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Neogene to Quaternary volcanic fields in EuropeNeogene to Quaternary volcanic fields in Europe

HarangiHarangi et al. et al. 20062006, , GS London GS London MemoirMemoir



HorvHorvátháth et al. et al. 20062006, , GS London GS London MemoirMemoir

General General geodgeodyynnaamicmic viewview



Temporal evolution of the Neogene to Quaternary volcanismTemporal evolution of the Neogene to Quaternary volcanism

HHarangi & Lenkeyarangi & Lenkey 20072007, , GSA Special Pap. 418GSA Special Pap. 418



What What is is the origin of the alkaline mafic the origin of the alkaline mafic magmatism?magmatism?
importanceimportance::

Quaternary volcanic eruptions in the Quaternary volcanic eruptions in the CPRCPR



Mantle modelsMantle models

Layered mantle model with plumesLayered mantle model with plumes Heterogeneous mantle model without Heterogeneous mantle model without 
plumesplumes

from Meibomfrom Meibom && AndersonAnderson 2003 EPSL2003 EPSL



??

GGranetranet et al. et al. 19951995, , EPSLEPSL, 1, 13636

Wilson and PattersonWilson and Patterson, 2001 GSA SP, 352, 2001 GSA SP, 352

Is Is there there a a mantle plumemantle plume beneath the beneath the Pannonian Pannonian BasinBasin??



Goes et al. Goes et al. 
2000, JGR, 2000, JGR, 
105.105.

OObservationsbservations that could that could support the plume support the plume 
theory in the CPR:theory in the CPR:

•• High heat flow High heat flow ((>>990 0 mWmW/m/m22))

•• High mantle temperature High mantle temperature ((approxapprox. 1500. 1500ooC)C)

•• Isotope composition of the basalts Isotope composition of the basalts (EAR, (EAR, 

i.e. HIMU/FOZOi.e. HIMU/FOZO--likelike))



ButBut……::

•• nono broad topographic updomingbroad topographic updoming

•• thick coldthick cold (?)(?) material at the Transition Zonematerial at the Transition Zone

•• scattered volcanic fieldsscattered volcanic fields

•• episodic volcanic eruptionsepisodic volcanic eruptions

•• high heat flow canhigh heat flow can bebe explained by the shallowexplained by the shallow
asthenosphereasthenosphere

•• isotope compositionisotope composition::
mantle heterogeneitymantle heterogeneity??

Wortel and Spakman, 2000, Science



Characteristics of the mantle source regionsCharacteristics of the mantle source regions

MostMost of the mafic rocks have fairlyof the mafic rocks have fairly ‘‘primitive’ compositionprimitive’ composition



Characteristics of the mantle source regionsCharacteristics of the mantle source regions

Large isotope variationLarge isotope variation!!



Characteristics of the mantle source regionsCharacteristics of the mantle source regions

Inverse trace elementInverse trace element modellingmodelling resultresult: : moderately enriched moderately enriched mantle source regionsmantle source regions
((incompatible trace elementsincompatible trace elements: : 1.51.5-- to 4to 4--times primitive mantle values)times primitive mantle values)



Characteristics of the mantle source regionsCharacteristics of the mantle source regions

Partial meltingPartial melting:: mostly in the garnet and spinelmostly in the garnet and spinel--garnet stabilitygarnet stability fieldfield (>60 km), i.e.(>60 km), i.e.
in thein the asthenosphere!asthenosphere!



Characteristics of the mantle source regionsCharacteristics of the mantle source regions

Origin of the negativeOrigin of the negative KK--anomalyanomaly??

•• Source characterSource character (e.g.(e.g. frozenfrozen HIMUHIMU--like veinslike veins

or pockets inor pockets in the depleted lherzolitethe depleted lherzolite)?)?

•• Presence of residualPresence of residual KK--bearing hydrous phasebearing hydrous phase??



Characteristics of the mantle source regionsCharacteristics of the mantle source regions

No No generalgeneral relationshiprelationship with the isotope variationwith the isotope variation, but negative correlation within , but negative correlation within 
volcanic fieldsvolcanic fields!!



Characteristics of the mantle source regionsCharacteristics of the mantle source regions

Presence of residual amphibolePresence of residual amphibole/phlogopite/phlogopite in the mantle sourcesin the mantle sources!!



