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INTRODUCTION

In calc-alkaline magmas, such as those of the Late Pan-Afri-
can Motru Dike Swarm (MDS) in Romania, Ca-amphibole oc-
curs in all petrological facies from andesitic basalts to rhyolites. 
It represents the main ferromagnesian phase in the lithologic 
sequence and evolved in composition during magmatic differen-
tiation. Because olivine is lacking in the MDS, even in the less 
differentiated basalts, amphibole phenocrysts took the place of 
this more common phase in playing an essential role since the 
onset of fractional crystallization.

Amphibole composition has been used classically as a dif-
ferentiation index. However, the high H2O content of many 
calc-alkaline magmas results in pervasive late-emplacement 
deuteritic alteration to propylitization and partial modiÞ cation 
and/or replacement of primary by secondary amphiboles. Distinc-
tion between amphibole parageneses may then become difÞ cult, 
which so far has limited the potential interest of this phase for 
petrological models.

This study was aimed at providing a better understanding 
of the complex chemical compositions and thermobarometric 
conditions of primary and secondary amphiboles produced 
during magmatic growth. Using the Motru Dike Swarm as an 

illustration, we have characterized the evolution of Ca-amphi-
bole compositions in relation to magmatic and hydrothermal 
activity throughout melt emplacement. Back-scattered electron 
images and detailed microprobe investigations of a large popu-
lation of amphiboles has allowed us to reconstruct the various 
stages of complex magmatic growth and resorption history of 
the phenocrysts and of their alteration products (up to rare talc 
pseudomorphs). This evolution is further constrained quantita-
tively through P-T estimates of the conditions of crystallization 
based on the Al-content empirical barometer (Schmidt 1992) 
and Ti-content empirical thermometer (modiÞ ed expression of 
Otten 1984) for amphiboles.

GEOLOGICAL SETTING

The dikes studied in this work belong to a major Late Pan-Af-
rican calc-alkaline dike complex, the Motru Dike Swarm (MDS) 
that crops out within the Danubian window of the South Car-
pathian Mountains in Romania (Fig. 1). There, south Carpathian 
crystalline units were thrusted upon the Moesian cratonic plat-
form during the Cenozoic Alpine orogeny in two major nappes:  
the upper and lower Danubian units (Berza et al. 1983, 1994) 
recognized on the basis of their Mesozoic cover (Stanoiu 1973; 
Kräutner et al. 1981). Intruding the Precambrian basement of the 
lower unit, the MDS, deÞ ned by Berza and Seghedi (1975) and 
recently revisited by Féménias (2003), represents the last (pre-* E-mail: ofemenia@ulb.ac.be

Calcic amphibole growth and compositions in calc-alkaline magmas: Evidence from the 
Motru Dike Swarm (Southern Carpathians, Romania)

OLIVIER FÉMÉNIAS,1,* JEAN-CLAUDE C. MERCIER,2 COLLIN NKONO,1 HERVÉ DIOT,2,3                       
 TUDOR BERZA,4 MIHAI TATU,5 AND DANIEL DEMAIFFE1

1Laboratoire de Géochimie Isotopique et Géodynamique Chimique, DSTE, Université Libre de Bruxelles (CP 160/02) 50, av. Roosevelt 1050 
Bruxelles, Belgium

2Université de La Rochelle, av. M. Crépeau, 17042 La Rochelle cedex 1, France 
3UMR CNRS 6112, UFR des Sciences et Techniques, BP 92208, 44322 Nantes Cedex 3 France

4Institutul Geologic al Romaniei, Bucuresti 78344, Romania
5�Sabba S. Stefanescu� Institute of Geodynamics of the Romanian Academy 19-21, Jean Louis Calderon str., Bucuresti 37, RO-70201, Romania

ABSTRACT

A Late Pan-African calc-alkaline dike swarm (basalt-andesite-dacite-rhyolite) has been investigated 
in a region of over 2000 km2 in the Alpine Danubian window, South Carpathians (Romania). Amphibole 
phenocrysts and microphenocrysts have been investigated by wavelength-dispersive microprobe analy-
sis and BSE imaging. The Ca-amphibole population, represented in all the lithologies, displays a large 
compositional range, interpreted as the result of two processes: (1) magmatic evolution (kaersutite → 
Ti-pargasite → pargasite → Ti-magnesiohastingsite → magnesiohastingsite → edenite → tschermak-
ite → magnesiohornblende) linked to magmatic differentiation from andesitic basalt to rhyolite; and 
(2) deuteritic alteration of the primary amphibole related to late-emplacement hydrothermal activity 
(yielding numerous varieties comprising those cited above). In all rock types, amphibole phenocrysts 
equilibrated at a nearly constant pressure of about 0.6 ± 0.1 GPa, but their temperatures of crystalliza-
tion ranged from 1000�900 °C for basaltic andesites to 700�600 °C for dacites. In rhyolites, edenite to 
magnesiohornblende crystals reß ect a continuous range of P-T conditions from 700 °C/0.6 GPa to 600 
°C/0.1 GPa, in agreement with their change of habit from euhedral to subhedral. Complex zonations 
in pargasite-magnesiohastingsite (including resorption) are interpreted in term of self-organization of 
oscillatory zoning without signiÞ cant heating and/or magma mixing.
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