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ñThose who hold the purse strings of mineral resources, hold power, 

those who lose them lose power.ò 
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ɄȺɅȽȿȼɊȼ 

 

ȼ ɛŮŰŬɚɚɞűɞɟɑŬ ŬɜŰɘɛɞɜɑŰɖ ůŰŬ ɅɘɕŬɜɎ ŬɜɐəŮɘ ůŰɖ ɛŮŰŬɚɚɞɔŮɜŮŰɘəɐ ˊŮɟɘɞɢɐ Űɞɡ Ⱦɘɚəɑɠ ůŰɖɜ 

ȸɧɟŮɘŬ ȺɚɚɎŭŬ əŬɘ űɘɚɞɝŮɜŮɑŰŬɘ ůŰɞɡɠ ɔɜŮɡůɑɞɡɠ Űɖɠ ŮɜɧŰɖŰŬɠ ȸŮɟŰɑůəɞɡ ůŰɖɜ 

ɆŮɟɓɞɛŬəŮŭɞɜɘəɐ ɛɎɕŬ. Ƀ ɛŬɔɛŬŰɘůɛɧɠ Űɞɡ ɃɚɘɔɞəŬɑɜɞɡ-ɀŮɘɞəŬɑɜɞɡ ůŰɖɜ ɆŮɟɓɞɛŬəŮŭɞɜɘəɐ 

ɛɎɕŬ ŮɑɜŬɘ ɡˊŮɨɗɡɜɞɠ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛŬɔɛŬŰɘəɩɜ-ɡŭɟɞɗŮɟɛɘəɩɜ ɛŮŰŬɚɚɞűɞɟɘɩɜ, Űɨˊɞɡ 

ˊɞɟűɡɟɘŰɘəɞɨ, ŮˊɘɗŮɟɛɘəɞɨ, ŬɜŰɘəŬŰɎůŰŬůɖɠ, skarn əŬɘ ɢŬɚŬɕɘŬəɩɜ űɚŮɓɩɜ. ɆŰɖɜ ˊŮɟɘɞɢɐ 

ɏɟŮɡɜŬɠ ŮɜŰɞˊɑɕɞɜŰŬɘ ɞ ɔɟŬɜɑŰɖɠ Űɖɠ ɂɡɚɧˊɞɚɖɠ ɇɟɘŰɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ, əŬɘ ɞ ɖűŬɘůŰɑŰɖɠ ɅɘɕŬɜɩɜ 

ɛŮ ůɨůŰŬůɖ ɟɡɧɚɘɗɞ, ŭŬəɑŰɖ əŬɘ ɟɡɞŭŬəɑŰɖ. ȼ ɛŮŰŬɚɚɞűɞɟɑŬ ůɡɜŭɏŮŰŬɘ ɛŮ Űɞɜ ɖűŬɘůŰɑŰɖ əŬɘ 

ŮɜŰɞˊɑɕŮŰŬɘ ůŮ ɢŬɚŬɕɘŬəɏɠ űɚɏɓŮɠ ˊɎɢɞɡɠ ɏɤɠ 20m. Ƀɘ űɚɏɓŮɠ ŬɡŰɏɠ ŬˊɞŰɏɚŮůŬɜ ŬɜŰɘəŮɑɛŮɜɞ 

ɏɟŮɡɜŬɠ əŬɘ ŮəɛŮŰɎɚɚŮɡůɖɠ əŬŰɎ Űɘɠ ŭŮəŬŮŰɑŮɠ 1930 ɏɤɠ 1950 əɡɟɑɤɠ Ŭˊɧ Űɞɡɠ ũŮɟɛŬɜɞɨɠ əŬɘ 

ɔɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ ůŰɖɜ ˊŮɟɘɞɢɐ ŮɜŰɞˊɑɕɞɜŰŬɘ ŮɔəŬŰŬɚŮɘɛɛɏɜŮɠ ɡˊɧɔŮɘŮɠ ůŰɞɏɠ. ȼ ɛŮŰŬɚɚɞűɞɟɑŬ 

ɏɢŮɘ ɛɞɟűɐ ŭɘɎůˊŬɟŰɖ, ůɡɛˊŬɔɐ əŬɘ ŮɜŰɞˊɑɕŮŰŬɘ ůŮ űɚŮɓɑŭɘŬ əŬɘ ůŮ ɚŬŰɡˊɞˊŬɔɐ (breccia). ȼ 

ŬɜɎˊŰɡɝɐ Űɖɠ ŮɚɏɔɢŮŰŬɘ ŰŮəŰɞɜɘəɎ əŬɘ ŮɜŰɞˊɑɕŮŰŬɘ ůŮ ɗɟŬɡůɘɔŮɜŮɑɠ ɕɩɜŮɠ ŭɘɎŰɛɖůɖɠ. ɇɞ əɨɟɘɞ 

ɛŮŰŬɚɚɘəɧ ɞɟɡəŰɧ Űɖɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ ŮɑɜŬɘ ɞ ŬɜŰɘɛɞɜɑŰɖɠ ɛŮ ɑɢɜɖ Ŭˊɧ ůűŬɚŮɟɑŰɖ, ůɘŭɖɟɞˊɡɟɑŰɖ, 

ɓŮɟɗɘŮɟɑŰɖ, ɢŬɚəɞˊɡɟɑŰɖ, ɓŬɚŮɜŰɘɜɑŰɖ əŬɘ Fe-ɞɝŮɑŭɘŬ. Ƀ ɢŬɚŬɕɑŬɠ əŬɘ ɞ ɓŬɟɨŰɖɠ ŮɑɜŬɘ ŰŬ 

ůɨɜŭɟɞɛŬ ɞɟɡəŰɎ. H ůŮɟɘəɘŰɑɤůɖ əŬɘ ɖ ˊɡɟɘŰɑɤůɖ ŮɑɜŬɘ ɞɘ ůɖɛŬɜŰɘəɧŰŮɟŮɠ ŮɝŬɚɚɞɘɩůŮɘɠ Űɞɡ 

ˊŮŰɟɩɛŬŰɞɠ. Ⱥˊɑůɖɠ ŮɑɜŬɘ ŮɛűŬɜɐɠ ɖ ŮəŰŮŰŬɛɏɜɖ ɞɝŮɑŭɤůɖ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ əŬɘ Űɞɡ 

ɛŮŰŬɚɚŮɨɛŬŰɞɠ Ƀɘ ɢɖɛɘəɏɠ ŬɜŬɚɨůŮɘɠ ŮəŰɧɠ Ŭˊɧ ŬɜŰɘɛɧɜɘɞ ɏŭŮɘɝŬɜ ŮɛˊɚɞɡŰɘůɛɧ əŬɘ ůŮ As, Cu, 

Ga, Li, Sr, Tl, V, W əŬɘ REE əɡɟɑɤɠ La, Ce, Sc, Y. ȼ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ɡŭɟɞɗŮɟɛɘəɩɜ 

ɚŬŰɡˊɞˊŬɔɩɜ (breccias) ɛŮ Űɞɜ əŬŰŬəŮɟɛŬŰɘůɛɧ Űɞɡ ɔɜŮɡůɑɞɡ əŬɘ Űɖɜ ˊɚɐɟɤůɖ Űɤɜ əŮɜɩɜ ɛŮ 

ůɡɛˊŬɔɐ ɛŮŰŬɚɚɞűɞɟɑŬ ŬɜŰɘɛɞɜɑŰɖ ŭŮɑɢɜŮɘ ɧŰɘ ŰŬ ɡŭɟɞɗŮɟɛɘəɎ ɟŮɡůŰɎ ŮəɛŮŰŬɚɚŮɡɧɛŮɜŬ Űɞɜ 

ɢɩɟɞ ˊɞɡ Űɞɡɠ ˊɟɞůɏűŮɟŮ ɖ ŰŮəŰɞɜɘəɐ ɛŮ Űɖ ŭɟɎůɖ Űɤɜ ɟɖɔɛɎŰɤɜ ŬˊɏɗŮůŬɜ Űɞ ɛŮŰŬɚɚɘəɧ Űɞɡɠ 

ˊŮɟɘŮɢɧɛŮɜɞ ůŰɞɡɠ əŮɜɞɨɠ ɢɩɟɞɡɠ. ȷˊɧ Űɖɜ ɛŮɚɏŰɖ Űɤɜ ɟŮɡůŰɩɜ ŮɔəɚŮɘůɛɎŰɤɜ ˊɟɞɏəɡɣŮ ɧŰɘ ɖ 

ɛŮŰŬɚɚɞűɞɟɑŬ ůɢɖɛŬŰɑůŰɖəŮ ůŮ ɏɜŬ ˊŮɟɘɞɟɘůɛɏɜɞ űɎůɛŬ ɗŮɟɛɞəɟŬůɘɩɜ, ŬɚŬŰɧŰɖŰŬɠ əŬɘ 

ˊɘɏůŮɤɜ. ɇŬ ɟŮɡůŰɎ ŮɑɢŬɜ ɛɘəɟɐ ɏɤɠ ɛɏŰɟɘŬ ŬɚŬŰɧŰɖŰŬ (6.6-8.8% əɓ ɘůɞŭ. ɁaCl) ɛŮ ůɢŮŰɘəɎ 

ɢŬɛɖɚɏɠ ɗŮɟɛɞəɟŬůɑŮɠ ɞɛɞɔŮɜɞˊɞɑɖůɖɠ (217-254Á C, ɛŮ ɏɜŬ ɛɏɔɘůŰɞ ůŰɞɡɠ 220Á C). Ƀɘ 

ůɡɜɗɐəŮɠ ŬɡŰɏɠ ŭŮɑɢɜɞɡɜ ɏɜŬ ɡŭɟɞɗŮɟɛɘəɧ ɔŮɔɞɜɧɠ ŮˊɘɗŮɟɛɘəɞɨ ůŰŬŭɑɞɡ ˊɞɡ ůɢɖɛŬŰɑůŰɖəŮ ůŮ 

ɡŭɟɞůŰŬŰɘəɏɠ ˊɘɏůŮɘɠ Ŭˊɧ 23 ɏɤɠ 40 bar əŬɘ ɓɎɗɞɠ ůɢɖɛŬŰɘůɛɞɨ Űɖɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ ŬɜŰɘɛɞɜɑŰɖ 

ɏɤɠ 400 ɛɏŰɟŬ. ɇɏɚɞɠ, ɖ ɟɨˊŬɜůɖ Űɤɜ ɡŭɎŰɤɜ əŬɘ Űɤɜ ŮŭŬűɩɜ Űɖɠ ˊŮɟɘɞɢɐɠ Ŭˊɧ ŬɜŰɘɛɧɜɘɞ 

ŬˊɞŰŮɚŮɑ ɏɜŬ ůɖɛŬɜŰɘəɧ ˊŮɟɘɓŬɚɚɞɜŰɘəɧ ˊɟɧɓɚɖɛŬ. 
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ABSTRACT 

 

 

The antimonite mineralization in Rizana belongs to the metallogenic region of Kilkis in Northern 

Greece. It is hosted in the gneiss of the Vertiskos unit in the Serbo-Macedonian massif. The 

magmatism that took place in the Serbo-Macedonian massif during Oligocene-Miocene is 

genetically associated with the formation of magmatic-hydrothermal mineralization including 

porphyry, epithermal, replacement, skarn and quartz-vein types. Two magmatic bodies occur in 

the broader area of Rizana, the Xylopolis Tertiary granite, and the Rizana rhyolite, dacite and 

rhyodacite. The mineralization is possibly related with the volcanic rocks and is found in quartz 

veins, which have a width of up to ..., m. These veins were mainly explored and exploited during 

the 1930s and 1950s by the Germans, leaving behind abandoned underground galleries in the 

area. The mineralization forms disseminations, massive sulfides, and is found in veinlets and in 

extensive hydrothermal breccias. It is tectonically controlled and is located along brittle shear 

zones. Antimonite is the main sulfide along with traces of sphalerite, pyrite, berthierite, 

chalcopyrite, valentinite and Fe-oxides. Quartz and barite are the gangue minerals. Sericitization 

and silicification are the major hydrothermal alterations of the rock. Extensive oxidation of the 

rock and the ore is also evident. Chemical analyses, in addition to antimony, have also shown 

enrichment in As, Cu, Ga, Li, Sr, Tl, V, W and REE, mainly La, Ce, Sc, Y. The hydrothermal 

breccias resulted in the fragmentation of gneiss and the gaps were filled with massive antimony 

mineralization. This shows that the hydrothermal fluids migrated through the cracks provided by 

the tectonics and the mineralization was deposited in the spaces. The study of fluid inclusions 

showed that the mineralization was formed under a limited range of temperature, salinity and 

pressure. The fluids had a low to moderate salinity (6.6-8.8 wt% equiv. NaCl) with relatively low 

homogenization temperatures (217-254Á C, with a maximum at 220Á C). These conditions 

indicate an epithermal hydrothermal event, formed at hydrostatic pressures from 23 to 40 bar and 

a depth of up to 400 meters. Finally, antimony contamination of water and soil in the area is a 

major environmental problem. 
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ɄɅɃȿɃũɃɆ 

 

 ȷˊɧ Űɖɜ Ŭɡɔɐ Űɞɡ Ŭɜɗɟɩˊɘɜɞɡ Ůɑŭɞɡɠ ŮɑɛŬůŰŮ ɎɟɟɖəŰŬ ůɡɜŭŮŭŮɛɏɜɞɘ ɛŮ ŰŬ əɞɘŰɎůɛŬŰŬ 

ɞɟɡəŰɩɜ ˊɧɟɤɜ. ȼ ůŰɘɔɛɐ ˊɞɡ ɞ ˊɟɩŰɞɠ Ɏɜɗɟɤˊɞɠ ɏɣŬɝŮ əŬɘ ŮˊɏɚŮɝŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůŮɘ 

ˊŮŰɟɩɛŬŰŬ əŬɘ ɞɟɡəŰɎ ɔɘŬ Űɖɜ Ůˊɘɓɑɤůɐ Űɞɡ, ɐŰŬɜ ɞɡůɘŬůŰɘəɎ ɖ ůŰɘɔɛɐ Űɖɠ ɔɏɜɜɖůɖɠ Űɖɠ 

ŮˊɘůŰɐɛɖɠ Űɖɠ ȾɞɘŰŬůÕŬŰɞɚɞɔɑŬɠ. ȰəŰɞŰŮ ɞɘ ɞɟɡəŰɏɠ ˊɟɩŰŮɠ ɨɚŮɠ ˊɚɎɗɞɡɜ Űɖɜ əɎɗŮ Ůˊɞɢɐ əŬɘ 

ɞɟɑɕɞɡɜ Űɖɜ ɑŭɘŬ Űɖɜ ɘůŰɞɟɑŬ. ȷˊɧ ŰŬ ˊɟɩŰŬ ɚɑɗɘɜŬ ŮɟɔŬɚŮɑŬ ɛɏɢɟɘ Űɖɜ ůɨɔɢɟɞɜɖ ŰŮɢɜɞɚɞɔɑŬ, ɞɘ 

ɞɟɡəŰɏɠ ˊɟɩŰŮɠ ɨɚŮɠ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ŰŬ ɛŮŰŬɚɚŮɨɛŬŰŬ əŬɗɞɟɑɕɞɡɜ Űɞɜ ˊɞɚɘŰɘůɛɧ, Űɞɜ Űɟɧˊɞ 

ɕɤɐɠ əŬɘ Űɞ ɕɤŰɘəɧ ŮˊɑˊŮŭɞ Űɖɠ əɎɗŮ əɞɘɜɤɜɑŬɠ (Gunn 2014, Kesler et al. 2015). 

