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Overview 
 

This project will combine field-based 

volcanological study with detailed petrological 

investigations and potentially geochronology in 

the far-flung Lesser Caucasus mountains on the 

border of Europe and Asia. 

 

Landlocked Armenia lies between Iran, Azerbaijan, 

Turkey and Georgia and is split in two by the right-

lateral Pambak-Sevan-Syunik Fault (PSSF). The fault 

exists because of the ongoing Arabia-Eurasia collision, 

and it exploits pre-existing basement sutures between 

Gondwanan blocks and Tethyan arc systems. The fault 

zone generates earthquakes up to ~M7 on century-

long timescales but was/is also responsible for 

channelling magmas towards the surface. This 

abundance of seismic and volcanic activity presents 

both hazards and opportunities for the 3 million 

people of Armenia. In 2016, a geothermal test well 

was drilled in Karkar in the south of the country, 

directly on the Syunik branch of the PSSF fault beside 

a Holocene volcanic field. The well obtained 

temperatures of several hundred °C within 1.5 km of 

the surface. The government plans to invest further in 

geothermal energy but has little data with which to 

assess the magmatic plumbing systems and fault 

networks beneath possible sites. 

 

 
 

Stratovolcanoes (orange) and monogenetic centres (red dots). Major 

faults (red) trigger up to M7 quakes, including at Spitak (1988), which 

killed 25,000. Potential field sites (squares) marked. Image: Khachatur 

Meliksetian. 

Although we now know that the magmatic activity is 

driven by melting of the lithospheric mantle beneath 

thick crust (Neill et al. 2013, 2015), much less is 

understood about i) the depths and temperatures 

of crystallisation, magma mixing and assimilation, ii) 

the timescales of sub-volcanic storage, iii) the 

eventual eruption triggers and reconstruction of 

the explosivity and potential hazards of eruptions. 

Gevorgyan et al. (2018) represents the only published 

P/T estimate from an Armenian Pleistocene centre. 

Furthermore, the suspected presence of high-T lava-

like ignimbrites at Pleistocene centres raises questions 
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around the designation of volcanic hazards (e.g.  

Sumner & Branney, 2002). 

 

 
 

Potential lava-like ignimbrite deposits in Shirak Province, NW Armenia 

(2011, image by Khachatur Meliksetian). 

 
 

Nazeli volcanic cone (~7ky) near the Karkar geothermal test site, SE 

Armenia (2016, image by Iain Neill). 

Across the country, there are several hundred 

individual edifices thought to be Quaternary in age, 

but at least half a dozen of these are post-glacial to 

perhaps only a few thousand years old. Depictions of 

volcanic eruptions in both petroglyphs and ancient 

manuscripts lend further evidence for a live volcanic 

hazard (Karakhanyan et al. 2002; Karakhanyan & 

Agbaryan 2004). The lack of precise age constraint 

(via carbon dating of soils, cosmogenic isotopes or Ar-

Ar methods) is a further topic we expect this project 

to address through additional applications to NERC 

facilities. 

 
 
Erupted lava from Karkar consisting of partially resorbed quartz 

phenocrysts, amphibole and zoned plagioclase, evidencing extensive 

pre-eruptive magma mixing which will be investigated in this project. 

Image by Eilidh Milne. 

 

Overall, this project will treat the above themes as 

critical objectives, requiring multiple strands of 

research from the field to the lab. There will be (1) 

fieldwork to assess the eruptive products and ensure 

the volcanic hazards are properly defined using 

modern definitions; (2) geochemistry to address the 

petrological questions, especially around the potential 

for shallow-level magma storage and thus geothermal 

exploitation; and (3) a focus on the youngest sites 

where heat flow may be highest. 

 
Methodology 
 

In the field, selected sites will be studied in detail by 

drone and on foot/by 4x4, focusing on sampling 

dateable material and assessing or logging sites for 

evidence of different volcanic styles and volumes. 

