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aBstract

The effect of lithium (Li) on the development of pegmatitic textures was evaluated experimentally 
at H2O-saturated and H2O-undersaturated conditions at 500 MPa pressure and temperatures ranging 
from 400 to 800 °C. The addition of ~3700 ppm Li to a starting material of common granitic composi-
tion (Lake County obsidian) reduces the crystallization and melting temperatures by approximately 
50–70 and 200 °C, respectively, and promotes the formation of quartz-feldspar graphic and granophyric 
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undercooling needed for the development of graphic and granophyric intergrowths to 85–110 °C in 
comparison with the Li-free systems where approximately 200 °C of undercooling is necessary. The 
feldspar crystals developed in Li-bearing samples can incorporate from 150 to 250 ppm Li, assume 
skeletal and spherulitic morphologies, and exhibit one order of magnitude faster growth rates than 
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and highlight the crucial role it plays in the development of pegmatitic textures, leading to important 
implications for the conditions of formation of Li-bearing granitic pegmatites.
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introduction

Lithium is used in a wide range of applications, the most 
important of which is lithium-ion rechargeable batteries (Jaskula 
2012). The market for lithium-ion rechargeable batteries has 
expanded significantly during the past years and has come to 
include electronic devices and hybrid cars, as well as wind and 
solar energy plants (Grosjean et al. 2012). Pegmatites currently 
account for 38% of the known global lithium resources and ac-
cording to recent assessments the mining of Li-bearing pegma-
tites is predicted to dominate the future markets, because these 
rocks provide the highest grade ore and enough supplies to cover 
the increasing demand of lithium (Grosjean et al. 2012; Linnen 
et al. 2012). Although numerous publications on pegmatites ex-
ist in the literature, there are only a few studies that investigate 
the effect of Li2O on the granitic system and its implications on 
the formation of pegmatites (e.g., Vaughan 1964; Wyllie and 
Tuttle 1964; Glyuk and Trufanova 1977; Stewart 1978; Martin 
1983). Considering the forecasted progressive increase in Li 
consumption and demand in the future, it becomes imperative 
to obtain a better understanding of the mechanisms involved in 
the formation of Li-bearing pegmatites.

The genesis of pegmatites has been a matter of debate for 
many years (e.g., Jahns and Burnham 1969; London et al. 
1989; Cerny 1991; London 2005, 2008; Simmons and Webber 
2008; Thomas et al. 2012). The most prevalent models agree 
that pegmatitic textures indicate disequilibrium crystallization 
that takes place after the temperature has dropped below the 
liquidus temperature of the system (Fenn 1986; London et al. 

1989; Baker and Freda 2001; London 2005). Additionally, the 
bulk composition of pegmatite-forming melts corresponds to 
the haplogranitic system enriched in fluxing components such 
as H2O, B, F, P, Cl, OH–, CO2, HCO3

–, CO3
2–, SO4

2–, Li, Rb, Cs, 
and Be (Jahns and Burnham 1969; Burnham 1979; Cerny 1991; 
London 2008; Thomas et al. 2012). These components reduce 
the viscosity of the melts and facilitate the diffusion of essential 
structural elements toward the crystallization front (Hess et al. 
1995; Dingwell et al. 1996; Romano et al. 2001; Bartels et al. 
2011). Most of these components are incompatible in quartz 
and feldspar, the early formed pegmatitic minerals, and become 
enriched in the residual melt through fractional crystallization 
(Tuttle and Bowen 1958; Jahns and Burnham 1969; Burnham 
1979; London et al. 1989). In addition, the fluxing components 
reduce crystallization temperatures and enhance the solubility of 
H2O in the melt, both of which consequently delay the formation 
of a separate aqueous phase (Wyllie and Tuttle 1964; Manning 
1981; Martin 1983; Johannes and Holtz 1996; Romano et al. 
1996; Dingwell et al. 1997; Behrens et al. 2001; Sirbescu and 
Nabelek 2003; London 2008). The fluxing agents also decrease 
nucleation density, the number of nuclei that are formed per 
unit volume, which promotes the formation of fewer but larger 
crystals, a typical feature encountered in pegmatites (Fenn 1977; 
London 2005).

London (1992) delineated the criteria that distinguish peg-
matites from compositionally similar granites and stressed the 
necessity for any successful model to be able to explain the most 
important features of this rock type. Pegmatites are typically 
coarse-grained rocks, with the size of individual crystals rang-
ing from a few centimeters to over a meter in large pegmatitic 
bodies. Furthermore, the variability in crystal sizes among dif-


