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ABSTRACT 
 

 

Full Name : [Faris Ahad Sulistyohariyanto] 

Thesis Title : [Petrogenesis of the HFSE and REE mineralized Al -Ghurayyah granite 

pluton, NW Saudi Arabia] 

Major Field : [Geology] 

Date of Degree : [05 / 2024] 

 

The Arabian-Nubian Shield (ANS) comprises the largest tract of juvenile, mantle-derived 

continental crust on Earth. ANS granitoids thus record the major development and 

evolution of this juvenile Neoproterozoic continental crust and extensive distribution of A- 

type granitoids. Whereas 900 ï 630 Ma I-type granitoids dominate the early plutonic 

evolution of the ANS, within-plate A-type granitoids dominate 630 ï570 Ma plutons and 

provide a record of the final collision between eastern and western Gondwana. Some 

transitional A/I-type granitoids are highly mineralized in HFSEs and REEs. The Al - 

Ghurayyah granitoid complex represents a small but highly mineralized pluton exposed in 

the Midyan terrane of NW Saudi Arabia, the easternmost of a belt of similar bodies in 

Egypt (Stern et al. in press). Four components of the intrusion are identified: Arfvedsonite 

granite, amphibole-free porphyritic coarse and medium-grained granite, and microgranite. 

Peripheral melt-rock interaction generated albitite and marginal units adjacent to host 

Neoproterozoic metavolcanics. The granitoids are highly fractionated Fe-rich 

metaluminous to peraluminous A-type, suggesting within-plate affinity. Chondrite and 

primitive mantle-normalized patterns are similar for granite components. Abundances of 

HFSE and REE from the different components suggest comagmatic evolution with extreme 

HREE fractionation (La/YbN=0.034 ï 1.752) and negative Eu anomalies (Eu/Eu*=0.046 

ï 0.375). U-Pb SHRIMP dating of zircons provides an age of 647 ± 9.3 Ma to 635 Ma, in 

the range of 692-628 mineralized A/I-type granites in Egypt. Average ×REEs from the 

main intrusion is 1162 µg/g, with a maximum value of 1917 µg/g housed within zircons 

and other accessory phases of the marginal unit. Nb and Ta mineralization (mean of 303 

µg/g Nb, 25 µg/g Ta) is strongly correlated (R2=0.74), concentrated in columbite. Tungsten 

(W) concentration increases towards the marginal unit. Granite REEs tetrad 
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effects (TE1,3) are from 1.25 ï 1.67 and display a weak negative correlation with Zr/Hf 

(R2=0.08) and Y/Ho (R2=0.14), suggesting primary enrichment as a result of extreme 

fractionation with subsequent fluidïrock interaction. Three types of pegmatites are 

documented: (1) northern pegmatites (type 1), emplaced into metavolcanics, exhibit 

complex mineral zonation and highly elevated ×REE (436 ï 13,115 µg/g) and Li (13ï 

3,010 µg/g), but low concentration of U (2.82 ï 94.3 µg/g) and Th (25.3 ï 600 µg/g); (2) 

southwestern pegmatites (type 2) emplaced into microgranite exhibits simple mineral 

zonation with anomalous abundance of zircon (up to 10% of the mode), high ×REEs (up 

to 6,000 µg/g), and extremely high radioactive element abundances (1,160 µg/g Th and 

348 µg/g U). The main HFSE- and REE-bearing phases for type 1 and 2 are zircon, 

pyrochlore, columbite, rutile,xenotime, and cassiterite; (3) southeastern non-zoned 

pegmatites (type 3) emplaced into the contact of arfvedsonite bearing granite, with low 

×REE and radioactive elements, but abundances of Li (up to 1,775 Õg/g) housed within the 

mica. The isotopic signature suggests mantle-derived magmas as consequences to 

lithospheric mantle delamination and subsequent asthenosphere upwelling. We conclude 

the critical mineral enrichment is primarily magmatic controlled by ligands in the melt for 

the granite. Different types of pegmatite are attributed to different processes and conditions. 

Exploration for rare metal mineral deposits should concentrate along and around the 

reconstructed E-W trending Egypt-Arabia 630-690 Ma mineralized granite belt.  
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Ύͺ ρσ͖σэ͕ ΑΏΌ ʹ΅Χ ο͑Ά͟ Ψ ͯ Ώ΄эΆΆ΅Χ Ώ ͕ ͭ΅Χ ΏΌίσͭ͞΅Χ 
 
 

ЈЊ϶ϦЮϜ: ͑ ͘σ΅σ ͘ 
 
 

ϵтϼϝϦ ϣϮϼϸЮϜ ϣтвЯЛЮϜ: σΰ Ωίͭ;΅Χ 1445 

 
Эϫгт ИϼϹЮϜ сϠϽЛЮϜ сϠнзЮϜ ϹϲϜм ев ϽϡЪϒ ϽЇЧЮϜ ϣуЎϽЮϒϜ ϣϫтϹϳЮϜ сϧЮϜм ϥжнЫϦ ев ϰϝІнЮϜ сТ  еАϝϠЌϽЮϒϜ.  ев ИϼϹЮϜ ϽϡϧЛт ϩуϲ

 ϝкϽгК ϸнЛт сϧЮϜм ϣϫтϹϳЮϜ ϣуЎϽЮϒϜ ϢϽЇЧЮϜ ϼнГϦ пЯК ϹкϜнЇЮϜ бкϜ ϹϲϒпЮϜ ϣϡЧϲ Ϣϝуϲ ЙϛЮϝГЮϜ ϣϫтϹϳЮϜ ϝгв оϸϒ пЮϜ етнЫϦ ϤϝЛгϯϧЮϜ 

ϣуϧужϜϽϯЮϜ ев ИнзЮϜ .A ϝгзуϠ ЭϫгϦ ϢϽϧУЮϜ 

900 пЮϜ 650 ϢϽϧУЮϜ сϧЮϜ ϥжнЫϦ ϝлуТ  ϼнϷЋЮϜ ϣуϧужϜϽϯЮϜ ев ИнжI. ϝлϧЯϦ ϢϽϧУЮϜ ϝв ϹЛϠ аϸϝЋϦ ФϽІ 

