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Mineralogical and geochemical features of pegmatites 
from the Ursuya Massif (Westem Pyrenees, France) 
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ABSTRACT. - In t~ Ursuya massif, pegmalire$ appear 
usodated to metamorphic rocks in the granulite and 
amphibolite fllCie$. They occur mainly u lenticular 
segregations conforming to the host rocks, sometime$ 
showing internal zonation. The main minerals life: 
qUllftZ, K-feldspar, plagioclasc, :*: biotite, ± muscovite. 
Other minerals such as tourmaline, apatite, monuite, 
sil1imanite, IIlIfnet , Fe·Ti oxides, andalusite and 
cotdierite are \CSS frequent. TNtCe element distribution 
in pcgmatite rocks, muscovite$ and K.feldspars u within 
the range reJXlrted for barren-ceramic pegmatite$. 
Mineralogical, geochemical and field data suggest that 
some pegmatitel arc cogenetic products from 
ultrametamorphic processes_of partial melting. Other 
pcgmatites may have evolved in a more or Ie$s 
autonomous way, being in;ccted after the main 
metamorphic phase. 1'hcre seems 10 be no strict 
cOl"rclation between the PCllmatite$ and the different 
metamorphic facies present in the Urluya massif . 

Kt')' words: Ursuya massif , pcgmalile, gncisses, granulite 
fades, tnlce elemenu. 

ASPECTS MINERALOGlQUES ET GEOCHI· 
MIQUES DES PEGMATlTES DU MASSIF DE 
LURSlNA (PYRENEES OCaDENTALES, FRANCE). 

So/l,iMAIltE. - Dans le Massif de L'Ursuya il y a des 
pegmatites lie6 aux roches metamorphiques en fades 
des amphibolites et des granulites. Les pcgmatites se 
manifestent surtoUI sous formes lenticulaires et poches 
gcncralement concordants avcc la foliation ~gionale, 
parfois avec; une zolUotion interne. La pat-.genesc 
principal englobe les mineNlux suivants: qUatlZ + 
feldspath.K + plagioclase :t; biolite ± muscovite. 
Autres phases comme tourmaline, apatite, monazite, 
grenat, sillimanite, andalousite et cordicrite sonc plus 
rares. La distribution des elements en traces des roche$ 

pcgmatitiqucs, muscovitcs et fcldspaths-K CSt compatible 
avec les tencurs caratteriSliques des pegmatites 
ccramiques de nivcaux profonds. Lcs donnces 
gCologiques, mineralogiqucs Cllleochimiques suggercnt 
que certaines pegmatitcs scraicnt produilS COIIenetiqucs 
des processus ulcrametamorphiques de fusion partido II 
existe d'autrcs pcgmatitcs qui auuient \!volue d'une 
manim plus ou moins autooome, avcc unc mise en place 
posterieur .. la phase metamorphiquc principal. II ne se 
remarquc pIS unc striele c:ot"filation entre Ics pcgn'IllIitcs 
et les differentes fades mitamorphiqucs du Massif de 
L'Ursuya. 

Mot! clis: Massif de L'Ursuya, PCllmatite, gneiucs, fades 
IIranulite$, elements tNlces. 

Introduction 

In the Ursuya massif, some pegmuite 
segregations appear associated to 
meu.morphozed materiws from the granulite 
to the amphibolite facies. These segregations 
show a wide range of relationships with the 
host-rocks, from a gradational association with 
leucosome stringers of migmatitic gneisses to 
an apparent lack of spatial and genetic relation 
with them. The metamorphic terranes in the 
granulite fades contain only barren, ceramic 
or allanite- and monazite-bearing pegmatites, 
which were derived during regional 
metamorphism (GINSBURC et w., 1979). 

The present communication deals with 
some mineralogical and geochemical features 
of these pegmatite segregations, in order to 
know their character and genetic conditions. 
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Fig. l. - Generalized geological map of Usuya massif adapted from I :50000 map of Iholdy {BoISSONNAS }., 1974), 
showing sampling locations mentioned in text. 