 ȼ ɘůŰɞɟɑŬ ŮɑɜŬɘ ɔŮɛɎŰɖ ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ˊɞɡ ŮˊɘɓŮɓŬɘɩɜɞɡɜ Űɞɜ 

əŬŰŬɚɡŰɘəɧ ɟɧɚɞ Űɤɜ ɛŮŰŬɚɚŮɡɛɎŰɤɜ ůŰɖ ɟɞɐ Űɖɠ, ɧˊɤɠ ɖ ȷɟɔɞɜŬɡŰɘəɐ ȺəůŰɟŬŰŮɑŬ ɔɘŬ Űɖɜ 

əŬŰɎəŰɖůɖ Űɞɡ ɢɟɡůɧɛŬɚɚɞɡ ŭɏɟŬŰɞɠ. ɇɖɜ Ůˊɞɢɐ ŮəŮɑɜɖ, ˊŮɟɑˊɞɡ Űɞ 1100 ˊ.ɉ., ɖ ɢɟɐůɖ 

ˊɟɞɓɘɩɜ ɔɘŬ Űɖɜ Ŭˊɧɚɖɣɖ ˊɟɞůɢɤɛŬŰɘəɞɨ ɢɟɡůɞɨ ɐŰŬɜ ŭɘŬŭŮŭɞɛɏɜɖ əŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɐ 

ŰŬəŰɘəɐ. ɇɘɠ ɓɨɗɘɕŬɜ ůŰŬ ˊɞŰɎɛɘŬ ɛŮ ůəɞˊɧ ɜŬ ŮɔəɚɤɓɘůŰɞɨɜ ŰŬ ɣɐɔɛŬŰŬ ɢɟɡůɞɨ ɛɏůŬ ůŰɞ 

ŰɟɑɢɤɛŬ. ȼ Ůɝɧɟɛɖůɖ ŬɡŰɐ ŮɑɢŮ ɞɡůɘŬůŰɘəɧ ůəɞˊɧ Űɞɜ ɏɚŮɔɢɞ Űɤɜ əɞɘŰŬůɛɎŰɤɜ ɢɟɡůɞɨ ɔɨɟɤ 

Ŭˊɧ Űɖ ɀŬɨɟɖ ŪɎɚŬůůŬ (Ross et al. 2019).  

 Ƀ ɇɟɤɘəɧɠ ˊɧɚŮɛɞɠ ůɨɛűɤɜŬ ɛŮ Űɞɜ ȳɛɖɟɞ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ çɤɟŬɑŬ Ⱥɚɏɜɖè 

ˊŮɟɑˊɞɡ Űɞ 1200 ˊ.ɉ. ɆŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ, ŬɡŰɧɠ ɞ ˊɧɚŮɛɞɠ əŬɘ ɖ ˊɞɚɨɢɟɞɜɖ ˊɞɚɘɞɟəɑŬ Űɖɠ 

ɇɟɞɑŬɠ ɏɔɘɜŮ ɔɘŬ Űɖɜ əŬŰɎəŰɖůɖ əŬɘ Űɞɜ ɏɚŮɔɢɞ Űɤɜ ˊɞɚɚɩɜ əɞɘŰŬůɛɎŰɤɜ ɢɟɡůɞɨ ůŰɖɜ 

ɉŮɟůɧɜɖůɞ Űɖɠ Biga ůŰɖɜ ɀɘəɟɎ ȷůɑŬ, ɛɘŬ ˊŮɟɘɞɢɐ ɛŮ ɛŮɔɎɚɖ ɞɘəɞɜɞɛɘəɐ əŬɘ ůŰɟŬŰɖɔɘəɐ 

ůɖɛŬůɑŬ (Ross et al. 2019).  

 Ƀ ɀɏɔŬɠ ȷɚɏɝŬɜŭɟɞɠ əŬɘ ɖ ˊɞɟŮɑŬ Űɞɡ ɛɏůŬ ůŰŬ ɓɎɗɖ Űɖɠ ŬɜŬŰɞɚɐɠ əŬɘ ɖ əŬŰɎəŰɖůɖ 

Űɞɡ ŰɧŰŮ ɔɜɤůŰɞɨ əɧůɛɞɡ, Űɞɜ 4ɞ Ŭɘ. ˊ.ɉ., ŬˊɞŰŮɚŮɑ Ɏɚɚɞ ɏɜŬ ɢŬɟŬəŰɖɟɘůŰɘəɧŰŬŰɞ ˊŬɟɎŭŮɘɔɛŬ 

ɔɘŬ Űɖɜ ŬɝɑŬ Űɤɜ ɞɟɡəŰɩɜ ˊɧɟɤɜ. ũɘŬ ɜŬ ůŰŬɗŮɑ ɞɘəɞɜɞɛɘəɎ ɛɑŬ Űɧůɞ ɡˊɏɟɞɔəɖ ŮəůŰɟŬŰŮɑŬ, ŰŬ 

ɏɝɞŭŬ ɐŰŬɜ ŬůŰɟɞɜɞɛɘəɎ. ȸŬůɑůŰɖəŮ ůŰɘɠ ŮɜɏɟɔŮɘŮɠ Űɞɡ ˊɟɞɖɔɞɨɛŮɜɞɡ ɓŬůɘɚɘɎ əŬɘ ˊŬŰɏɟŬ Űɞɡ, 

ūɘɚɑˊˊɞɡ Űɞɡ ȸô. ȺəŮɑɜɞɠ əŬŰɏəŰɖůŮ ˊŮɟɘɞɢɏɠ ɛŮ ɔɜɤůŰɎ Ŭˊɧ ŰɧŰŮ əɞɘŰɎůɛŬŰŬ ɢɟɡůɞɨ əŬɘ 

Ŭɟɔɨɟɞɡ, ůŮ ɧɚŬ ŰŬ ɜɧŰɘŬ ȸŬɚəɎɜɘŬ, ůŮ ɛɑŬ ɛŮɔɎɚɖ ŬəŰɑɜŬ ɔɨɟɤ Ŭˊɧ Űɖɜ ŬɡŰɞəɟŬŰɞɟɑŬ Űɞɡ, Űɖɜ 

ɞˊɞɑŬ ŮˊɏəŰŮɘɜŮ ɛŮ ɓɎůɖ Űɖɜ ˊŬɟɞɡůɑŬ əɞɘŰŬůɛɎŰɤɜ ɢɟɡůɞɨ əŬɘ Ŭɟɔɨɟɞɡ (Ross et al. 2019). 

ȺəɛŮŰŬɚɚŮɨŰɖəŮ ŰŬ əɞɘŰɎůɛŬŰŬ ŬɡŰɎ əŬɘ ɏɢŰɘůŮ ɛɑŬ ɛŮɔɎɚɖ, ůŰŬɗŮɟɐ əŬɘ ˊɚɞɨůɘŬ 

ŬɡŰɞəɟŬŰɞɟɑŬ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ŬɜŰɘɛŮŰɩˊɘůŮ əŬɘ ŰŬ ŮɢɗɟɘəɎ űɨɚɚŬ ˊɞɡ ŬˊŮɘɚɞɨůŬɜ ŰŬ ůɡɜŮɢɩɠ 

ŬɡɝŬɜɧɛŮɜŬ ůɨɜɞɟŬ Űɖɠ ŬɡŰɞəɟŬŰɞɟɑŬɠ Űɞɡ, əŬŰŬəŰɩɜŰŬɠ ŰŬ. ɆŰɖ ůɡɜɏɢŮɘŬ ɞ ɔɘɧɠ Űɞɡ ɀɏɔŬɠ 
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ȷɚɏɝŬɜŭɟɞɠ ůɡɜɏɢɘůŮ Űɖɜ ŮˊɏəŰŬůɖ ŬɡŰɐ ˊɟɞɠ Űɖɜ ȷɜŬŰɞɚɐ ŭɟɩɜŰŬɠ ůŰɟŬŰɖɔɘəɎ. ȼ ˊɞɟŮɑŬ ˊɞɡ 

ŬəɞɚɞɨɗɖůŮ ɐŰŬɜ əŬɚɎ ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜɖ. ȾŬŰŬəŰɞɨůŮ ˊŮɟɘɞɢɏɠ ɛŮ ɞɟɡəŰɧ ˊɚɞɨŰɞ 

əɞɘŰŬůɛɎŰɤɜ ˊɞɚɨŰɘɛɤɜ ɛŮŰɎɚɚɤɜ, ŰŬ ŮəɛŮŰŬɚɚŮɨɞɜŰŬɜ əŬɘ ůɡɜɏɢɘɕŮ Űɖɜ ˊɞɟŮɑŬ Űɞɡ, 

əŬŰŬűɏɟɜɞɜŰŬɠ ɏŰůɘ ɜŬ ůɡɜŰɖɟɐůŮɘ ŬɡŰɐɜ Űɖɜ ŰŮɟɎůŰɘŬ ŬɡŰɞəɟŬŰɞɟɑŬ əŬɘ Űɞɜ ůŰɟŬŰɧ Űɞɡ (Ross 

et al. 2019). 

 ūŰɎɜɞɜŰŬɠ ůŰɖɜ ůɖɛŮɟɘɜɐ Ůˊɞɢɐ, ɞ ůɨɔɢɟɞɜɞɠ Űɟɧˊɞɠ ɕɤɐɠ ŬˊŬɘŰŮɑ ŰŮɟɎůŰɘŮɠ ˊɞůɧŰɖŰŮɠ 

ɛŮŰɎɚɚɤɜ əŬɘ ůˊŬɜɑɤɜ ɔŬɘɩɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɘɠ əŬŰŬůəŮɡɏɠ, ůŰŬ ɖɚŮəŰɟɞɜɘəɎ, ůŮ 

ŰŮɢɜɞɚɞɔɘəɏɠ ŮűŬɟɛɞɔɏɠ əŬɘ ɔŮɜɘəɧŰŮɟŬ ůŮ ɧɚŬ ŰŬ űɎůɛŬŰŬ Űɖɠ əŬɗɖɛŮɟɘɜɐɠ ɛŬɠ ɕɤɐɠ (Gunn 

2014, Kesler at al. 2015). ȷɜ əŬɘ o ůɑŭɖɟɞɠ ɛŮ Űɞɜ ɢɎɚɡɓŬ ŬˊɞŰŮɚŮɑ Űɖɜ ɓɎůɖ Űɞɡ ˊɞɚɘŰɘůɛɞɨ 

ɛŬɠ, ɑůɤɠ ˊɚɏɞɜ ɜŬ ˊŮɟɜɎɛŮ ŬɟɔɎ əŬɘ ůŰŬɗŮɟɎ ůŮ ɛɑŬ ɜɏŬ ˊŮɟɑɞŭɞ. ɇɞ ɛɏɚɚɞɜ Űɞɡ Ŭɜɗɟɩˊɞɡ ɗŬ 

ɓŬůɑɕŮŰŬɘ ůŮ ŮɜŬɚɚŬəŰɘəɏɠ ḉ ɟɎůɘɜŮɠè ŰŮɢɜɞɚɞɔɑŮɠ ɛŮ ŰŬ ɛɏŰŬɚɚŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŮ 

ŬɡŰɏɠ ɜŬ ɓɟɑůəɞɜŰŬɘ ůŰɞɜ ˊɡɟɐɜŬ Űɖɠ. 

 ȾŬŰô ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ˊɚɏɞɜ əɎˊɞɘŬ ɛɏŰŬɚɚŬ ŮɝŬɘŰɑŬɠ Űɖɠ Ŭɡɝɖɛɏɜɖɠ ɕɐŰɖůɐɠ Űɞɡɠ əŬɘ 

ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ˊɟɞůűɞɟɎ əŬɘ Űɞɜ ɏɚŮɔɢɞ Űɖɠ ˊŬɟŬɔɤɔɐɠ əŬɘ Űɞɡ Ůɛˊɞɟɑɞɡ Űɞɡɠ Ŭˊɧ 

ůɡɔəŮəɟɘɛɏɜŬ əɟɎŰɖ, ɏɢŮɘ ɗŮůˊɘůŰŮɑ ɞ ɧɟɞɠ əɟɑůɘɛŬ ɛɏŰŬɚɚŬ (Gunn 2014). ɇŬ əɟɑůɘɛŬ ɛɏŰŬɚɚŬ 

ŮɑɜŬɘ ɛɑŬ ɚɑůŰŬ ɛŮ ɛɏŰŬɚɚŬ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ɏɜŬ ɛŮɔɎɚɞ Ůɨɟɞɠ ŮűŬɟɛɞɔɩɜ əŬɘ ɖ Ůɝɧɟɡɝɖ əŬɘ 

ŭɘŬəɑɜɖůɐ Űɞɡɠ ŮɚɏɔɢɞɜŰŬɘ Ŭˊɧ ɚɑɔŮɠ ɢɩɟŮɠ. ȰɚɚŮɘɣɖ ɔɘŬ ɞˊɞɘɞɜŭɐˊɞŰŮ ɚɧɔɞ ŬɡŰɩɜ Űɤɜ 

ɛŮŰɎɚɚɤɜ ɗŬ ɏɢŮɘ ůɞɓŬɟɧ ŬɜŰɑəŰɡˊɞ ůŰɞɜ ůɨɔɢɟɞɜɞ Űɟɧˊɞ ɕɤɐɠ əŬɘ ůŰɖɜ ˊŬɔəɧůɛɘŬ ɞɘəɞɜɞɛɑŬ. 

ɇɞ ŬɜŰɘɛɧɜɘɞ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɓɟɑůəŮŰŬɘ ŬɜɎɛŮůŬ ůŮ ŬɡŰɎ ŰŬ ɛɏŰŬɚɚŬ əŬɗɩɠ ˊŬɟɞɡůɘɎɕŮɘ 

ɛŮɔɎɚɞ Ůɨɟɞɠ ŮűŬɟɛɞɔɩɜ ůŮ ˊɞɚɚɞɨɠ ŰɞɛŮɑɠ əŬɘ ůŰɖɜ ˊŬɔəɧůɛɘŬ ŬɔɞɟɎ ŮɚɏɔɢŮŰŬɘ ůŮ ˊɞůɞůŰɧ 

ˊŮɟɑˊɞɡ 90% Ŭˊɧ Űɖɜ ȾɑɜŬ (Fan 2004).  

 ȺɑɜŬɘ Ůɨɚɞɔɞ ˊɤɠ ɔɘŬ Űɞ ɛɏɚɚɞɜ Űɖɠ Ⱥɡɟɩˊɖɠ əŬɘ ɔɘŬ Űɖ ŭɘŬůűɎɚɘůɖ Ůɜɧɠ əŬɚɨŰŮɟɞɡ 

Űɟɧˊɞɡ ɕɤɐɠ, ɞűŮɑɚɞɡɛŮ ɜŬ ůŰɟŬűɞɨɛŮ ůŰɖɜ ɏɟŮɡɜŬ əŬɘ ŮəɛŮŰɎɚɚŮɡůɖ əɞɘŰŬůɛɎŰɤɜ ŮɜŰɧɠ Űɤɜ 

ůɡɜɧɟɤɜ Űɖɠ. ȷɜ ůɡɜŮɢɑůɞɡɛŮ ɜŬ ɓŬůɘɕɧɛŬůŰŮ ɔɘŬ Űɖɜ əɎɚɡɣɖ Űɤɜ ŬɜŬɔəɩɜ ɛŬɠ ůŮ ŮɘůŬɔɤɔɏɠ 

ŮəŰɧɠ ůɡɜɧɟɤɜ ɞɟɡəŰɩɜ ˊɟɩŰɤɜ ɡɚɩɜ, ŰɞˊɞɗŮŰɞɨɛŬůŰŮ ɛɧɜɘɛŬ ůŮ ɛɑŬ ɗɏůɖ ŮɝɎɟŰɖůɖɠ Ŭˊɧ ŰŬ 

əɟɎŰɖ ŬɡŰɎ əŬɘ ůɡɜŮˊɩɠ ŮɑɜŬɘ ˊɞɚɨ ˊɘɗŬɜɧɜ ɜŬ ˊɚɐŰŰŮŰŬɘ ɖ ŮɡɖɛŮɟɑŬ ɛŬɠ (Lßvik et al. 2018). 

ɀɏůɤ Űɖɠ ŬɜŬɕɐŰɖůɖɠ əŬɘ Űɖɠ ɏɟŮɡɜŬɠ ɔɘŬ ɜɏɞɡɠ ɐ əŬɘ ɐŭɖ ɔɜɤůŰɞɨɠ ůŰɧɢɞɡɠ ɛŮŰŬɚɚŮɡɛɎŰɤɜ 

ŬɚɚɎ əŬɘ ɛŮ ůɡɜŮɟɔŬůɑŬ ɧɚɤɜ Űɤɜ ůɡɛɛŮŰŮɢɧɜŰɤɜ ŮɟŮɡɜɖŰɩɜ, ŮˊɘůŰɖɛɞɜɘəɞɨ ˊɟɞůɤˊɘəɞɨ əŬɘ 

əɟŬŰɘəɩɜ űɞɟɏɤɜ ŮɑɜŬɘ ŮűɘəŰɧ ɜŬ ɝŮűɨɔɞɡɛŮ Ŭˊɧ ŬɡŰɧ. 