ϢϼϝЦ ϞϽОм ϝжϜмϹзϮ еуϠ 630  пЮϜ570 ϣзЂ днуЯв ϝлуТ ϤϸϝЂ сϧЮϜм ϣуϧужϜϽϯЮϜ ϼнϷЋЮϜ днЫϦ  ИнзЮϜ ев.A ϣуϲϝж ев оϽ϶ϒ дϗТ ϣЯϲϽгЮϜ 

ϣуЮϝЧϧзЮϜϜ еуϠ еууКнзЮϜ ϤϹлІ ϝКϝУϦϼϜ ϝДнϳЯв сТ онϧϳгЮϜ ϽЊϝзЛЯЮ сжϹЛгЮϜ ϣуЎϽЮϒϜ ϢϼϸϝзЮϜ ϽЊϝзЛЮϜм ϤϜϺ ϣзϳЇЮϜ ϣуЮϝЛЮϜ ϤϜϺ 

ϣгуЧЮϜ ϣтϸϝЋϧЧЮϜϜ. евм Ϝϻк ХЯГзгЮϜ  дϗТϥужϜϽϮ днϦнЯϠ ϣтϽПЮϜ рнϧϳт пЯК ϣϡЃж ϤϝжϹЛгϦ ϣϡЮϝК ϣжϼϝЧв бϯϳϠ йϧϲϝЃв ϢϽуПЋЮϜ рϻЮϜм 

СЇЫзт буЯЦϖ сТ етϹв ЬϝгІ ϞϽО ϣЫЯггЮϜ ϣуϠϽЛЮϜ ϣтϸнЛЃЮϜ. ϝугуЯЦϖ ЕϲнЮ ЭϪϝгϦ сТ онϧϳгЮϜ сжϹЛгЮϜ ϣтϽПЯЮ сТ  ϿϯЮϜсЦϽЇЮϜ ев ϟжϝϯЮϜ 

рϽЋгЮϜ. иϻк ϣЂϼϜϹЮϜ ϥгЃЦ ϣЧГзв ϣЂϜϼϹЮϜ пЮϜ ЙϠϼϒ ϤϜϹϲм ϣтϽϷЊ йуϧужϜϽϮ 

ϣУЯϧϷв.  ИнзЮϜ ев ϣуϧужϜϽϯЮϜ ϼнϷЋЮϜA ϣузО ϝгв ϹтϹϳЮϝϠ ϣуЮϝЛЮϜ ФϼϝУϧЮϜ ϤϝуЯгК ЁЫЛт ϩуϲ ̪ϼнϷЋЮϜ иϻлЮ ϰмϜϽϧт  еуϠ сϚϝгуЫЮϜ ϝкϜнϧϳв

 пЮϜ ЀнзувнЮϝϧугЮϜЀнзувмϜϼϝϡЮϜ ϝгв  ϱϚϝУЋЮϜ Э϶Ϝϸ ϝлжнЫϦ пЯК ЬϹтϣужнϧЫϧЮϜ. ϜϸϝгϧКϜ пЯК ϭϚϝϧзЮϜ ϣуϚϝгуЪнуϯЮϜ сϧЮϜм ϥϳЎмϒ ϽТϜнϦ ϽЊϝзЛЮϜ 

ϣуЎϽЮϒϜ ϢϼϸϝзЮϜ ЭЫЇϠ  ϽуϡЪϣЯуЧϫЮϜ ϢϼϸϝзЮϜ ϣуЎϽЮϒϜ ϽЊϝзЛЯЮ сϚϝгϯгЮϜ ФϼϝУϧЮϜ ϥЃЫК. ЀϝуЦ ϽгК днЪϼϿЮϜ ϽлДϜ дϜ Ϝϻк ϽгК 

 ϞϼϝЧт ϝв пЮϜ ϸнЛт днϦнЯϡЮϜ647  пЮϜ635 ϣзЂ днуЯв. ϞϝЃϲ ϹзК йжϜ ЕϳЮϝгЮϜ ев ЩЮϻЪ Ингϯв  ϽЊϝзЛЮϜϣуЎϽЮϒϜ ϢϼϸϝзЮϜ ϤϽлДϒ 

ϝгуЦ ϣуЮϝК ϣТϝЏЮϖϝϠ пЮϜ дϸϝЛв оϽ϶ϒ ϥуϡвнЯЫЮϝЪ еуϧЃϯзϧЮϜм дϜϻЯЮϜ  ϜнЯϫгтϤϜϿуЪϽϦ ϣужϹЛв ϣуЮϝК ϝЏтϒ ϝуϡЃж. ϣЂϜϼϹЮϜ иϻк ϥТϹлϧЂϜ ϝЏтϒ 

ϼнϷЊ ϥуϦϝгϯϡЮϜ ϣЧГзв сТ ϣЂϜϼϹЮϜ  ϹЦмбϦ ϩЮϝϪ пЮϜ ϝлгуЃЧϦ Йувϝϯв. ЬϝгЇЮϜ ϥуϦϝгϯϠ пЮнЮϒϜ ϣКнгϯгЮϜ ( ИнзЮϜ)1  иϻк рнϧϳϦ

пЯК ϼнϷЏЮϜ 
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ϢϼϸϝзЮϜ ϣуЎϽЮϒϜ ϽЊϝзЛЮϜ ев ϣуЮϝК ϤϜϿуЪϽϦ ЭϠϝЧгЮϝϠм ануϫуЯЮϜм ϤϜϿуЪϽϦ ϣЏУϷзв антϼнϫЮϜм анужϜϼнуЮϜ ев. ϣКнгϯгЮϜ ϣужϝϫЮϜ  ϥуϦϝгϯϡЮϜ

