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SUMMARY 

Dynamics of magma generation and differentiation in the central-eastern Aegean 

arc: A geochemical and petrological study of Quaternary arc volcanism in Greece 

 

Subduction zone processes are believed to play a fundamental role in the formation of the 

Earth’s continental crust. Felsic rocks that are required to obtain a continental crust of 

andesitic bulk composition, which is the main distinguishing feature from oceanic crust and 

instrumental to the longevity of the continents, are only produced in significant amounts in 

volcanic arc settings along convergent plate boundaries. Yet, the exact processes that lead to 

the generation of felsic (>60 wt.% SiO2) arc rocks remain enigmatic. This thesis revolves 

around two central questions: 1) what processes control the primary heterogeneity in 

primitive (not significantly affected by crustal processes) volcanic rocks in arcs? and 2) how 

are arc andesites and rhyodacites generated and why are these evolved rocks largely restricted 

to arc settings?  

In order to address these questions, this thesis presents a detailed geochemical and 

petrological study of volcanic rocks from the central-eastern Aegean arc, Greece. The 

easternmost active volcano of the Aegean arc, Nisyros, is ideally suited to investigate the 

generation of arc rhyodacites. A sample set from Nisyros, spanning the entire evolution of the 

volcano, was analysed for geochemical composition of the whole rock and minerals. These 

analyses revealed that two distinct, unrelated suites of volcanic rocks occur together on 

Nisyros. The first suite has developed predominantly at upper crustal levels, outside the 

stability field of amphibole, and comprises andesites and rare dacites. In contrast, the second 

suite comprises significantly more evolved rocks (up to 72 wt.% SiO2) that appear to have 

formed at the base of the arc crust in a deep crustal hot zone. The reaction of clinopyroxene 

and olivine cumulates in this hot zone with a hydrous melts to form amphibole rapidly drives 

the residual melt to silicic compositions. Thus, this reaction appears to be of crucial importance 

in generating arc rhyodacites in Nisyros and is potentially also relevant to the formation of 

continental crust.  

The Aegean arc is also an excellent natural laboratory to investigate the relative 

contributions of the mantle wedge, subducted oceanic crust plus sediments and assimilated 

material of the arc crust to arc magmas. There is substantial along-arc geochemical variability 

in the Aegean arc that has traditionally been explained by variations in the composition of 

subducting sediment. In order to evaluate this hypothesis, we have analysed sediments 

recovered from drill cores in the Eastern Mediterranean Sea, in addition to samples of primitive 

arc lavas from Nisyros, Santorini and Kolumbo submarine volcano. The sediments samples do 

reveal systematic geochemical variations related to their predominant provenance areas, but 

these variations fail to account for the observed heterogeneity in the Aegean arc. In addition, 

assimilation of arc crust has only had a marginal effect. An alternative explanation to account 
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for the along-arc variation that is presented here emphasizes the role of a heterogeneous 

mantle wedge. The development of a slab tear in the subducting African slab underneath 

western Anatolia allows for the buoyant rise of asthenospheric, trace element-enriched sub-

slab mantle material through the tear. In response to slab-rollback, the sub-slab mantle is 

sucked into the Aegean mantle wedge where it mixes with the depleted Aegean mantle. This 

sub-slab component is most pronounced on Nisyros, close to the slab tear, and is progressively 

diluted towards the west but can still be recognized on Santorini and nearby Kolumbo. 

Systematic geochemical variations between Kolumbo and Santorini appear to reflect a source 

feature, thus suggesting that the proposed mantle wedge heterogeneity can be manifested 

in two volcanic centres less than 15 km apart. 
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