Geological setting 

The Ursuya massif forms part of the Basque 
Pyrenees and is located approximately 25 km 
east of the Atlant ic coast (Fig. 0 , 
Geologically, it is bordered by the Paleozoic 
Aldudes·Quinto Real massif to the south, and 
the Cinco Villas massif to the west. Together 
with those of Mendibeltza and Igounze, they 
constitute the Basque Paleozoic. 

The Ursuya massif is in contact with 
Mesozoic materials and O rdovician schists 
and quartzites in the nonh and south 
respectively. Basically, it comprises two large 
lithological assemblages: 1) a Precambrian 
gneissic complex, where aluminous rocks 
(paragneisses, micaschists, kinzigites, 
leplinites) of the granu1ite fades occur; 2) a 
heterogeneous complex lying above, composed 
of Cambro-Ordovidan arkosic gneisses, 
amphibolites, micashists with sillimanite and 
marbles (Fig. 1). The rocks of the first 

complex seem to have undergone PoT 
conditions of 6 ± 0.5 kb and 775 ± 50°C 
(VIELZEUF D., 1984). The pegmatite bodies 
are associated both to the Precambrian 
gneissic complex and to the Cambro­
Ordovidan complex, although they also 
appear at the contact of both assemblages (Fig. 
1). The presence of small « 500 m) 
leucogranitic bodies SW of the massif should 
also be noted (Fig. 1). 

Analytical methods 

Modal data for fine to coarse grained 
pegmatite rocks were collected by optical 
point-count, considering an analytical error 
of < 2.45% according to CHAYES F. (1956). ' 

Minor and trace element analyses fo r 
pegmatites and Precambrian gneisic rocks 
were carried out on homogenized whole-rock 
powder by wavelengh-dispersive X-ray 
spectrometry. Li and Be were analysed by 
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TABLE 1 

Typical modes/or pegf1UJIites/rom Urwya massif. Smnples 1 and 2 correspond to pegmatites associated 
to Cambro-Ordovician materials (Fig. 1) 

,.,,, .. 2 1 • 5 0 7 8 9 10 

Quar tz 37,7 33,2 29,8 36,3 27,7 25,0 64,9 39,2 28,6 32,6 
K- Feldspar 4,0 21,1 38,S 39,6 39, I 50,1 11,3 31,6 27,0 31,2 
Plagloclase 46,. 39,9 25,S 20,S 26,2 20,2 0,0 23,S 21,7 1,1 
Blotlte 5,8 2,1 1,4 ',2 10,0 ',0 4,7 
Muscovite 4,8 2,. l,8 0,4 0,4 2,7 9,8 
Tourmaline ',7 0,2 
6arnet 1,0 2,0 l,O 
Sl lllman1te 0,2 1,' 
Andaluslte 10,9 
Cordlerlte 11,7 
Accesorles 0,2(1) 0,1(11 0,1111 0,&2) 0,91:2) 2,7(3) 3,4:04) 0,41:2) 1,6rs) 
Monazlte 1,1 
Late muscovite 0,7 0,5 0,4 1,1 1,0 0,' 0,' 0,5 2,4 8,1 

'"'' 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100,0 100.0 100,0 

(1) SlI11I!11W1Ite.~ (2) llrc:on+l\pIItltt+SlIl. .Cp. U) Op .• lr . • Ap. (~) lr.+(Ip.·S1I1. (SlOp. 

atomic absortion spectroscopy. Feldspars and 
muscovites were separated from several 
pegmatite segregations and analysed in the 
same way. 

Morphology and mineralogy 

The pegmatite bodies occur as lenticular 
segregations conforming to the fabric of the 
host-rocks (N900-1100E), from centimetric 
to decametric thickness, and also as irregular 
masses of variable size, (generally < 100 m) 
which discordantly cut the host-rocks. Some 
pegmatite segregations show a relevant 
deformation with boudinage structures. They 
present a heterogranular medium-to-coarse 
grain granitic texture, where graphic local 
intergrowths are observed. Some of these 
pegmatites show internal zoning with a coarse­
grained core consisting of tourmaline + quartz 
± K-fddspar, and medium-grained rims with 
graphic texture consisting of K-feldspar + 
quartz ± plagioclase. 

