to ~0.7mm in diameter and 

have a distinctive ondulose extinction. Often in all samples, quartz presents 

colour zoning and sometimes contains patchy traits of sub-microscopic 

inclusions, Figure 5.2A-B. Microscopic lepidolite and feldspar inclusions are 

common in quartz. Examples of sub-microscopic inclusions identified in quartz by 

SEM-EDS include zircon and monazite.  

Potassium feldspar occur in two varieties: 1. orthoclase, and 2. Perthite.  

Orthoclase is fairly present in all samples in modal occurrence less than of albite, 

either as magmatic or hydrothermal phase. Microscopic orthoclase is present as 

inclusions in quartz, perthite, lepidolite, and petalite indicating that it precipitated 

early in the magmatic sequence.  

Except sample RS13 and WQ19, perthite occurs in other samples of the Meldon 

Aplite dyke, Table 5.1. In Sample EQ3A where perthite forms biggest phenocryt, 

it contains numerous inclusions of albite, orthoclase, quartz, lepidolite, and 
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elbaite which are discordant with the exsolution lamellae. Secondary fine grained 

fluorapatite and fluorite are abundant in perthite lamellae, identifiable by SEM-

EDS.  

Lepidolite is identified in all Meldon Aplite samples as a major rock forming 

mineral. Optically, lepidolite is commonly characterised by one parallel cleavage, 

colour zoning, and often presents concentric and cleavage parallel alterations 

rims, figure 5.2C, and usually contains contain quartz, and feldspars inclusions. 

Energy dispersive x-ray qualitative spectrum analysis of lepidolite in sample 

EQ3A indicate that lepidolite from Meldon Aplite is iron rich. XRD analysis on the 

studied samples indicates that lepidolite is the main mica in Meldon Aplite.  

In sample EQ1, where lepidolite occur in veinlets, figure 5.2D, it is devoid of any 

mineral inclusions and present no alteration along its cleavage indicating that it 

is hydrothermal in origin. This veinlet also contains quartz and orthoclase.  

Elbaite occur as a minor phase in all main aplite samples, Table 5.1.  In sample 

EQ3A where elbaite reaches 5% in modal percentage, it forms an unusually large 

euhedral tabular phenocryst which is ~0.5 cm long and contains quartz and 

orthoclase inclusions, Figure 5.2E. In most cases however as observed in all 

samples, elbaite commonly occur as an interstitial mineral between feldspars, 

quartz, and lepidolite, Figure 5.2F. In optical microscopy, elbaite has high relief, 

is strongly pleochroic and has two distinct interference colours (brown and blue, 

Figure E-F). However, energy dispersive x-ray spectrum qualitative analysis 

show similar chemistry (elbaite) for both crystals, and indicate that elbaite is iron 

rich.    

Petalite can be identified by optical microscopy in sample EQ1 and EQ3A and it 

is visible in hand specimen in sample RS11, Figure 5.1B. In these samples, 

petalite occurs in minor amounts as an interstitial mineral between quartz, albite, 

orthoclase and sometimes elbaite, figure 5.2G.  

Eucryptite is only identified by SEM-EDS in sample EQ3A, EQ1, RS11 and RS13, 

Table 5.1. It is always fine grained and always occur in an assemblage of 

eucryptite ± orthoclase ± albite ± quartz ± lepidolite ± fluorapatite, figure 5.2H-L. 

The presence of eucryptite + orthoclase + lepidolite + fluorapatite assemblage in 
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interstitial spaces around amblygonite-montebrasite (for example in sample EQ1) 

suggests that petalite probably postdates amblygonite-montebrasite.  

Amblygonite-montebrasite is primarily identified with SEM-EDS in sample EQ1, 

EQ3A, RS10 and RS11, Table 5.1. In optical microscopy, amblygonite-

montebrasite is colourless and has high relief. In sample EQ3A for example, 

amblygonite-montebrasite is present as anhedral irregularly shaped phenocryst 

which is ~1.1 mm long, Figure 5.2K-L. In the analysed samples, amblygonite-

montebrasite has been found to be frequently associated with fluorapatite/apatite; 

indicating its hydrothermal alteration to fluorapatite. Figure 5.2L. On one occasion 

in sample EQ3A, it contains microscopic orthoclase inclusion.  

Fluorapatite is abundant in all samples, either as coarse crystals or in fine grained 

texture. Coarse fluorapatite crystals occur either as tinny euhedral hexagonally 

shaped crystals or as irregularly shaped crystals preferentially associated with 

amblygonite-montebrasite and eucryptite assemblage, Figure 5.2K-L. 

Hexagonally shaped tinny fluorapatite crystals sometimes occur as inclusions in 

quartz and perthite. Fine fluorapatite is always associated with eucryptite ± quartz 

± orthoclase ± albite ± lepidolite ± fluorapatite assemblage, infills mineral 

fractures, perthite lamellae and mineral cavities, and surrounds primary mineral 

grains, figure 5.2L.  Such occurrence suggests that fine fluorapatite is secondary 

in origin.  

Fluorite is common in the Meldon Aplite, and at field scale, fluorite veins crosscut 

the aplite. In Sample WQ19 and EQ1, microscopic fluorite overprint most primary 

altered mineral phases or can occur at grain boundaries.  

Topaz occur as a minor mineral in the main aplite dyke. It has been mainly 

identified with SEM-EDS where in sample EQ1, it contains apatite inclusion. 

Columbite-tantalite is present as a minor or accessory phase in all the aplite 

samples. In optical microscopy, columbite-tantalite can be identified as opaque 

minerals phases. SEM-EDS qualitative spectrum analysis for the opaque 

minerals in sample EQ3A indicated that they are mangano columbite-tantalite, 

wolfram rich, and niobium in most cases is higher than tantalum. Columbite-

tantalite does not present any mineral affinity, and can occur in association with 

any of the major rock forming minerals, usually in their interstice or overprint. 
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In addition to the main minerals, the Meldon Aplite contains minor submicroscpic 

minerals which can only be identified with SEM-EDS. These include for example 

zircon, monazite, xenotime, grayite, perhamite and hubernite.  Zircon (ZrSiO4) is 

a wide spread accessory mineral inclusion in all the aplite samples. It usually 

forms well-shaped crystal inclusions in lepidolite, albite, and quartz.  Monazite 

occur as inclusion in lepidolite in sample EQ1. Xenotime occur as inclusion in 

orthoclase in sample EQ1.  Grayite is found in sample EQ1 as inclusion lepidolite.  

Perhamite occurs in sample EQ1 associated with amblygonite-montebrasite, and 

hubernite occur in sample RS10 associated with Lepidolite. SEM-EDS qualitative 

analysis indicate that hubernite is niobium and tantalum rich.   
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Figure 5.2: Mineralogical and textural variations of the Meldon Aplite, at microscopic scale. A: 
colour zoning in quartz (sample EQ1), B: inclusions in quartz (sample EQ1, ), C: lepidolite with 
chemical and alteration zoning (sample EQ3A), D: lepidolite veinlet in aplite (sample EQ1), E: 
elbaite phenocryst with K-feldspar inclusion, (sample EQ3A), F: interstitial elbaite (sample EQ3A), 
H-I: back scatter electron images showing eucryptite ± quartz ± orthoclase ± albite ± lepidolite ± 
fluorapatite alteration assemblage of petalite, K-L: back scatter election images showing 
amblygonite-montrebrasite with secondary fluorapatite (note a thin layer of light coloured 
fluorapatite occurring around amblygonite-montebrasite boundary (top left), (sample EQ3A). Per: 
perthite, El: elbaite, Al: albite, P: petalite, Eu: eucryptite, ortho: orthoclase, lep: lepidolite, Fap: 
fluorapatite, amb-mont: amblygonite-montebrasite, Q: quartz.  PPL: plane polarised light, XPL: 
crossed polarised light. Sample EQ1: 256792 92105, sample EQ3A: 256801 92107.  

 

B. Petalite rich pegmatite  

Sample RS12 (BNG) is a petalite rich pegmatite, which is a slightly altered, Figure 

5.1D. The pegmatite is composed of perthite (15%) and petalite (20%) as the 

biggest phenocrysts, visible to the naked eye, within a coarse-grained 

groundmass of quartz (25%), albite (20%), lepidolite (8%) with minor elbaite (5%, 

also visible to the naked eye), topaz (<1%), apatite, orthoclase, and mangano 

columbite-tantalite. The pegmatite contains monazite and coffinite as accessory 

minerals. SEM-EDS indicate the presence of eucryptite, amblygonite-

montebrasite, and secondary fluorapatite. Perthite and petalite microscopic 

crystals also occur in the groundmass.  

Similarly to the main aplite dyke, petalite rich pegmatite (sample RS12) elbaite is 

minor and occur in the coarse-grained matrix as anhedral, usually elongated, 

interstitial minerals which can be up to 2.2 mm long. Lepidolite has one distinctive 
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parallel cleavage which is sometimes bent, colour zoned and has concentric, 

microscopic inclusions. Quartz has colour zoning, and contains small microscopic 

albite, lepidolite, orthoclase inclusions and sub-microscopic tinny patchy 

inclusions. Albite and orthoclase are euhedral lath shaped, are ~ 2.6 mm long 

and orthoclase 2mm long respectively. The pegmatite also contain amblygonite-

montebrasite, eucryptite, mangano columbite-tantalite and monazite (as inclusion 

in lepidolite) which can be identified with SEM-EDS.  

In contrast to the main aplite dyke, perthite in this sample forms euhedral 

elongated phenocrysts, which are to 7cm long at field scale. In this sample, 

perthite occur as both a distinctively big, irregularly shaped phenocryst, and in 

coarse grained the groundmass along with other rock forming minerals. Perhite 

has microscopic inclusions of albite, orthoclase, quartz, few tinny hexagonally 

shaped apatite, and lepidolite which are discordant with perthite lamellae. 

Graphic quartz occur along perthite edges. Secondary fine grained fluorapatite 

and fluorite are abundant in perthite lamellae.  