 сϠнзϯЮϜ(ИнзЮϜ)2 ϤϽлДϒ ϣϡЃж ϝуЮϝК ϜϹϮ ев ϽЊϝзЛЮϜ  ϣуЎϽЮϒϜϣЛЇгЮϜ ϽЊϝзЛЮϜм ϢϼϸϝзЮϜ.  ϣϫЮϝϫЮϜ ϣКнгϯгЮϜ дϗТ ϝвϝгϦ ЁЫЛЮϜ пЯКм

( ИнзЮϜ)3  ϿуЪϜϽϦ ϟЃж ϤϽлДϒϣЏУϷзв ев ϽЊϝзЛЮϜ ϣуЎϽЮϒϜ ϢϼϸϝзЮϜ ϽЊϝзЛЮϜм ϣЛЇгЮϜ ϝКϝУϦϼϜм ϝДнϳЯв сТ ϿуЪϜϽϦ ануϫуЯЮϜ. ϭϚϝϧж 

ϰϝІнЮϜ ϼϝлЋзЮϜ ϣЧϧЇв ев ϰϝІнЮϜ ϣϯуϧзЪ дϜ ЭЊϒ ϝгϯгЮϜ сТ ϣЧГзв ϣЂϜϼϹЮϜ пЮϖ ϽϚϝЗзЮϜ ϤϼϝІϒ 

рϽуУЂнϫуЯЮϜ сϧЮϜм ϝлЮϝϦ ϸнЛЊ ϽуУЂнзуϫЮϒϜ ХϳЮъϜ. ϭϧзϧЃж дϒ ϣЧГзгЮϜ ϣузО дϸϝЛгЮϝϠ ϣтϸϝЋϧЧЮϜϜ рϻЮϜм ϣвϝлЮϜ бЫϳϧт ϝлуТ ЭЫЇϠ сЂϝЂϒ ϥЮϝКϝУϧЮϜ 

ϣуϚϝугуЫЮϜ сТ ϢϼϝлЋЮϜ ϣϡЃзЮϝϠ ϥужϜϽϯЯЮ. ϝгзуϠ  ̳ϦоϿЛ  ИϜнзЮϒϜев ϣУЯϧϷгЮϜ ϥуϦϝгϯϡЮϜ ϤϝуЯгК пЮϖ РмϽДм ϣУЯϧϷв. иϻк сЊнϦ ϣЂϜϼϹЮϜ  сПϡзт

дϒ ϿЪϽϦ  ϤϝТϝЇЫϧЂϜϟЂϜмϽЮϜ ϣужϹЛгЮϜ ϢϼϸϝзЮϜ пЯК ЬнА Ьнϲм аϜϿϳЮϜ ϥужϜϽϯЮϜ сжϹЛгЮϜ ϸϝЛгЮϜ иϔϝзϠ ϹϧггЮϜм ФϽІ-ϞϽО 

ϟжϝϯЮϜ рϽЋгЮϜ рϻЮϜм Ϲϧгт иϽгК ев 630-690 днуЯв ϣзЂI 
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CHAPTER 1 

 

 

INTRODUCTION  
 

 

 

1.1 Background 

 

 
The Arabian-Nubian Shield (ANS) occupies a large part of the East African Orogen which 

formed due to collision of eastern and western Gondwana at ~600-550 Ma (Stern 1994 & 2010; 

Jacobs and Thomas 2004; Collins and Pisarevsky 2005). The 900-550 Ma ANS represents the 

greatest volume of Neoproterozoic juvenile crust preserved on Earth (Patchett and Chase 2002) 

encompassing over 610,000 km2 across NE Africa and the western part of the Arabian Peninsula 

and is best exposed along uplifted Red Sea flanks, while the eastern part is buried under 

Phanerozoic sediments (Fleck et al. 1980; Stern 1994; Johnson and Woldehaimanot 2003; 

Hargrove et al. 2006). The ANS is a classic example of an accretionary orogen and comprises a 

stack of thin-skinned nappes resulting from oblique convergence of bounding plates and resulting 

final amalgamation of intra-oceanic arcs generated within the Mozambique Ocean (Stern 1994; 

Stein and Goldstein 1996; Johnson et al. 2011). Final accretion and ANS consolidation were 

accompanied and followed by emplacement of within-plate alkaline plutons c. 640ï550 Ma 

(Bentor 1985; Beôeri-Shlevin et al. 2009; Johnson et al. 2011; Fritz et al. 2013; Robinson et al. 

2014; Yeshanew et al. 2015). Overall, the tectonic evolution of the ANS represents a segment of 

an orogenic cycle that entailed initial fragmentation of Rodinia (870-800 Ma) (Li et al., 2007) to 

final collision of eastern and western Gondwana in the Cambrian (Li and Powell, 1993; Collins 

and Pisarevsky, 2005; Pisarevsky et al., 2008). 

Earliest magmatism in the ANS at ~ 900-880 Ma was manifest as a thick oceanic tholeiite 

formation interpreted as the shallow manifestation of a plume head (Bentor 1985; Stein and 

Goldstein 1996; Stein 2003) though there is little evidence to support this. Intra-oceanic arc calc- 
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alkaline syntectonic plutonism and volcanism subsequently occurred at 870-650 Ma (Fleck et al. 

1976, 1980; Bentor 1985; Stern 1994; Johnson and Woldehaimanot 2003; Stein 2003; Robinson 

et al., 2015), followed by post-collisional emplacement of calc-alkaline and alkaline batholiths at 

~640ï550 Ma (Bentor 1985; Beôeri-Shlevin et al. 2009; Johnson et al. 2011; Fritz et al. 2013; 

Robinson et al. 2014; Yeshanew et al. 2015). 

An important feature of the tectonic evolution of the ANS, and which is central to our 

studies, is the aforementioned switch from I- to A-type magmatism at <650 Ma (e.g., Beôeri- 

Shlevin et al. 2009 and references therein) reported in many regions, highlighting cessation of 

microplate accretion and subduction, orogenic collapse and a change from subduction- to within- 

plate-related magmatism. According to Johnson (2006), post-collisional magmatism lasted for ~80 

m.y. and marks a switch from calc-alkaline to alkaline magmatism (Black and Liegeois, 1993). 

