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PETROGENESIS OF RARE-ELEMENT GRANITIC PEGMATITES - EVIDENCE 
AVAILABLE AND MISSING LINKS 

CERNY, P. 

Department of Geological Sciences, University of Manitoba, Winnipeg, MB, Canada 
R3T 2N2. 

Gran itic pegmatites of the rare-element class typical ly occur in terrains of the low­
pressure amphibo l ite facies of metamorphism, within the Abukuma metamorphic 
facies series, emplaced at 4 - 2 kbar and consolidated at - 750 - 650 to - 500 -
400° C .  Bulk compositions correspond to the thermal minima and eutectics in the 
Ab + Or + Otz + H20 system for the geochemically primitive types, and in  the 
Ab + Ecr + Otz + H20 system for the Li-rich varieties. Mod ifications of the bulk 
composition of tourma l ine-, phosphate- and lepidol ite ( ± topaz)-rich pegmatites 
correspond to those experimental ly established for the minima in 8-, P- and F­
bearing systems. Crystal l ization of even the most complex rare-element pegmatites 
from high ly hydrous magmas is a lso verified by experiments s imulating the typical 
internal structure and mineral assemblages of zoned bodies : LONDON's work 
demonstrated crystal l ization of pegmatites from homogeneous melts, H20-under­
saturated t i l l  the very last stages of consolidation, in contrast to the c lassic hypo­
thesis best formulated by JAHNS & BURNHAM, which c la ims the coexistence of 
s i l icate melt + exsolved fluid phase through most, if not all of the sol id ification.  

The most prominent questions to be answered about the interna l evol ution of rare­
e lement pegmatites are those of aplitic un its and of mechanisms of fractionation .  
Early a pl itic u nits typical of layered pegmatites, but  a lso encountered in  zoned and 
quasi-homogeneous bodies , are so far an enigma. Extreme fractionation gradients 
spanning very short d istances across thin pegmatite veins require research into 
speciation of rare elements in pegmatite melts and of factors contro l l ing their 
precipitation .  

Despite these gaps in our  knowledge, the magmatic nature of the parent med ium, 
from which the rare-element pegmatites solid ify in an  essential ly c losed system, is  
well established and generally accepted, in contrast to diverse aqueous hypotheses 
that are only of h istorical i nterest today. However, the derivation of pegmatite­
generating melts is sti l l  d isputed . The controversy is focused on magmatic vs.  
metamorphic derivation of pegmatite-generating melts. 
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Numerous field- and laboratory-based l ines of evidence were established in  a multi­
tude of rare-element pegmatite populations that l ink the pegmatites with late 
stages of consolidation of special ized fertile ( leuco)granites: ( 1 )  rare-element 
pegmatites form fac ial pods within parent p lutons, or transect margins of plutons 
into their metamorphic envelopes; (2) pegmatitic rocks constitute cupolas of the 
fertile g ran ites, or (3)  zoned aureoles surrounding the p lutons, with the pegmatites 
progressively d ifferentiated from the interior through the marg inal  into the extreme 
exterior d ikes; (4) late-crystal l iz ing pegmatite pods trapped within parent granites 
are local ly exact d upl icates of exterior pegmatites in the metamorphic roofs of 
these gran ites; (5) continuous textural, mineralogical and geochemical evolution 
l inks the parent granites and their pegmatite progeny, the geochemical trends 
being ana logous to those known from highly fractionated rhyol ite suites; ( 6) the 
abovementioned P-T conditions of consolidation and the bulk compositions fit the 
tai l-end of fractionation expectable in highly evolved granitic intrusions . 

The main problem to be solved is the nature of granitic magmas that generate the 
rare-element pegmatites on one hand, and mineral ized granites or greisen- and 
vein-type deposits on the other. The answer probably is in d ifferent degrees of 
saturation in  volatile agents, and in their qualitatively and quantitatively different 
representat ion.  

Metamorphic models c la iming d i rect anatectic or ig in of rare-element pegmatite 
melts are based on the absence of outcropping gran itic parents, or speculations 
unsupported by physical evidence. The hypotheses range from low-percentage 
melting of lithologies pre-enriched in the "pegmatitic " rare e lements to hydro­
thermal influx of these elements into barren pegmatite-generat ing magmas. 