In PPL, petalite is colourless, highly fractured, and contains red alteration product 

in fractures, Figure 5.3A. SEM-EDS analysis indicate that this alteration product 

is a clay mineral, probably smectite clay montmorillonite (or illite), Figure 5.3B. In 

XPL, petalite presents different interference colours (bright and dark interference 

colour, Figure 5.3C), however, SEM-EDS analysis indicate both crystals are 

petalite. In this pegmatite, petalite form subhedral irregularly shaped, phenocrysts 

which are 1.3 cm long in hand specimen, and it is closely associated with perthite. 

Petalite contains lepidolite, orthoclase and albite inclusions. On one occasion, 

petalite is found inside perthite suggesting that small petalite crystals may have 

crystallised roughly at the same time with Perthite. Contrary to the main aplite 

dyke, petalite occur as a major constituent in this pegmatite, in a modal 

percentage of ~20%, and can be identified with x-ray diffraction analysis.  

Well shaped few tabular crystals of topaz are present in this pegmatite. Topaz is 

colourless and highly fractured in PPL. The pegmatite also contains 

submicroscopic coffinite as an inclusion in quartz and a calcium silicate.  SEM-

EDS qualitative chemistry indicate that it a uranium silicate.  
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Figure 5.3: mineralogical characteristics of the Petalite rich pegmatite, A-B: petalite inclusion in 
perhite in perthite, petalite containing clay alteration product in farctures, (A: photomicrograph, B: 
Back Scatter Image), C: Backsater image of petalite. 
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C. Fine grained pegmatite 

Sample A (Figure 5.1E) is composed of a few perthite, orthoclase and albite 

phenocrysts within a fine-grained groundmass of albite, quartz, lepidolite (7%), 

and orthoclase. Elbaite (1%), and opaque minerals (<1%) are present as 

accessory minerals. The pegmatite is relatively highly altered. Perthite, visible to 

the naked eye, occur as the biggest phenocryst which is euhedral discoidal 

shaped and is ~1.4 cm long. Perthite contains lepidolite and albite small 

inclusions discordant with the lamellae. Quartz occur as part of the groundmass, 

and it sometimes contain small lepidolite inclusions and sub-microscopic dark 

inclusions, giving it a patchy appearance. Orthoclase occur both as phenocrysts 

and in the groundmass, with phenocrysts which are ~0.6 cm long, and sometimes 

contain small lepidolite, and quartz inclusions in some occasions. Contrary to 

orthoclase, albite phenocrysts are minor and they probably predate orthoclase in 

some cases. Lepidolite occur in the groundmass and does not present any 

considerable phenocrysts. Very fine-grained micas are present in some places 

(3%), Figure 5.4A, with the fine grained texture indicative of hydrothermal 

replacement of earlier minerals. Elbaite sometimes occur as an interstial 

minerals, and it is highly altered and presents alteration rims around the edges, 

Figure 5.4B. 

 



62 
 

Figure 5.4: A: alteration textures and secondary minerals in the Fine grained pegmatite. (A: 

photomicrograph of fine grained micas, B: altered elbaite, C: secondary Cu-Zn-Pb mineral).  

 

Similarly to the main aplite dyke, this pegmatite contains amblygonite-

montebrasite, eucryptite, zircon and hubernite which has can be identified with 

SEM-EDS. amblygonite-montebrasite occur as an irregularly shaped interstitial 

mineral between orthoclase, albite, and topaz. Hubernite occur as an inclusion in 

quartz. Contrary to the main aplite dyke and Petalite rich pegmatite, this 

pegmatite contains secondary copper and zinc, occurring as overprint on earlier 

minerals, Figure 5.4C.   

 

D. Mineral alteration and replacement 

Primary minerals alteration and replacement textures are widespread in both the 

aplite and the pegmatite samples. Microscopic veinlets are presents present in 

most of the studied samples, these may have acted as the fluids transfers at a 

microscopic scale. Primary minerals such as perthite, orthoclase, albite and 

quartz have a turbid appearance. Worden et al., (1990) states that mineral 

turbidity is due to the presence of microscopic pores, which indicates 

hydrothermal alteration. Elbaite present alterations rims around the edges, Figure 

5.4B, and in fractures. Lepidolite present concentric and cleavage parallel 

alterations, Figure 5.2C. Quartz often contain sub-microscopic alteration patches, 

Figure 5.2B. Where previous minerals have been completely replaced, several 

types of alteration products can be identified:  
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1. In samples where petalite is present, it is always associated with a red 

alteration product in fractures. Energy dispersive qualitative spectrum 

analysis indicates this alteration product may be a smectite clay, figure 5.3 A-

C and 5.5A-B. In addition, montmorillonite has been identified in field, Figure 

5.1D and previous studies noted its presence, (Edmond et al., 1968). The 

occurrence of montmorillonite indicates supergene weathering of petalite. In 

Petalite rich pegmatite, (sample RS12), petalite and montmorillonite are 

sometimes associated with myrmekitic texture, providing further evidence of 

petalite alteration to an intergrowth of plagioclase and quartz, Figure 5.3C-D. 

Clay is sometimes associated with myrmekitic texture in the groundmass 

which seems to predate Elbaite; suggesting that petalite has been completely 

replaced by an assemblage of quartz and feldspars 

 

2. A very fine grained, dark cloudy replacement texture exists in both the aplite 

and pegmatite samples, Figure 5.4E and 5.2L. Energy dispersive x-ray 

qualitative spectrum analysis indicate that this type of replacement is the 

eucryptite ± quartz ± orthoclase ± albite ± fluorapatite assemblage. In similar 

textures, very fine-grained microscopic orthoclase is sometimes visible in 

optical microscopy, Figure 5.3F. 

 

3. In highly altered samples such as RS10, RS13, WQ19 and A, spiky fine and 

medium grained micas replacing earlier minerals are relatively common, 

Figure 5.3 G-I. The fine-medium grained, spiky texture suggests that these 

micas may be hydrothermal in origin. Energy dispersive x-ray qualitative 

spectrum analysis indicate the fine-grained texture is composed of eucryptite 

+ lepidolite ± orthoclase ± quartz ± fluorapatite, Figure 5.3G. Fine grained 

micas are known to sometimes form at the expense of lithium aluminosilicates 

replacement, (Charoy et al., 2001). The medium grained type of secondary 

micas, Figure 5.3H-I, may or may not be associated with lithium 

aluminosilicates alteration. They can also form at the expense of plagioclase 

replacement. 
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Figure 5.5: mineral replacement textures in the Meldon Aplite, A-D: petalite replacement and 
weathering textures, (A-B: petalite weathering to clay probably montmorillonite, sample RS 12, 
256676 91992;  C-D: myrmekitic textural intergrowth of quartz and plagioclase due to replacement 
of petalite, sample RS 12, 256676 91992; E-F: petalite replacement by eucryptite ± quartz ± 
orthoclase ± albite ± fluorapatite assemblage, sample EQ3A 256801 92107), G-I: fine to medium 
grained micas indicative of hydrothermal processes (G: petalite replacement by eucryptite + 
lepidolite+ montmorillonite ± orthoclase ± quartz ± fluorapatite assemblage, sample RS13 256683 
91988 ; H-I: medium grained micas, H from sample EQ3A 256801 92107and I from sample RS13 
256683 91988). Fap: fluorapatite, Mont: montmorillonite, Ca-Sil: calcium silicate, Amb-mont: 
amblygonite-montebrasite, Eu: eucryptite, PPL: photomicrograph in plane polarised light, ortho: 
orthoclase, XPL: photomicrograph in crossed polarised light,  

 

5.2.2 Summary of paragenetic diagram 

Based on field relationships, petrographic and mineralogical data, the mineral 

assemblage observed in the both the Meldon Aplite and the pegmatite samples 

can be accounted in four stages of mineralisation; 1. Magmatic stage, 2. 

Magmatic-hydrothermal stage, 3. Hydrothermal stage, and 4. Supergene 

weathering, Table 5.2. The magmatic stage is associated with the formation of 

primary minerals by fractional crystallization from the melt. The Magmatic-

hydrothermal stage is associated with replacement of primary minerals by 

secondary mineral assemblages due to reaction between primary minerals and 

residual fluids. This stage is also associated with the formation of pegmatite 

lenses and lepidolite rich veinlets due to residual fluids expulsion. The 

hydrothermal stage associated with the movement of fluorine and phosphorous 

rich fluids forming fluorite and axinite veins, leaching the rock, and possibly 

causing widespread alteration of feldspars and aluminosilicates to micas. 

Supergene weathering involves weathering of primary minerals to clays, and 

sometimes the formation of calcium silicates in voggues and secondary Cu-Zn-

Pb minerals.  
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 Table 5.2: summary crystallization sequence in the Meldon Aplite 

Mineral 
assemblage 

Magmatic stage   Magmatic-hydrothermal 

Main Aplite 
dyke 

Petalite rich 
pegmatite  

Fine grained 
pegmatite  

Main Aplite dyke Petalite rich 
pegmatite 

Fine grained 
pegmatite 

Rubelite 
Pegmatite lenses 

Elbaite Pegmatite 
lens + veinlet  

zircon         

Quartz         

Albite 
    

    

Xenotime         

K-feldspar         

Perthite         

Monazite         

Grayite         

Lepidolite 
    

    

Fluorapatite         

Elbaite 
    

    

Topaz         

Amblygonite-
montebrasite 

        

Petalite 
    

    

Columbite-
tantalite 

        

Hubernite         

Perhamite         

Eucryptite 
    

    

Rubelite         
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Table 5.2 continues 

 

5.2.3 Host rock 

The footwall contains titanite hosted in arsenopyrite, along with secondary copper 

minerals, Figure 5.6 A. The hanging wall contain pyrite, chalcopyrite, titanite and 

fluorapatite in veinlets and pockets, figure 5.6B. Fluorapatite is abundant at aplite-

footwall host rock boundary, figure 5.6C. 

 

Figure 5.6: A: Footwall, B: hangingwall, C: fluorapatite at aplite-calc silicate boundary in the 

footwall. 