During the last stage entailing orogenic collapse and extension, new magmatism produced one of 

the largest alkaline granite fields worldwide (Stoeser, 1986; Moghazi et al., 2011). Multiple 

alkaline plutons in the Arabian Shield exhibit significantly elevated concentrations of incompatible 

elements (i.e., HFSE and REE) (e.g., Küster, 2009; Johnson et al., 2011). These deposits are 

significant in terms of mineral resources (Fig. 1) and often compared with other deposits 

worldwide (USGS 2017). 
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Figure 1. Significance of Arabian Nubian Shield Nb and Ta resources in comparison to other 

deposit with different geological background worldwide (USGS 2017) 

 

 

 

1.2 Problem Statement 

 
Despite many studies of mineralized granitoids in the Arabian Shield (Elliot et al., 1983; 

Kuster, 2009; Drysdall et al., 1984; Ramsay, 1986; Jackson, 1986), the ages and petrogenesis of 
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granitoids comprising these plutons are not well constrained. For example, the Al Ghurayyah pluton 

was previously studied by Aseri (2020), who obtained LA-ICP-MS granitoid ages of 749.9 ± 5.9 Ma 

(inherited within altered granite), 647 ±32 Ma and 631 ± 7 Ma (composite body), and 554 ± 89 Ma 

(porphyritic granite). However, the older age is anomalous as A-type granitoids of the Arabian Shield 

are typically younger than 600 Ma. In the case of the youngest age, the uncertainty is large and appears 

unreliable. Thus, to further determine the exact ages of this pluton, I conduct a U-Pb SHRIMP zircon 

study of granitoids. With respect to petrogenesis, this is established via an integrative study and 

interpretation of petrography, whole rock chemistry, and whole rock Nd isotopes. 

 

 

1.3 Objectives  

The objectives of this study are as follows: 

 

1. Determine and characterize the rock types based on field, microscopic, geochemical, and isotope 

interpretation. 

2. To constrain the ages of granitoid comprising the Al-Ghurayyah pluton via U-Pb SHRIMP zircon 

dating. 

3. Determine the petrogenesis of the host rock in relation to Arabian Shield formation and other 

Arabian Shield A-type granites. 

4. Evaluate its valuable elements enrichment. 

 

 

 

1.4 Study Area 

The Al Gurayyah pluton is located within the Midyan Terrane, approximately 20 km 

west of Tabuk city, Tabuk Region, Saudi Arabia at 27054ô56ôôN, 35047ô47ôôE. Access to the 

research area includes via highway and off-road. 
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1 CHAPTER 2 

 

 

Geological Background of Al  Ghurayyah 
 

 

2.1. Arabian Shield Mineralized Granitoids 

 

 
Granitoids are important for discriminating the environment of formation, and different granitoid 

types can easily be discriminated based on geochemistry and isotopes. The formation of the juvenile 

ANS (~850ï525 Ma) crust began as primitive intra-oceanic arcs, the forearcs of which are now 

preserved as the Arabian ï Nubian Shield ophiolites which comprise sutures separating distinct tectono-

magmatic terrane in the Arabian ï Nubian Shield (ANS, Robinson et al., 2014; Johnson and Kattan, 

2012; Johnson et al., 2011). The cycles are recorded by various types of granite that represent 

1) island arc (Ḑ845Ma), 2) syn-collisional (Ḑ710Ma), 3) post-tectonic (Ḑ620Ma), and 4) anorogenic 

(Ḑ525Ma) settings. Importantly, several granitoid-hosted mineralization types began forming between 

Ḑ650Ma to ~575 Ma (Robinson et al., 2014; Johnson and Kattan, 2012; Johnson et al., 2011). 

Numerous studies and classifications have been proposed based on their respective properties such as 

commodities-enrichment, geochemistry-petrogenesis, or a combination of these (Table 1). Specific 

mineralization types occurred in different granite assemblages, with gold deposits mainly found in late 

to post-tectonic calc-alkaline granitoid emplaced into or associated with the Nabitah Orogeny (680ï 

650 Ma), widespread along major suture zones with typical epithermal low sulfidation vein systems 

such as Sukhaybarat in the Arabian Shield and the Sukari gold mine in the Nubian Shield (Johnson and 

Kattan 2012; Johnson et al 2011; Harbi et al., 2017; Helmy et al., 2004). 

Another important mineralization is related to the rare metal with different styles of deposit, 

commodities, and their respective geochemistry signatures (Fig. 2). Based on previous studies of these 

Arabian Shield granitoids, the distribution of mineralized rare-metal granite can be recognized into 

three deposit categories based on the prominent commodities related to: 1) Nb-Ta, Zr, U-Th, REE, Y; 

2) Sn, W, Mo, B; and 3) fluorite, with respective distinct areas of distribution (Ministry of Industry 

and Mineral Resources, 2016; Table 1). These mineralized granitoids show concentric undeformed 
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ring-shapes and typically have K/Rb < 200, Ba < 200 ppm, Sr < 80 ppm, Rb > 200, and extremely 

fractionated chondrite-normalized REE signatures indicative of evolved late stages magma enriched in 

volatiles (Robinson et al., 2015; Johnson et al., 2011; Kuster, 2009; Ramsay, 1986). The first 

commodity-type (Nb-Ta, Zr, U-Th, REE) is distributed mainly in the northern ï middle part of the 

ANS associated with A-type with disseminated deposits, pegmatite, silexite, and rarely quartz veins 

which can be subdivided into several types based on their commodities enrichment, lithological 

association, the ratio of Al 2O3/Na2O+K2O, and their chondrite-normalized REE pattern (Kuster, 2009; 

Drysdall et a., 1984; Elliot, 1983; du Bray, 1986). Strong HREE fractionation (i.e., enrichment of 

HREE relative to LREE) is exhibited only in peralkaline granite from Al -Ghurayyah and Jabal Tawlah 

(Midyan terran, Fig. 3). As well, the Al-Ghurayyah pluton is relatively small (Ò1km in diameter) and 

comprised of several albite-microcline granite stocks significantly enriched in Nb-Ta, Zr, REE, Y, and 

U-Th related minerals. These are comagmatic with the larger post-tectonic pluton (i.e., Al-Bad suite 

for Midyan mineralized granites) in their vicinity (Gahlan 2022; Aseri, 2020; Ministry of Industry and 

Mineral Resources, 2016; Kuster, 2009; Drysdall and Douch, 1986; Drysdall et al., 1984; Elliot 1983). 

