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Field trip participants 

 

From October 7th to 10th, 2021, the Student Chapter of the Society of Economic Geologists 

(SEG) at the Aristotle University of Thessaloniki (AUTh) organized a field trip on the island of 

Milos at the SW Cyclades island complex, Aegean Sea, Greece. The financial support of SEG 

through the Foundation Round I 2021 from the Stewart R. Wallace Fund was of major importance 

for the field trip accomplishment. Ten student members with different degrees of education, from 

undergraduate to PhD level, took part in the field trip, accompanied by the Academic Advisor, 

Associate Professor Vasilios Melfos, Dr. Christos Emmanouilidis and Dr. Stavros Oikonomidis 

(Table 1). The 10 student participants (Fig. 1) took active roles in the explanation of the visiting 

sites and each student held a small presentation during the progress of the field trip. Each 

presentation was followed by very constructive comments and discussions. 

 

Table 1. The field trip participants  

Name Academic Status SEG membership 

Vasilios Melfos Associate Professor Academic Advisor 

Christos Emmanouilidis Teaching Staff - 

Stavros Oikonomidis Technical Laboratory Staff - 

Christos Stergiou PhD student SC1 member, SEG Student2 

Christina Mytiglaki PhD student SC member 

Margarita Melfou PhD student SC member, SEG Student 

Eftychia Peristeridou Master student SC member, SEG Student 

Dimitra Perperi Undergraduate SC member, SEG Student 

Eirini Margiola Undergraduate SC member, SEG Student 

Eleni Pegioudi Undergraduate SC member 

Spyridon Fragkou Undergraduate SC member, SEG Student 

Thelxiopi-Antonia Kimpizi Undergraduate SC member, SEG Student 

Theodoros Tsigkas Undergraduate SC member, SEG Student 
1Student Chapter, 2Student member of the SEG 

 

Introduction 

 

The field trip to Milos was organized by the board of the AUTh SEG Student Chapter during 

the academic year 2020-2021 and mainly by the President, Eftychia Peristeridou. The participants 

were based at Adamas, the harbor town of Milos island. The distances between the visit sites were 

covered by rented cars. 

Milos island is part of the Attico-Cycladic ore belt and belongs to the South Aegean Active 

Volcanic Arc (SAAVA) (Fytikas et al. 1986; Melfos and Voudouris 2017). The geological units of 

Milos comprise the metamorphic basement, the Neogene sedimentary sequence, the volcanic 

sequence and an alluvial cover. The volcanic activity of calc-alkaline affinities and dacitic to 

rhyolitic compositions is evident from ~3.5 Ma to present in the western part of Milos (Fytikas et 

al. 1986; Alfieris et al. 2013). Volcanic rocks are associated with felsic submarine and subaerial 

units, domes, lava flows, pyroclastics, subaerial lavas and phreatic activity. Extensional tectonics 
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resulted in four fault sets trending NW, N, NE and E, which enabled the intense magmatic-

hydrothermal fluid circulation. This resulted in intense alteration of the volcanic rocks and the 

formation of important mineralization, including epithermal type and volcanogenic massive sulfide 

deposits. Furthermore, non-metallic minerals, as bentonite and perlite, are also evident in Milos, as 

a product of the intense alteration of the volcanic rocks (Alfieris et al. 2013). Current geothermal 

activity occurs at the eastern part of the island, where phreatomagmatic craters, hot water and 

steam discharge sites (up to 115 °C) exist both on-land and off-shore. These sites are one of the 

few places worldwide where submarine hydrothermal vents are evident in shallow depths (Alfieris 

et al. 2013). 

During the field trip of the AUTh SEG Student Chapter to Milos, we had the opportunity to 

visit industrial minerals exploitation sites, epithermal mineralization outcrops, abandoned mining 

facilities and active geothermal spots. 

 

 

Figure 1. The members of the AUTh SEG Student Chapter presented information about the visited 

sites during the field trip at Milos island. 

 

Activities Program 

 

Day 1 

1st stop - IMERYS S.A. main offices, Voudia 

At the beginning of the day Mr. Stefanos Zaimis, Exploration and Resource Geologist at 

IMERYS, welcomed us in the main offices at Voudia, NE Milos. After an introduction about the 



AUTh SEG SC – Milos Field Trip 2021 

4 
 

safety measures during our visit, we were equipped with the necessary safety gear and we headed 

to the observatory spot of the Aggeria bentonite mine.  