Mineral 
assemblage 

Hydrothermal Supergene 

Aplite + 
pegmatite + 
pegmatite 
lenses/veinle
ts 

Fluorite/Axini
te veins 

Main Aplite 
dyke 

Petalite 
rich 
pegmatite  

Fine grained 
pegmatite  

Fluorapatite      

Axinite      

Fluorite      

Montmorillonite   
   

Calcium silicate      

Cu-Zn-Pb      
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5.2.4 Pan concentrate 

 

The pan concentrated was collected to examine the presence heavy minerals 

such columbite and tantalite in the Meldon Aplite. The pan concentrate sample 

contains a range of minerals such as pyrite, chalcopyrite, wolframite, galena 

crosscutting pyrite.  

 

Figure 5.7: minerals present in the pan concentrate. 

 

5.3 Geochemical composition  

5.3.1 Meldon Aplite 
 

A. Main aplite dyke 

In terms of major and trace elements, except sample EQ4 which is highly altered, 

the Meldon Aplite main dyke is highly to moderately enriched in Li (0.43 to ~0.56 

wt%), Rb ( 1352 to 2540 ppm), Cs ( 119 to 387 ppm), Nb ( 35 to 90 ppm), Ta ( 11 

to 49 ppm)  and P (0.12 to ~0.3 wt%), but contain low HFSE (Zr: 21 to 32 ppm; 

Hf: 1 to 2 ppm, Th: 1 to 4 ppm; U: 3 to 15 ppm), Table 5.3. The high Li, Rb, Cs 

and Nb content implies that the Meldon Aplite dyke formed from a relatively highly 

evolved melt. The Li high content reflects the dominance of lepidolite as the main 

lithium phase in Meldon Aplite dyke. Elbaite, petalite, amblygonite-montebrasite, 

and eucryptite are minor, Table 5.1. The high Rb and Cs can be attributed to the 

presence of feldspars as the dominant minerals phases, and the presence of 

lepidolite. The relative abundance of primary lepidolite with minor amblygonite-

montebrasite and topaz coupled with secondary abundant fluorapatite and 

fluorite suggest that both the Meldon Aplite forming melt and subsolidus 

crystallization was dominated by high fluorine and phosphorous contents.  
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Table 5.3: Geochemical composition of the Meldon Aplite and stream sediments, samples location can be found in Figure 3.4 

Locality                      Eastern quarry           Red-a-ven Brook river        Western quarry  Red-a-ven Brook river 

sample 
type 

Main 
aplite 
dyke 

Main 
aplite 
dyke 

aplite with 
boundary 

aplite 
+flourite 
vein 

calc-
silicate 
(footwall) 

Main 
aplite 
dyke 

Main 
aplite 
dyke 

Petalite 
rich 
pegmatite 

Main 
aplite 
dyke 

Main 
aplite 

Fine 
grained 
pegmatite 

calc-silicate 
(hanging 
wall) 

stream 
sedim
ent 

stream 
sedim
ent 

stream 
sedim
ent 

Sample 
ID 

EQ1 EQ3A EQ3B EQ4 EQ15 RS10 RS11 RS12 RS13 WQ TWQA  TWQB  Sed 1  Sed 2  Sed 3 

Major elements (wt %) 

Li  0.56 0.47 0.28 0.01 0.01 0.43 0.48 0.55 0.44 0.43 0.26 0.04 0.02 0.02 0.02 

Ti 0.02 0.03 0.15 0.02 0.35 0.01 0.02 0.02 0.03 0.04 0.02 2.25 0.27 0.31 0.42 

Mn 0.12 0.10 0.14 0.05 2.09 0.12 0.11 0.16 0.08 0.08 0.14 0.06 0.91 0.51 0.35 

P 0.20 0.30 0.30 0.48 0.03 0.12 0.12 0.14 0.15 0.18 0.16 0.36 0.06 0.06 0.08 

Trace elements (ppm) 

Be  66 84 38 40 14 8 22 12 28 12 19 5 30 22 12 

B   9 9 27 7 41 4 6 7 10 15 12 4 182 14 7 

Sc  2 3 5 1 12 2 2 2 3 2 1 22 12 12 17 

V  2 2 38 5 198 2 2 2 2 2 2 272 76 60 82 

Cr    172 168 168 122 316 215 245 200 231 204 141 115 50 40 44 

Co  0 0 2 1 29 1 1 2 1 1 3 23 89 59 20 

Ni  5 4 7 4 42 5 5 10 5 3 27 87 48 33 34 

Cu 3 3 6 2 80 2 3 3 4 6 18 111 341 160 83 

Zn  23 17 16 1 123 9 13 27 5 4 N/D 24 664 418 188 

Ga  40 41 30 25 19 27 26 32 31 28 23 37 26 30 34 
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Table 5.4 continues 

Locality                  Eastern quarry      Red-a-ven Brook river      Western quarry     Red-a-ven Brook river 

sample 
type 

Main 
aplite 
dyke 

Main 
aplite 
dyke 

aplite with 
boundary 

aplite 
+fluorite 
vein 

calc-
silicate 
(footwall) 

Main 
aplite 
dyke 

Main 
aplite 
dyke 

Petalite 
rich 
pegmatite 

Main 
Aplite 
dyke 

Main 
aplite 
dyke 

Fine 
grained 
pegmatite 

calc-silicate 
(hanging 
wall) 

stream 
sedim
ent 

stream 
sedim
ent 

stream 
sediment 

Sample 
ID 

EQ1 EQ3A EQ3B EQ4 EQ15 RS10 RS11 RS12 RS13 WQ TWQA  TWQB  Sed 1  Sed 2  Sed 3 

Ga  40 41 30 25 19 27 26 32 31 28 23 37 26 30 34 

Ge  4 3 4 3 4 4 5 4 5 5 3 5 5 7 7 

As  2 1 74 10 722 2 1 7 11 15 15 42 984 571 363 

Se   0 0 1 0 3 0 0 0 0 0 1 6 4 6 8 

Rb  2540 2447 1343 2241 134 1423 1389 1641 1352 1440 940 210 207 243 275 

Y   2 3 6 4 23 2 2 2 3 4 6 35 29 39 46 

Zr   28 27 51 10 92 32 31 11 21 25 20 332 241 553 1053 

Nb 69 90 46 35 12 35 48 43 59 46 49 85 16 22 36 

Mo  2 2 2 1 17 2 2 2 2 2 2 4 3 2 2 

Ag  N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D 0 N/D N/D 

Cd N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D N/D 0 4 2 1 

In  N/D 0 0 N/D 1 0 N/D 0 N/D 0 0 0 10 6 2 

Sn 7 8 20 6 151 6 6 7 7 7 9 43 856 583 214 

Sb  2 1 1 2 3 1 1 1 1 1 1 4 17 10 9 

Te N/D 0 N/D N/D 0 0 N/D N/D N/D N/D N/D N/D N/D 0 0 

Cs   612 387 362 164 17 169 194 208 119 137 75 53 35 29 33 

Ba   10 14 287 936 138 1 2 3 13 18 50 124 183 145 166 

La 1 2 6 3 8 0 1 1 1 1 9 51 26 60 88 
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Table 5.4 continues 

Locality Easter quarry Red-a-ven Brook river Western quarry Red-a-ven Brook river 

sample 
type 

Main 
aplite 
dyke 

Main 
aplite 
dyke 

aplite 
with 
boundary 

aplite 
+fluorite 
vein 

Calc-
silicate 
(footwall) 

Main 
aplite 
dyke 

Main 
aplite 
dyke 

petalite 
rich 
pegmatite 

Main 
aplite 
dyke 

Main 
aplite 
dyke 

fine 
grained 
pegmatit
e 

Calc-silicate 
(hanging 
wall) 

stream 
sedim
ent 

stream 
sedim
ent 

stream 
sedim
ent 

Sample 
ID 

EQ1 EQ3A EQ3B EQ4 EQ15 RS10 RS11 RS12 RS13 WQ TWQA  TWQB  Sed 1  Sed 2  Sed 3 

Ce  1 1 10 5 23 1 1 2 2 1 4 102 55 127 187 

Hf  2 2 3 1 3 2 2 1 1 2 2 8 7 17 31 

Ta  43 49 33 66 2 11 20 18 26 22 28 6 4 5 9 

W  82 68 79 55 6 42 64 58 34 39 45 6 21 24 525 

 Tl  7 9 6 11 1 6 6 7 4 5 4 1 2 2 2 

Pb  11 12 5 7 4 7 7 10 6 4 4 20 168 151 60 

Bi  N/D 0 0 N/D 0 1 2 2 1 1 0 0 35 17 8 

Th 3 4 3 2 3 1 2 3 4 2 1 6 10 23 43 

U 3 3 3 6 3 5 14 6 3 5 1 2 10 15 19 
  

Cs/Ta 14 8 11 3 10 16 10 12 5 6 3 8 9 6 4 

Zr/Hf 12 12 19 10 36 15 16 16 15 14 12 44 33 33 34 

Rb/Sr 81 49 9 8 1 484 126 267 145 37 24 0 4 6 5 

Nb/Ta 2 2 1 1 7 3 2 2 2 2 2 13 4 5 4 
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Li, Rb and Cs contents in the analysed samples of the Meldon Aplite do not 

correlate whereas Nb and Ta show a strong positive correlation, Figure 5.8. Along 

the Meldon Aplite dyke length, from the NE end (eastern quarry) to SW end 

(western quarry), except sample EQ1 which contains a lepidolite veinlet and 

sample EQ4 which is highly altered, Li concentration in the eastern quarry, Red-

a-ven Brook river and western quarry aplite samples is relatively comparable and 

do not show any spatial variation trend which can point towards a composition 

zoning in the aplite forming melts, figure 5.8A. However, contrary to Li, aplite 

samples from the eastern quarry contain significantly elevated amount of Rb and 

Cs and are enriched in Nb and Ta in comparison to the rest of the aplite dyke, 

figure 5.5. The high Rb and Cs can be correlated with the dominance of feldspars 

in the eastern quarry, which decrease in modal percentage from eastern to 

western quarry, Table 5.1. 
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Figure 5.8 trace element variation across the Meldon Aplite, petalite rich pegmatite and fine-
grained pegmatite.  