Other peralkaline granites show a negative slope and slight to no HREE fractionation (i.e., 

LREE>HREE or LREE=HREE) on chondrite-normalized diagrams. These granites are distributed in the 

middle and northeastern part of the Arabian shield, including at Jabal Hamra, the Aja Batholith, Jabal 

Saôid, and Umm Al Birak with exploration history concentrated in the uppermost part of the intrusions 

(Johnson and Kattan 2012; Drysdall et al 1984; Jackosn and Douch, 1986). Peraluminous granitoids 

from this type occur mainly in the Eastern Dessert terrane with several distributed in the middle of the 

Arabian shield. These peraluminous granitoids are characterized by noticeable crustal contamination 

(Kuster, 2009). 

 

 

Sn, W, Mo, B related mineralized granite largely occupies the eastern and southeastern Arabian 

Shield and to some extent the southern ANS with mineralization concentrated in greisenized granitoid 

cupolas, vein, pipes, and pegmatites, associated with peraluminous mica-bearing granitoids (Kuster, 

2009; du Bray, 1984; Elliot, 1983). Fluorite type mineralization shares a similar area of distribution as 

Sn, W, Mo, B-type, and are characterized by pipe bodies or veins associated with other commodities and 

alteration zones from type one or two such as at Ablah (Elliot, 1983). These Sn, W, Mo, B and F related 

granitoids are mostly located in Phanerozoic orogenic belts within continental interiors or margins 
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(Cerny et al., 2005). Other classifications of mineralized plutons include subdivision into alkali granite 

(e.r., Ghurayyah, Jabal Hamra), low Ca-granite (Jabal Silsilah and Baôid Al Jimalaha), high Ca-granite 

and granodiorite (Biôr Tawilah), and low-Ca syenite (Jackson, 1986). 

 

 

Figure 2. Generalized distribution of mineralization associated with late ï post tectonic granitoid 

of Arabian Nubian Shield. Mineralized granitoid locations are from Johnson and Kattan (2012), 

Drysdall et al. (1984), and Elliot (1983) for the Arabian Shield. Kuster (2009), Stern et al. (2023; 

accepted) and Johnson et al. (2011) for Nubian shield. Location of mineralized Midyan grantioids 
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indicated by green square. Other selected references for individual locations are mentioned in table 

one. Base map and granitoids fields adopted from Johnson et al. (2011). 

 

 

 

2.2. Geological Background of Al -Ghurayyah 

 

 
Al-Ghurayyah is the largest known peralkaline deposit in Saudi Arabia that is enriched 

in REE and HFSE and is located at 27054ô56ôôN, 35047ô47ôôE north of Al Muwaylih (Fig. 3). 

Together with Jabal Tawlah (Fig. 3), these deposits comprise the Midyan terrane and represent a 

part of the post tectonic Al -Bad granitoid suite (597.4 ± 4.8 U-Pb zircon), which share the same 

features and emplacement process into Proterozoic greenschist facies assemblages (Robinson et 

al, 2014). These small, mineralized plutons are essentially co-magmatic with their adjacent post- 

tectonic batholiths. For example, Al Ghurayyah is associated with the Jabal Ad Dabbagh 

intrusion (577±13 Ma) in the western part of this mineralized pluton and Jabal Tawlah is related 

to Jabal Zuhd (577±4 Ma) alkali granite (Johnson and Kattan 2012; Johnson et al., 2011; Qadhi 

and Moufti, 2008; Aleinikoff  and Stoeser, 1988; Hedge, 1984; Drysdall et al., 1984). Studies of 

Al  Ghurayyah have been conducted by many researchers (Aseri, 2020; Kuster, 2009; Qadhi and 

Moufti, 2008; Douch and Drysdall, 1980, 1982; Drysdall et al.,1984; Elliot 1983) which confirm 

that this intrusion is important in terms of economical resources such as Nb-Ta, REE, Y, U, and 

Th. Past exploration and drilling by Tertiary Minerals Plc (2013), and later by the Saudi 

Geological Survey, concluded that Al Ghurayyah is a massive low-grade deposit with total 

inferred mineral resources estimated around 440 Mt (others 385 Mt) and an average grade of Zr 

(8,915 ppm), Nb (2,840 ppm), Ta (245 ppm) an U (140 ppm). However, this resource estimation 

is not compliant with recent international regulatory standards such as the JORC Code and 

Canadaôs National Instrument 43-101 (Ministry of Industry & Mineral Resources 2016). 
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Figure 3. Simplified geological map of northern Midyan terrane showing both alkaline with relative 

LREE < HREE type (chondrite-normalized) of Al-Ghurayyah and Jabal Tawlah. Adjacent plutons 

associated with RMG are indicated by given name. Age for Jabal Dabbagh is from Aleinikoff and 

Stoeser, (1988); Jabal Tawlah is from Hedge (1984). The location of the study area is indicated by 

the red square. 