The mineral assemblage in the pegmatites 
is quartz -+ K-fddspar + plagioclase ± biotite 
± muscovite ± tourmaline ± sillimanite ± 
andalusite :I: cordierite ± garnet ± monazite 
± apatite ± zircon ± Fe-Ti oxides. Quartz, 
K-feldspar and plagioclase are the main 
minerals, with a variable modal proportion 
(Table I). All these mineral s, except 

tourmaline, andalusite and monazite, appear 
in the associated metamorphic rocks. 

Quam generally appears as fine to coarse 
xenomorphic crystals, with wavy extinction. 
Occasionally, bipyramidal forms are observed, 
more or less corroded by K-feldspar. 

K-/e/drpar is xenomorphic, of medium to 
coarse grain . It usually forms granophyric 
imergrowhts with quartz. It displays perthitic 
texture (film, vein and patch perthites) and 
often a partial or complete cross-hatched 
texture. The crystals sometimes show 
deformation bands, wavy extinction, 
subgrains, and microfractures as a resu lt of 
deformation. The structural state is variable 
from orthoclase to maximun microcline. 
According to the equations of KROLL H., 
RIBBE P.H. ( 1983), (rIO + tlm) and (tlo-tlm) 
vary between 0.82-0.98 and 0.35-1.00 
respectively, for triclinic samples. The Or bulk 
percentage from some samples homogeniz.ed 
at 10500 C and determined by X-ray 
diffraction methods (WRlGHT T.L., 1968), 
ranges between 79%-91% Or. The Or 
contents of the K-rich phase calculated from 
the ceU volume (KROLL H., RmBE P.H., 1983) 
varies between 89%· 100% Or. 

Plagioclase usually appears twinned (Ab, 
Pericline, Ab-Ala and Ab·Carlsbad twins). It 
is subautomorphic-xenomorphic with fine to 
coarse grain. Its composition is < An26. The 



C. ONDARROA., A. PESQUERA, P.P: GIL 

crystals may display normal or patchy zoning 
as well as myrmekitic intergrowths close to 
K.feldspar. The plagioclase is completely 
albitized in some pegmatites. 

Biotite is a fine to medium sized prismatic 
mineral. It sometimes appears partially altered 
to chlorite and other times replaced by 
muscovite. 

Muscovite is relativdy abundant. Two main 
types may be distinguished: 1) book muscovite 
associated to quartz + k.feldspar, and 2) late 
muscov ite produced by plagioclase 
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fine to medium size. It is partially altered to 
chlorite, which is typical of primitive 
pegmatites. (CERNY P., HAWTHORNE F.C., 
1982). 

Monazite, apatite, zircon and opaque! 
minerals represent accessory phases in these 
rocks. 

G~hem.istty 

Results of frace element analyses carried out 
on pegmatite rocks associated to the two 
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Fig. 2. - Variation in content of some trace elements in pegml tites and gneisses from UrsUYI massif. 

decomposition. The crystals sometimes show 
clear effects of deformation (distorted crystals, 
wavy extinction, kinking). 

Black tourmaline is a fine or coarse sized 
accessory mineral , frequent in some 
pegmatites. It shows an optical zonation: 
yellowish.brown inner zones and bluish·green 
outer zones. 

Siilimanite is prismat ic and appears 
significatively in some pegmatites (Table 1). 
It s proportion increases towards the host 
rocks. Andalusite is authomorphic · 
subauthomorphic, prismatic, and appears 
occasionally in some pegmatites. Cordierite also 
occurs occasionally (Table 1). 

Garnet is subautomorphic·xenomorphic, of 

metamorphic complex are expressed in Fig. 
2. Most elements present an average value 
lower than 50 ppm: Zr, Nb, Sn, V, La, Zn, 
Pb, W , Cu, Ni and Co. The higher average 
concentrations for both types of pegmatites 
correspond to Li (110· 1.50 ppm), Sr (60-260 
ppm), Rb (150·210 ppm) and Ba (35·1050 
ppm). On the other hand, certain differences 
between the pegmatites associated to the 
Precambrian gneisses and the pegmatites 
associated to the Cambro-Ordovician 
materials may be observed: the average 
content in Sr, Rb, Ba, Zr, V, La and Ph is 
higher in the first one but the average content 
in Cu, Co, Sn, Nb, Zn and W is lower. The 
variation of trace element contents in the 
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TABLE 2 
Variation range in concen/Tationf 0/ fome /Tace 
elements/or murcovites and K-je/dspan separated 