Characteristics of the mantle source regionsCharacteristics of the mantle source regions
SágSág basaltsbasalts:: olivine olivine 

phenocrystsphenocrysts ((FoFo≈≈8787 molmol%) %) 
with Crwith Cr--spinelspinel ((crcr# # ≈≈ 0.6)0.6)

inclusionsinclusions

50 50 μμmm

Enriched mantleEnriched mantle sourcesource

Cr-spinel in olivine



Characteristics of the mantle source regionsCharacteristics of the mantle source regions

Preliminary calculations for the mantlePreliminary calculations for the mantle potential temperatures as potential temperatures as 
inferred from olivine phenocrystsinferred from olivine phenocrysts ((PutirkaPutirka, 2005 thermometry), 2005 thermometry)

1300oC1400oC

1310oC

1290oC

1390oC

1300oC



Reason of melt generation in the postReason of melt generation in the post--
extensional stage extensional stage -- modelmodel #1#1

Suction bSuction byy the the PannonianPannonian basin thinbasin thin--spotspot

&&

Mantle flow alongMantle flow along LABLAB irregularitiesirregularities??



Reason of melt generation in the postReason of melt generation in the post--
extensional stageextensional stage -- modelmodel #2#2

Splash plumes
Davies & Bunge (2006) Geology

PLUME-like instabilities are dynamic
upwellings representing upper mantle 

displaced by delaminating slabs of 
subducted oceanic lithosphere

after M. Wilson EMAW 2007 workshop presentation



Reason of melt generation in the postReason of melt generation in the post--
extensional stage extensional stage -- modelmodel #3#3

The Transition Zone could be the “wettest” part of the
Earth’s mantle!

Partial melting is triggered deep (point e) at 410 km depth
Small-degree melts migrate upwards

At “b” melt fractions from the melting column “pool”
close to the base of the lithosphere and segregate

after M. Wilson EMAW 2007 workshop presentation

Locations of wet melting

European „plumes” are
the products of fluid

release from the top of 
the Transition Zone

So - they are “wetspots”
NOT “hotspots”



SummarySummary

•• No role of No role of hot hot mantle plumemantle plume

•• No significant excess mantle temperature (No significant excess mantle temperature (TTpp is about 1300is about 1300--14001400ooC)C)

•• Melt generation due to mantle flow beneath steep LABMelt generation due to mantle flow beneath steep LAB ((thinthin spotspot suctionsuction))

•• Magma generation in a strongly heterogeneous mantle at Magma generation in a strongly heterogeneous mantle at >>60 km depth 60 km depth 

•• Enriched (OIBEnriched (OIB--like) mantle sourcelike) mantle source

•• Presence of volatilePresence of volatile--bearing mineral (amphibole or phlogopite) in the source bearing mineral (amphibole or phlogopite) in the source 
regionregion

‘‘wetspot’wetspot’ instead of ‘hotspot’ as suggested by M. Wilson?instead of ‘hotspot’ as suggested by M. Wilson?

Scattered blocks of Scattered blocks of subductedsubducted slab material at shallow depth?slab material at shallow depth?

•• IIs the s the sublithossublithospphericheric upper mantle wet?upper mantle wet? seismic tomography modelsseismic tomography models



PProbabilityrobability of future eruptionof future eruption??

http://pangea.elte.hu/atlas.htm

TheThe youngestyoungest ((≈≈130130 kaka)) eruption of alkaline eruption of alkaline 
mafic magmas in themafic magmas in the CPR (CPR (Putikov volcanoPutikov volcano))

Heat-flow data NeotectonicsGeochemistry

http://pangea.elte.hu/atlas.htm

•• AmphiboleAmphibole/phlogopite/phlogopite--
bearingbearing peridotiteperidotite in thein the
upper mantleupper mantle

•• Low degree partial meltingLow degree partial melting
approxapprox. 80 km. 80 km depth depth 
(asthenosphere)(asthenosphere)

TheThe upper mantle couldupper mantle could bebe
still capable to producestill capable to produce

magma?magma?

Reactivation of  the still Reactivation of  the still 
active transtensionalactive transtensional faultfault
could enhance the ascent could enhance the ascent 

of basalticof basaltic magma!magma!

•• inferred Tinferred Tpp = 1340= 1340 ooCC
((from olivinefrom olivine))



??

Thank you for the attentionThank you for the attention!!