 

 

Dimension-wise, the Al Ghurayyah intrusion resembles a sub-circular stock (±900 m in 

diameter) with an estimated depth of ±250 m, steeply dipping contact towards greenschist facies 

metavolcanic and metasedimentary wall rock (Tertiary Mineral Plc. 2007; Drydall et al, 1984). It is 

genetically related to the Ad Dabbagh post-tectonic A-type alkali granitoid, a large pluton 3 km west 

of Al Ghurayyah that is gently dipping shallowly towards the mineralized stock (Johnson et al., 

2011; Kuster, 2009; Qadhi and Moufti, 2008; Drysdall, 1984). 
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In general, Al-Ghurayyah consists mainly of non-amphibole bearing albite granite and 

locally, amphibole-bearing albite granite (Fig. 4). Non-amphibole bearing albite granite can be 

subdivided into three types: (1) Strongly porphyritic coarse-grained type, which mainly occupies 

the northern to southeastern part of the intrusions (Fig. 8d); (2) Porphyritic coarse ï medium grained 

albite granite which occurs mainly in the northern and western part of the intrusion; and (3), weakly 

porphyritic fine-grained granite (microgranite) which represents the main unit of Al-Ghurayyah 

distributed mainly in the central to the southern parts (Fig. 8c), as explained by Drysdall et al. 

(1984). In the field, these granitoids show a wide range of colors, from mainly white to light grey 

with some of them being reddish brown due to oxidation and weathering (Fig. 8b). Porphyritic 

amphibole-bearing albite granite occurs in a few areas with small and limited distribution, 

characterized by a relatively fresh white color along with prominent black euhedral amphibole. All 

these main units show gradual contacts with each other. 

The contact zone with the greenschist metavolcanic from the Zaam group - Silasia formation 

is indicated by a narrow marginal unit (Aseri, 2020) with a sharp boundary. Metavolcanic rocks are 

dark green, massive, and heavily fractured (Fig. 8f). A marginal unit is reddish to white (Fig. 8a), 

fine-grained with no visible large crystals, and most of it is unexposed. This marginal unit was first 

described by Elliot et al. (1999) as country rock, but its mineral composition and properties do not 

suggest a metavolcanic or meta-volcaniclastic origin. A poikilitic  albitite unit occurs adjacent to the 

marginal unit, shows irregular gradational contact with albite granite units, and is identifiable only 

by microscopy. Prominent mafic dykes are observed cutting Al -Ghurayyah and are oriented mostly 

NW ï SE (Fig. 8e). The effect of intrusion of these late mafic dyke intrusions was silicification of 

the adjacent granite. This alteration is manifest as brownish-red, silicified ridges adjacent to the 

dykes. 
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Figure 4. Geological map area of Al -Ghurayyah with sampling location and orientations. Map is 

from combination of this study with Aseri (2020) and Ministry of industry and mineral resources 

(2016). 
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Several faults dissect and split Al-Ghurayyah into several individual bodies with other parts 

buried beneath Quaternary alluvium. The overall trend of pre-existing faults is almost parallel to 

the orientation of the dykes, being NW-SE. The Wadi Sadr fault acts as the major structure in 

Al -Ghurayyah and is oriented E-W (Elliot et al., 1983,1999). Barren quartz veins with fluorite 

are usually associated with smaller faults. Several pegmatites and felsic dykes are also observed 

in the field with differing characteristics. However, unlike mafic dykes and faults, the trends are 

NW-SE and WSW ï ENE. Aseri (2020) described these pegmatites as mineralized quartz pods 

and composite bodies. Based on this study, three types of pegmatites were found in the northern 

and southeastern segments of the intrusion. The northern pegmatite complex (Fig. 5) cuts the 

main intrusion and Neoproterozoic wall rock with thickness reaching 50 cm and over 100 m long, 

trending NE (Fig. 9a-d). The pegmatites consist of quartz with minor cassiterite in the center, 

while magnetite is concentrated in the rear segment. Other smaller pegmatites (including the 

composite body of Aseri, 2020) are situated in the southwestern (Fig. 6 left;  Fig. 9e) and southern 

(Fig. 6 right; Fig. 9f) segments found mainly within or between the contact of different albite 

granite units and are less than 50 cm wide. On the basis of LA-ICP-MS U-Pb dating, Aseri (2020), 

concluded that ages of Al -Ghurayyah range from 749.9 ± 5.9 (inherited from altered granite) to 

554 ± 89 Ma (granite) and 647 ± 32 to 631 ± 8 Ma (southern composite body). 
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Figure 5. Northern pegmatite diagram showing both segment, mineral zonation, and sampling 

location. 

 

 

Figure 6. Southwestern pegmatite showing two mineral zonation (left) and Southern pegmatite 

with no zonation (right). Sampling location indicated by arrow with AG label. 
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Figure 7. Cross-section of Al -Ghurayyah showing different style of alteration within the main albite granite hostrock 
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Figure 8. Selected field photos from Al-Ghurayyah showing contact relation of albite granite, 

poikilitic albitite, and white chilled margin units in the northern part (a). (b) Various gradational 

unit contacts from amphibole albite granite, coarse-medium granied, and microgranite from 

southern area with Dabbagh pluton and Silasia metavolcanic as background (red arrow indicates 

human comparison). Close up photos showing representative microgranite unit (c) and coarse- 

grained porphyritic albite granite cut by quartz vein (d). Relationship of basaltic dyke cutting albite 
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granite which induced silicification and oxidation at the vicinity of the dyke (e). Silasia 

metavolcanic from southern pluton (f). 

 

Figure 9. Representative images showing pegmatite series from Al -Ghuryyah. Northern pegmatite 

dyke complex oriented northeastward with length up to 100m (a), close pictures are indicated. 

