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I. Introduction and aims 

The lithospheric mantle is a key domain that accommodates a wide variety of complex 

physico-chemical processes, such as magmatism, melt-rock reactions, and deformation, all of 

which are crucial components of plate tectonics.  Petrologic and geochemical properties of 

lithospheric mantle rock types can be directly examined when brought the surface by tectonic 

processes (massif peridotites, ophiolites) and/or volcanic activity (xenoliths).  My doctoral study 

is part of a larger project aiming to compile a robust database on mantle material from the 

Carpathian-Pannonian region (CPR), combining petrologic, geochemical and physical properties 

from all xenolith localities within the region.  The CPR has a complex tectonic evolution from 

the early Palaeogene to recent times, and various studies have tried to constrain the role of the 

mantle during its geodynamic history (e.g., Falus, 2004; Szabó et al., 2004; Bali et al., 2007; 

Hidas et al., 2007; Falus et al., 2008; Kovács and Szabó, 2008; Kovács et al., 2012; Aradi et al., 

2017). 

The focus of this study is the northernmost locality, the Nógrád-Gömör Volcanic Field 

(NGVF).  Although several papers have been published on the petrographic and geochemical 

properties of xenoliths from this locality (Szabó and Taylor, 1994; Konečný et al., 1995; 1999), 

they have provided major-element geochemical compositions on small sample sets and whole-

rock contents of a limited number of trace elements (Szabó and Taylor, 1994).  In the past few 

decades, new aspects of mantle studies have emerged, aimed at defining physical properties of 

the rocks such as temperature, pressure, crystal preferred orientation, and the incorporation of 

‘water’ (as hydrogen (H)) in nominally anhydrous mantle minerals; this facilitated by the 

improvement in analytical instruments.  The more and more widely-applied electron 

backscattered diffraction (EBSD) technique provides an effective way to analyse textures and 

microstructures (i.e., crystal preferred orientation; CPO) in a variety of rock samples.  

Furthermore, over the course of the past two decades, significant developments have been 

achieved in the analysis of ‘water’ incorporation in nominally anhydrous minerals (NAMs) of 

the upper mantle (olivine and pyroxenes).  Since the applicability of Fourier-transform infrared 

spectroscopy (FTIR), has been extended to unoriented crystals (Kovács et al., 2008), it is widely 

used and represents a useful method to measure ‘water’ in small-volume or fine-grained samples, 

such as mantle xenoliths.  Although olivine CPOs were recently published for a limited number 

of samples from one locality in the NGVF (Liptai et al., 2013; Klébesz et al., 2015), it is still the 



only xenolith occurrence in the Carpathian-Pannonian region where thorough analyses focusing 

on deformation patterns, as well as ‘water’ contents of both olivine and pyroxenes have not yet 

been reported.  In addition, a recently developed method (Berkesi et al., 2012) using focused ion 

beam (FIB) coupled to scanning electron microscopy (SEM) provides an excellent opportunity 

for detailed modal and geochemical analyses on silicate melt inclusions, which can add a 

significant contribution to constraining the nature of melts present in and reacting with the upper 

mantle. 

The aim of my study is to present and interpret the physico-chemical properties of the 

lithospheric mantle beneath the NGVF, with the examination of three major aspects: (1) 

constraining mantle melting, metasomatic processes and geothermometry with the use of major- 

and trace-element compositions, as well as investigating the metasomatizing melt trapped in the 

silicate melt inclusion; (2) characterising microstructures and deformation processes in the 

lithospheric mantle of the NGVF, as well as calculating and interpreting seismic properties 

including anisotropy; and (3) quantifying ‘water’ incorporated in the major silicate phases to 

characterise the hydration state of the mantle segment and possible effects on other properties.  

With the synthesis of these data, my goal is to provide a better insight into the evolution of the 

lithospheric mantle under the northern part of the Pannonian Basin, and to contribute to a deeper 

understanding of how these different processes are related to each other and to the overall 

geodynamic evolution of the CPR. 

 

II. Sampling and analytical methods 

Out of the more than 300 collected xenoliths, 51 were selected for detailed petrographic, 

geochemical and physical analyses.  The xenoliths were analysed in several different 

laboratories, majorly in the Geochemical Analysis Unit (GAU) of CCFS-GEMOC at Macquarie 

University, and at the Research and Instrument Core Facility (RICF) at the Faculty of Science, 

Eötvös Loránd University. 

Selection of the xenoliths for further analyses, as well as determination of textures and 

microstructures were carried out on double polished thin sections using a polarised light 

microscope.  Major-element compositions of the rock forming minerals were acquired with 

electron microprobe, and I calculated whole-rock compositions from the mineral geochemistry, 

using mass balance method.  Trace-element concentrations in pyroxenes and amphibole were 



obtained with the use of laser-ablation inductively coupled plasma mass spectrometry (LA-

ICPMS).  Crystal preferred orientations of olivine and pyroxenes were acquired using electron 

backscattered diffraction technique.  ‘Water’ content of nominally anhydrous minerals (olivine 

and pyroxenes) were analysed using Fourier-transform infrared (FTIR) spectroscopy on thin 

sections separated from the glass. 

Silicate melt inclusions found in one metasomatized xenolith were analysed in three steps: 

first, I identified daughter minerals and composition of the volatile bubbles with the use of 

Raman spectroscopy; second, the inclusions were sliced with focused ion beam (FIB) coupled to 

scanning electron microscopy (SEM), which allowed the analysis of major element composition 

for the daughter phases in each slice, as well as further calculations for the volume proportion of 

each daughter phase; and third, trace element concentrations for the bulk inclusions were 

obtained using LA-ICPMS. 