 

Comparing samples taken across the aplite width (for samples RS10 taken close 

to footwall, RS11 collected from the central part, and RS13 collected close to 

hanging wall), Li and Rb concentration do not show a considerable variation 

across the aplite width, figure 5.8A. In contrast, Cs is depleted close to the 

footwall. The central part of the aplite dyke is depleted in both Nb and Ta 

compared to edges, and the highest Nb and Ta occur close to the hanging wall, 

figure 5.8C.  
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The Meldon Aplite consistently contain high niobium over tantalum, Table 5.4, 

and figure 5.8C, have a low Nb/Ta ratio (1.6 to 3.3). SEM-EDS analysis of 

columbite-tantalite crystals indicates that niobium is higher than tantalum in most 

cases of the analysed columbite -tantalite crystals. Selway et al., (2005) states 

that a Nb/Ta <8 indicate fertile melts.  

The highly altered aplite (sample EQ4) contains unusually high P content (0.48 

wt %, table 6.4). Generally, this sample is extremely altered and is not 

compositionally comparable to Meldon Aplite mineralogy and geochemistry, 

Table 5.1 and Figure 5.8. This indicates that it had been affected by post-

magmatic metasomatic alteration process which leached and/or enriched it in 

certain elements.  

A. Petalite rich pegmatite 

In comparison to the main aplite dyke, petalite rich pegmatite (sample RS12, table 

5.4) contains Li (0.55 wt%), Rb (1641 ppm), Cs (7ppm), Nb (43ppm), Ta (18ppm), 

Hf (1ppm), Th (3ppm) and U (6ppm) occurring in the range of that of the main 

aplite dyke. However, its Zr content (11ppm) is relatively lower than that of the 

dyke.  

B. Fine grained pegmatite 

Fine grained pegmatite (sample A) contain significantly lower levels of Li (0.26 

wt%), Rb (940 ppm), Cs (75ppm), Nb (43ppm), Ta (18ppm), and U (1ppm) 

compared to other samples, with Zr content (20ppm) comparable to that of the 

main aplite dyke. The Li, Rb, Cs elements depletion can be attributed either to its 

lower lepidolite modal percentage, as the main Li mineral in Meldon, or to the fact 

that the sample is highly altered and Li and Rb may have been mobilized at a 

certain extend.  

6.3.2 Host rock 

Comparing the Meldon Aplite hanging wall and footwall geochemical analysis, 

the footwall (sample EQ15) contains the highest As (722ppm), Sn (151ppm), Zn 

(123 ppm), Mn (2.09 wt%), and relatively higher Ti (0.35 wt%), P (0.03 wt%) and 

Cu, whereas the hanging wall (sample TWQ B) contain the highest P (0.36 wt%), 

Ti (2.25 wt%) contents. The unusual levels of arsenic and zin in the footwall reflect 
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the presence the presence of arsenopyrite and secondary minerals. Titanium 

both the in the footwall and hanging wall is due to the occurrence of titanite.  

 

5.3.3 Stream sediments 

Stream sediment collected downstream of the Meldon Aplite (sample sed3) 

contains elevated Zr (1053 ppm) and W (525 ppm) and slightly higher Nb (36 

ppm), Ta (9 ppm), Ti (4168 ppm), Ce (187 ppm), La (88ppm), and Th (43 ppm) 

compared to samples collected upstream of the aplite, (samples Sed1 and sed2). 

This correlates with the presence of zircon, hubernite, columbite-tantalite, titanite, 

monazite, and grayite accessory minerals in the aplite. 

5.3.3 Soil  

To address the questions of whether the Meldon Aplite extend beyond the 

western quarry (BNG), soil samples were collected further southwest of the 

western quarry exposure were analysed, Figure 3.4. sample 5, 6, 8, 9 and 10 

contain elevated rubidium (>62ppm) from sample soil 5 to soil 10 which occur 

proximally to the Meldon Aplite, Figure 5.9 and 3.4. Despite this trend, this 

rubidium level is generally lower than what should expected from Meldon Aplite. 

However, the Rb level increase for samples occurring towards the Meldon Aplite 

may reflect the presence of the aplite in the proximity of samples (sed5, 6, 8, 9 

and 10).  

 

Figure 5.9: Rb concertation in Meldon Aplite samples 
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Chapter 6 Discussion 

 

6.1 Texture, mineralogy and geochemistry of the Meldon Aplite 

 

6.1.1 Texture 

 

The Meldon Aplite is texturally simple in comparison to other Li rich evolved units 

found elsewhere in the European Variscides, (Roda-Robles et al., 2018). Despite 

the presence of pegmatite and pegmatite lenses in some places, the aplite is 

generally fine grained and lacks the typical mineralogical and textural zoning of 

evolved aplite/pegmatite described by Cameron et al., (1949) and Bradley and 

McCauley, (2013). The lack of zoning may indicate that the Meldon Aplite is a 

product of a single magma injection, (Jahns (1982), and Webber et al., (1999)). 

Charoy et al., (2001) also argues that fine grained texture of highly evolved felsic 

rocks points out to a rapid rate of cooling. In Meldon Aplite however, the presence 

of concordant pegmatites suggests that there may have been localised thermal 

inhomogeneties in some parts of the cooling melt. 

 

6.1.2 Mineralogy 

 

Over the 20th century when the Meldon Aplite was of economic interest in ceramic 

industry, the aplite was a subject of interest given its unique mineralogy and 

geochemistry across the UK, (Worth, 1920). The aplite high Li content attracted 

attention of several mineralogical studies, especially concerned with the 

identification of lithium mineral phases. Edmonds et al., (1968) and Knorring and 

Condlife (1984) provide a summary of the minerals that have been reported to 

occur in the aplite. However, the occurrence of some minerals has always been 

debatable due to their identification based on unfounded data, for example 

Kingsburry (1966), and different mineralogical studies sometimes returning 

contradictory findings.   

Micas from the Meldon Aplite were origonally classified as lepidolite by Worth 

(1920) due to their strong lithium flame and by Chaury and Howie (1973) based 
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on chemical analyses which showed a Li2O concentration of 3.60-6.40 wt%. 

Micas tested by Chaudry and Howie also showed an iron concentration of FeO 

0.10-4.88 wt% and Fe2O3 up to 1.14wt%. Contrary to this, Edmonds et al., (1968) 

stated that micas from Meldon Aplite are dominated by muscovite rather than 

lepidolite based on the aplite K-feldspar low modal percentage (26-7%) while its 

K2O content (4.38 wt%) being comparable to that of Dartmoor granite (4.82 wt% 

K2O), Table 6.1. In this study,  lepidolite has been identified with optical 

microscopy and SEM-EDS,  and XRD sprectrum analysis conducted on samples 

from the main aplite dyke and the pegmatites, supports presence of lepidolite, 

and did not  identify muscovite, appendix 7. Similarly to Chaudry and Howie 

(1973, 1976), SEM-EDS x-ray qualitative analysis conducted in this study shows 

that that the Meldon Aplite micas and tourmalines are iron rich, Table 6.1. Elbaite 

was not identified by XRD, this is probably because it occurs as minor mineral, 

Table 5.1. 

Table 6.1: Comparison of previous mineralogical studies and the findings of this study, (for Li-CS-Ta minerals) 

Mineral Previous studies This study 

Mica Lepidolite reported by (worth, 1920 

and Chaudry and Howie (1973); 

Muscovite dominance reported by 

Edmonds et al., (1968) 

Lepidolite identified by optical 

microscopy, SEM-EDS and  XRD in 

the aplite and pegmtites samples, 

(table 5.1, appendix 7) 

Tourmaline Elbaite identified by Chaudry and 

Howie, (1976) 

Elbaite identified with optical 

microscopy and SEM-EDS in aplite 

and pegmatites all samples, (table 

5.1, appendix 7) 

Lithium 

aluminosilicates 

Petalite identified by McLintock 

(1923) 

Identified in the field in sample RS11 

and RS12; optical microscopy in 

sample EQ1, EQ3A, and RS12; SEM-

EDS and XRD in sample RS12  

Eucryptite reported by Kingsbury 

(1966) 

Can be inferred from SEM-EDS 

qualitative chemistry in samples EQ1, 

EQ3A, RS11, RS12, RS13 and A 

Spodumene reported by Kingsbury 

(1966) and Edmonds et al., (1968) 

to occur in pegmatite 

Not found 

Ambygonite-

montebrasite 

Amblygonite-montebrasite reported 

by Kingsbury (1966), Moss et al., 

(1969), Knoring and Condlife 

(1984) to occur in pegmatite veins 

Identified by SEM-EDS but can not 

distinguish between the two phases. 

Samples EQ1, EQ3A, RS11, RS12, 

RS13 and A 

Pollucite Pollucite reported by Kingsburry 

(1966) 

Not identified 

Niobium-

tantalum 

minerals 

Presence of columbite in pegmatite 

veinlets, minute columbite-tantalite 

Mangano columbite-tantalite 

identified by microscopy (opaque 

minerals) and SEM-EDS for aplite and 
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and microlite all reported by 

Knorring and Condlife (1984) 

pegmatite samples, (table 5.1, 

appendix 7) 

 

Co-occurrence of petalite, spodumene and eucryptite is usually known to be rare 

(charoy et al, 2001). Due to previous studies reporting the presence of all the 

three lithium aluminosilicates in the Meldon Aplite, considerable attention has 

been paid to their identification. McLintock (1923) first described the presence of 

petalite in coarse grained sections and Kingsbury (1966) identified spodumene, 

eucryptite, amblygonite, montebrasite, pollucite along with beryl minerals in 

Meldon Aplite, Table 6.1. Kingsbury (1961, 1964, 1966, and 1970) findings are 

questionable as the author is reported to have used some fabricated results.. 