Contact zone between pegmatite and metavolcanic wall rock with sampling location obtained 

gradually from core to rim (b). Pseudo-zonation of northern pegmatite showing massive quartz 
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associated with cassiterite in the proximal core (c) and magnetite with intense microscopic REE 

mineralization occurs in the distal / tail part of pegmatite (d). Highly radioactive southwestern 

narrow pegmatite dominates by potassium feldspar within microgranite unit (e). Thick 

zinnwaldite-potassium feldspar pegmatite from southern pluton showing absence of zonation, 

located at unit boundary (f) 

2.2.1. Petrography 

On the basis of petrography, the Al-Ghurayyah pluton is divided into non-amphibole- 

bearing albite granite, amphibole-bearing porphyritic albite granite, and silicified porphyritic 

granite. These units are characterized by concentric inclusions (poikilitic) of several minerals 

manifest as snowball texture. This texture indicates late-stage melt with fluid-saturated enriched 

in F and Li (Aseri, 2020; Muller and Seltmann, 1999). The growth of individual plagioclase and 

potassium feldspar with a small percentage of perthite texture, indicates a sub-solvus condition. 

Little alteration occurs in the albite granites; however, near-margin alteration is evident in the 

albitite unit. The marginal unit shows stronger replacement of secondary minerals masking its 

primary texture. Other intense silica alteration occurs in the vicinity of basaltic dykes. Types of 

alteration include pervasive (e.g., manifest as pseudomorph) and non-pervasive. Non-pervasive 

alteration is observed only in the marginal unit, on the other hand, silicification near dykes tends 

to be more pervasive (Fig. 8e). Other important non-granitoid units include pegmatites, 

Neoproterozoic wall rock, basaltic dykes, and quartz veins. Alteration as evidenced by petrography 

shows zonation of certain minerals. Based on this study and that of Aseri (2020), common 

accessory minerals mainly occur between grains with some occurring as inclusions identified on 

the basis of optical properties and EPMA. Accessory minerals include zircon, Nb-Y related 

minerals such as pyrochlore and aeschynite, fluorite, fluocerite, thorite, rutile, and protolithionite. 

Below I describe each unit based on mineralogy, texture, and alteration characteristics. 
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Figure 10. Photomicrograph of coarse-grained albite granite showing intense snowball texture 

within microcline and quartz with interstitial cleavelandite (a). Slight silicified microgranite 

displays equigranular texture along with anhedral zircon (b). Close up photo showing partially 

metamict subhedral zircon and radioactive halos from pyrochlore (c). Secondary co-oriented 

muscovitization to replace biotite within marginal rim (d). Na-bearing amphibole rim with sodic 

pyroxene core from amphibole-bearing unit (e). Subhedral purple fluorite with intense inclusion 

of pyrochlore and zircon from lithological contact (f). Abbreviation for Alb: albite, Mcr: 
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microcline, Qz: quartz, Btt: biotite, Amp: amphibole, Pyx: pyroxene, Hmt: hematite, Zr: zircon, 

Prt: protolithionite, Flr: fluorite, Pcl: pyrochlore, S-Msc: secondary muscovite. 

2.2.1.1. Non-amphibole bearing granitoids 

 
This unit is discriminated based on its texture and crystal size. The overall primary 

mineralogical mode is 35-45 % plagioclase, 25-30 % quartz, 25-30 % microcline, <5% orthoclase, 

< 5 % biotite, and <3% muscovite. Primary biotite shows strong pleochroism and parallel 

extinction, while muscovite is identifiable on the basis of its strong interference color. The strongly 

porphyritic coarse-grained sub-unit displays intergranular albite crystals occurring between large 

euhedral microcline, quartz, and orthoclase with crystals ranging from 2-10 mm (Fig. 10a). 

Coarse- to medium-grained albite granite shows identical texture, but the coarser type has 

phenocrysts of quartz and microcline ranging from 0.5-2 mm. Fine-grained albite granite 

(microgranite) shows a very weak porphyritic texture with Ò1mm quartz and Ò1mm subhedralï 

anhedral microcline (Fig. 10b). Albite (cleavelandite) crystals are small (<0.5 mm) subhedral to 

euhedral laths and occur between larger grains or as inclusions in quartz, microcline, and to some 

extent in orthoclase and mica. These crystals tend to form a subparallel alignment, particularly in 

the strongly porphyritic units. Zircon and mica (protolithionite?) minerals are ubiquitous. 

Alteration within this unit is subtle and do not mask primary magmatic texture. Hetero- 

oriented replacement (Rong and Wang, 2016) occurs as secondary quartz, sericite, muscovite, and 

microcline (Fig. 10d). Secondary quartz is present in coarse ï medium grained units, indicated by 

the presence of small (<0.4 mm) monocrystalline crystals within primary quartz and microcline 

phenocrysts. Secondary microclines occur as small patches within primary orthoclase or 

microcline. Sericitization locally occurs as pseudomorphs of feldspar, however, they are 

recrystallized into anhedral small secondary muscovite towards the albitite unit. Secondary 

muscovite is found only as a pseudomorph after biotite located in the rim or within the cleavage. 

Chlorite replaces biotite as a pseudomorph. 

Zircon occurs as disseminated, zoned, euhedralïanhedral crystals. Crystals range from 50 

ï 400 µm, and when strongly metamict, show spongy texture with turbid color and are associated 

with inclusions such as thorite or Nb-Y bearing minerals. Isotropic pyrochlore is found as both 

intergranular crystals and as <100 µm inclusions mainly showing pleochroic halos (Fig. 10c). 
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Protolithionite mica occurs as subhedral to anhedral, 0.05 ï1 mm, phenocrysts and inclusions, and 

are colorless to slightly brownish with weak brownish pleochroism. Fluorite crystal tends to show 

a turbid color under plane-polarized light. Rutile occurs as inclusions in biotite. 