 

III. Scientific outcomes (theses) of the doctoral study 

1)  Using both mineral (analysed) and whole-rock (calculated with mass-balance) geochemical 

compositions of the xenoliths, I applied several different models to determine the degree of 

partial melting characteristic for the upper mantle of the NGVF.  These geochemical tools 

included whole-rock heavy rare earth element (REE) and major element oxide contents, as well 

as MgO and Al2O3 contents of orthopyroxene, clinopyroxene and spinel.  The results of the 

models are in good agreement, and they show that the degree of partial melting varies in a very 

wide range, from ~7 to ~25 % (Liptai et al., 2017). 

2)  Based on the further geochemical properties, such as the Mg-number of olivine and trace 

element content of pyroxenes, I distinguished three separate metasomatic events, which affected 

the heterogeneously depleted upper mantle.  The first metasomatic process resulted in the 

formation of Nb-poor amphibole by reaction with subduction-related volatile-bearing silicate 

melts/fluids.  This was followed by interaction with a mafic melt of intraplate origin, resulting in 

enrichment of U-Th-(Nb-Ta)-LREE in clinopyroxene and formation of Nb-rich amphibole.  

Finally, the youngest melt-rock reaction caused enrichment in Fe, Mn, Ti and LREE, and 

overprinted older geochemical signatures (Liptai et al., 2017).  This latest melt was trapped as 

inclusions, and based on its composition, I concluded it to be an OIB-type basalt which 

originated from low-degree partial melting of a garnet lherzolite. 



3)  I calculated and interpreted equilibration temperatures using thermometers based on the 

distribution of both major elements and REE in pyroxenes, which are widely applied in the 

literature.  Temperatures obtained with the latter are consistently higher than those obtained with 

the former.  This is due to the difference in the diffusion rates for trivalent REE and divalent 

major element cations in mantle silicates, which leads to higher closure temperatures for REE in 

case of a high cooling rate.  Therefore, I interpreted this as a result of a recent cooling event 

which followed the Miocene extension of the Pannonian Basin (Liptai et al., 2017).  

4)  I found that xenoliths with higher equilibration temperatures (acquired with major-element 

based thermometers) have coarse-grained texture and stronger crystal preferred orientation than 

those with lower equilibrium temperatures.  I concluded that since equilibration temperatures are 

good indicators for the depth of origin, this suggests that deeper layers of the lithospheric upper 

mantle (~40-50 km) beneath the NGVF have generally stronger fabric and larger grain size than 

shallower ones (~35-40 km).  Based on studies on xenoliths from other localities of the CPR, this 

is a general feature in the upper mantle of the region. 

5)  I determined that the latest deformation observable in the xenolith fabrics occurred in a 

dominantly transpressional regime, which can be linked to the recent convergence of the Adria 

microplate and the European platform.  I observed annealing microstructures overprinting 

deformation effects in all xenoliths, resulting in decreasing intragranular deformation from north 

to south within the NGVF.  Although I found no direct correlation between fabric properties and 

geochemistry, annealing can be linked to the presence of metasomatizing melts in the upper 

mantle prior to entrainment of the xenoliths in the host basalt.  High equilibration temperatures in 

xenoliths from the central part, compared to the northern and southern parts, suggest that the 

heating effect of the melt linked to the last metasomatism was still active during the time of 

sampling by the host magma. 

6)  I calculated seismic properties for the NGVF xenoliths.  Based on the results combined 

with previous seismic data of the CPR, the most likely orientation of the lineation in the mantle 

is NW-SE with vertical foliation, which is consistent with the recent tectonic environment.  

Furthermore, using the calculated seismic velocities, I estimated the thickness of the anisotropic 

layer beneath the NGVF, which is greater than the lithospheric thickness.  Therefore, the 



anisotropy is highly likely to be present in the sublithospheric mantle, which is in agreement with 

findings for other xenolith localities in the CPR. 

7)  Based on the results on the incorporated ‘water’ in the NGVF xenoliths, I showed that they 

were affected by the host basalt, as they are extremely dry compared with other xenoliths from 

the CPR.  Lack of correlation with geochemistry or physical properties, as well as the unusually 

wide range of H2Ocpx/opx, indicates loss of ‘water’ during or after ascent.  The highest ‘water’ 

content of xenoliths is found in the only locality with pyroclastic, rather than effusive eruption, 

consistent with post-eruption dehydration.  I proposed that a small part of the xenoliths have 

retained their original ‘water’ content, which depends on the depth of origin. 

 

IV. Conclusions 

This study is the first work which presents mineral trace-element contents, modal and 

geochemical composition of silicate melt-inclusions hosted in clinopyroxenes of metasomatised 

xenoliths, crystal preferred orientation in mantle silicates, seismic data, and ‘water’ contents of 

the nominally anhydrous mantle silicates from the Nógrád-Gömör Volcanic Field. The results 

allow detailed interpretations of the geochemical and deformation processes that affected the 

studied upper mantle domain. 

The reconstructed thermal, deformational and metasomatic processes can be linked to late 

stages of the Neogene tectonic evolution of the region. At least three distinct episodes of 

fluid/melt-rock reactions could be identified based on the geochemistry of the xenoliths, 

resulting in various geochemical alteration and annealing in the lherzolitic wallrock of the 

NGVF. In the central part, the youngest metasomatic event may have been still active at the time 

the host basalt erupted. Transpressional regime in the late Miocene through to recent times, 

resulting from the convergence between the Adria microplate and the European platform, has 

dominated the evolution of the latest mantle deformation processes. The seismic properties of the 

xenoliths suggest that the anisotropy resulting from this deformation regime is present in the 

sublithospheric mantle as well. The xenoliths suffered major loss of ‘water’ during ascent and 

following the eruption of the host basalt, however, in some cases they have retained their original 

H2O concentrations and thus are more representative for the upper mantle environment. 
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