 

2nd stop - IMERYS bentonite mine, Aggeria 

At this stop, Mr. Zaimis described the geology of the area, the morphology of the Aggeria 

bentonite deposit (Fig. 2a), the mining operations and the processing procedures. Bentonite is a 

clay consisting mostly of minerals of the smectite group, mainly montmorillonite, and due to its 

high swellability, is used in industrial applications, as a binder in the preparation of pellets, and in 

foundry and oil - well drilling mud. The open-pit has a length of 1.6 km and a height of 

approximately 100 m. IMERYS produces almost 1 Mt of bentonite per year. The mine has been in 

continuous operation since 1986. 

The deposit was formed during the hydrothermal alteration of the volcanic rocks in the Lower 

Pleistocene (Christidis et al. 1995). A large number of different rock units with different 

characteristic colors occur in the mine (Fig. 2a). The metamorphic basement is found at 200 m 

depth and consists mainly of schists. The mine is composed of fresh and unaltered intrusions of 

volcanic domes, lapilli tuffs, basal lavas and pyroclastics, hydromagmatic breccias and clay-altered 

layers of bentonite and kaolin, associated with the advanced argillic alteration. Bentonite is formed 

below the water table at alkaline pH, while kaolin is formed above the water table during the 

steam-heated acid alteration and displays a white color. The different colors of the bentonite layers 

are attributed to different oxidation stages: the gray bentonite represents the fresh unoxidized layer 

and is mostly found in the lower units of the mine, whereas the brown bentonite is oxidized and is 

not mined. The mine is opened along a steep E-W fault which has played a significant role in the 

oxidation of the various layers. 

Geophysical profiles are very useful for the exploration progress, because smectite, and 

therefore bentonite, displays high conductivity, while kaolin has a high electrical resistance. At 

Aggeria, the calcium- montmorillonite is converted into sodium- montmorillonite. 

 

 
Figure 2. Panoramic views of (a) the Aggeria bentonite mine and (b) the Trachilas perlite mine, of 

IMERYS. 
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 3rd stop - IMERYS Perlite mine, Trachilas 

The next stop was at the IMERYS property of the Trachilas perlite deposit (Fig. 2b), where Mr. 

Zaimis provided us with information about perlite, and focused on the mineralogy and petrology, 

the genesis of the ore, its processing and its uses. The Trachilas deposit is associated with volcanic 

rocks of Pleistocene and younger ages. It formed from the hydration of obsidian and tuffs. Mr. 

Giorgos Petrakis, Rehabilitation Manager at IMERYS Performance Additives, explained the 

procedures following the closure of a mine for the environmental rehabilitation. At the moment, 

the already mined areas have been converted into a vineyard, where wine grapes are agricultured. 

 

4th stop - Abandoned sulfur mines, Paliorema 

The next stop was at the abandoned sulfur mines on the east coast of the island. Sulfur mining 

in the Paliorema Bay took place between 1862-1958 AD (Stefanakis 2018). The abandoned 

processed plant (Fig. 3a) and the platform leading into the sea for loading the product onto ships 

create an industrial heritage site. The old galleries (Fig. 3b) are visible around the processed plant, 

but it was forbidden to enter them, because of the stifling atmospheric conditions. Sulfur samples 

from the piles were collected (Fig. 3c). 

 
Figure 3. (a) The abandoned sulfur plant. (b) Abandoned gallery with sulfur in its walls. (c) Native 

sulfur in vugs of the altered volcanic rocks. 

 

 5th stop - Aghioi Theodoroi phreatic craters  

Subsequently, we panoramically viewed the Aghioi Theodoroi craters (Fig. 4a), which are the 

result of phreatic eruptions. These low-relief craters with a maximum diameter of 20 m, contain 

angular particles of white, altered, volcanic rocks on their sides.  

 

6th stop - Kaolin mine of Filli 

For the last stop of the day, we drove to the kaolin mine of Filli (Fig. 4b). Following the 

volcanic activity at Upper Pliocene - Lower Pleistocene, the kaolin was formed during in situ 
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hydrothermal alteration of the primary volcanic rocks at Lower-Upper Pleistocene. The dacitic and 

rhyodacitic magmas heated the meteoric fluids which circulated and altered the volcanic rocks. 

Kaolin was formed at neutral pH, around 7. The extraction of kaolin in Milos began in 1899, but 

currently there is no active exploitation on the island. The mine of Filli has undergone reclamation 

processes with the method of reforestation.  

 
Figure 4. Panoramic views of (a) the Aghioi Theodoroi craters and (b) the Kaolin mine of Filli. 

 

Day 2 

1st stop – Fe-Mn-Ba epithermal mineralization at Vani 

The first stop of the day took place after a drive of 50 minutes in the NW part of the island, at 

Vani. The iron-manganese-barite deposit and the abandoned exploitation facilities form an exotic 

scenery (Fig. 5a, b, c). 