 

 

 

2.2.1.2. Amphibole bearing granitoids. 

This unit is distinguished by the presence of Na-bearing amphibole and Na-bearing 

pyroxene (as confirmed by EPMA). The amphibole-bearing albite granite shares common textures 

and mineralogical features to albite granite but with the addition of 5-15% of modal primary Na- 

amphibole characterized by subhedral-anhedral crystals, dark blue pleochroism, and weak 

interference color (Fig. 10e). Na-pyroxene commonly coexists within amphibole crystals forming 

corona textures as result of reaction. Inclusions of primary and accessory minerals are common in 

amphibole crystals. Protolithionite content increases by ~3% compared to non-amphibole granite, 

whereby chloritization is very low. One sample recovered from the contact zone between this unit 

and non-amphibole albite granite shows an increase of secondary albite within orthoclase, and 

purple fluorite content (Fig. 10f), Nb-Ta minerals, and zircon. Zircon crystals underwent 

metamictization, but several still show clear crystal zonation. 
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Figure 11. Photomicrographs of three types of pegmatites. Northern pegmatite complex (a ï d) 

showing zoned cassiterite from core zone (a) and magnetite with minutes of REE-bearing minerals 

from tail zone (b). Complete mineral zonation sequence preceded by quartz zone - segregated 

narrow layer of metamict zircon ï and altered wall rock (c). Close up of the altered proximal 

metavolcanic mineral assemblages of biotite, quartz, and blue tourmaline? (d). Typical 

southwestern pegmatite indicated by poikilitic of highly metamict zircon within microcline and 

quartz (e). Mineral assemblages from southern pegmatite showing euhedral zinnwaldite mica and 
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zoned zircon with inclusion (f). Abbreviation of Cst: cassiterite, Qz: quartz, Mgt: magnetite, Btt: 

biotite, Zr: Zircone, Znw: zinnwaldite, Mcr: microcline. 

2.2.1.3. Albitite  

 
Albite granite shows extreme poikilitic texture with albite inclusions in microcline and 

quartz. The poikilitic albitite is discriminated from albite granite by the absence of concentric- 

patterned inclusions in a snowball texture (Fig. 12a). This unit shows a significant increase of 

primary albite of up to 20% compared to the albite granite. Sericitization and secondary spherulitic 

muscovite growth are more intense in feldspar, biotite, and protolithionite. Accessory minerals 

including zircon, tend to form anhedral grains accompanied by multiple albite inclusions. Most of 

the zircons lack zonation and exhibit a typical turbid appearance and low interference color. 

 

 

2.2.1.4. Marginal  unit  

Albite granite are overprinted by later microcrystalline anhedral minerals, diminishing the 

primary magmatic textures. This zone mainly comprises 50-75% microcrystalline quartz and 5- 

30% microcrystalline albite with some primary magmatic minerals that have survived alteration, 

however the compositions vary depending on the type of wall rockïfluid interaction. In the 

northern pluton, one sample retrieved from the proximal area shows secondary quartz and albite, 

accompanied by remnants of microcline and orthoclase (Fig. 12b). Small (<100 µm) euhedral 

zircons show zonation with relatively weak metamictization. Small flakey sericite-muscovite was 

observed after feldspar and primary micas. On the other hand, granitoids of the southwestern part 

near the contact with metavolcanics, are characterized by extensive secondary quartz-carbonates- 

epidote assemblages. No primary minerals or texture is preserved. This zone has no important 

accessory minerals (Fig. 12c). 

2.2.1.5. Pegmatites and Quartz Vein 

Three types of pegmatites have been identified based on their mineralogy. Type one occurs 

in the northern part and is characterized by a mineral zonation similar to the main intrusion. Type 

one consists of >80% quartz in the core, and several essential minerals such as euhedral fluorite, 

cassiterite, and zircon, while multiple cryptocrystalline REE-bearing minerals and magnetite are 
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concentrated in the rear segment, resulting in the highest ×REE-bearing sample (Fig. 11a-b). The 

complexity and size of these REE-minerals can only be seen under SEM backscattered electron 

imaging. Towards the contact zone, multiple albites are shown to form a layer with a subsequent 

layer of segregated microcrystalline zircon before reaching the wall rock (Fig. 11c). Metavolcanic 

wall rocks also exhibit sequential mineral zonation as a result of progressive fluid interaction 

provided by the intrusion resulting in the destruction of their precursor texture. A cryptocrystalline 

quartz-biotite-sanidine(?) zone with accessory minerals including blue tourmaline characterizes 

the proximal zone at the pegmatite contact (Fig. 11d), while a cryptocrystalline quartz ï Li  bearing 

mica (lepidolite?) zone with albite veins is found a little further away (Fig. 13a). 

Type two pegmatites include the composite body as identified by Aseri (2020) and exhibits 

mineral zonation. Differences with the type one pegmatites are the presence of abundant poikilitic 

zircon (>20% mode), Nb-Ta bearing minerals such as pyrochlore, and HREE related minerals. 

Zircons are euhedralïsubhedral crystals and show obscure zonation (Fig. 11e), however, almost 

90% are completely metamict resulting in the highest percentage of radioactive elements (1660 

ppm of Th and 348 ppm of U) among all samples. 

Type three pegmatites differ from the types one and two by lack of zonation. It comprises 

mainly microcline, quartz, and zinnwaldite (Li -bearing mica) with lesser zircon and Nb-Ta related 

minerals compared to type two (Fig. 12f). Zircon crystals are typically large (200 ï 500 µm), fresh, 

and show bright interference colors and clear zonation. Zinnwaldite ranges from 500 ï 1000 µm 

and are colorless to brownish, slightly chloritized, and show weak pleochroism. Quartz veins 

comprise euhedral and brecciated quartz with euhedral fluorite. 
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Figure 12. Near-margin unit complexes (a-c) showing randomly oriented albite from poikilitic 

albitite unit (a) followed by two types of marginal unit alteration, indicated by pervasive minutes 

of quartz-albite overprinting pre-existing mineral in the proximal zone (b) and complete 

obliteration of magmatic texture in distal part with sodium-bearing secondary mineral growth (c). 

Second type of silica alteration from silicified unit, showing secondary polycrystalline quartz to 

replace interstitial albite with original snowball preserved (d). Abbreviation of Alb: albite, Qz: 

primary quartz, Mcr: microcline, Ort: orthoclase, S-Msc: secondary muscovite, S-qz: secondary 

quartz, S-crb: secondary carbonate, Epd: epidote, Src: sericite, Zr: zircon. 






























































































