 ȼ əɞɘŰŬůɛŬŰɞɚɞɔɘəɐ ɏɟŮɡɜŬ Űɞɡ ŬɜŰɘɛɞɜɑŰɖ ůŰŬ ɅɘɕŬɜɎ Űɞɡ Ⱦɘɚəɑɠ ŬˊɞŰŮɚŮɑ Űɞ ɗɏɛŬ Űɖɠ 

ŮɟɔŬůɑŬɠ ŮɘŭɑəŮɡůɖɠ ˊɞɡ ɛɞɡ ŬɜŬŰɏɗɖəŮ ɜŬ Ůəˊɞɜɐůɤ ɔɘŬ Űɖ ŭɘŮəˊŮɟŬɑɤůɖ Űɞɡ ɄɟɞɔɟɎɛɛŬŰɞɠ 
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ɀŮŰŬˊŰɡɢɘŬəɩɜ Ɇˊɞɡŭɩɜ Űɞɡ ɇɛɐɛŬŰɞɠ ũŮɤɚɞɔɑŬɠ Űɖɠ Ɇɢɞɚɐɠ ŪŮŰɘəɩɜ ȺˊɘůŰɖɛɩɜ Űɞɡ 

ȷɟɘůŰɞŰŮɚŮɑɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ŪŮůůŬɚɞɜɑəɖɠ ɛŮ ŰɑŰɚɞ çȺűŬɟɛɞůɛɏɜɖ əŬɘ ɄŮɟɘɓŬɚɚɞɜŰɘəɐ 

ũŮɤɚɞɔɑŬè əŬɘ ŮɘŭɑəŮɡůɖ ůŰɖɜ əŬŰŮɨɗɡɜůɖ çɃɟɡəŰɞɑ Ʉɧɟɞɘ-ɄŮɟɘɓɎɚɚɞɜè. ɆŬɜ ůəɞˊɧ ɏɢŮɘ Űɖɜ 

ˊŮɟɘɔɟŬűɐ Űɖɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ ŬɜŰɘɛɞɜɑŰɖ əɞɜŰɎ ůŰɞ ɢɤɟɘɧ ɅɘɕŬɜɎ Űɞɡ Ⱦɘɚəɑɠ əŬɗɩɠ əŬɘ Űɖɜ 

ŮɟɛɖɜŮɑŬ Űɞɡ Űɟɧˊɞɡ ɔɏɜŮůɖɠ Űɖɠ, Űɖɜ ɞˊɞɑŬ ɞɘ ũŮɟɛŬɜɞɑ ŮəɛŮŰŬɚɚŮɨŰɖəŬɜ əŬŰɎ Űɞɜ ȸô 

ɄŬɔəɧůɛɘɞ ɄɧɚŮɛɞ ɔɘŬ Űɖɜ Ůɜɑůɢɡůɖ Űɖɠ ˊɞɚŮɛɘəɐɠ Űɞɡɠ ɓɘɞɛɖɢŬɜɑŬɠ. 

 ɂŮəɘɜɩɜŰŬɠ ŮɘůŬɔɤɔɘəɎ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɔɑɜŮŰŬɘ ɛɑŬ ˊŮɟɘɔɟŬűɐ Űɖɠ ŮɡɟɨŰŮɟɖɠ 

ɔŮɤɚɞɔɑŬɠ Űɖɠ ɆŮɟɓɞɛŬəŮŭɞɜɘəɐɠ ɛɎɕŬɠ əŬɘ ŮɘŭɘəɧŰŮɟŬ Űɖɠ ŮɜɧŰɖŰŬɠ Űɞɡ ȸŮɟŰɑůəɞɡ. ȰˊŮɘŰŬ 

ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ əŬɘ ŮˊŮɝɐɔɖůɖ Űɞɡ ɇɟɘŰɞɔŮɜɞɨɠ ɛŬɔɛŬŰɘůɛɞɨ Űɖɠ ˊŮɟɘɞɢɐɠ əŬɘ ˊŮɟɘɔɟɎűɞɜŰŬɘ 

ɞɘ ɛɏɢɟɘ ŰɩɟŬ ɔɜɤůŰɏɠ ɛŮŰŬɚɚɞűɞɟɑŮɠ űɚŮɓɘəɞɨ Űɨˊɞɡ ˊɞɡ ŮɜŰɞˊɑɕɞɜŰŬɘ ůŰɖɜ ŮɜɧŰɖŰŬ 

ȸŮɟŰɑůəɞɡ. ɆŰɖ ůɡɜɏɢŮɘŬ ˊŮɟɘɔɟɎűŮŰŬɘ ɖ ɔŮɤɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɅɘɕŬɜɩɜ əŬɘ ˊŬɟŬɗɏŰɞɜŰŬɘ 

ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɘɠ űɚŮɓɘəɏɠ ɛŮŰŬɚɚɞűɞɟɑŮɠ ŬɜŰɘɛɞɜɑɞɡ.  

 ɆŰɞ əɡɟɑɤɠ ɛɏɟɞɠ Űɖɠ ŮɟɔŬůɑŬɠ ŮɘŭɑəŮɡůɖɠ, ŬɜŬűɏɟɞɜŰŬɘ ɞɘ ɛɏɗɞŭɞɘ ɏɟŮɡɜŬɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖ ɛŮɚɏŰɖ Űɖɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ ŬɡŰɐɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ˊŬɟŬɗɏŰɞɜŰŬɘ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ əŬɘ ɖ ŮɟɛɖɜŮɑŬ ůɢŮŰɘəɎ ɛŮ Űɖɜ ɞɟɡəŰɞɚɞɔɘəɐ ůɨůŰŬůɖ ˊŮŰɟɩɛŬŰɞɠ əŬɘ Űɖɠ 

ɛŮŰŬɚɚɞűɞɟɑŬɠ, Űɖ ɔŮɤɢɖɛŮɑŬ Űɞɡɠ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ɟŮɡůŰɩɜ ŮɔəɚŮɘůɛɎŰɤɜ. 

 ŪŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ Űɞɜ ȷɜŬˊɚɖɟɤŰɐ ȾŬɗɖɔɖŰɐ ə. ȸŬůɑɚɖ ɀɏɚűɞ, ɔɘŬ Űɖɜ 

ŬɜɎɗŮůɖ Űɞɡ ɗɏɛŬŰɞɠ, Űɖ ɓɞɐɗŮɘŬ ůŰɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ, ůŰŬ ɟŮɡůŰɎ ŮɔəɚŮɑůɛŬŰŬ, Űɖɜ 

əŬɗɞŭɐɔɖůɖ əŬɘ Űɘɠ ůɡɛɓɞɡɚɏɠ Űɞɡ. Ⱥˊɘˊɚɏɞɜ, ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ ɔɘŬ Űɖɜ ˊŬɟɞɡůɑŬ əŬɘ Űɖ 

ŭɟɎůɖ Űɞɡ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ, ˊɟɞˊŰɡɢɘŬəɩɜ əŬɘ ɛŮŰŬˊŰɡɢɘŬəɩɜ. 

 ȺɡɢŬɟɘůŰɩ Ůˊɑůɖɠ Űɖɜ ȷɜŬˊɚɖɟɩŰɟɘŬ ȾŬɗɖɔɐŰɟɘŬ ə. ȿŬɛˊɟɘɜɐ ɄŬˊŬŭɞˊɞɨɚɞɡ ɤɠ 

ɛɏɚɞɠ Űɖɠ ŰɟɘɛŮɚɞɨɠ ŮˊɘŰɟɞˊɐ əŬɘ ɔɘŬ Űɖɜ ɓɞɐɗŮɘɎ Űɖɠ ɧůɞɜ ŬűɞɟɎ Űɘɠ ŬɜŬɚɨůŮɘɠ ůŰɞ 

ȼɚŮəŰɟɞɜɘəɧ ɀɘəɟɞůəɧˊɘɞ ɆɎɟɤůɖɠ (SEM), ůŰɖɜ ɞɟɡəŰɞɚɞɔɘəɐ ɛŮɚɏŰɖ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ 

əŬɗɩɠ əŬɘ ɔɘŬ Űɖɜ ůɡɜɞɚɘəɐ Űɖɠ ɓɞɐɗŮɘŬ ůŮ ɧɚŬ ŰŬ ůŰɎŭɘŬ Űɖɠ ŭɘŬŰɟɘɓɐɠ.  

 ɇɞɜ ȷɜŬˊɚɖɟɤŰɐ əŬɗɖɔɖŰɐ ə. ɄŬɜŬɔɘɩŰɖ ȸɞɡŭɞɨɟɖ Ŭˊɧ Űɞ ɄŬɜŮˊɘůŰɐɛɘɞ Űɖɠ ȷɗɐɜŬɠ 

ɤɠ ɛɏɚɞɠ Űɖɠ ŰɟɘɛŮɚɞɨɠ ŮˊɘŰɟɞˊɐɠ əŬɘ Űɞɜ ŮɡɢŬɟɘůŰɩ ɔɘŬ Űɘɠ ŮɨůŰɞɢŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ Űɞɡ ůŰɞ 

ŰŮɚɘəɧ əŮɑɛŮɜɞ əŬɘ ůɡɜɞɚɘəɎ ɔɘŬ Űɞ ɏɟɔɞ Űɞɡ. 

 ȰɜŬ ɘŭɘŬɑŰŮɟɞ ŮɡɢŬɟɘůŰɩ ŮəűɟɎɕɤ ůŰɞɜ ɡˊɞɣɐűɘɞ ŭɘŭɎəŰɞɟŬ əŬɘ űɑɚɞ ə. ɉɟɐůŰɞ 

ɆŰŮɟɔɑɞɡ, ɔŮɤɚɧɔɞ, ɔɘŬ Űɖɜ ŬɜŮəŰɑɛɖŰɖ ɓɞɐɗŮɘɎ Űɞɡ Ŭˊɧ Űɖɜ Ŭɟɢɐ Űɖɠ ɛŮɚɏŰɖɠ ŬɡŰɐɠ, Űɧůɞ əŬŰɎ 

Űɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ɧůɞ əŬɘ ɛɏɢɟɘ Űɞ Űɏɚɞɠ ɔɘŬ Űɘɠ ůɡɛɓɞɡɚɏɠ, Űɘɠ ůɡɕɖŰɐůŮɘɠ əŬɘ Űɘɠ ŬɜŰŬɚɚŬɔɏɠ 

ŬˊɧɣŮɤɜ. 
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 ŪŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Ůˊɑůɖɠ Űɞɜ ə. ȯɟɖ ɆŰŬɛŬŰɘɎŭɖ əŬɘ Űɞɜ ə. Ɂɑəɞ Ⱦɖˊɞɡɟɧ, 

ɔŮɤɚɧɔɞɡɠ, ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɤɜ ɚŮˊŰɩɜ əŬɘ ůŰɘɚˊɜɩɜ Űɞɛɩɜ ˊɞɡ ɢɟŮɘɎůŰɖəŬ əŬɘ ɔɘŬ Űɖɜ 

ɓɞɐɗŮɘɎ Űɞɡɠ ůŰɞ ˊŬɟŬůəŮɡŬůŰɐɟɘɞ.  ȺɡɢŬɟɘůŰɩ Űɞɡɠ ůɡɜŬŭɏɚűɞɡɠ ɛɞɡ, ɛŮŰŬˊŰɡɢɘŬəɞɨɠ 

ɔŮɤɚɧɔɞɡɠ Űɞɡ ɇɛɐɛŬŰɞɠ ũŮɤɚɞɔɑŬɠ, ˊɞɡ ůɡɜŰɟɞűŮɨŬɛŮ ɞ ɏɜŬɠ Űɞɜ Ɏɚɚɞɜ ůŰŬ ɢɟɧɜɘŬ Űɤɜ 

ůˊɞɡŭɩɜ ɛŬɠ. ȺɡɢŬɟɘůŰɩ Ůˊɑůɖɠ ɧɚɞ Űɞ ˊɟɞůɤˊɘəɧ Űɞɡ ɇɞɛɏŬ ɃɟɡəŰɞɚɞɔɑŬɠ-ɄŮŰɟɞɚɞɔɑŬɠ əŬɘ 

ȾɞɘŰŬůÕŬŰɞɚɞɔɑŬɠ ˊɞɡ ůɡɜɏɓŬɚŮ ůŰɖɜ Ůəˊɧɜɖůɖ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘŬŰɟɘɓɐɠ. 

ȰɜŬ ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ ůŰɖɜ ɞɘəɞɔɏɜŮɘɎ ɛɞɡ ɔɘŬ Űɖɜ ŬɜɡˊɞɚɧɔɘůŰɖ ɞɘəɞɜɞɛɘəɐ əŬɘ ɖɗɘəɐ 

ɡˊɞůŰɐɟɘɝɖ ůŮ ɧɚŬ ŰŬ ɢɟɧɜɘŬ Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ. 

ɇɏɚɞɠ, ɗŬ ɐɗŮɚŬ ɜŬ ŮəűɟɎůɤ ɏɜŬ ŮɡɢŬɟɘůŰɩ ůŰɖɜ ə. ȸŬůɘɚɘəɐ ȾŬəɞɚɨɟɖ ˊɞɡ ɛŮ 

ŬɜɏɢŮŰŬɘ. 
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ȾȺūȷȿȷȽɃ 1 

 

ȾȺūȷȿȷȽɃ 1.1: ũȺɋȿɃũȽȷ ɆȺɅȸɃɀȷȾȺȹɃɁȽȾȼɆ-ȸȺɅɇȽɆȾɃɆ 

 

 

ɇɞ Ůɚɚɖɜɘəɧ ɞɟɞɔŮɜɏɠ ŬˊɞŰŮɚŮɑ ŰɛɐɛŬ Űɞɡ Ŭɚˊɘəɞɨ ɞɟɞɔŮɜɞɨɠ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ əŬŰɎ 

Űɖɜ Ŭɚˊɘəɐ ɞɟɞɔɏɜŮůɖ Ŭˊɧ Űɖɜ ˊŮɟɑɞŭɞ Űɞɡ ɀŮůɞɕɤɘəɞɨ əŬɘ ůɡɜŮɢɑɕŮŰŬɘ əŬŰɎ ŰɛɐɛŬŰŬ ɛɏɢɟɘ 

əŬɘ ůɐɛŮɟŬ. ȼ Ŭɚˊɘəɐ ɞɟɞɔŮɜŮŰɘəɐ ˊŮɟɑɞŭɞɠ ɡˊɐɟɝŮ ˊɞɚɨ ɏɜŰɞɜɖ ŮˊɖɟŮɎɕɞɜŰŬɠ əŬɘ 

ŬɚɚɞɘɩɜɞɜŰŬɠ ůŰɞɘɢŮɑŬ ˊɟɞɖɔɞɨɛŮɜɤɜ ɞɟɞɔŮɜŮŰɘəɩɜ əɨəɚɤɜ (Papanikolaou, 2013). ɉɤɟɑɕŮŰŬɘ 

ůŮ 2 əɨɟɘŮɠ ɕɩɜŮɠ, Űɘɠ ŮɝɤŰŮɟɘəɏɠ əŬɘ Űɘɠ ŮůɤŰŮɟɘəɏɠ ȺɚɚɖɜɑŭŮɠ, ɞɘ ɞˊɞɑŮɠ ɛŮ Űɖ ůŮɘɟɎ Űɞɡɠ 

ŭɘŬɘɟɞɨɜŰŬɘ əɘ ŬɡŰɏɠ ůŮ ɝŮɢɤɟɘůŰɏɠ ɕɩɜŮɠ, ɧɚŮɠ ɛŮ ŬɜɎˊŰɡɝɖ ȸȹ-Ɂȷ. ɆŰɘɠ ŮɝɤŰŮɟɘəɏɠ əŬɘ Űɘɠ 

ŮůɤŰŮɟɘəɏɠ ɕɩɜŮɠ ˊŬɟŬŰɖɟɞɨɜŰŬɘ 2 əɨɟɘŮɠ ɞűɘɞɚɘɗɘəɏɠ ůŮɘɟɏɠ, ŮəŮɑɜɖ Űɖɠ Ʉɑɜŭɞɡ əŬɘ ŮəŮɑɜɖ Űɞɡ 

ȷɝɘɞɨ, ɛŮ ɛɘəɟɧŰŮɟŮɠ ŮɛűŬɜɑůŮɘɠ ůŰɞ ȯɗɤɠ-ȸɧɚɓɖ, ůŰɖɜ ȳɟɗɟɡ əŬɘ ůŰɖɜ ȾɟɐŰɖ, ɡˊɞɚŮɑɛɛŬŰŬ 

Űɞɡ əɚŮɘůɑɛŬŰɞɠ Űɞɡ ɤəŮŬɜɞɨ Űɖɠ ɇɖɗɨɞɠ, Ůɜɩ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ɛŮ ŰŮəŰɞɜɘəɏɠ ŮˊŬűɏɠ (Liati et al., 

2004) (Ⱥɘə. 1.1.1).  

