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Introduction 
 

The Late-Variscan Tres Arroyos granite-pegmatite system is located in the southern Central Iberian 

Zone of the Variscan orogeny, southwest of the Nisa-Alburquerque (NA) batholith (Fig. 1). The 

system intruded into a Precambrian low-grade metasedimentary sequence, belonging to the 

metamorphic Schist-Greywacke Complex (SGC). The main facies of the NA batholith comprises a 

peraluminous, porphyritic monzogranite and a minor two-mica leucogranitic facies (González-

Menéndez, 1998). Quartz, feldspar, biotite and muscovite are the main minerals, with Al silicates as 

minor phases (Table 1). In the Tres Arroyos area the batholith exhibits a marginal facies (Gallego-

Garrido, 1992) characterized by a finer grain size, a higher abundance of tourmaline and distinct 

enrichments in F, Li and Fe in the muscovite. Apart from the monzogranite and marginal leucogranite, 

three types of aplite-pegmatite facies are distinguished in the Tres Arroyos field, the most fractionated 

being highly enriched in Li and F. Chemical composition of minerals such as micas and feldspars have 

been used commonly to help to understand the petrogenetic links and crystallization history of granites 

and associated pegmatites (Roda-Robles et al., 2007; Vieira et al., 2011; Martins et al., 2012; Marchal 

et al., 2014). Quartz, however, has rarely been used as a petrogenetic monitor (e.g., Müller et al., 2008; 

Beurlen et al. 2011; Breiter et al., 2013; Drivenes et al., 2016), mainly due to the very low 

concentrations of trace elements present in this mineral, and the related analytical challenges. 

However, since the beginning of the 21st century the development of micro-analytical methods has 

allowed the precise analyses of trace elements in quartz and, hence, their abundance has been used as 

indicator of the fractionation degree of the melt, as well as to obtain information about the origin of 

pegmatite- and granite-forming melts and their possible genetic relationship (Müller et al., 2015).  

 



Figure 1. Geological map of Tres Arroyos area (modified from Gallego-Garrido, 1992). The inset shows the 

location of the study area within the Central Iberian Zone (grey). 

 
General characterization of the aplite-pegmatites from Tres Arroyos 
 
In the Tres Arroyos area three different types of aplite-pegmatite facies have been distinguished, based 

on their mineralogy, texture and spatial distribution. The less fractionated bodies form barren, layered 

aplite-pegmatites that are exposed closest to the NA batholith (Fig. 1), striking N135E and dipping NE 

(Gallego-Garrido, 1992). Main minerals include feldspar and quartz, with micas and tourmaline as 

minor, and topaz, Fe-Mn phosphates, apatite and Ta-Nb oxides as accessory phases (Table 1). The 

second group corresponds to sub-horizontal, leucocratic aplite-pegmatite dykes, mainly composed of 

albite and quartz, with K-feldspar and micas as minor minerals, and topaz, apatite, Li-Al-phosphates 

and Nb-Ta-Sn-oxides as accessory phases. The third group of dykes occurs furthest from the NA 

batholith compared to the other aplite-pegmatite types. These bodies show a significant enrichment in 

Li and F, which is evidenced in their mineral assemblage, including topaz, Li-rich micas and Li-Al 

phosphates such as montebrasite (Table 1). All three types of aplite-pegmatite dykes show commonly 

different patterns of rhythmical layering. 

 
LITHOLOGY MINERALOGY QUARTZ GRAIN 

SIZE 

QUARTZ HABIT 

Porphyritic monzogranite Quartz, K-feldspar, plagioclase, 

biotite, muscovite, cordierite, 

andalusite, tourmaline, zircon, 

apatite, oxides 

Fine to medium 

0.1-1 cm 

Subisometric 

Anhedral 

Subhedral 

Marginal leucogranite Quartz, K-feldspar, plagioclase, 

tourmaline, biotite, cordierite, 

andalusite, muscovite, Fe-Li-

muscovite, ilmenite, 

Very fine to fine 

0.1-0.5 cm 

 