Combining field, petrographic, SEM-EDS and XRD observations carried out in 

this study, it is certain that the Meldon Aplite contains petalite and eucryptite. 

Petalite has been identified as pink material in the field abundant in sample RS12 

(termed in here Petalite rich pegmatite) and sample RS11, Figure 5.1B and D, 

and can be identified in optical microscopy and SEM-EDS analysis, Table 5.1 

and Table 6.1. More importantly, XRD spectrum analysis confirmed the presence 

of petalite in pegmatite sample RS12 where it occurs in modal percentage of 

~20%. SEM-EDS analysis of on some replacement/alteration textures (for 

example sample EQ3A, Figure 5.2E) indicated the presence of eucryptite which 

always occur in an assemblage of eucryptite ± orthoclase ± albite ± quartz ± 

lepidolite ± fluorapatite.  

Contrary to Kingsbury (1966) findings and Edmonds et al., (1968), no evidence 

of spodumene is found in the studied samples. London and Burt (1982) and 

Charoy et al., (2001) state that the fine grained assemblage of eucryptite ± albite 

± micas ± quartz ± orthoclase ± clays can form from hydrothermal and secondary 

replacement either of petalite or spodumene. However as no spodumene has 

been found, and basing on the fact that spodumene and petalite exclusively form 

in different P-T conditions, (London 1984), there is no evidence to suggest that 

the eucryptite ± orthoclase ± albite ± quartz ± lepidolite ± fluorapatite replacement 

assemblage found in the Meldon Aplite samples may be related to spodumene.   

Although Kingsbury (1966) findings has been questionable, SEM-EDS analysis 

conducted on the studied samples (EQ1, EQ3A, RS10, RS11, RS12, and A) 
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proved the presence amblygonite-montebrasite, which is in most times 

associated with fluorapatite. This suggests that there has been hydrothermal 

alteration of amblygonite-montebrasite to fluorapatite.  The Meldon aplite contain 

mangano columbite-tantalite as accessory minerals, similary to Knorring (1951) 

analysis, energy dispersive qualitative spectrum analysis conducted in this study 

shows that niobium is most cases higher than tantalum, and mangano columbite 

tantalite also contains considerable amount of wolfram.   

Despite the Meldon Aplite high Cs content (75-612ppm, table 5.4), pollucite has 

not been identified. In highly fractionated melts, Cs can replace K in micas and 

K-feldspar, (De vos, 2006). Cs rich lepidolite has been found elsewhere for 

example Yichuan topaz-lepidolite granite, (Wang et al., 2004), and Gordiyenko 

(1973) quoted lepidolite from pegmatite containing several percent of Cs. The 

highest Cs content of the Meldon Aplite occur in sample EQ (612ppm) which is 

crosscut by a lepidolite veinlet and has a K-feldspar modal percentage of ~5%.  

In this study, five new minerals not reported before has been identified to occur 

in some of the Meldon Aplite and the pegmatite samples, Table 6.2. In addition 

to the minerals covered in this discussion, several minerals other minerals have 

been reported to occur in the Meldon Aplite, Table 6.2.  

Table 6.2: list of new minerals identified in the Meldon Aplite and other minerals reported to occur in the aplite 

New minerals identified, (all by SEM-EDS) Minerals reported but not covered in this study 

1. Grayite in sample EQ1 

2. Perhamite in sample EQ1 

3. Hubernite in sample RS10 

4. Coffinite in Petalite rich pegmatite 

(sample RS12) 

5. Secondary copper and Zinc minerals 

in fine grained pegmatite (sample A) 

6. Calcium silicate in Petalite rich 

pegmatite (sample RS12) 

 

Knorring 1951: garnet, heulandite, prehnite and 

cordierte 

Kingsbury 1966 and Edmonds et al., (1968): beryl 

minerals (beryl, beryllonite, chrysoberyl, 

eudidymite, milarite and rhodizite) in pegmatitic 

lenses 

Knorring and Condliffe (1984): microlite, lollingite, 

stibiconite, beryllonite, polucite, herderite in 

aplitic matrix, autunite, beryl,  
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Limitation of the used analytical techniques on lithium minerals identification 

Lithium minerals identification is chemically challenging as all Li bearing phases 

vary over the theme Li±Al±Si±K±Na±Fe±P, (Armstrong, Fame project). In this 

project, optical microscopy was specifically useful in the identification of lithium 

micas (lepidolite), and lithium rich tourmalines (elbaite). SEM-EDS identified all 

Li phases despite not detecting lithium. Contrary to other Lithium phases, 

differentiation of lithium aluminosilicates is much more problematic as petalite, 

spodumene and eucryptite are all composed of Al, Si, O and Li. Further to that, 

eucryptite resembles quartz both optically and physically, (London, 2017), and its 

SEM-EDS analysis returns a chemistry similar to that of kaolinite group micas.  

Even though SEM-EDS does not detected lithium, Si/Al ratio from energy 

dispersive  x-ray spectrum analysis differentiate the three lithium aluminosilicates 

with a Si/Al ratio of ~4:1 indicative of petalite, a Si/Al of ~2:1 ratio indicative of 

spodumene, and a Si/Al ratio of ~1:1 indicative of eucryptite. For the analysed 

samples, petalite Si/Al ratio is always close to ~4:1 and eucryptite Si/Al ratio 

ranged between ~0.7 to 1.2, Table 6.3.  

Table 6.3: comparison of lithium aluminosilicates chemistry and the chemistry reported by SEM-EDS analysis, (*: 
webmineral, NO: not observed) 

 Mineral chemistry * SEM-EDS (this study as a guide) 

O Si Al Li O Si Al Li 

Petalite 52.43 36.72 8.75 2.09 53-55.5 36-38 9-9.4 ND 

Eucryptite 50.79 22.29 21.41 5.51 52-55.5 17.5-23 23-28 ND 

Spodumene 51.59 30.18 14.50 3.73 Not observed  

 

XRD spectrum analysis did not show eucryptite or kaolin group clay minerals. 

This is probably due to the fact that any of the mineral phase present is in a lower 

proportion and XRD lower detection limit is >5%. However, by considering the 

high Li concentration of the Meldon Aplite and the fact that the concerned mineral 

is always associated with orthoclase ± albite ± quartz ± lepidolite ± flourapatite, 

kaolinite presence has been ruled out. Additionally, the presence of minor amount 

of eucryptite in the Meldon Aplite samples can be inferred by its bright red 

fluorescence under short wave length UV light, Figure 6.1, (London 2017).  
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Figure 6.1: Eucryptite and elbaite fluorescence under short wave length ultra violet light. This is sample EQ1, it 
contains the highest Cs content of 612ppm, and pollucite can fluoresce green ( (Mortimer, 2018), but pollucite was 
not identified with the methods used in this study.  

 

6.1.3 Geochemical variation and melt evolution 

 

Li concentration variations in the Meldon Aplite and the pegmatite samples can 

be linked to mineralogy. By comparing all the analysed samples, table 5.4., the 

highest Li content, significantly higher than the average, is found in samples 

containing lepidolite veinlets due to magmatic-hydrothermal process enrichment 

(sample EQ1 with 5569 ppm Li) or in samples in which petalite is present in 

considerable amount (sample RS12 with 5501 ppm Li, and sample RS11 with Li 

4802ppm).  

In Li against Cs plot, the Petalite rich pegmatite (sample RS12) plots at high Li 

suggesting that it may be the highly fractionated unit the Meldon Aplite. The fine 

grained pegmatite (sample A) on the other hand contains significantly lower Li 

and Cs concentration indicating that it is the least evolved unit in the Meldon 

Aplite, Figure 6.3A. Additionally, Fine grained pegmatite (sample A, figure 5.1E) 

contains pink K-feldspar which is characteristic of less evolved pegmatite, 

(Selway et al., 2005). 
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Figure 6.2: Li against Cs plot showing trace element variation in Meldon Aplite.  

 

Petalite rich pegmatite (sample RS12) contains relatively low concentration of 

incompatible elements such as Zr and Hf in comparison to the main aplite dyke, 

Figure 6.3. The pegmatite low Zr content do not correlate with its melt being 

fractionated from the Meldon Aplite main dyke forming melts, (Simmons et al., 

2016). At field scale, Petalite rich pegmatite (sample RS12) occurs in association 

with other small pegmatites of similar size and no evidence of a separate magma 

injection can be identified.  This suggests that the crystalising melt may have had 

compositional inhomogeneties in some parts, (Jahns, 1982), allowing the 

formation of pegmatite units. 
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Figure 6.3: Li against Zr plot showing discordance in Meldon Aplite forming evolution. EQ1: 
sample of the main aplite dyke, sample RS12: Petalite rich pegmatite, sample A: Fine grained 
pegmatite.  

 

6.2. Implications to the classification and petrogenesis of the Meldon Aplite 

 

6.2.1 Classification of the Meldon Aplite 

The Meldon aplite characteristically contains elevated Li, Rb, and Cs contents, 

and it is enriched in Li, B, P, and F rich minerals, such as lepidolite, elbaite, 

fluorapatite, petalite (sample RS12), amblygonite-montebrasite, topaz, ± 

mangano columbite-tantalite. An elemental and mineralogical assemblage 

distinctive of the Lithium rich Rare-element (REL-Li) subclass and LCT family of 

Ceryn and Ercit, (2005). Lepidolite dominance over other lithium minerals 

suggests that the Meldon Aplite belongs to lepidolite subtype of the complex type. 

In addition, trace element composition of the Meldon Aplite is typically close to 

other highly evolved, Li-F-rich, lepidolite sub-type aplite-pegmatite occurring 

elsewhere, such pidlite and Central Iberian zone aplite-pegmatites, Table 6.4. 

Furthermore London (2007) argues that phosphorous rich granitic rocks are 

limited to the LCT family of rare-element pegmatite.  

Table 6.4: Comparison of rare-element of the Meldon Aplite with other rare-element 

aplite/pegmatite.   