Ƀɘ ŮɝɤŰŮɟɘəɏɠ ȺɚɚɖɜɑŭŮɠ Ŭɞ́ŰŮɚɞɨɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ ɘɕɖɛŬŰɞɔŮɜŮɑɠ ŬəɞɚɞɡɗɑŮɠ Ůɜɩ ɞɘ 

ŮůɤŰŮɟɘəɏɠ ŬˊɞŰŮɚɞɨɜ Űɞ ɡˊɧɓŬɗɟɞ Űɞɡ Ůɚɚɖɜɘəɞɨ ɞɟɞɔŮɜɞɨɠ ɛŮ ŬɜŰɑůŰɞɘɢŬ ˊŮŰɟɩɛŬŰŬ, əɡɟɑɤɠ 

ɔɜŮɡůɑɞɡɠ, ɛɎɟɛŬɟŬ, ůɢɘůŰɞɚɑɗɞɡɠ, ŬɛűɘɓɞɚɑŰŮɠ əŬɘ ɛɘɔɛŬŰɑŰŮɠ ɛɏůŬ ůŰɞɡɠ ɞˊɞɑɞɡɠ ŭɘŮɘůŭɨɞɡɜ 

ɛŬɔɛŬŰɘəɎ ůɩɛŬŰŬ ɛŮ 2 əɨɟɘŮɠ ɖɚɘəɑŮɠ, ɛɑŬ ɄŬɚŬɘɞɕɤɘəɐ əŬɘ ɛɑŬ ɇɟɘŰɞɔŮɜɐ. Ƀɘ ŮůɤŰŮɟɘəɏɠ 

ȺɚɚɖɜɑŭŮɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ Űɖɜ ɄŮɚŬɔɞɜɘəɐ ůŰŬ ŭɡŰɘəɎ əŬɘ Űɖ Ʌɞŭɞˊɘəɐ ůŰŬ ŬɜŬŰɞɚɘəɎ, ɖ 

ɞˊɞɑŬ ŭɘŬɘɟŮɑŰŬɘ ůŰɖ ȸɧɟŮɘŬ Ʌɞŭɞˊɘəɐ, ůŰɞ ɁɧŰɘɞ Ʌɞŭɞˊɘəɧ ɀŮŰŬɛɞɟűɘəɧ ɄɡɟɐɜŬ əŬɘ ůŰɖ 

ɉŬɚəɘŭɘəɐ, ɖ ɞˊɞɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞ ɞűɘɞɚɘɗɘəɧ m®lange Űɖɠ ɄŮɟɘɟɞŭɞˊɘəɐɠ əŬɘ Űɖ 

ɆŮɟɓɞɛŬəŮŭɞɜɘəɐ (Himmerkus et al., 2009, Kydonakis et al., 2014) (Ⱥɘə. 1.1.2). 

ȼ ɆŮɟɓɞɛŬəŮŭɞɜɘəɐ ɛɎɕŬ ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ Űɖ Ɂȷ ɆŮɟɓɑŬ ůŰŬ ɓɧɟŮɘŬ əŬɘ ůɡɜŮɢɑɕŮɘ Űɖ 

ůŰŮɜɐ Űɖɠ ŬɜɎˊŰɡɝɖ ɛŮ ˊɚɎŰɞɠ Ŭˊɧ 30 ɛɏɢɟɘ 60 ɢɘɚɘɧɛŮŰɟŬ əŬɘ ɏəŰŬůɖ ˊŮɟɑˊɞɡ Űɖɠ ŰɎɝɖɠ Űɤɜ 

300 ɢɘɚɘɞɛɏŰɟɤɜ ˊɟɞɠ ŰŬ ɜɧŰɘŬ, ˊŮɟɜɩɜŰŬɠ Ŭˊɧ Űɖ ȸɞɡɚɔŬɟɑŬ əŬɘ əŬŰŬɚɐɔɞɜŰŬɠ ůŰɖɜ ȺɚɚɎŭŬ 

ɛɏɢɟɘ Űɖɜ ˊŮɟɘɞɢɐ Űɖɠ ɉŬɚəɘŭɘəɐɠ. ɆŰŬ ŭɡŰɘəɎ ɞɟɘɞɗŮŰŮɑŰŬɘ ɛɏůɤ ŰŮəŰɞɜɘəɩɜ ŮˊŬűɩɜ Ŭˊɧ Űɖɜ 

ɕɩɜɖ ȷɝɘɞɨ əŬɘ Űɖɜ ɄŮɚŬɔɞɜɘəɐ (Burg, 2012). 
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Ⱥɘə. 1.1.1. Ƀɘ ɕɩɜŮɠ Űɞɡ Ůɚɚɖɜɘəɞɨ ɞɟɞɔŮɜɞɨɠ əŬŰɎ Kydonakis et al. (2015). NRD: Northern Rhodope 

Domain, NRCC: Northern Rhodope Core Complex, SRCC: Southern Rhodope Core Complex, CCCC: 

Central Cyclades Core Complex, KD: Kerdylion Detachment, NCD: North Cycladic Detachment. 

 

ȿɘɗɞɚɞɔɘəɎ ɖ ɆŮɟɓɞɛŬəŮŭɞɜɘəɐ ɛɎɕŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊŮŰɟɩɛŬŰŬ ɡˊɞɓɎɗɟɞɡ, əɡɟɑɤɠ 

Ŭˊɧ ɔɜŮɡůɑɞɡɠ əŬɘ ŬɛűɘɓɞɚɑŰŮɠ ˊɞɡ ɡˊɏůŰɖůŬɜ ɛŮŰŬɛɧɟűɤůɖ ɛɏɢɟɘ Űɞ ŬɛűɘɓɞɚɘŰɘəɧ ɧɟɘɞ. ɀŮ 

ɓɎůɖ ŬɡŰɧ Űɞ əɟɘŰɐɟɘɞ, ɝŮɢɤɟɑɕɞɡɜ 4 ɛɞɜɎŭŮɠ Űɖɠ ɆŮɟɓɞɛŬəŮŭɞɜɘəɐɠ, ɞɘ ŮɜɧŰɖŰŮɠ ɄɡɟɔŬŭɑəɘŬ, 

ȷɟɜŬɑŬ, ȾŮɟŭɨɚɚɘŬ əŬɘ ȸŮɟŰɑůəɞɠ (Kydonakis et al. 2015). ȼ ȷɟɜŬɑŬ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ 

ɔɟŬɜɘŰɘəɏɠ ŭɘŮɘůŭɨůŮɘɠ ɇɟɘŬŭɘəɐɠ ɖɚɘəɑŬɠ ɛɏůŬ ůŰɖɜ ŮɜɧŰɖŰŬ ȸŮɟŰɑůəɞɡ. ɇŬ ȾŮɟŭɨɚɚɘŬ 

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ əɟɡůŰŬɚɚɘəɎ ˊŮŰɟɩɛŬŰŬ ɡˊɞɓɎɗɟɞɡ ɛŮ əɡɟɑŬɟɢŬ Űɞɡɠ ɓɘɞŰɘŰɘəɞɨɠ ɔɜŮɨůɘɞɡɠ 
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əŬɘ Űɞɡɠ ɛɘɔɛŬŰɑŰŮɠ. ɇɞ ɧɟɘɞ ɛŮŰŬɝɨ ȾŮɟŭɡɚɚɑɤɜ əŬɘ ȸŮɟŰɑůəɞɡ ŮɑɜŬɘ Űɞ ɟɐɔɛŬ Ŭˊɞəɧɚɚɖůɖɠ 

(detachment) Űɤɜ ȾŮɟŭɡɚɚɑɤɜ ˊɞɡ ɛŮŰŬəɑɜɖůŮ ŬɡŰɐɜ Űɖɜ ŮɜɧŰɖŰŬ ůŰɖɜ ůɖɛŮɟɘɜɐ Űɖɠ ɗɏůɖ Ŭˊɧ 

Űɖ Ʌɞŭɧˊɖ ŬɟɢɘəɎ, Ůɜɩ ɝŮɢɤɟɑɕɞɡɜ Ŭˊɧ Űɖɜ ɞűɘɞɚɘɗɘəɐ ɕɩɜɖ ȯɗɞɡɠ-ȸɧɚɓɖɠ ŬɜɎɛŮůɎ Űɞɡɠ 

(Himmerkus et al. 2009). 

ȼ ŮɜɧŰɖŰŬ ȸŮɟŰɑůəɞɡ ŬˊɞŰŮɚŮɑŰŬɘ əɡɟɑɤɠ Ŭˊɧ ɞɟɗɞɔɜŮɨůɘɞɡɠ ɖɚɘəɑŬɠ Ɇɘɚɞɡɟɑɞɡ, Ůɜɩ 

ˊŬɟŬŰɖɟɞɨɜŰŬɘ əŬɘ ŮɛűŬɜɑůŮɘɠ ŬɛűɘɓɞɚɘŰɩɜ əŬɘ ɛŮŰŬɥɕɖɛɎŰɤɜ. Ƀɘ ɞɟɗɞɔɜŮɨůɘɞɘ Űɞɡ ȸŮɟŰɑůəɞɡ 

ɛˊɞɟɞɨɜ ɜŬ ɢɤɟɘůŰɞɨɜ ɛŮ ɓɎůɖ Űɖɜ ɡűɐ əŬɘ Űɖɜ ɞɟɡəŰɞɚɞɔɑŬ ůŮ ɢɞɜŭɟɧəɞəəɞɡɠ 

ɞűɗŬɚɛɞɔɜŮɡůɑɞɡɠ, ɛɞůɢɞɓɘŰɘəɞɨɠ ɔɜŮɡůɑɞɡɠ əŬɘ ŭɘɛŬɟɛŬɟɡɔɘŬəɞɨɠ ɔɜŮɡůɑɞɡɠ. ɇɞ ɢɟɩɛŬ Űɞɡɠ 

ŮɑɜŬɘ əŬůŰŬɜɧ ɏɤɠ ŰŮűɟɧ ůəɞɨɟɞ əŬɘ ɞɟɡəŰɞɚɞɔɘəɎ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɢŬɚŬɕɑŬ, ŬůŰɟɑɞɡɠ, 

ɓɘɞŰɑŰɖ, ɛɞůɢɞɓɑŰɖ, ŮˊɑŭɞŰɞ, ŬˊŬŰɑŰɖ, ɕɘɟəɧɜɘɞ əŬɘ ŰɘŰŬɜɑŰɖ. Ȱɢɞɡɜ ɔɜŮɡůɘŬəɐ ɡűɐ əŬɘ 

ŭɘŬəɧˊŰɞɜŰŬɘ Ŭˊɧ ˊɖɔɛŬŰɘŰɘəɏɠ əŬɘ ɔɟŬɜɘŰɘəɏɠ ŭɘŮɘůŭɨůŮɘɠ. ūŬɘɜɧɛŮɜŬ ŬˊɞůɎɗɟɤůɖɠ əŬɘ 

ɛŮŰŬɛɧɟűɤůɖɠ ɏɢɞɡɜ ŬɚɚɞɘɩůŮɘ ůŮ ɏɜŬ ɓŬɗɛɧ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ əŬɘ ɞ ŭɘŬɢɤɟɘůɛɧɠ Űɞɡɠ 

ŭŮɜ ŮɑɜŬɘ ˊɎɜŰŬ Ůɡəɟɘɜɐɠ (Himmerkus et al. 2009).  

ȼ ŮɜɧŰɖŰŬ ȸŮɟŰɑůəɞɡ ɏɢŮɘ ŬˊɞŰŮɚɏůŮɘ ɛŮɑɕɞɜ ɗɏɛŬ ůɡɕɐŰɖůɖɠ əŬɘ ɏɟŮɡɜŬɠ ɧůɞɜ ŬűɞɟɎ 

Űɖɜ ˊɟɞɏɚŮɡůɖ əŬɘ Űɖɜ Ůɝɏɚɘɝɐ Űɞɡ. ɂŮəɘɜɩɜŰŬɠ ŬɟɢɘəɎ ɤɠ əɞɛɛɎŰɘ Űɖɠ ɛɎɕŬɠ Űɖɠ Ʌɞŭɧˊɖɠ Űɞ 

ɞˊɞɑɞ əŬŰɏɟɟŮɡůŮ ˊɟɞɠ ŰŬ ȹ-Ɂȹ, ůɐɛŮɟŬ ŬˊɞŰŮɚŮɑ ŰɛɐɛŬ Űɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ ɉŬɚəɘŭɘəɐɠ, ɖ ɞˊɞɑŬ 

ŬɜɐəŮɘ ůŰɖɜ ɛɎɕŬ Űɖɠ Ʌɞŭɧˊɖɠ ɛŬɕɑ ɛŮ Űɖ ȸɧɟŮɘŬ Ʌɞŭɧˊɖ əŬɘ Űɞ ɁɧŰɘɞ Ʌɞŭɞˊɘəɧ core complex 

əŬɘ Űɞɡ ŭɑɜŮŰŬɘ ɞ ɢŬɟŬəŰɖɟɘůɛɧɠ ŮɝɤŰɘəɧ ŰŮɟŬɑɜ, Ůűɧůɞɜ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖɜ ɐˊŮɘɟɞ Űɖɠ 

ũəɞŰɓɎɜŬɠ (Himmerkus et al. 2009, Papanikolaou 2013). 
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Ⱥɘə.1.1.2 ũŮɤŰŮəŰɞɜɘəɧɠ ɢɎɟŰɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ ɉŬɚəɘŭɘəɐɠ əŬŰɎ Kydonakis et al. (2015). 
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ɆɨɛűɤɜŬ ɛŮ Űɘɠ ˊɘɞ ˊɟɧůűŬŰŮɠ ŭɖɛɞůɘŮɨůŮɘɠ (Kydonakis et al. 2015 əŬɘ ɓɘɓɚɘɞɔɟŬűɘəɏɠ 

ŬɜŬűɞɟɏɠ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ŮəŮɑ), ɖ ŮɜɧŰɖŰŬ ȸŮɟŰɑůəɞɡ ŬˊɞŰŮɚɞɨůŮ ŰɛɐɛŬ Űɖɠ ɖˊŮɑɟɞɡ Űɖɠ 

ũəɞɜŰɓɎɜŬɠ əŬŰɎ Űɞ ɄŮɟɛɞ-ɇɟɘŬŭɘəɧ, Űɞ ɞˊɞɑɞ ŬˊɞɢɤɟɑůŰɖəŮ əŬɘ əɘɜɞɨɛŮɜɞ ˊɟɞɠ ŰŬ ȸ-ȸȷ 

ˊɟɞůəɞɚɚɐɗɖəŮ ůŰɞ ɜɧŰɘɞ ŰɛɐɛŬ Űɖɠ ȺɡɟŬůɑŬɠ. ȾŬŰɎ Űɞ ɇɟɘŬŭɘəɧ ɛŮ Űɖ ŭɘɎɜɞɘɝɖ Űɞɡ ɤəŮŬɜɞɨ 

ŬˊɞəɞɚɚɐɗɖəŮ Ŭˊɧ Űɖɜ ũəɞɜŰɓɎɜŬ, ˊŮɟɑɞŭɞ ůŰɖɜ ɞˊɞɑŬ ŭɘŮɑůŭɡůŬɜ ɞɘ ɔɟŬɜɑŰŮɠ Űɨˊɞɡ ȷɟɜŬɑŬɠ 

ůŮ ˊŮɟɘɓɎɚɚɞɜ rifting. ɀŮ Űɞ əɚŮɑůɘɛɞ Űɞɡ ɤəŮŬɜɞɨ Űɖɠ ɇɖɗɨɞɠ ůŰɞ ȽɞɡɟŬůɘəɧ, ŰɞˊɞɗŮŰŮɑŰŬɘ 

ŮˊɤɗɖŰɘəɎ ˊɎɜɤ ůŰɖɜ ɖˊŮɘɟɤŰɘəɐ ɛɎɕŬ.  

ȷəɞɚɞɨɗɤɠ, ɛŮ Űɖɜ əŬŰɎɟɟŮɡůɖ Űɞɡ ɞɟɞɔŮɜɞɨɠ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɛɏůɤ ŮəŰŮɜɩɜ 

ɟɖɔɛɎŰɤɜ Ŭˊɞəɧɚɚɖůɖɠ, ɖ ŮɜɧŰɖŰŬ ȸŮɟŰɑůəɞɡ ŬˊɞəŬɚɨˊŰŮŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ. 