The Vani area hosts the epithermal Fe-Mn-Ba system, rich in Ag, Hg, Bi, Mo and As, occurring 

along NW and NE trending faults. The host rocks are volcaniclastic sandstones and hyaloclastites, 

in which tectonic activity enabled the circulation of hydrothermal fluids. The main mineralogy of 

the manganese mineralization is pyrolusite, but often ramsdellite, cryptomelane and hollandite, 

coronadite and hydrohaeterolite are found. The morphology of the Mn-oxides are stratabounds 

(Fig. 5a) or microchimneys (Fig. 5b) structures among others. The mineralization formed in a 

submarine environment after the reaction of hydrothermal fluids with seawater (Voudouris et al. 
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2014, Schaarschmidt et al. 2021). Manganese was mainly exploited by Serpieri during 1886-1909 

and 1918-1928. 

An epithermal Pb-Zn±Ag±Au vein-type mineralization is also hosted in the calc-alkaline dacite 

Vani dome near the manganese mine (Fig. 5d) (Voudouris et al. 2014, Schaarschmidt et al. 2021). 

 
Figure 5. Vani manganese (a, b, c) and epithermal (d, e, f) mineralizations. (a) Stratabound of Mn-

oxides in the host rocks. (b) Microchimneys structures from Mn-oxides. (c) The abandoned Mn 

mine of Vani. (d) Epithermal barite/quartz veins in the Vani dome. (e) Barite vein near the shore. 

(f) Vein of baryte at the borders and manganese in the middle.  

 

2nd stop – Sulfuric fumaroles at Aghia Kyriaki 

The next stop was at the sulfuric fumaroles (Fig. 6a) at Aghia Kyriaki. Steam and gases rich in 

hydrogen sulfide were visible around a fault. Euhedral native sulfur crystals are formed around the 

fumaroles (Fig. 6b). Temperatures can reach up to 110 °C. Geothermal activity is linked to the 

existence of a batholith at depth and an active W-E fault. 
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Figure 6. (a) Active fumaroles near Aghia Kyriaki beach. (b) Native sulfur around an active 

fumarole. 

 

3rd stop - Active geothermal field at Paleochori 

Active vents at the Paleochori Bay are located nearshore. Low temperature (up to 115°C) and 

shallow water (2-10 m) hydrothermal venting is related to CO2 and H2S rich vapors and high 

salinity fluids. These are associated with submarine sulfide deposition and hydrothermal alteration 

over an area of 1 km2 (Voudouris et al. 2021). High-Cl fluids are linked with assemblages that 

contain colloform pyrite, marcasite, calcite and apatite and are associated with As, Zn, Cd, Mn, Pb, 

Li and Fe. The low-Cl fluids are related to porous or massive pyrite, barite, alunite/jarosite, late-

stage hydrous ferric oxides, and occasionally cinnabar and enrichment to As. The presence of As 

in the fluids reflects the boiling conditions at 1-2 km depth as a result of magma's presence at 

depth (Voudouris et al. 2021). The elevated temperature of the sand, which is increasing by depth, 

is used by the locals to prepare the “volcanic food” cooked under the sand. 

 

4th stop - Rhyolitic submarine tuffs, Sarakiniko  

The final stop of the second day was at Sarakiniko, a white-colored rocky beach that comprises 

a natural section of pumice falls with numerous fossils as Echinoderm and Branchiopoda. Normal 

faults, discontinuities and late veins are evident in the white formations (Fig. 7a-e). Abandoned 

underground galleries are related to former small-scale kaolin mining.  

 

Day 3 

1st stop- Prehistoric obsidian quarry at Nychia 

The last day was dedicated to the famous prehistoric obsidian-quarrying site near Adamas, in the 

Nychia area. Obsidian (Fig. 8) was formed during volcanic eruptions in Quaternary (1.4 Ma) and 

crops out either as layers or as veins within a rhyolitic dome. The rapid cooling of the felsic lava 

created the natural glass obsidian. Milos was the center of extensive obsidian trading in the Aegean 

during the Mesolithic and the Neolithic periods (10,000-3,500 BCE) for manufacturing cutting 

tools, weapons, knives and other implements due to obsidian’s workability and sharp edge. The 

name of quarry “Nichia” comes from the Greek word nails and implies the numerous stone chips 

in the area that are remnants of the intense tool-making process (Fig. 8b). 
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Figure 7. Sarakiniko beach. (a) Panoramic view. (b) Veining and faulting of the pumice falls. (c) 

Fossils trapped in pumice falls. (d) Structures in the pumice falls. (e) Airplane view of the white-

colored Sarakiniko beach. 

 

 
Figure 8. (a) Obsidian at Nychia. (b). Stone chips of intense tool-making during the antiquity  
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