 
Meldon Aplite1   Tanco2 RCL3 Pidlite4 CIZ5 

Li 2636-5569 11600 10100 7000 2660-8320 

P 1174-2961 11800 0.36 - 0.68-2.50 

Rb 940-2540 11000 1100 - 1070-4710 

Be 8-84  -  - - 7-203 

Cs 75-612 4200 8700 - 136-341 

B 4-15 2400 3200 - nd-54 

F  200  0.9 3700-1800 

Nb 35-90  -  - - 56-93 

Ta 11-49  -  - - 64.8-91 

 

1: Lepidolite subtyoe of complex pegmatite, Meldon aplite, SW England. 

2: Petalite-subtype of complex pegmatite with abundant lepidolite, amblygonite and pollucite, 

Tanco, Canada, (London 1990).  
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3: lepidolite subtype with pegmatite with pollucite, RCL: Red Cross Lake, Canada, Modified from 

Cerny (1991, 1998) 

4: Lepidolite-subtype of complex pegmatite, (Jahns, 1953) 

5: Central Iberian Zone, contain lepidolite up to 35%, Spain and Portugal  (Roda-Robles, et al., 

2018) 

Opposed to Cerny and Ercit (2005) criteria, the Meldon Aplite contains Nb>Ta, 

which is more characteristic to REL-REE subclass or NYF-type pegmatite. This 

may point to mixing with hydrothermal fluids, contamination during the aplite late 

consolidation stage or may be the effect the Meldon Aplite melt formation from 

an already depleted source, (Simmons et al., 2016).  

 

6.2.2 Petrogenesis of the Meldon Aplite (what minerals and geoch say) 

 

Meldon Aplite crystallization conditions 

Lithium aluminosilicates plays a crucial role in delineating pressure and 

temperature changes prevailing in crystallisation of lithium rich rocks, (London 

and Burt, 1982). London (1984) study demonstrates that the stability relations 

among the lithium aluminisilicates are a function of pressure and temperature 

conditions, and are primarily independent of changes in the melt composition. 

Petalite has been found to be stable at moderate temperature and low pressure 

whereas eucryptite + quartz formation takes place at relatively low temperature 

and pressure, (London and Burt, 1982; Cerny et al., 1985).   

Co-occurrence of petalite and eucryptite at thin section scale in Meldon Aplite 

samples indicate that the aplite solidus crystallization may have took place at 

temperature and pressure around 550-6800C at 200Mpa or 635-6800C at 

400Mpa, as indicated by petalite stability conditions, (Charoy et al., 2001). 

London (1984) experimental quantitative P-T phase diagram for LiAlSiO2-SiO2-

H2O system shows that the stability field of eucryptite +quartz is limited below 

~3200C and 1.6 Kbar, hence pointing towards retrograde alteration of petalite to 

eucryptite in the sub-solidus crystallization stage of the Meldon Aplite, Figure 6.4. 

Theoretical studies suggest that the alteration of petalite to a mixture of eucryptite 

± K-feldspar ±  albite is a normal consequence of rare-element melt evolution in 
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a closed system, with cooling, (Wood and William-Jones, 1993), within which the 

primary magmatically formed Li-aluminosilicates reacts with residual fluids, 

(London, 2017). Replacement of petalite by eucryptite extracts more Al and Li 

and liberate Si, (Wood and William-Jones, 1993).  

Petalite + Na+ = quartz + albite +Li+             Equation 2: petalite replacement to eucryptite 

Petalite + K+ = quartz + K-feldspar + Li+ 

 

 

Figure 6.4: generalised cooling history of the Meldon Aplite based on the presence 
of aluminosilicates minerals, modified from London (1984) 

 

The paragenetic diagram described in figure broadly correlates with pegmatite 

melt evolution described elsewhere. Charoy et al., (2001) argues that enrichment 

in Li and F in the residual melt promote fractionation of lithian muscovite and 

lepidolite. Ambygonite-montebrasite form in acidic Li, F and (PO4)3- rich, but Fe 

and Mn poor (absence or after exhausation), environments, environments within 

which lithium aluminosilicates are unstable, Cenryn et al., (1985).  Cenryn et al., 

(1985) further states that petalite to crystalize as the main Li mineral requires 

pegmatite melts and fluids with low F- and (PO4)3- contents, emphasizing that 

petalite is late stage and postdates lepidolite and amblygonite-montebrasite 

crystallisation as shown in the Meldon Aplite crystallization sequence. Solodov 

(1971) claims the minimal lithium concentration required to precipitate Li-rich 
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minerals in granitic pegmatite is ~5000pm Li (1.07 wt% Li2O). Charoy et al., 

(2001) states that petalite form from late orthomagmatic fluids 

The presence of abundant fine grained, secondary, fluorapatite and fluorite in the 

analysed samples, and the presence of fracture controlled fluorite and axinite 

veins crosscutting the Meldon Aplite and the host rocks, Figure 5.1I-K, indicate 

movement of later hydrothermal fluorine and boron rich fluids in the area filling 

the veins and often leaching the aplite, Figure 5.1C.   

Li content of 52ppm in the footwall host rock and 352ppm in the hanging wall host 

rock suggests that there may have been minimal chemical interaction between 

the fluids deriving from the Meldon Aplite and proximal host rock according to  

 

Petrogenesis of the Meldon Aplite at regional scale 

The enrichment of Li, F, and P rich minerals in the Meldon Aplite (lepidolite, 

elbaite, fluorapatite, topaz, amblygonite-montebrasite) suggests that the aplite 

probably formed from melting of marine shales as has been observed in similar 

aplite/pegmatites, such as those of the Central Iberian Zone, (Roda-Robles et al., 

2018). Roda-Robles et al., (2018) states that field and geochemical affinities of 

the central Iberian zone aplite-pegmatite field show a petrogenetic link to 

peraluminous S-type granites which derive mainly from partial melting of highly 

peraluminous, P-rich metasediments. London (2008) suggests that marine 

shales are usually a good source of rare alkali elements (Li, Na, K, Rb, Cs), 

alkaline earth elements (Be) and fluxing components (F, B, and P), and P and Cs 

enrichment is diagnostic of marine sedimentary origin for granites and 

pegmatites; elements that the Meldon Aplite is relatively enrichment in, table 5.4. 

In addition, Simmons et al., (2016) emphasizes that the Cornubia batholiths 

derived from melting of a metagreywacke source rock.  

Fractionation of granitic melts is usually the most widely accepted theory to 

explain the composition of rare-element rocks, (Selway et al., (2005).  However 

based on the geochemical and mineralogical evidence, Simmons et al., (2016) 

concludes that the Meldon Aplite along with topaz (G5) granites cannot form from 

fractionation of G1-G2 or G3-G4 granites. Simmons et al., (2016) affirms that SW 
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England topaz granites formed from anataxis melting of a biotite-rich restite 

following removal of biotite (G3) granites during granulite facies metamorphism; 

melting induced by Li, F, P and HFSE rich fluids. Given the Meldon Aplite low Zr 

(11-31ppm) in comparison to G3 granites (Zr 42-147ppm), anataxis melting of 

localised source rock can be favoured. Additionally, the Meldon Aplite is unique 

among Dartmoor granite aureole, (Worth, 1920) and hence do not conform to 

Selway et al., (2005) regional zoning in aplite/pegmatite evolution around a 

parental granite.   

Lithium-rich rocks, comparable to the Meldon Aplite are found in other parts of 

the European Variscides. Roda-Robles et al., (2018) postulates the existence a 

Variscan orogeny related intense Li-metallogenic province, Figure 6.5, which 

includes SW England, Central Iberian Zone aplite-pegmatite field (Spain and 

Portugal), Massif Central (France), Bohemian Massif (Czech Republic and 

Germany) and the western Carpathians (Slovak Republic).  

 

Figure 6.5: Schematic geological map of the European Variscan Belt showing the distribution of the 

P-rich, Ca-poor peraluminous Variscan granitic series, (Lameyre, 1987; Augier et al., 2015; 

Klomínský et al., 2010), and the European Variscides Li metallogenic province (numbered fields 

and black dots). (1) Homolka (Breiter and Scharbert, 1995); (2) Krizovy Kámen (Klomínsky et al., 



89 
 

2010); (3) Podlesí (Breiter et al., 1997, 2005); (4) Perninkstock (Klomínsky et al., 2010); (5) Monts 

d’Ambazac (Raimbault, 1998, Deveaud et al., 2015); (6) Montebras (Raimbault et al., 1995); (7) 

Beauvoir granite (Cuney and Barbey, 2014); (8) Richemont (Raimbault and Burnol, 1998); (9) 

Porth Ledden (Müller et al., 2006; Shail et al., 2014); (10) Megiliggar Rocks (Stone, 1969, 1975; 

Simons and Shail, 2014; Simons et al., 2016); (11) Saint Austell (Manning et al., 1996; Thompson 

et al., 2014); (12) Meldon (Scrivener and McVicar Wright, 2014). Black points: Central Iberian 

Zone, (Roda-Robles et al., 2018); figure extracted from Roda-Robles et al., (2018). 

 

6.3 Potential areas for lithium mineralisation in SW England 

6.3.1 Overview 

On exploration point of view, Li rich aplite/pegmatites are diagnostically 

discriminated from other pegmatites by their exceptional enrichment in 

incompatible elements including lithium, caesium, rubidium, tin, tantalum, and 

fluxing components such as fluorine, phosphorous, boron and water, (Linnen et 

al., (2012); Bradley and McCauley, (2013)). Usually, highly evolved 

aplite/pegmatite present spatial and geochemical zoning around parental fertile 

granite, (Cerny 1982). Spatially zoned, evolved, aplite-pegmatite fields occur 

elsewhere in the European Variscides, (Roda-Robles, et al., 2016). To current 

exposure however, the Meldon Aplite is geochemically different from other 

intrusive units occuring in the Dartmoor granite aureole, (Worth, 1920), and its 

geochemistry does not support evolution from earlier Cornubia batholiths, 

(Simmons et al., 2017). In attempt to find if there any other units similar to the 

Meldon Aplite not cropping at the surface, this project compares the Meldon Aplite 

geochemical data, (Table 5.3) with Tellus (2014) soil data, (Appendix 3).  