ũŮɤɢɟɞɜɞɚɞɔɐůŮɘɠ əŬɘ ɗŮɟɛɞɛŮŰɟɐůŮɘɠ ɡˊɞŭŮɘəɜɨɞɡɜ ˊɤɠ ɐŭɖ əŬŰɎ Űɞ ȾɟɖŰɘŭɘəɧ ŮɑɢŮ ɝŮəɘɜɐůŮɘ 

ɖ ŮəŰŬűɐ Űɞɡ ȸŮɟŰɑůəɞɡ ɛŮ ɗŮɟɛɞəɟŬůɑŮɠ əɞɜŰɎ ůŰɞɡɠ 300ɞ C, Ůɜɩ ůŰɞ ȼɩəŬɘɜɞ ŮɑɢŮ űŰɎůŮɘ ůŮ 

ůɡɜɗɐəŮɠ ůɢŮŭɧɜ ŮˊɘűŬɜŮɘŬəɏɠ ɛŮ ɗŮɟɛɞəɟŬůɑŮɠ ůŰɞɡɠ 50ɞ C. ȷɡŰɧ Űɞ ˊŮɟɘɓɎɚɚɞɜ ɏəŰŬůɖɠ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ Ŭˊɧ Űɖɜ ɞˊɘůɗɞɢɩɟɖůɖ ˊɟɞɠ ŰŬ Ɂ-Ɂȹ Űɖɠ ˊɚɎəŬɠ Űɖɠ ȷűɟɘəɐɠ ˊɞɡ ɓɡɗɑɕŮŰŬɘ 

əɎŰɤ Ŭˊɧ Űɖɜ ȺɡɟŬůɑŬ ůŰɖɜ Ů́ɟɘɞɢɐ Űɞɡ ȷɘɔŬɑɞɡ, ɛɑŬ ˊŮɟɘɞɢɐ ˊɑůɤ Ŭˊɧ Űɞ ɛɏŰɤˊɞ Űɖɠ 

əŬŰɎŭɡůɖɠ Űɖɠ ˊɚɎəŬɠ, ůŬɜ ɡˊɧɚŮɘɛɛŬ əŬɘ Ŭˊɧ ŰŬ ŰŮɚŮɡŰŬɑŬ ŰɛɐɛŬŰŬ Űɖɠ ɤəŮɎɜɘŬɠ ɚɘɗɧůűŬɘɟŬɠ 

Űɖɠ ɇɖɗɨɞɠ ˊɞɡ ˊŬɟŬɛɏɜɞɡɜ ŮɜŮɟɔɎ ɡˊɧ ɡˊɞɓɨɗɘůɖ (Papanikolaou 2013, Kydonakis et al. 2014, 

Jolivet et al. 2015). 

ɇɞ ɏɜŰɞɜɞ ˊŮɟɘɓɎɚɚɞɜ ŮűŮɚəɡůɛɞɨ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ˊɞɡ ŮɜŰɞˊɑɕŮŰŬɘ əɡɟɑɤɠ ůŰɖɜ 

ˊŮɟɘɞɢɐ Űɞɡ ȸɞɟŮɑɞɡ ȷɘɔŬɑɞɡ, ŮəŰɧɠ Ŭˊɧ Űɖɜ ŮəŰŬűɐ ůɢɖɛŬŰɘůɛɩɜ əŬɘ ŭɖɛɘɞɡɟɔɑŬ 

ɛŮŰŬɛɞɟűɘəɩɜ ˊɡɟɐɜɤɜ, ŮɑɢŮ əŬɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŮəŰŮɜɩɜ ɚŮəŬɜɩɜ ˊɞɡ 

ɞɟɘɞɗŮŰɞɨɜŰŬɘ Ŭˊɧ əŬɜɞɜɘəɎ ɟɐɔɛŬŰŬ ɛŮɔɎɚɖɠ ɔɤɜɑŬɠ əɚɑůɖɠ ɧˊɤɠ ɖ ɚŮəɎɜɖ Űɞɡ ɆŰɟɡɛɧɜŬ. 

ɆɡɜɏɓŬɚɚŮ ɛŬɕɑ ɛŮ Űɖɜ ɞˊɘůɗɞɢɩɟɖůɖ Űɖɠ ɡˊɞɓɨɗɘůɖɠ əŬɘ Ɏɜɞŭɞ Űɖɠ ɚɘɗɧůűŬɘɟŬɠ ůŮ 

ɡɣɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ əŬɘ ŭɘŮɑůŭɡůɖ ɛŬɔɛŬŰɘəɩɜ ůɤɛɎŰɤɜ ˊɟɞɠ ŰŬ ŬɜɩŰŮɟŬ 

ŮˊɑˊŮŭŬ Űɞɡ űɚɞɘɞɨ, ŰŬ ɞˊɞɑŬ ɛŮ Űɖ ůŮɘɟɎ Űɞɡɠ ŮɑɜŬɘ ɡˊŮɨɗɡɜŬ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ˊɚɖɗɩɟŬɠ 

ɛŮŰŬɚɚɞűɞɟɘɩɜ əŬɘ əɞɘŰŬůɛɎŰɤɜ ŮəɛŮŰŬɚɚŮɡɧɛŮɜŬ Űɞɜ ɢɩɟɞ ˊɞɡ ˊŬɟɏɢɞɡɜ ɞɘ ŰŮəŰɞɜɘəɏɠ ŭɞɛɏɠ. 

ȰŰůɘ, ɖ Ʌɞŭɧˊɖ ɛˊɞɟŮɑ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ ɤɠ ɛɑŬ ɛɎɕŬ ɛŮ ˊɞɚɨˊɚɞəɖ əŬɘ ŬəɧɛŬ ůɡɕɖŰɐůɘɛɖ 

ɘůŰɞɟɑŬ əŬɘ ɤɠ ɛɑŬ ˊɞɚɡɛŮŰŬɚɚɘəɐ ˊŮɟɘɞɢɐ ɛŮ ˊɚɞɨůɘɞ ɞɘəɞɜɞɛɘəɧ ŭɡɜŬɛɘəɧ (Blundell et al. 

2005, Marchev et al. 2005, Jolivet et al. 2015, Melfos and Voudouris, 2017, Voudouris et al., 

2019).  
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ȾȺūȷȿȷȽɃ 1.2 ɇɅȽɇɃũȺɁȼɆ ɀȷũɀȷɇȽɆɀɃɆ 

 

 ȼ ˊŮɟɑɞŭɞɠ Űɞɡ ɇɟɘŰɞɔŮɜɞɨɠ ŮɑɜŬɘ ɛɑŬ ɏɜŰɞɜɖ ɔŮɤɚɞɔɘəɎ Ůˊɞɢɐ ɖ ɞˊɞɑŬ ŬɜŬŭɘŬɛɧɟűɤůŮ 

əŬɘ ɏˊɚŬůŮ Űɖɜ ůɖɛŮɟɘɜɐ ŮɘəɧɜŬ Űɞɡ ȺɚɚŬŭɘəɞɨ ɢɩɟɞɡ. ȼ ŮɜŮɟɔɐ ɡˊɞɓɨɗɘůɖ, ɖ ɡˊɞɢɩɟɖůɖ Űɞɡ 

ɛŮŰɩˊɞɡ Űɖɠ ˊɟɞɠ ŰŬ ɁɧŰɘŬ ŮɝŬɘŰɑŬɠ Űɖɠ ɞˊɘůɗɞɢɩɟɖůɖɠ Űɖɠ ɡˊɞɓɡɗɘɕɧɛŮɜɖɠ ˊɚɎəŬɠ, ɖ 

ŭɘɎɟɟɖɝɖ ɐ əŬɘ ɖ Ŭˊɞəɧɚɚɖůɖ ŰɛɐɛŬŰɞɠ ŬɡŰɐɠ, ůɢɖɛŬŰɘůɛɧɠ ɛŮŰŬɛɞɟűɘəɩɜ ˊɡɟɐɜɤɜ əŬɘ ɖ 

ɚɏˊŰɡɜůɖ Űɞɡ űɚɞɘɞɨ ůŮ ˊŮɟɘɓɎɚɚɞɜ back-arc əŬɘ ɖ ɏɜŰɞɜɖ ɛŬɔɛŬŰɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ 

ŬˊɞŰŮɚɞɨɜ ŰŬ əɨɟɘŬ ůɖɛŮɑŬ Űɖɠ ˊŮɟɘɧŭɞɡ. Ʉɚɏɞɜ ŮɑɜŬɘ ŬˊɞŭŮəŰɐ ɖ ɎɟɟɖəŰɖ ůɨɜŭŮůɖ ɛŮŰŬɝɨ 

ŰŮəŰɞɜɘəɐɠ əŬɘ ɛŮŰŬɚɚɞɔɏɜŮůɖɠ (Pe-Piper et al. 2006, Melfos and Voudouris 2017, Voudouris et 

al., 2019). ɆŰɖ ɓɧɟŮɘŬ ȺɚɚɎŭŬ ŮɘŭɘəɧŰŮɟŬ, ɖ ɏɜŰɞɜɖ ɔŮɤɚɞɔɘəɎ ŮɜŮɟɔɐ ˊŮɟɑɞŭɞɠ Űɞɡ 

ɇɟɘŰɞɔŮɜɞɨɠ, ɞŭɐɔɖůŮ ůŰɞ ůɢɖɛŬŰɘůɛɧ ˊɞɚɡɎɟɘɗɛɤɜ ɛŮŰŬɚɚɞűɞɟɘɩɜ ŰŬ ɞˊɞɑŬ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ 

Űɞɜ ɛŬɔɛŬŰɘůɛɧ (Ⱥɘə. 1.2.1), ɧˊɞɡ ɏɢŮɘ ɢɤɟɘůŰŮɑ ůŮ ɛŮŰŬɚɚɞɔŮɜŮŰɘəɏɠ ˊŮɟɘɞɢɏɠ (Ⱥɘə. 1.2.2), ɛŮ 

Űɘɠ əɡɟɘɧŰŮɟŮɠ ŮəŮɑɜŮɠ Űɞɡ Ⱦɘɚəɑɠ, Űɖɠ ȾŬůůɎɜŭɟŬɠ, Űɤɜ ɄŮŰɟɤŰɩɜ, Űɤɜ ɆŬˊɩɜ Űɞɡ ɄŬɔɔŬɑɞɡ 

əŬɘ Űɖɠ ɄŬɚŬɘɎɠ ȾŬɓɎɚŬɠ.  

 ɆŰɖ ȸɧɟŮɘŬ ȺɚɚɎŭŬ ˊŬɟŬŰɖɟɞɨɜŰŬɘ ˊɞɚɡɎɟɘɗɛŮɠ ŮɛűŬɜɑůŮɘɠ ɛŬɔɛŬŰɘəɩɜ ůɤɛɎŰɤɜ, 

ˊɚɞɡŰɤɜɘəɩɜ əŬɘ ɖűŬɘůŰŮɘŬəɩɜ, ɖɚɘəɑŬɠ ȼɤəŬɘɜɘəɐɠ ɛɏɢɟɘ ɃɚɘɔɞəŬɘɜɘəɐɠ-ɀŮɘɞəŬɘɜɘəɐɠ. 

ɀŮŰŬɚɚɞűɞɟɑŮɠ ɧɛɤɠ ɏŭɤůŬɜ ɛɧɜɞ ŰŬ ɛɎɔɛŬŰŬ ɃɚɘɔɞəŬɑɜɞɡ-ɀŮɘɞəŬɑɜɞɡ, ɛŮ ŰŬ ɛɎɔɛŬŰŬ 

ȼɤəŬɑɜɞɡ ɜŬ ˊŬɟŬɛɏɜɞɡɜ ůŰŮɑɟŬ (Melfos and Voudouris, 2017, Voudouris et al., 2019). ȷɡŰɧ 

ůɡɜɏɓɖ ˊɘɗŬɜɧɜ ɚɧɔɤ Űɖɠ ɛŮɑɤůɖɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɖɠ ɡˊɞɓɨɗɘůɖɠ əŬɘ ɞˊɘůɗɞɢɩɟɖůɖɠ Űɖɠ 

ˊɚɎəŬɠ ɛŮŰɎ Űɞ ȼɩəŬɘɜɞ, űŬɘɜɧɛŮɜɞ Űɞ ɞˊɞɑɞ ɏŭɤůŮ ɢɟɧɜɞ ůŰŬ ɛɎɔɛŬŰŬ ɜŬ ŮɛˊɚɞɡŰɘůŰɞɨɜ ɛŮ 

ɛɏŰŬɚɚŬ əŬɘ ɏˊŮɘŰŬ ɛɏůɤ ɡŭɟɞɗŮɟɛɘəɩɜ ŭɘŮɟɔŬůɘɩɜ ɜŬ Ŭˊɞɗɏůɞɡɜ Űɞ ɛŮŰŬɚɚɘəɧ Űɞɡɠ 

ˊŮɟɘŮɢɧɛŮɜɞ. ȾɎˊɞɘŬ Ŭˊɧ ŬɡŰɎ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ ůɡɜŰŮəŰɞɜɘəɎ, Ůűɧůɞɜ ŬɜŬˊŰɨɢɗɖəŬɜ 

ˊŬɟɎɚɚɖɚŬ ɛŮ ɏɜŬ ŰŮəŰɞɜɘəɧ ɔŮɔɞɜɧɠ ɡˊŮɨɗɡɜɞ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡɠ (Melfos and Voudouris 

2017).  

 O ˊɚɞɡŰɤɜɑŰɖɠ Űɖɠ ȾŬɓɎɚŬɠ ɛŮ ɖɚɘəɑŬ ˊŮɟɑˊɞɡ ůŰŬ 21 Ma (Kyriakopoulos, 1987), ɞ 

ˊɚɞɡŰɤɜɑŰɖɠ Űɖɠ ɂɎɜɗɖɠ ɛŮ ɖɚɘəɑŬ ˊŮɟɑˊɞɡ ůŰŬ 32-26 Ma (Kyriakopoulos, 1987) əŬɘ ɞ 

ɛɞɜɕɞɜɑŰɖɠ Űɤɜ Ɇəɞɡɟɘɩɜ ɛŮ ɖɚɘəɑŬ ˊŮɟɑˊɞɡ 20 Ma (Frei 1995) ůɢŮŰɑɕɞɜŰŬɘ ɔŮɜŮŰɘəɎ ɛŮ Űɘɠ 

ŬɜŰɑůŰɞɘɢŮɠ ɛŮŰŬɚɚɞűɞɟɑŮɠ əŬɘ Ŭɜɐəɞɡɜ ůŰŬ ɛŬɔɛŬŰɘəɎ ˊŮŰɟɩɛŬŰŬ ɇɟɘŰɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ. 

ȼűŬɘůŰŮɘŬəɎ ˊŮŰɟɩɛŬŰŬ ŮɛűŬɜɑɕɞɜŰŬɘ Ůˊɑůɖɠ ɛŮ ŰŬ ˊɘɞ ŬɝɘɞůɖɛŮɑɤŰŬ ˊɞɡ ɏŭɤůŬɜ Űɘɠ 

ɛŮŰŬɚɚɞűɞɟɑŮɠ Űɖɠ ˊŮɟɘɞɢɐɠ, ŬɡŰɎ Űɤɜ ūŮɟɟɩɜ-ɆŬˊˊɩɜ ůŰɖɜ ɚŮəɎɜɖ Űɖɠ ŪɟɎəɖɠ ɛŮ ɖɚɘəɑŬ 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

13 
 

əɡɛŬɘɜɧɛŮɜɖ Ŭˊɧ ɃɚɘɔɧəŬɘɜɞ ɏɤɠ ɀŮɘɧəŬɘɜɞ, ˊŬɟɎɚɚɖɚŬ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ back-ark supra-

detachment ɚŮəɎɜɖɠ (Kilias et al., 2013). 