All these hypotheses are burdened by numerous problems: ( 1 )  Lithologies that may 
serve as protoliths extraord inarily enriched in rare elements (such as evaporites ) 
are scarce in h igh-grade metamorphic terra ins, particularly i n  the Archean; they do 
not cover the ful l  spectrum of elements represented in complex pegmatites, and 
they would be prone to devolatization and d ispersion early in prograde metamor­
phism. (2) Extremely low-percentage melting would be requ ired to generate ana­
tectic magmas even remotely similar to complex pegmatites (and on ly if partition 
coeffic ients that work at above - 20 % melting could be real istically extrapolated 
to 0 .5  - 1 % melting ) .  (3) Concentration of rare elements encountered in complex 
pegmatites would require substantia l removal of these elements from very !arge 
volumes of avai lable source rocks, such as metapelites. (4) Segregation of low­
percentage melts ( - 3 %) from enormous volumes of protoliths into restricted 
spaces occupied by complex pegmatites would be physically difficult, and probably 
impossible.  (5 )  Were such a segregation feasible, the melts seeping through meta­
morphic l itholog ies would react with them and lose most of their content of rare 
elements in the process . (6) Systematics of radiogenic isotopes a re sharply d is­
cordant between pegmatites and their hast rocks, including deep-seated analogs 
of the latter .  (7)  Cases of "aborted segregation"  of h igh ly fractionated pegmatite 
melts in statu nascendi with in metamorphic protol iths have not been observed . 
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The critical  factor in any potential metamorphic model is the behavior of biotite -
by far the most s ign ificant carrier of HFS elements and rare alkal is in metamorphic 
l ithologies. Melting scenarios involving the bulk of biotite but conserving (at least 
most of) plag ioclase + quartz da not seem petrochemica l ly feasible; melting of 
biotite takes place in high-% anatexis which prevents substantial accumulation of 
l ithophile rare elements. A recent experiment by ICENHOWER & LONDON genera­
ted low- % melt enriched in rare elements by recrysta l l ization of biotite, but in  a 
H20-oversaturated environment which does not seem to be geologica l ly real istic 
in prograde metamorphism. Thus the concept of di rect metamorphic derivation of 
rare-element pegmatites is so far not supported by any feasible mechanism. 

THE AGE OF THE ÖTZTAL-MIGMATITES - STILL A MATTER OF DEBATE 

CHOWANETZ, E .  

Institute of Petrology, University of Vienna, Dr. Karl Lueger-Ring 1 ,  A-1 0 1 0 Vienna. 

The Ötzta l basement exhibits several migmatite bodies, formed in situ from biotite­
plagioclase-gneisses and biotite-schists (Winnebach near Längenfeld/Ötztal ;  Verpeil 
near Feichten/Kaunertal; Nauderer Gaisloch E of Reschenpaß) . So far, geochronolo­
gical studies have only revealed minimum ages for the migmatisation .  The genetic 
relation between migmatites and the intrusion of surrounding magmatites is not yet 
proved . Rb/Sr-mineral-dating shows "Ca ledonian"  to "Alpine" model ages depen­
d ing an the post-anatectic metamorphic overprint. 

The minimum age for the anatexis in the Winnebach-migmatite is defined by a 
muscovite age of 461 ± 8 Ma . The migmatites of the Reschenpaß area are c ross­
cut by pegmatites for which an age of 472 ± 26 Ma is reported (Rb/Sr whole rock 
data, SCHWEIGL, 1 993) .  

All  before mentioned migmatites are in d i rect contact or in the nearest vicinity of  
metagranitoids .  Thus, the heat source for the migmatisation of the paragneisses 
could be suspected in these magmatites. The age of migmatisation would then 
correlate with the intrusion ages of these rocks. The intrusion age of the Alpeiner 
granite E and W of the Winnebach-migmatite is still not known . The metagranitoids 
surrounding the Feichten-migmatite (Kaunertal )  are bel ieved to have intruded 
around 48 1 ± 7 Ma (Pb/Pb zircon evaporation age, HOINKES et a l . ,  1 994). 
although some of the z ircons yield older ages of - 530 Ma (pers. comm. U .  
KLÖTZLI ) .  The not weil defined intrusion age of the Klopair-tonalite (Nauderer Gais­
loch, Reschen paß) is around 520 Ma (SCHWEIGL, 1 993) . None of these intrusion 
ages is without debate and/or backed up with other geochronologica l methods .  
Additional ly, n o  d i rect field evidence i s  found proving the d i rect connection 
between magmatites and migmatites. 

Rb/Sr-whole-rock-measurements from the Winnebach-migmatite show that the in 
situ migmatisation has not lead to a complete homogenisation of the Sr-isotopes. 
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