from pegmatitef 

"' K- Fd 

II 200-500 '''' W 

" -- 200-"" C, 

" 20-"" ,'" " " 20-'''''' -''''' '" ,,,. "'-"'" ,0>-"" " TO '00-"'" 105-1J0 5< , 16-100 .. " Go 
S. " ... <20 " '" 200-"" <20 " " ,'" 5<)- 'so " 
1"'1IrI"'kIsc00001\e K-FO-K-Fellbpar 
(M) One "trlpl. presents f value or 500 PP«\. 
boO. &Iow tile ~tectlon !lmll 
t\d. Hot ~termlned. 

"' K-fd 

20-100 ,'" 
<JO <20 
<20 <20 

'20-600 ,'" 
>0-200 .. 

<20 .. 
>0-200 " 20-5<) 
20-,,,, '" 20-200 .. 

Precambrian gneisses is within the range 
obtained for associated pegmadtes. However, 
the average concentrations of LIt elements 
(K, Rb, Ba, etc.) and coqlpatible elements (Ni, 
Co, etc.) in pegmatite~ 'are higher and lower 
respectively in relation to the surrounding 
gneisses. Other elements such as Ta, Be, Ce, 
Ge and Sc are below the detection limit . 

On the other hand, the concentrations of 
Li , Rb and Cs in muscovites and K-feldspars 
from pegmatites (Table 2) are within the zone 
defined by GORDIYENKO V. V. (1971) for 
barren-ceramic pegmatites. Moreover, the 
distribution of trace elements in muscovite 
samples is within the variation range rep:>rted 
for barren<eramic pegmatites (CERNY P., 
BURT D.M., 1984) (Table 2). Other elements 
not represented in table 2, such as Y, Sr, Be, 
Ta and Co, are below the detection limit. 

Discussion 

Field observations and mineralogical and 
geochemical data suggest that the pegmatite 
bodies from the Ursuya massif correspond [Q 

the ceramic pegmatite type according to the 
classification by RuoENKO et al. (1975) or to 
type IV according to GINSBURG et al. (1979). 
However, the m.etamorphic environment of 
maximal depths (granulile facies), which 
characterizes this type of pegmatites, comrasts 
with the pressures estimated (6 ± 0.5 kb) for 

the deepest facies in the Ursuya massif 
(VIELZEUF D. , 1984). This may be explained 
by the low-pressure character of the 
Hercynian metamorphism in this crustal 
region, where thermal gradients were 
relatively high (KORNPROBST et al. , 1980). In 
any case, there are several facts suggesting that 
some pegmatite segregations are cogenetic 
products from the same ultrametamorphic 
process of partial melting: 1) comlOOn grading 
of the segregations into the leucosome layers 
of the migmatite rocks; 2) its conformity to 
the fabric of the surrounding rocks; 3) 
occurrence of metamorphic index minerals 
(sillimanite, biotite, etc.) in the host rocks and 
pegmatites; and 4) enrichment in LlL 
elements and depletion in compatible elements 
(Ni, Co, etc.) in the pegmatites, in relation 
to the surrounding gneisses. 

On the other hand, the instability of biotite 
and the occurrence of muscovite in several 
pegmatites, as well as the occasional 
appearance of andalusite, suggest that some 
of these pegmatites evolved in a more or less 
autonomous way. In this case the controlling 
role of metamorphism was restricted to 
providing environment parameters (CENRY P., 
1982), cha ract e rized by remarkable 
decompression as a result of a possible 
intracrustal displacement (VIELZEUF D., 
1984). 'This implies a certain physico-chemical 
disequilibrium between the pegmatite 
inje1:tion and the surrounding metamorphic 
rocks. Consequently, the injection and 
crystallization of some pegmatites occurred 
after the main metamorphic phase. Finally, 
there does not seem to be a correlation 
between the pegmatite bodies and the 
different metamorphic facies present in the 
Ursuya massif. 
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