 

Ⱥɘə.1.2.1. ɇɟɘŰɞɔŮɜɐɠ ɛŬɔɛŬŰɘůɛɧɠ əŬɘ əɞɘŰɎůɛŬŰŬ ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ (Melfos 

and Voudouris, 2017). 
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Ⱥɘə. 1.2.2. ɀŮŰŬɚɚɞɔŮɜŮŰɘəɏɠ ˊŮɟɘɞɢɏɠ Űɖɠ ɓɧɟŮɘŬɠ ȺɚɚɎŭŬɠ Ŭˊɧ Melfos and Voudouris (2017). ȳˊɞɡ 

BES: ɀˊŬɟɞɡŰɑɜ-ȺɚŬŰɘɎ-ɆəŬɚɤŰɐ, IER: ȽŮɟɘůůɧɠ, KV: ȾɞŰɨɚɘ-ȸɘŰɘɜɘɎ, KZ: ȾŬɚɧŰɡɢɞ-ȻɚɎŰɞɔəɟŬɜŰ, 
MKL: ɀŬɟɩɜŮɘŬ-Ⱦɑɟəɖ-ȿŮˊŰɞəŬɟɡɎ, SKR: Ɇəɞɡɟɘɏɠ, KVL: ȾŬɓɎɚŬ, PNG: ɄŬɔɔŬɑɞ, STH: ɆɘɗɤɜɑŬ, 

VR: ȸɟɞɜŰɞɨ, XTH: ɂɎɜɗɖ. 1: Ⱦɘɚəɑɠ (ȸɎɗɖ, ũŮɟŬəŬɟɘɧ, ȹɟŬəɧɜŰɘɞ, ȾɞɟɤɜɞɨŭŬ, ɆŰŮűŬɜɘɜɎ, 

ȿŬɞŭɖəɘɜɧ) 2: ɆŰŬɜɧɠ, ɁɏŬ ɀɎŭɡŰɞɠ, 3: ȾŬůůɎɜŭɟŬ (ŬɜŰɘəŬŰɎůŰŬůɖɠ ŬɜɗɟŬəɘəɩɜ ůŰɖɜ ɃɚɡɛˊɘɎŭŬ, 
ɀŬɜŰɏɛ ȿɎəəɞ, ɀŬɨɟŮɠ ɄɏŰɟŮɠ, ɄɘɎɓɘŰůŬ), 4: ȾŬůůɎɜŭɟŬ (ˊɞɟűɡɟɘŰɘəɎ ůɡůŰɐɛŬŰŬ ůŮ Ɇəɞɡɟɘɏɠ, 

ūɡůɩəŬ, ȷɚŬŰɑɜŬ, ɇůɘəɎɟŬ, ȹɑɚɞűɞ), 5: ɄŬɔɔŬɑɞ, 6: ɄŬɚŬɘɎ ȾŬɓɎɚŬ, 7: ŪɎůɞɠ, 8: ŪɏɟɛŮɠ, 9: ȾɘɛɛɏɟɘŬ 

ɂɎɜɗɖɠ, 10: ȾŬɚɧŰɡɢɞ-ɀŮɚɑŰŬɘɜŬ, 11: ȾŬɚɚɡɜŰɐɟɘ, 12: ɀŬɟɩɜŮɘŬ, 13: ɄŮŰɟɤŰɎ (ɄɏɟŬɛŬ, 

ɀŬɡɟɞəɞɟɡűɐ), 14: Ⱦɑɟəɖ-ɆɎˊŮɠ-ȾŬůůɘŰŮɟɏɠ-ȷɘůɨɛɖ (ɄŬɔɩɜɖ ɅɎɢɖ, Ⱦɩɜɞɠ, Ⱦɞɟɡűɏɠ/ȾŬůůɘŰŮɟɏɠ, 
ɀɨɚɞɘ, ɃɢɘɎ, Scarp, ȯɔɘɞɠ ȹɖɛɐŰɟɘɞɠ, ȷɔɑŬ ȸŬɟɓɎɟŬ, ȯɔɘɞɠ ūɑɚɘˊˊɞɠ), 15: Ȱɓɟɞɠ (ɄŮɨəŬ, ȿɞɡŰɟɧɠ), 

16: ȿɐɛɜɞɠ (ūŬəɧɠ, ɆɎɟŭŮɠ). 

 

 ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ Kilias et al. (1999), Brun (2012), Kydonakis et al. (2014) əŬɘ Jolivet et 

al. (2015), əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ ɇɟɘŰɞɔŮɜɞɨɠ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɛɑŬ ůɡɜŮɢɐɠ 

ɞˊɘůɗɞɢɩɟɖůɖ Űɖɠ ȷűɟɘəŬɜɘəɐɠ ˊɚɎəŬɠ ˊɞɡ ɓɡɗɑɕŮŰŬɘ əɎŰɤ Ŭˊɧ Űɖɜ ȺɡɟɤˊŬɥəɐ. ȷˊɞŰɏɚŮůɛŬ 

ŬɡŰɞɨ ŮɑɜŬɘ ɖ Ůɜɑůɢɡůɖ Űɖɠ ɏɜŰŬůɖɠ Űɞɡ ŮəŰŬŰɘəɞɨ ˊŮŭɑɞɡ ůŰŬ ɓɧɟŮɘŬ ŰɛɐɛŬŰŬ Űɖɠ ɢɩɟŬɠ əŬɘ ɖ 
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Ůɜɑůɢɡůɖ Űɖɠ ɛŬɔɛŬŰɘəɐɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ ɛŮ Űɨˊɞɡ I ˊɚɞɡŰɤɜɘəɎ ůɩɛŬŰŬ ŬůɓŮůŰŬɚəŬɚɘəɐɠ, 

ůɤůɞɜɘŰɘəɐɠ əŬɘ ɏɤɠ ɡɣɖɚɞɨ əŬɚɑɞɡ ůŮɘɟɎɠ əŬɘ ɖűŬɘůŰŮɘŬəɎ ůɩɛŬŰŬ ŬɜŭŮůɘŰɘəɎ əŬɘ ŭŬəɘŰɘəɎ, ɖ 

ɞˊɞɑŬ ɛŮŰŬɜŬůŰŮɨŮɘ ůɨɛűɤɜŬ ɛŮ Űɖɜ ɞˊɘůɗɞɢɩɟɖůɖ Űɖɠ ˊɚɎəŬɠ ˊɟɞɠ ŰŬ ɜɧŰɘŬ-ɜɞŰɘɞŭɡŰɘəɎ. ȼ 

Ůɘůɢɩɟɖůɖ Űɖɠ ɗŮɟɛɐɠ ŬůɗŮɜɧůűŬɘɟŬɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖ ɚɏˊŰɡɜůɖ Űɞɡ űɚɞɘɞɨ ˊɟɞəŬɚɞɨɜ 

ɛŮɟɘəɐ Űɐɝɖ ůŰŬ ˊŮŰɟɩɛŬŰŬ Űɞɡ űɚɞɘɞɨ əŬɘ ŭɖɛɘɞɡɟɔɞɨɜ ɛɎɔɛŬŰŬ. ɇŬ ŰɐɔɛŬŰŬ ŬɡŰɎ ɛɏůɤ 

ŰŮəŰɞɜɘəɩɜ ŭɘɧŭɤɜ ŬɜɏɟɢɞɜŰŬɘ ˊɟɞɠ ɢŬɛɖɚɧŰŮɟŬ ŮˊɑˊŮŭŬ Űɞɡ űɚɞɘɞɨ ɏɢɞɜŰŬɠ ɡˊɞůŰŮɑ ŭɘŮɟɔŬůɑŮɠ 

ɛŬɔɛŬŰɘəɐɠ ŭɘŬűɞɟɞˊɞɑɖůɖɠ. Ⱥˊɑůɖɠ, ɛŬɜŭɡŬəɎ ŰɐɔɛŬŰŬ ŮɑɜŬɘ ˊɘɗŬɜɧ ɜŬ ˊŮɟɎůɞɡɜ ˊɟɞɠ ŰŬ 

ŬɜɩŰŮɟŬ ŮˊɑˊŮŭŬ Űɞɡ űɚɞɘɞɨ, ůŬɜ ŬˊɞŰɏɚŮůɛŬ ˊɘɗŬɜɧŰŬŰŬ Ůɘůɢɩɟɖůɖɠ ɜŮɟɞɨ Ŭˊɧ ɘɕɐɛŬŰŬ Űɖɠ 

ˊɚɎəŬɠ ˊɞɡ ɓɡɗɑɕŮŰŬɘ ɏˊŮɘŰŬ Ŭˊɧ ɛŮŰŬɛɧɟűɤůɐ Űɞɡɠ. Ʉɚɏɞɜ, ɛŮŰɎ Ŭˊɧ ɛŮɚɏŰŮɠ ɘůɞŰɧˊɤɜ, ŮɑɜŬɘ 

əɞɘɜɎ ŬˊɞŭŮəŰɐ ɖ ˊɟɞɏɚŮɡůɖ Űɤɜ ŰɖɔɛɎŰɤɜ ŬɡŰɩɜ ɡˊŮɨɗɡɜɤɜ ɔɘŬ Űɖ ɔɏɜŮůɖ Űɤɜ 

ɛŮŰŬɚɚɞűɞɟɘɩɜ Ŭˊɧ Űɞ űɚɞɘɧ, ɏɢɞɜŰŬɠ ɡˊɞůŰŮɑ ůŰɖɜ ˊɞɟŮɑŬ Űɞɡɠ ɛŬɔɛŬŰɘəɏɠ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ. 

 ɄŬɟɎɚɚɖɚŬ ɛŮ Űɖɜ ɞˊɘůɗɞɢɩɟɖůɖ, ɡˊɎɟɢɞɡɜ ŮɜŭŮɑɝŮɘɠ ɔɘŬ ˊɘɗŬɜɐ ŭɘɎɟɟɖɝɖ Űɖɠ ˊɚɎəŬɠ. 

ɀŮɚɏŰŮɠ ɏɢɞɡɜ ŭŮɑɝŮɘ ˊɤɠ ŭɘɎɟɟɖɝɖ Űɖɠ ɡˊɞɓɡɗɘɕɧɛŮɜɖɠ ˊɚɎəŬɠ ɏɢŮɘ ůŬɜ ŬˊɞŰɏɚŮůɛŬ Űɖ 

ŭɖɛɘɞɡɟɔɑŬ ŬŭŬəɘŰɘəɩɜ ɛŬɔɛɎŰɤɜ ˊɟɞŮɟɢɧɛŮɜɤɜ ŬˊŮɡɗŮɑŬɠ Ŭˊɧ Űɞɜ ɛŬɜŭɨŬ əŬɘ strike slip 

ɟɖɔɛɎŰɤɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ, ɛŮ rotation Űɖɠ ˊŮɟɘɞɢɐɠ ŬɟəŮŰɩɜ ɛɞɘɟɩɜ. ɆŰŬ ɓɧɟŮɘŬ ɖˊŮɘɟɤŰɘəɎ Űɖɠ 

ȺɚɚɎŭŬɠ əŬɗɩɠ əŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ɓɞɟŮɑɞɡ ȷɘɔŬɑɞɡ, ɏɢɞɡɜ əŬŰŬɔɟŬűŮɑ transtensional 

ɛɖɢŬɜɘůɛɞɑ ůŮ əŬɜɞɜɘəɎ ɟɐɔɛŬŰŬ əŬɘ əŬɗŬɟɎ strike slip ɟɐɔɛŬŰŬ (Royden and Papanikolaou, 

2007, 2011). Ƀɘ Brun and Sokoutis (2007) ŬɜŬűɏɟɞɡɜ ˊɘɗŬɜɧ rotation Űɞɡ Ɏɜɤ ŰŮɛɎɢɞɡɠ Űɞɡ 

detachment Űɤɜ ȾŮɟŭɡɚɚɑɤɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ŬɔɔɑɕŮɘ Űɘɛɏɠ Űɤɜ 30ɞ.  

 ɇŬ ɛŬɔɛŬŰɘəɎ ŬɡŰɎ ůɩɛŬŰŬ ůŰɖɜ ɆŮɟɓɞɛŬəŮŭɞɜɘəɐ ɛɎɕŬ, ɛɏɟɞɠ Űɞɡ ɧɚɞɡ 

ɔŮɤŰŮəŰɞɜɘəɞɨ ɛɞɜŰɏɚɞɡ, ŮɑɜŬɘ ɡˊŮɨɗɡɜŬ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛŮŰŬɚɚɞűɞɟɘɩɜ ůɡůɢŮŰɘɕɧɛŮɜɤɜ ɛŮ 

ɛŬɔɛŬŰɘəɏɠ ŭɘŮɘůŭɨůŮɘɠ, Űɨˊɞɡ ˊɞɟűɡɟɘŰɘəɞɨ, ŮˊɘɗŮɟɛɘəɞɨ, ɛŮůɞɗŮɟɛɘəɞɨ, ŬɜŰɘəŬŰɎůŰŬůɖɠ, 

skarn əŬɘ ɢŬɚŬɕɘŬəɩɜ űɚŮɓɩɜ (Melfos and Voudouris, 2017, Stergiou et al., 2018, Voudouris et 

al., 2019) (Ⱥɘə. 1.2.3). 

ɉŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ŬˊɞŰŮɚŮɑ ɖ ˊŮɟɘɞɢɐ Űɖɠ ɓɞɟŮɘɞŬɜŬŰɞɚɘəɐɠ ɉŬɚəɘŭɘəɐɠ ɧˊɞɡ 

ɏɢɞɡɜ ŭɖɛɘɞɡɟɔɖɗŮɑ əɞɘŰɎůɛŬŰŬ ˊɞɟűɡɟɘŰɘəɞɨ Űɨˊɞɡ ůŮ Ɇəɞɡɟɘɏɠ, ūɡůɩəŬ, ȷɚŬŰɑɜŬ, ɇůɘəɎɟŬ 

əŬɘ ȹɑɚɞűɞ ŰŬ ɞˊɞɑŬ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ůŮ ŮəŰŬŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ ŮɚŮɔɢɧɛŮɜŬ Ŭˊɧ Űɞ detachment 

Űɤɜ ȾŮɟŭɡɚɚɑɤɜ (Melfos and Voudouris, 2017). ɆɖɛŬɜŰɘəɎ əɞɘŰɎůɛŬŰŬ ŬˊɞŰŮɚɞɨɜ Ůˊɑůɖɠ 

ŮəŮɑɜŬ Űɖɠ ȸɎɗɖɠ ůŰɖɜ ŮɜɧŰɖŰŬ ȸŮɟŰɑůəɞɡ ɧˊɞɡ ŮɜŰɞˊɑɕŮŰŬɘ ɛɞɚɡɓŭŬɑɜɘɞ əŬɘ ɞɡɟɎɜɘɞ (Stergiou 

et al., 2016) əŬɘ Űɞɡ ũŮɟŬəŬɟɘɞɨ (ɇɞɡɛŬɜɑŭɞɡ, 2019). 
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Ⱥɘə. 1.2.3. ũŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ ɆŮɟɓɞɛŬəŮŭɞɜɘəɐɠ ɛɎɕŬɠ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ əŬŰɎ Bristol et al. (2015), 

ɧˊɞɡ űŬɑɜɞɜŰŬɘ ɞɘ ůɖɛŬɜŰɘəɧŰŮɟŮɠ ˊŮɟɘɞɢɏɠ ŮɛűŬɜɑůŮɤɜ ɛŮŰŬɚɚŮɡɛɎŰɤɜ əŬɘ ɞɘəɞɜɞɛɘəɎ 
ŮəɛŮŰŬɚɚŮɨůɘɛɤɜ əɞɘŰŬůɛɎŰɤɜ. 