 

6.3.2 Comparison of the Meldon Aplite with Tellus SW soil data 

 

During fractionation, elements such as Li, Be, B, F, P, Ga, Rb, Cs, Y, Nb, Sn, and 

Ta increases with increasing the degree of fractionation whereas Ti, Sr, Ba and 

Zr reduce, (Cerny and Meintzer 1988). Caesium, tantalum, rubidium and 

potassium are key elements of LCT deposits. These elements and their ratios 

can be used as fractionation indicators and are useful in exploring unexposed 

buried lithium aplite/pegmatite bodies, (Arundell and Ronald, 2016).  Selway et 

al., (2005) states that rare elements which are at least three times higher than 
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the average continetal crust are important in Li-Cs-Ta pegmatite exploration 

targeting. 

Lithium-Cesium-Tantalum correlation 

In terms of rare elements, the Meldon Aplite is distinctively enriched in caesium, 

and tantalum which are at least ten times higher than the average crustal and soil 

contents, and significantly higher than the average Dartmoor and Bodmin Moor 

granites background concentrations, Table 6.5. Arundell and Ronald, (2016) has 

successfully used Cs and Ta in Li-Cs-Ta pegmatite exploration, however, 

coupling caesium and Tantalum as Li-Cs-Ta pegmatite pathfinders requires a 

high Cs/Ta correlation as a high Ta/Cs ratio points towards Ta mineralisation, 

(Moller and Mortenai, 1987).   

Table 6.5: range of incompatible and compatible trace elements contents in earth’s crust, soil, 
Meldon Aplite, Dartmor and Bodmin Moor granites.  

Eleme
nt and 
ratios 

Earth 
crust  

Typical 
background 
concentrati
on in soil 
(ppm)  

Meldon Aplite Dartmoo
r granite 
(ppm)  

Bodmin 
granite  Main dyke Petalite rich 

pegmatite 
(sample RS12, 
highly evolved) 

Fine grained 
pegmatite 
(sample A, 
least 
evolved) 

Ba 500 500 1-18 3 50 68-235 110-180 

Be 2.6 6 8 - 66 12 19 7-18 7-13 

Cs 3 6 119 - 612 208 75 28-93 40-78 

Ga 18 15 26 - 40 32 23 19.4-
22.4 

23.2-27 

Hf 5.3 - 2 1 2 2.8-4.4 2.8-3.2 

Li 20 20 4320 - 
5569 

5501 2626 160-520 330-490 

Nb 20 7 35 - 90 43 49 17-18 11-14.5 

Rb 90 44 1352 - 
2540 

1641 940 346-650 408-510 

Sr 370 34 3-50 6 39 20.5-95 64.84 

Ta 2 0.5 11- 49 18 28 4.2-7.1 3.1-4.5 

Y 30 7 2-4 2 6 19-26 11-12 

Zr 190 300 21-32 11 20 92-148 92-113 

Sc 16 6 2-3 2 1 3.5-6.4 2.6-3.1 

Nb/Ta - - 1.6 - 3.3 2.4 1.8 2.5-4.1 3.2-5 

Cs/Ta - - 4.6 - 15.8 11.9 2.7 3.4-10.4 12-17.3 

Zr/Hf - - 11.6-16.1 16.3 12.4 30.7-
34.8 

32.8-
35.3 

 

Chappell and Hine, (2006) 
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During fractionation, caesium concentration increases in the residual melts as its 

large ionic radii makes it incompatible in most early crystallizing rock forming 

minerals, (Moller and Morteani, 1987). De Vos (2006) states that, in surficial 

environment, caesium released by rock and minerals weathering is rapidly and 

strongly adsorbed by soil after release. Given the high caesium concentrations of 

the Meldon Aplite, and low caesium mobility in soils, soil deriving/affected by 

weathering of Li-Cs enriched bodies, geochemically comparable to the Meldon 

Aplite, would be expected to have high caesium concentrations. Similar to Cs, Ta 

is incompatible with early crystalizing minerals and increases with fractionation, 

(Moller and Morteani, 1987). Tantalum is heavy, immobile, and it is low in surficial 

environment. Contrary to Cs however, the Meldon Aplite is moderately enriched 

in Tantalum, Table 6.5, therefore bodies similar to the Meldon Aplite would have 

lower to moderate Ta levels in residual soils.  

On Cs against Ta plot, using the Meldon Aplite geochemistry as threshold, Table 

6.5, three caesium anomalies and two tantalum anomalies can be identified, 

Figure 6.6. Caesium rich anomalies can be differentiated into three populations, 

least evolved (probably comparable to the Meldon fine grained pegmatite, sample 

A, Table 6.5), moderately evolved, and highly evolved populations (probably 

comparable to Meldon Aplite petalite rich pegmatite, sample RS12, Table 6.6). In 

terms of Cs concentrations.  At surface, these anomalies translates into four sites 

with high caesium potential, two sites with both caesium and tantalum potential 

and one site with Ta potential, Figure 6.7.   

 

Figure 6.6 

: Potential 

Cs anomaly 

in Devon, 

soil data 

from Tellus 

(2014) 
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Figure 6.7: Geological Map of Devon with potential Cs-Ta anomaly, (geological domains extracted from Kirkwood et al., (2016)). 
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Potassium-Rubidium-Caesium as pathfinder 

K/Rb is an important petrogenetic indicator in differentiating mineralised rare-

metal pegmatite from barren pegmatite, (Trueman and Cerny, 1982). For Tellus 

(2014) soil data, K/Rb against Cs and K/Rb against Cs/Ba plots separate the 

evolved areas from Dartmor and Bodmin Moor granites in terms of caesium 

enrichment but do not show a clear pattern between granites and the potentially 

evolved units in terms of K/Rb ratio, Figure 6.8A. Similarly, K/Rb against Ta, Ba, 

Ga, and Rb/Sr show no conclusive differentiation between the granites and the 

potentially evolved samples, Figure 6.8B. K/Cs against Rb reveals only a narrow 

divide between them, with K/Cs>500, Figure 6.8C.  

 

 

 

 

 

 

 

 
A 

B 
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Figure 6.8: A-B: K/Rb against Cs and Ta, C: K/Cs against Rb 

 

K/Rb and K/Cs ratios are expected to decrease with fractionation due to increase 

of Rb and Cs in residual melts as they are incompatible in most early rock forming 

minerals, (De Vos, 2016). The Meldon Aplite contains Rb which is at least two 

times higher than that of Dartmoor and Bodmin granites, Table 6.5, supporting 

that the Meldon Aplite is much more evolved than the granites, and suggesting 

that highly evolved units comparable to the Meldon Aplite should reflect such high 

rubidium level. Despite this however, the identified Cs rich potentially evolved 

units do not show a clear K and Rb differentiation from Dartmoor and Bodmin 

granites background concentrations. This is probably because Rb substitutes K 

in micas and K-feldspars, in the final stages of crystallization (Trueman and Cerny 

1982), and both micas and K-feldspars are the main rock forming minerals for the 

granites and the evolved rock units. In addition, Rb is normally elevated in clay 

rich environments due to its high adsorption by clay minerals, (De Vos, 2016).  

Other element ratios such as Th/U against Zr, Hf, and Y, which are key 

fractionation indicators, do not as well differentiate the granites from the Cs rich 

prospective areas. Consequently, Cs seems to be the most prominent element 

guide for assessing buried Li rich potential bodies, geochemically comparable to 

the Meldon Aplite.  
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Geology 

Felsic rocks can be differentiated from mafic rocks by their concentrations in 

compatible/incompatible elements. Plots of Sc against V, Th and TiO2 and TiO2 

against V and Hf can be used to discriminate against granites and mafic 

intrusions by showing a clear fractionation trends in those elements, Figure 6.9A. 

Sc and V decreases with fractionation as they can substitutes iron in pyroxene in 

early crystallization, (De Vos, 2006). Equally, TiO2 reduces with crystallization as 

it fractionates in titanomagnetite during early stages, (De Vos, 2006). Al against 

Ca+MgO density plot suggest that most of the sedimentary rocks in the area are 

doominated by siliclastic lithologies, containins higher Al and low Ca+MgO, 

Figure 6.9B. TiO2 against Zr, Hf density plots, delineates the mudstone, siltstone 

and sandstone lithologies reflecting elevated siliciclastic zircon.   
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Figure 6.9: plot of Sc against TiO2 and TiO2 against V showing fractionation trends between 
felsic and mafic units. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



97 
 

Chapter 7 Conclusions and Recommendations 

 

7.1 Recommendation 
 

7.1.1 Recommendation on mineralogy and geochemical studies 
 

Mineralogy 

Chemical identification of Li minerals is challenging especially with SEM-EDS and 

XRD methods, (Armstrong, 2018). SEM-EDS provide a qualitative chemistry, is 

not able to detect lithium, and it cannot differentiate polymorphs, (Reed, 2005), 

and XRD does not detect minerals occurring in modal percentage <5%. In this 

project lithium minerals identified include lepidolite, elbaite, petalite, eucryptite, 

and amblygonite-montebrasite. Due to amblygonite and montebrasite occurring 

in low modal percentage, XRD did not detect them and SEM did not differentiate 

the two phases. Petalite was identified with all the analytical methods employed 

in this study, but eucryptite is a little sceptical as it has been sorely identified 

based on SEM-EDS, and its SEM-EDS qualitative chemistry may resemble that 

of kaolinite clay, (Webmineral, 2018).  

Further Electron Probe Analysis (EPMA) on the samples should be conducted to 

differentiate the lithium phases present and characterise them in terms of their 

lithium potential. Samples of interest are EQ3A, RS12, and EQ1. EQ3A is 

particularly interesting as it contains all the lithium minerals covered in this study 

especially amblygonite-montebrasite and eucryptite. RS12 is particularly distinct 

from other samples as it is the only sample containing petalite as a rock forming 

mineral. EQ1 would provide information about petalite, amblygonite-montebrasite 

and it has the highest Cs content (612ppm). Despite its high caesium content, 

pollucite has not been to be identified.  