Subisometric            

Anhedral 

Barren aplite-pegmatites Quartz, plagioclase, K-feldspar, 

muscovite, tourmaline, 

zinnwaldite, topaz, Fe-Mn 

phosphates, apatite, Nb-Ta oxides 

Very fine to medium 

Pegmatitic layers:  <3 cm 

Aplitic layers: <0.5 cm 

Subisometric 

Anhedral 

Intermediate aplite-

pegmatites 

 

Quartz, plagioclase, K-feldspar, 

muscovite, topaz, Li-Al 

phosphates, Fe-Mn phosphates, 

Sn-Nb-Ta oxides, apatite 

Very fine to medium 

0.1-2.5 cm 

Subisometric 

Anhedral 

Largest ones: elongated 

Li-rich aplite-pegmatites 

 

Quartz, plagioclase, K-feldspar, 

Li-Al-mica, topaz, Li-Al 

phosphates, Sn-Nb-Ta oxides, 

apatite 

Very fine to medium 

0.1-1 cm 

 

Anhedral 

Subisometric 

 

Table 1. Mineralogy and petrology of the different facies from Tres Arroyos 

 

Analytical methods 

Concentrations of Li, Be, B, Mn, Ge, Rb, Sr, Na, Al, P, K, Ca, Ti, and Fe in quartz of aplite-pegmatite 

dykes and different facies of the NA batholith were determined with the laser ablation inductively-

coupled plasma mass spectrometry (LA-ICP-MS) at the Geological Survey of Norway, Trondheim. 

Clear quartz crystals were analyzed in order to avoid fluid inclusions during the laser ablation 

procedure. In addition, scanning electron microscope cathodoluminescence (SEM-CL) was applied to 

quartz in order to reveal intra-crystal, micro-scale (<1 mm) growth zonation and alteration structures 

and different quartz generations. 

Variations in quartz chemistry and their petrogenetic implications  

Aluminium and Ti are generally the most common trace elements in natural quartz. In the case of the 

samples from Tres Arroyos, Li is also very abundant. These three elements, together with Ge, are most 

sensitive to changes of crystallization conditions. In the Tres Arroyos samples the Al contents vary 

from 132 to 854 μgg-1, decreasing from monzogranite to the marginal granitic facies and increasing 

from marginal granitic facies, through barren and intermediate aplite-pegmatites to the Li-rich dykes. 



Lithium values are relatively high for all granitic and pegmatitic facies, showing a similar trend to that 

of Al, with the highest values associated with the most evolved Li-rich aplite-pegmatites (up to 134 

μgg-1). In contrast, Ti values (<1 to 134 μgg-1) decrease continuously from the monzogranite to the Li-

rich bodies. Germanium shows the opposite trend, with a slight but continuous increase from the 

monzogranite to the Li-rich dykes. 

The trace elements enter the structure of quartz as substitutions or interstitial impurities. The observed 

positive correlation between Li and Al is due to the substitution Si4+  Al3+ + Li+ (e.g. Breiter et al., 

2013). The excess of Al (Al/Li atomic ratio in quartz > 1) is most probably charge-balanced by 

interstitial H+ ions, as the concentrations of other monovalent, charge-balancing candidates, such as K+ 

and Na+, is low (see also Müller & Koch-Müller, 2009). The Al/Ti and Ge/Ti ratios in quartz are good 

indicators of the fractionation degree of the parental melt; the two ratios increasing as quartz 

crystallization temperature decreases (Jacamon & Larsen, 2009; Breiter et al., 2013). According to the 

observed chemical variations in quartz, the five pegmatite and granite facies of the Tres Arroyos suite 

may belong to the same magmatic system forming a continuous fractionation trend, starting from the 

granitic melt that gave rise to the monzogranitic facies. The marginal granitic facies and the barren 

aplite-pegmatites show a higher differentiation degree, followed by the intermediate aplite-pegmatites. 

Finally, the highest differentiation level is attained by the Li-rich aplite-pegmatites.  

In order to reveal pegmatite-internal variations of the quartz chemistry, quartz crystals from the 

pegmatite walls towards the center of the dykes and quartz from different stratums of the layered 

bodies has been analyzed. The analyses did not reveal a systematic variation in the trace element 

contents of quartz within the dykes. The results suggest that internal fractionation during the 

crystallization of the aplite-pegmatites, if any, is negligible, most probably due to the rapid 

crystallization of the dykes, which intruded into a relatively cold country rock.  
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