 

ɆɖɛŬɜŰɘəɎ əɞɘŰɎůɛŬŰŬ ŮˊɘɗŮɟɛɘəɞɨ Űɨˊɞɡ ŮɜŰɞˊɑɕɞɜŰŬɘ ůŰɖɜ ŰŮəŰɞɜɘəɐ ɚŮəɎɜɖ 

Űɤɜ ɄŮŰɟɤŰɩɜ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Űɞɡ ɄŮɟɎɛŬŰɞɠ ɡɣɖɚɐɠ əŬɘ ɛɏůɖɠ ɗŮɑɤůɖɠ ɛŮ ɛɏůɖ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɢɟɡůɧ 3.2 g/t (Voudouris et al., 2011) əŬɘ Űɖɠ ɀŬɡɟɞəɞɟɡűɐɠ ɡɣɖɚɐɠ 

ɗŮɑɤůɖɠ (Voudouris, 2011). ȷɝɘɞůɖɛŮɑɤŰɞ ŮɑɜŬɘ Ůˊɑůɖɠ Űɞ əɞɑŰŬůɛŬ Viper ůŰɖɜ ˊŮɟɘɞɢɐ 

Ⱦɑɟəɖ-ɆɎˊŮɠ-ȾŬůůɘŰŮɟɏɠ, ɏɜŬ ɡɣɖɚɐɠ əŬɘ ɛɏůɖɠ ɗŮɑɤůɖɠ ŮˊɘɗŮɟɛɘəɧ ůɨůŰɖɛŬ ɛŮ ɛɏůɖ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɢɟɡůɧ 19.5 gr/t (Voudouris et al., 2006, Voudouris et al., 2019).  
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 ȾɞɘŰɎůɛŬŰŬ ŬɜŰɘəŬŰɎůŰŬůɖɠ ůŮ ŬɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ ŮɜŰɞˊɑɕɞɜŰŬɘ ůŰɖ ȸȷ ɉŬɚəɘŭɘəɐ 

ůŰɖɜ ɃɚɡɛˊɘɎŭŬ, ɀŬɜŰɏɛ ȿɎəəɞ, ɀŬɨɟŮɠ ɄɏŰɟŮɠ əŬɘ ɄɘɎɓɘŰůŬ. ũɜɤůŰɎ əɞɘŰɎůɛŬŰŬ Űɨˊɞɡ 

skarn ŮɑɜŬɘ ŮəŮɑɜŬ Űɤɜ ȾɘɛɛŮɟɑɤɜ ɂɎɜɗɖɠ əŬɘ Űɖɠ ɜɐůɞɡ ɆŮɟɑűɞɡ (Melfos and Voudouris, 2017). 

 ɇɏɚɞɠ, ůɖɛŬɜŰɘəɏɠ ŮɛűŬɜɑůŮɘɠ űɚŮɓɘəɞɨ Űɨˊɞɡ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ ɛŬɔɛŬŰɘəɐ ŭɘŮɑůŭɡůɖ 

əŬɘ ŮɚɏɔɢɞɜŰŬɘ ŰŮəŰɞɜɘəɎ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ Ⱦɘɚəɑɠ ůŰɞɜ ɆŰŬɜɧ (Voudouris et al. , 

2010, 2013, Bristol et al., 2015), ɁɏŬ ɀɎŭɡŰɞ, ȹɟŬəɧɜŰɘɞ, ȾɞɟɤɜɞɨŭŬ (Voudouris and Melfos 

2017), ɄŬɚɘɧɛɡɚɞɠ (Melfos et al., 2001) əŬɘ ȿŬɞŭɖəɘɜɧ (Thymiatis, 1995). 
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ȾȺūȷȿȷȽɃ 1.3: ūȿȺȸȽȾȺɆ ɀȺɇȷȿȿɃūɃɅȽȺɆ ȸȺɅɇȽɆȾɃɈ 

 

 

 ȼ ɔŮɤɚɞɔɘəɐ ŮɜɧŰɖŰŬ ȸŮɟŰɑůəɞɡ əŬŰŬɚɐɔŮɘ ůŰɖ ůɖɛŮɟɘɜɐ Űɖɠ ɗɏůɖ əŬɘ ɛɞɟűɐ ɏˊŮɘŰŬ 

Ŭˊɧ ˊɞɚɨˊɚɞəŮɠ ŭɘŬŭɘəŬůɑŮɠ. ȺˊɘűŬɜŮɘŬəɏɠ ŬˊɞɚɐɝŮɘɠ Űɞɡ əɚŮɘůɑɛŬŰɞɠ əŬɘ Űɖɠ ɡˊɞɓɨɗɘůɖɠ Űɞɡ 

ɤəŮŬɜɞɨ Űɖɠ ɇɖɗɨɞɠ əɎŰɤ Ŭˊɧ Űɖɜ ȺɡɟŬůɘŬŰɘəɐ, Űɖɜ ɞˊɘůɗɞɢɩɟɖůɖ Űɞɡ ɛŮŰɩˊɞɡ Űɖɠ 

ɡˊɞɓɨɗɘůɖɠ əŬɘ Űɞ ůˊɎůɘɛɞ Űɖɠ ˊɚɎəŬɠ ŬˊɞŰŮɚɞɨɜ ɖ ɏɜŰɞɜɖ ŰŮəŰɞɜɘəɐ əŬɘ ŰŬ ɛŬɔɛŬŰɘəɎ 

ůɩɛŬŰŬ. ɇɞ ŰŮəŰɞɜɘəɎ əŬŰŬˊɞɜɖɛɏɜɞ ŰɏɛŬɢɞɠ Űɞɡ ȸŮɟŰɑůəɞɡ űɘɚɞɝŮɜŮɑ ɛɏůŬ ůŰŬ 

ɛŮŰŬɛɞɟűɤɛɏɜŬ ˊŮŰɟɩɛŬŰŬ ɡˊɞɓɎɗɟɞɡ ˊɞɚɚɎ ɛŬɔɛŬŰɘəɎ ˊŮŰɟɩɛŬŰŬ ˊɞɡ ůɢɖɛŬŰɑůŰɖəŬɜ ůŮ 

ɛɘəɟɎ ɓɎɗɖ, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ɡˊŮɨɗɡɜŬ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ˊɞɚɚɩɜ Ůɘŭɩɜ ɛŮŰŬɚɚɞűɞɟɘɩɜ, ŬɜɎɛŮůɎ 

Űɞɡɠ əŬɘ űɚŮɓɘəɞɨ Űɨˊɞɡ. ɇɏŰɞɘŮɠ ɛŮŰŬɚɚɞűɧɟŮɠ űɚɏɓŮɠ ůɡɜŭɏɞɜŰŬɘ ɛŮ ɛŬɔɛŬŰɘəɏɠ ŭɘŮɘůŭɨůŮɘɠ, 

ŮɚɏɔɢɞɜŰŬɘ Ŭˊɧ Űɖɜ ŰŮəŰɞɜɘəɐ əŬɘ ůɢɖɛŬŰɑɕɞɜŰŬɘ ˊŬɟɎɚɚɖɚŬ ɛŮ Űɖ ŭɟɎůɖ Űɖɠ əŬŰɎ Űɖɜ 

əŬŰɎɟɟŮɡůɖ Űɞɡ ɞɟɞɔŮɜɞɨɠ əŬɘ Űɖɜ ŬˊɞəɎɚɡɣɖ Űɞɡ ɛŮŰŬɛɞɟűɘəɞɨ ˊɡɟɐɜŬ Űɖɠ Ʌɞŭɧˊɖɠ 

(Voudouris and Melfos 2017, Voudouris et al., 2019). 

ɆŮ ɧɚɖ Űɖɜ ɏəŰŬůɖ Űɞɡ ȸŮɟŰɑůəɞɡ ůɡɜŬɜŰɩɜŰŬɘ ɛŬɔɛŬŰɘəɎ ůɩɛŬŰŬ. ɆɨɛűɤɜŬ ɛŮ Űɞ 

ɛɞɜŰɏɚɞ ˊɞɡ ˊɟɧŰŮɘɜŮ ɞ Hart (2005), ŰɏŰɞɘŮɠ űɚŮɓɘəɏɠ ɛŮŰŬɚɚɞűɞɟɑŮɠ ůɡɜŭɏɞɜŰŬɘ ɛŮ ɛŬɔɛŬŰɘəɏɠ 

ŭɘŮɘůŭɨůŮɘɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ˊŬɟŬŰɖɟŮɑŰŬɘ ɛɑŬ ɕɩɜɤůɖ Űɤɜ ɛŮŰŬɚɚɘəɩɜ ůŰɞɘɢŮɑɤɜ ŬɜɎɚɞɔŬ 

ɛŮ Űɖɜ əɘɜɖŰɘəɧŰɖŰɎ Űɞɡɠ, ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ ŮəŮɑɜŬ ˊɞɡ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ɛɏůŬ ůŰɞɜ ˊɚɞɡŰɤɜɑŰɖ 

ɛɏɢɟɘ ŮəŮɑɜŬ ˊɞɡ ɗŬ ŮɛűŬɜɑɕɞɜŰŬɘ ɛŬəɟɨŰŮɟɎ Űɞɡ (Ɇɢ.1.3.1). ȸɘůɛɞɨɗɘɞ, ŰŮɚɚɞɨɟɘɞ əŬɘ 

ɓɞɚűɟɎɛɘɞ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ɛɏůŬ ůŰɞ ɛŬɔɛŬŰɘəɧ ˊɏŰɟɤɛŬ ɐ əŬɘ ŮɚɎɢɘůŰŬ ůŰŬ ɎɛŮůŬ ɔŮɘŰɞɜɘəɎ 

Űɞɡ. Ƀ ɢɟɡůɧɠ ɛˊɞɟŮɑ ɜŬ ɛŮŰŬɜŬůŰŮɨůŮɘ ɛŬəɟɨŰŮɟŬ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɕɩɜŮɠ ɛŬɕɑ ɛŮ ŬɟůŮɜɘəɧ əŬɘ 

ɛŬɕɑ ɛŮ ŬɟůŮɜɘəɧ əŬɘ ŬɜŰɘɛɧɜɘɞ ŭɖɛɘɞɡɟɔɩɜŰŬɠ ɛŮŰŬɚɚɞűɧɟŮɠ űɚɏɓŮɠ. ȯɟɔɡɟɞɠ, ɛɧɚɡɓŭɞɠ əŬɘ 

ɣŮɡŭɎɟɔɡɟɞɠ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɖɜ ˊɘɞ ŮɝɤŰŮɟɘəɐ ɕɩɜɖ Űɖɠ ŭɘŮɑůŭɡůɖɠ ůŬɜ ŰŬ ˊɚɏɞɜ ŮɡəɑɜɖŰŬ 

ɧˊɞɡ əŬɘ ůɡɔəŮɜŰɟɩɜɞɜŰŬɘ ůŮ ɛŮŰŬɚɚɞűɧɟŮɠ űɚɏɓŮɠ (Hart 2005). 

 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

19 
 

Ɇɢ.1.3.1. ɀŮŰŬɚɚɞűɞɟɑŮɠ əŬɘ ɔŮɤɢɖɛɘəɐ ɕɩɜɤůɖ ůɡɜŭŮŭŮɛɏɜŮɠ ɛŮ ɛŬɔɛŬŰɘəɏɠ ŭɘŮɘůŭɨůŮɘɠ (Hart 2005) 

 

 Ƀɘ űɚŮɓɘəɏɠ ɛŮŰŬɚɚɞűɞɟɑŮɠ Űɞɡ ȸŮɟŰɑůəɞɡ ŮɑɜŬɘ űŰɤɢɎ ɛŮɚŮŰɖɛɏɜŮɠ ůŮ ůɢɏůɖ ɛŮ Ɏɚɚɞɡ 

Űɨˊɞɡ ɛŮŰŬɚɚɞűɞɟɑŮɠ əŬɘ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ɚɑɔŮɠ ɛɧɜɞ ˊŮɟɘɞɢɏɠ (Melfos and Voudouris 2017). 

ȷˊɞŰŮɚɞɨɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ ɞɟɡəŰɎ Cu, Au, Ag, Bi əŬɘ Te əŬɘ ɖ ɃɚɘɔɞəŬɘɜɘəɐ ɏɤɠ ɀŮɘɞəŬɘɜɘəɐ 

ɖɚɘəɑŬ ŮɑɜŬɘ ŮˊɘɓŮɓŬɘɤɛɏɜɖ ɔɘŬ Űɞɜ ɆŰŬɜɧ ůŰŬ 19.2 Ñ 2.1 Ma (Bristol et al., 2015), Ůɜɩ ɔɘŬ Űɘɠ 

ɎɚɚŮɠ ŮɘəɎɕŮŰŬɘ. ȼ ˊɖɔɐ Űɞɡɠ ɗŮɤɟŮɑŰŬɘ ˊɤɠ ŮɑɜŬɘ ɛŬɔɛŬŰɘəɐ, ɛŮ Űɖɜ ůɡɛɛŮŰɞɢɐ ůŮ ůŰɞɘɢŮɑŬ Ŭˊɧ 

ŰŬ ˊŮŰɟɩɛŬŰŬ Űɖɠ ˊŮɟɘɞɢɐɠ əŬŰɎ Űɖɜ ŭɟɎůɖ əŬɘ ŭɑɞŭɞ Űɤɜ ɛŬɔɛɎŰɤɜ Ŭˊɧ ŬɡŰɎ. ɄŮɟɘɞɢɏɠ ɧˊɞɡ 

ŬɜŬűɏɟɞɜŰŬɘ ŰɏŰɞɘŮɠ űɚŮɓɘəɏɠ ɛŮŰŬɚɚɞűɞɟɑŮɠ ůŰɞɜ ȸŮɟŰɑůəɞ ŮɑɜŬɘ ůŰɞɜ ɆŰŬɜɧ, ůŰɞ Ⱦɞɚɢɘəɧ, 

ůŰɞ ȹɟŬəɧɜŰɘɞ, ůŰɞɜ ɄŬɚɘɧɛɡɚɞ, ůŰɖɜ ȾɞɟɤɜɞɨŭŬ ůŰɞ ȿŬɞŭɖəɘɜɧ, ůŰɖ ɁɏŬ ɀɎŭɡŰɞ əŬɘ ůŰŬ 

ɅɘɕŬɜɎ (Ⱥɘə. 1.3.2). 
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Ⱥɘə. 1.3.2. ȹɞɟɡűɞɟɘəɐ ŮɘəɧɜŬ ɧˊɞɡ űŬɑɜɞɜŰŬɘ ɞɘ ŰɞˊɞɗŮůɑŮɠ Űɤɜ ŮɛűŬɜɑůŮɤɜ űɚŮɓɘəɩɜ ɛŮŰŬɚɚɞűɞɟɘɩɜ 

ůŰɞɜ ȸŮɟŰɑůəɞ. Ʉɖɔɐ: GoogleEarth. 

 

ɆŰɞɜ ɆŰŬɜɧ, ɞɘ űɚɏɓŮɠ ɏɢɞɡɜ ɀŮɘɞəŬɘɜɘəɐ ɖɚɘəɑŬ əŬɘ ŬɜŬˊŰɨůůɞɜŰŬɘ ɛɏůŬ ůŮ 

ɞɟɗɞɔɜŮɡůɑɞɡɠ ůŮ ɛɑŬ ŰŮəŰɞɜɘəɐ ɕɩɜɖ ȸȹ-Ɂȷ. ɆɢɖɛŬŰɑɕɞɜŰŬɘ ɢŬɚŬɕɘŬəɎ boudins əŬɘ ŮɑɜŬɘ 

ˊɚɞɨůɘŮɠ ůŮ ůɞɡɚűɑŭɘŬ. ɂŮɢɤɟɑɕɞɡɜ ŭɨɞ ůŰɎŭɘŬ ɛŮŰŬɚɚɞɔɏɜŮůɖɠ, ɛŮ Űɞ ˊɟɩŰɞ ɡɣɖɚɧŰŮɟɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ ɜŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ůɘŭɖɟɞˊɡɟɑŰɖ, ŬɟůŮɜɞˊɡɟɑŰɖ, ɛŬɔɜɖŰɞˊɡɟɑŰɖ əŬɘ ůűŬɚŮɟɑŰɖ. 

ɇɞ ŭŮɨŰŮɟɞ ˊŮɟɘɚŬɛɓɎɜŮɘ ɢŬɚəɞˊɡɟɑŰɖ, ɔŬɚɖɜɑŰɖ, ɛɞɚɡɓŭŬɘɜɑŰɖ, ɞɟɡəŰɎ Űɖɠ ůŮɘɟɎɠ 

ɓɘůɛɞɡɗɘɜɑŰɖɠ-ŬɥəɘɜɑŰɖɠ əŬɘ ɚɘɚɚɘŬɜɑŰɖɠ-ɔəɞɡůŰŬɓɑŰɖɠ, ɞɟɡəŰɎ ůŰɞ ůɨůŰɖɛŬ Bi-Te-S-Se, 

ɛŬŰɘɚŭɑŰɖ, ɢɟɡůɧ-Ɏɟɔɡɟɞ əŬɘ ɓɘůɛɞɨɗɘɞ (Voudouris et al., 2013). ɆŬɜ ůɡɜɞŭɎ ɞɟɡəŰɎ 

ŬɜŬűɏɟɞɜŰŬɘ ɢŬɚŬɕɑŬɠ, ɓɘɞŰɑŰɖɠ, ɛɞůɢɞɓɑŰɖɠ, ŬˊŬŰɑŰɖɠ əŬɘ ɞɟɡəŰɎ ˊɞɡ űɏɟɞɡɜ ůˊɎɜɘŮɠ ɔŬɑŮɠ. ȼ 

ˊɖɔɐ Űɤɜ ůŰɞɘɢŮɑɤɜ əŬɘ Űɤɜ ɟŮɡůŰɩɜ ɗŮɤɟŮɑŰŬɘ ɛŬɔɛŬŰɘəɐ, ɛŮ ŰŬ ɟŮɡůŰɎ ɜŬ ŬɚɚɖɚŮˊɘŭɟɞɨɜ ɛŮ 

ŰŬ ˊŮŰɟɩɛŬŰŬ ˊɞɡ ɏɟɢɞɜŰŬɘ ůŮ ŮˊŬűɐ (Bristol et al., 2015). 