Not only would EPMA provide definite identification of the lithium 

aluminosilicates, but mineral chemistry of orthoclase and lepidolite for example 

are useful in characterising highly evolved pegmatites. According to Selway et 

al., (2005), element analyses indicate that the most evolved pegmatites should 

have white K-feldspars containing Rb >3000ppm, K/Rb ratio <30 and Cs 

>100ppm, and coarse grained green muscovites containing Li>2000ppm, 
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Rb>10000ppm, Cs>500ppm and Ta>65ppm, as Rb, Cs, and Li content increases 

in feldspars and muscovites with fractionation. In the case of the Meldon Aplite, 

mineral chemistry data would help in identifying at which level is the Meldon Aplite 

evolved in comparison to global economic LCT deposits. 

During this study, tentative estimation of pressure and temperature of the Meldon 

Aplite formation has been discussed in relations with lithium aluminosilicate 

minerals present in the analysed samples, and basing on literature such as 

London and Burt (1982) and London (1984). However, to discriminate the actual 

pressure and temperature conditions would requires further fluid inclusion 

analysis 

Geochemistry and aplite extent 

From this study, it is certain that the question of whether the Meldon aplite 

extends beyond the Meldon reservoir point cannot be answered with examining 

field exposure, as all exposures that Worth (1920) indicated as outcrops has been 

remapped and no outcrops were found, Table 3.1. Similarly, the soil data 

presents for this project contain Rb as the only LCT key element indicator, 

Appendix 8. To trace the Meldon Aplite extent between the Meldon Aplite western 

quarry (256562 91901) and Sourton tors (254602 90040) requires a large number 

of samples systematically collected between the two points. Building on the 

available soil sample line collected for this project, Figure 3.4 and 5.9, closely 

spaced geochemical soil sampling (on grid of 100m x 100m, 10 samples per line 

and 10 m between two consecutive lines), between the aplite western quarry and 

Sourton tors is required to delineate the Meldon Aplite anomaly. Each line should 

cross the Meldon Aplite extension as indicated by Worth (1920), Figure 2.7A. 

From comparing Tellus (2014) with Meldon Aplite, Cs is found to be the most 

prominent element guide in discriminating evolved bodies comparable to the 

Meldon Aplite.   

The available chemical analyses are limited for evaluating and characterising 

evolved rare-element aplites/pegmatites. The Meldon Aplite samples were not 

analysed for major elements, and therefore this limits the extent at which Tellus 

(2014) soil data can be compared to Meldon Aplite geochemical signature. This 

limit the effective use of major element ratios such K/Rb, K/Cs, Mg/Li which 



99 
 

important in LCT pegmatite targeting, (Selway et al., 2005). Equally, Tellus (2014) 

soil samples were not analysed for Li, limiting the use of lithium element 

correlation method (Li against K/Rb, Cs, Ta, Ba, Bi, Nb, Sn Tl, W, Na, Ca, Sr) 

which has been successfully used in other LCT exploration targeting, for  example 

by Arundell and Ronald, (2016). Further major elements analysis, for example by 

using ICP-EOS, on the Meldon Aplite samples would provide a broad 

geochemical database that can be used in further exploration of Li rich bodies 

similar to the Meldon Aplite. 

 

7.1.2 Recommendation on prospective sites 

 

In terms of Cs as a pathfinder for LCT mineralization, Cs against Ta plot clearly 

depicts the difference between Dartmoor and Bodmin Moor granites with the 

potentially evolved Cs rich rock units similar to the Meldon Aplite in sites one to 

six, Figure 6.7 and Table 7.1. These have a minimum Cs soil concentration above 

74 ppm; comparable at least to the least evolved unit of the Meldon Aplite, Table 

6.5. In terms of Ta potential, the Meldon Aplite contain low Ta than Niobium 

(Ta/Nb<1, Table 5.3), and according to Cerny (1989) criteria, it is not itself 

prospective for tantalum mineralization. Despite this however, areas containing 

high Ta have been identified in sites five to seven, Figure 6.7 and table 7.1. 

Taking into consideration Cerny (1989) criteria for tantalum prospecting, Ta 

against Nb plot indicate that site five is the most prospective for Ta with a Nb/Ta>1 

in one soil sample, Figure 7.1. 

Table 7.1: Cs and Ta anomalies identified in Tellus (2014) soil data 

site Anomalies Potential Bedrock geology Notes 

1 74-166ppm 
Cs 

high Interbedded sandstone and 
conglomerate ( basal Permian) 

Not spatially associated 
with visible granitic 
intrusion 

2 129-240ppm 
Cs  

high Calc-silicate formed from contact 
metamorphism of basic rocks, 
(Moon, 2018) 

Proximally close to 
Dartmoor and Hemerdon 
granites 

3 147ppm Cs low Interbedded sandstone and 
conglomerate (basal Permian) 

Not spatially associated 
with visible granitic 
intrusion 

4 77 ppm Cs low Mudstone-siltstone-sandstone-
conglomerate (South Devon 
Basin) 

Not spatially associated 
with visible granitic 
intrusion 
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5 97 ppm Cs; 
6.7- 18.1ppm 
Ta 

high Small granite and mudstone-
siltstone-sandstone (Tavy basin) 

Overlies Gunnislake 
granite 

6 79 ppm Cs; 
6.6ppm Ta 

high Calc-silicate formed from contact 
metamorphism of basic rocks, 
(Moon 2018) (Tavy basin)  

Proximally close to 
Dartmoor granite, at 
7.5km south of the 
Meldon Aplite 

7 5.5 ppm Ta  low Mudstone-siltstone-sandstone 
(Lower Carboniferous 
succession) 

Proximally close to 
Dartmoor granite 

 

 

Figure 7.1: Ta anomaly variation, data from Tellus (2014) 

 

Contrary to other sites, site five overlies Gunnislake granite, Figure 6.7 and table 

7.1. Gunnislake is a fine grained granite. The high Cs content found in Tellus 

(2014) soil data correlates with Ward (1971) findings who describes the granite 

to contain moderate lithium enrichment and significantly higher Na2O/K2O ratio. 

Fine aplite veins have been equally reported to crosscut the nearby Hingston 

Down granite.   

In terms of data density, Site 1 and 2 have a high number of closely spaced high 

Cs soil samples, Figure 6.7. Site 1 occur at >10km east of Dartmoor granite (close 

to Ball clay producing Silbelco Preston Manor Work quarry), and do not present 

spatial correlation with any outcropping granitic intrusion. Site 2 occur at ~1.2 km 
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away from Dartmoor granite and ~1.5km from Hemerdon mine (granite-related, 

tungsten-tin stockwork deposit). The high Cs sample of site 6 occurs at ~650m 

away from Dartmor granite and can be linearly traced at 7.5km south of the 

Meldon Aplite. This site correlates with Moon (2018) who suggest that it may be 

an extension of the Meldon Aplite 

In site 1, 3 and 4, samples containing elevated Cs concentration are entirely 

underlain by metasedimentary/sedimentary rock units, implying that their high Cs 

± Ta concentration may potentially be deriving from deep buried aplite/pegmatite 

or similar evolved units. However in site 2 and 6, the high Cs are associated with 

calc-silicates deriving from basic rock metamorphism, (Moon, 2018) 

Given the large sample collection density employed by Tellus (2014) sampling 

project (one sample per 2 to 5 km2, G-Base (2014)), further sampling close to the 

identified anomalous samples is recommended especially for site 3, 4 and 7 

where only one sample show anomalous concentration.  

 

7.2 Conclusion 

 

The main goals of this project was to determine the mineralogy of the Meldon 

Aplite, its geochemistry, delineate highly evolved areas geochemically 

comparable to the Meldon Aplite using Tellus (2014) SW soil data, and trace the 

the Meldon Aplite extent. From SEM-EDS and XRD analysis, this project has 

confirmed the presence of petalite, amblygonite-montebrasite and has ruled out 

the presence of spodumene in the Meldon Aplite.  

The mineralogical and texturally studies undertaken in this project has also shown 

that mineral phases present in the Meldon Aplite and the concordant pegmatites 

can be accounted in four stages of crystallization. These include a primary 

magmatic stage, a secondary magmatic-hydrothermal stage, probably related to 

residual melts interacting with earlier magmatic minerals, a third hydrothermal 

stage related movement of fluorine and phosphorous rich fluids and contributed 

to wide spread alteration in the aplite, and a final supergene weathering stage 

related to surface weathering of earlier minerals and crystallization of secondary 

minerals such Cu-Zn-Pb secondary minerals. One of the most significant findings 
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of this study is the identification of eucryptite as a replacement mineral of petalite; 

replacement taking place in the magmatic-hydrothermal stage. In the analysed 

samples, eucryptite has been found to always occur as an assemblage of 

eucryptite ± orthoclase ± albite ± quartz ± lepidolite ± fluorapatite ± clay.  

From trace analysis, this project has found the Meldon Aplite is relatively enriched 

in lithium (2626 to 5569 ppm) and lithium concentration do not show any 

significant variation across or along the dyke. The only exception of this is that 

high lithium enrichment has been found in samples containing secondary 

enrichment from lepidolite veinlets and from pegmatite which contains petalite as 

rock forming mineral. Comparison of Tellus (2014) soil data with the Meldon 

Aplite revealed six zones with high Cs concertation, and indicated that Cs is the 

most prominent element which should be used in exploring rare-element 

mineralised bodies similar to Meldon Aplite. 

For the Meldon Aplite extent, this project has concluded that the aplite extent 

claimed by Worth (1920) cannot be trace at current exposure by surface mapping. 

From soil data which shows a slightly elevated Rb concentration for samples 

occurring close to the aplite, it can be suggested that the aplite possibly extends 

beyond the 390m, mappable in surface outcrop, but this can only  be confirmed 

with enough closely spaced soil sampling.   
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