 

New and existing whole rock samples will be analysed 

for major and trace element abundances if necessary 

to determine their source characteristics, then 

analysed mineralogically to determine magmatic 

evolution and P/T conditions using the scanning 

electron microscope (SEM), electron microprobe 

(EMPA) and laser ablation mass spectrometry (LA-

ICP-MS). This work will be followed by modelling 

using geo-thermo-barometric techniques. Additionally, 

timescales of magma storage will be constrained using 

diffusion modelling based on EMPA or LA-ICP-MS 

analysis (e.g. Chamberlain et al. 2014). 

 

Specific mineral targets for volatile distribution and 

magma storage conditions, e.g. apatite (Riker et al. 

2018) may be subject of additional applications to 

NERC facilities for ion microprobe time. Dateable 

material will form part of a submission to either the 

NERC radiocarbon, cosmogenic or Ar isotope 

facilities during the second year. 



 

  

The bulk of sample preparation, preparatory SEM and 

LA-ICP-MS analysis will take place in Glasgow, whilst 

external facilities will be used for EMPA work and 

major element analysis. The collaboration with 

Madeleine Humphreys at Durham University will 

provide expertise in magmatic storage, timescales and 

volatile distributions and may also include mineral-

scale isotopic analysis to better determine crustal 

assimilation conditions. Rock powdering and whole-

rock trace element work will be done in Durham. 

 

This project forms part of a 7-year partnership 

between Iain Neill and Dr Khachatur Meliksetian, 

Director of the Institute of Geological Sciences at the 

National Academy of Sciences, Yerevan, Armenia. 

 

 
Timeline 
 

Year 1: Literature review. If necessary, student to 

attend Tenerife volcanology field course with 

undergraduates (November 2019) to receive training 

volcanology. Preliminary sample preparation including 

petrography and mineral analysis of existing samples. 

Field campaign for 1 month in late spring 2020 to map 

and classify deposits and undertake extensive sampling 

for geochemistry. Additional sampling for 

geochronology (soil, charcoal, rock). 

 

Year 2: Continued geochemical analysis, submission of 

applications to external organisations (e.g. NERC 

Facilities Committee). Commence modelling of 

geochemical results and geochronology work. 

 

Year 3/3.5: Final interpretation of geochronology, P/T 

conditions, diffusion modelling and interpretation of 

pre-eruptive conditions. Writing of reports for the 

Armenian collaborator, manuscripts, and the final 

thesis. 

 

Opportunities for national or international 

conferences will include the Volcanic and Magmatic 

Studies Group annual meeting (2022), followed by 

either Goldschmidt or the European Geosciences 

Union Annual Meeting. 

 

 
Training & Skills 
 

This work is suited to a numerate candidate willing to 

undertake fieldwork in a foreign country, including 

camping or accommodation in remote field stations. 

You will be supported by an English-speaking team 

likely including Dr Meliksetian. 

 

The project is led by one of only a few UK-based 

geologists working in Armenia, providing access to an 

interdisciplinary network of researchers who are also 

preparing for a major international bid to drill the 

country’s Lake Sevan. The supervisory team also 

includes leading experts in field-based volcanology 

(Brown) and mineral chemistry (Humphreys). 

 

Geochemical and modelling techniques include all 

training as needed and will give the candidate a wide 

range of skills to take beyond the PhD. There will be 

further opportunities to apply for funds to conduct 

more detailed fieldwork or geochemistry, giving 

valuable training in grant-writing. This is likely to 

include co-development of NERC Facilities 

Committee proposals for dating or microprobe 

analysis. As part of the IAPETUS DTP, the candidate 

will attend day or residential training courses with 

their colleagues from across the N of England and 

Scotland. The candidate will study a variety of credit-

bearing courses in research methods at the University 

of Glasgow and would be joining a lively and diverse 

cohort of MSc and PhD students. Finally, there will be 

opportunities for additional training (e.g. 

microanalytical skills, diffusion modelling and other 

courses) which has recently been offered to PGR 

students in the UK). 
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Further Information 
 

Contact the lead supervisor at 

iain.neill@glasgow.ac.uk or 01413 035477. 
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