ɆŰɘɠ ˊŮɟɘɞɢɏɠ ȾɞɟɤɜɞɨŭŬ əŬɘ ɄŬɚɘɧɛɡɚɞɠ ɆŰŮűŬɜɜɘɜɩɜ, ůɢɖɛŬŰɑɕɞɜŰŬɘ ɛɏůŬ ůŰŬ 

ɛŮŰŬɛɞɟűɤɛɏɜŬ ˊŮŰɟɩɛŬŰŬ Űɞɡ ȸŮɟŰɑůəɞɡ ŰŮəŰɞɜɘəɎ ŮɚŮɔɢɧɛŮɜŮɠ ɢŬɚŬɕɘŬəɏɠ űɚɏɓŮɠ ɞɘ ɞˊɞɑŮɠ 

ŮɑɜŬɘ ˊɚɞɨůɘŮɠ ůŮ ɢɟɡůɧ ɛŮ ˊŮɟɘŮəŰɘəɧŰɖŰŮɠ ɏɤɠ 28.3 ppm əŬɘ 6.8 ppm ŬɜŰɑůŰɞɘɢŬ, əŬɘ Ɏɟɔɡɟɞ 

ɛŮ ˊŮɟɘŮəŰɘəɧŰɖŰŮɠ ɏɤɠ 735 ppm əŬɘ 765 ppm ŬɜŰɑůŰɞɘɢŬ (Vavelidis et al., 1996, Melfos et al., 

2001). ȷˊɞŰŮɚɞɨɜ Űɘɠ 2 ɛɞɜŬŭɘəɏɠ ˊŮɟɘɞɢɏɠ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ əŬɘ ŮɑɜŬɘ ŬɜɎɛŮůŬ ůŰɘɠ 

ɡˊɧɚɞɘˊŮɠ 10 ˊŬɔəɞůɛɑɤɠ ɧˊɞɡ ŬɜŬűɏɟŮŰŬɘ ɞ ůɢɖɛŬŰɘůɛɧɠ ŬɟɔɡɟɞˊŮɜŰɚŬɜŭɑŰɖ, Ůɜɧɠ 
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ˊŮɜŰɚŬɜŭɑŰɖ ˊɚɞɨůɘɞɡ ůŮ Ɏɟɔɡɟɞ. ȼ ɛŮŰŬɚɚɞűɞɟɑŬ ɢɟɡůɞɨ-Ŭɟɔɨɟɞɡ-ɢŬɚəɞɨ ůɢɖɛŬŰɑɕŮŰŬɘ Ŭˊɧ 

ɡŭɟɞɗŮɟɛɘəɎ ɟŮɡůŰɎ ɛŬɔɛŬŰɘəɐɠ ˊɟɞɏɚŮɡůɖɠ, ɛŮ ˊɖɔɐ Űɤɜ ɛŮŰɎɚɚɤɜ Űɞ ɛɎɔɛŬ ˊɞɡ ŬűɞɛɞɑɤůŮ 

ˊɞɚɨŰɘɛŬ ɛɏŰŬɚɚŬ əŬŰɎ Űɖɜ Ɏɜɞŭɧ Űɞɡ. ȺɝŬɘŰɑŬɠ Űɤɜ ˊŬɟɧɛɞɘɤɜ ůɡɜɗɖəɩɜ ɔɏɜŮůɖɠ əŬɘ Űɖɠ 

ˊŬɟɞɡůɑŬɠ Űɞɡ ŬɟɔɡɟɞˊŮɜŰɚŬɜŭɑŰɖ, ɞɘ ŭɨɞ ˊŮɟɘɞɢɏɠ ɏɢɞɡɜ ůɡůɢŮŰɘůŰŮɑ əɞɘŰŬůɛŬŰɞɚɞɔɘəɎ 

(Vavelidis et al., 1996, Melfos et al., 2001). 

Ƀɘ ɢɟɡůɞűɧɟŮɠ ɢŬɚŬɕɘŬəɏɠ űɚɏɓŮɠ Űɞɡ ȹɟŬəɧɜŰɘɞɡ ŭɘŮɘůŭɨɞɡɜ ɛɏůŬ ůŰŬ 

ɛŮŰŬɛɞɟűɤɛɏɜŬ ˊŮŰɟɩɛŬŰŬ əɎɗŮŰŬ ˊɟɞɠ Űɖ ůɢɘůŰɧŰɖŰɎ Űɞɡɠ əŬɘ ŮɛűŬɜɑɕɞɡɜ ůɡɔəŮɜŰɟɩůŮɘɠ ůŮ 

ɢɟɡůɧ ˊɞɡ űŰɎɜɞɡɜ ŰŬ 22.5 g/t. ɀɎɚɘůŰŬ, ŬɜŬűɏɟŮŰŬɘ ŰɟɞűɞŭɧŰɖůɖ Űɞɡ ɢɟɡůɞɨ ůŰŬ ɘɕɐɛŬŰŬ 

Űɤɜ ˊɞŰŬɛɩɜ ȹɟŬəɧɜŰɘɞ əŬɘ ɁŮɟɧɚŬəəŬɠ əŬɘ ůɢɖɛŬŰɘůɛɧɠ ˊɟɞůɢɤɛŬŰɘəɩɜ əɞɘŰŬůɛɎŰɤɜ 

ɢɟɡůɞɨ (Vavelidis et al., 1999). 

ɆŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ȿŬɞŭɖəɘɜɞɨ, ůɢɖɛŬŰɑɕɞɜŰŬɘ űɚŮɓɘəɏɠ ɛŮŰŬɚɚɞűɞɟɑŮɠ Ůˊɑůɖɠ ɛɏůŬ ůŮ 

ɕɩɜŮɠ ŭɘɎŰɛɖůɖɠ ˊɞɡ űɘɚɞɝŮɜɞɨɜŰŬɘ ůŮ ɔɜŮɡůɑɞɡɠ əŬɘ ůɢɘůŰɞɚɑɗɞɡɠ Űɞɡ ȸŮɟŰɑůəɞɡ (Ɇɢ.1.3.3). Ƀ 

ŪɡɛɘŬŰɐɠ (1995) ɛŮɚɏŰɖůŮ ˊɡɟɐɜŮɠ ɔŮɤŰɟɐůŮɤɜ Ŭˊɧ ŮɟŮɡɜɖŰɘəɧ ˊɟɧɔɟŬɛɛŬ Űɞɡ Ƚ.ũ.ɀ.Ⱥ. əŬɘ 

ɢɩɟɘůŮ Űɖ ɛŮŰŬɚɚɞűɞɟɑŬ ůŮ 3 Űɨˊɞɡɠ, űɚŮɓɘəɐ, ŭɘɎůˊŬɟŰɖ əŬɘ ůŰɟɤɛŬŰɩŭɖ. 

ɆŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ Ⱦɞɚɢɘəɞɨ, ɛɏůŬ ůŰŬ ɛŮŰŬɛɞɟűɤɛɏɜŬ ˊŮŰɟɩɛŬŰŬ Űɖɠ ŮɜɧŰɖŰŬɠ Űɞɡ 

ȸŮɟŰɑůəɞɡ, ŮɜŰɞˊɑɕɞɜŰŬɘ ɛŮŰŬɚɚɞűɧɟŮɠ ɢŬɚŬɕɘŬəɏɠ űɚɏɓŮɠ, əɎˊɞɘŮɠ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ 

ůɡɜɞŭŮɨɞɜŰŬɘ Ŭˊɧ ɢɟɡůɧ əŬɘ Ɏɟɔɡɟɞ. ɇɞ ˊɞůɞůŰɧ Űɞɡ Ŭɟɔɨɟɞɡ ůŰɞɜ ɔŬɚɖɜɑŰɖ űŰɎɜŮɘ Űɞ 4.43%, 

Ůɜɩ ůŰɞɜ ɔŬɚɖɜɞɓɘůɛɞɡɗɑɜɖ ŬɔɔɑɕŮɘ Űɞ 9.85%. ȺɜŰɞˊɑɕŮŰŬɘ Ɏɟɔɡɟɞɠ Ůˊɑůɖɠ ůŮ ɛɑŬ ɞɟɡəŰɐ űɎůɖ 

ˊɞɡ ŭŮɜ ɏɢŮɘ ˊɟɞůŭɘɞɟɘůŰŮɑ ůŮ ˊɞůɞůŰɧ 11.54%. Ƀ ɢɟɡůɧɠ ůŮ ŬɡŰɞűɡɐ ɛɞɟűɐ ŮɜŰɞˊɑɕŮŰŬɘ 

ůɡɜɞŭŮɡɧɛŮɜɞɠ Ŭˊɧ ɢŬɚəɞˊɡɟɑŰɖ ůŮ ɗɟŬɨůɛŬŰŬ ŬɟůŮɜɞˊɡɟɑŰɖ. ȼ ɛŮŰŬɚɚɞűɞɟɑŬ ůɢɖɛŬŰɑɕŮŰŬɘ 

ɡŭɟɞɗŮɟɛɘəɎ, ɏˊŮɘŰŬ Ŭˊɧ ɛŬɔɛŬŰɘəɏɠ əŬɘ ɛŮŰŬɛɞɟűɘəɏɠ ŭɘŮɟɔŬůɑŮɠ (ɄŬŰůɘɞɨɟɖ, 2017) 

ɇɏɚɞɠ, ůŰɖɜ ɡˊɧ ɛŮɚɏŰɖ ˊŮɟɘɞɢɐ Űɤɜ ɅɘɕŬɜɩɜ, ŮɛűŬɜɑɕŮŰŬɘ ŰŮəŰɞɜɘəɎ ŮɚŮɔɢɧɛŮɜɖ 

ɛŮŰŬɚɚɞűɞɟɑŬ ŬɜŰɘɛɞɜɑɞɡ ɛɏůŬ ůŮ ɢŬɚŬɕɘŬəɏɠ űɚɏɓŮɠ.  
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Ɇɢ. 1.3.3. ũŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ ˊŮɟɘɞɢɐɠ ȿŬɞŭɖəɘɜɞɨ ȸŮɟŰɑůəɞɡ, ŪɡɛɘŬŰɐɠ (1995). ȳˊɞɡ 1: ȸŮɟŰɑůəɞɠ, 2: 

ȾŮɟŭɨɚɚɘŬ, 3: ɄŮɟɘɟɞŭɞˊɘəɐ, 4: ũɟŬɜɘŰɘəɎ ůɩɛŬŰŬ, 5: Ƀűɘɧɚɘɗɞɘ, 6: ɄŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ȿŬɞŭɖəɘɜɞɨ, 7: 

ȳɟɘŬ ũŮɤŰŮəŰɞɜɘəɩɜ Ȼɤɜɩɜ. 
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ȾȺūȷȿȷȽɃ 2: ũȺɋȿɃũȽȷ ɇȼɆ ɄȺɅȽɃɉȼɆ ɅȽȻȷɁɋɁ 

 

 

 ɇŬ ɅɘɕŬɜɎ ɓɟɑůəɞɜŰŬɘ ůŰɞɜ ɜɞɛɧ Ⱦɘɚəɑɠ ˊŮɟɑˊɞɡ 9 ɢɘɚɘɧɛŮŰɟŬ ɓɞɟŮɘɞŬɜŬŰɞɚɘəɎ Űɞɡ 

ȿŬɢŬɜɎ (Ⱥɘə.2.1). ũŮɤɚɞɔɘəɎ Ŭɜɐəɞɡɜ ůŰɖɜ ȺɜɧŰɖŰŬ ȸŮɟŰɑůəɞɡ Űɖɠ ɆŮɟɓɞɛŬəŮŭɞɜɘəɐɠ ɀɎɕŬɠ 

əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŰŬ ˊŮŰɟɩɛŬŰŬ Űɞɡ ɡˊɞɓɎɗɟɞɡ Űɖɠ ɆŮɟɓɞɛŬəŮŭɞɜɘəɐɠ, 

ŭɖɚŬŭɐ ɔɜŮɡůɑɞɡɠ, ůɢɘůŰɧɚɘɗɞɡɠ əŬɘ ŬɛűɘɓɞɚɑŰŮɠ. ũɟŬɜɘŰɘəɏɠ ŭɘŮɘůŭɨůŮɘɠ əŬɘ ɖűŬɘůŰŮɘŬəɏɠ 

ŮɛűŬɜɑůŮɘɠ ŮɜŰɞˊɑɕɞɜŰŬɘ Ůˊɑůɖɠ ůŰɖɜ ˊŮɟɘɞɢɐ (Ɇɢ.2.2). 

 

 

Ⱥɘə. 2.1. ȹɞɟɡűɞɟɘəɐ űɤŰɞɔɟŬűɑŬ ɧˊɞɡ űŬɑɜŮŰŬɘ ɖ ɗɏůɖ Űɤɜ ɅɘɕŬɜɩɜ ůŮ ůɢɏůɖ ɛŮ Űɞ ȿŬɢŬɜɎ. Ʉɖɔɐ: 
Google Earth. 
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Ɇɢ.2.2. ũŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ. ɇɟɞˊɞˊɞɘɖɛɏɜɞ Ŭˊɧ ɀɘɢŬɖɚɑŭɖ (1969). 

 

ȷɜŬŰɞɚɘəɎ ŮəŰŮɑɜŮŰŬɘ ɖ ɚŮəɎɜɖ Űɞɡ ɆŰɟɡɛɧɜŬ, ɖ ɞˊɞɑŬ ŭɘŬŰɟɏɢŮŰŬɘ Ŭˊɧ Űɞ ɞɛɩɜɡɛɞ 

ˊɞŰɎɛɘ. ȼ ɚŮəɎɜɖ ŬɡŰɐ ŮɑɜŬɘ ɛɑŬ ŰŮəŰɞɜɘəɐ ɚŮəɎɜɖ əŬɗɩɠ ɞɟɘɞɗŮŰŮɑŰŬɘ Ŭˊɧ ŭɨɞ əŬɜɞɜɘəɎ 

ɟɐɔɛŬŰŬ ɛŮɔɎɚɖɠ ɔɤɜɑŬɠ əɚɑůɖɠ. ɇŬ ɟɐɔɛŬŰŬ ŬɡŰɎ ŮɑɜŬɘ ŭɨɞ ůɡɕɡɔɐ ɟɐɔɛŬŰŬ ˊɞɡ 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ˊɎɜɤ Ŭˊɧ Űɞ ɟɐɔɛŬ Ŭˊɞəɧɚɚɖůɖɠ/ŭɘŬűɡɔɐɠ Űɤɜ ȾŮɟŭɡɚɚɑɤɜ, ŮɑɜŬɘ ŭɖɚŬŭɐ 

supra-detachment ɟɐɔɛŬŰŬ (Tranos 2011). Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, Űɞ ɟɐɔɛŬ ůŰɞ ŭɡŰɘəɧ ɧɟɘɞ Űɖɠ 

ɚŮəɎɜɖɠ ɏɢŮɘ ˊɚɏɞɜ ŮɝŮɚɘɢɗŮɑ ůŮ ɏɜŬ transtensional ɟɐɔɛŬ, əŬɗɩɠ ɏɢŮɘ əŬŰŬɔɟŬűŰŮɑ əŬɘ 

ůɡɜɘůŰɩůŬ ɞɟɘɕɧɜŰɘŬɠ ɛŮŰŬŰɧˊɘůɖɠ ɛŮ ůŰɟɞűɐ Űɞɡ ˊŮɟɑˊɞɡ 30ɞ ŭŮɝɘɧůŰɟɞűŬ (Ɇɢ. 2.2) (Tranos, 

2011, Mouslopoulou et al., 2014). 
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Ɇɢ. 2.3. ũŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ Űɖɠ Ʌɞŭɧˊɖɠ ɛŮ ŰŬ əɡɟɘɧŰŮɟŬ ɟɐɔɛŬŰŬ (Tranos 2011). 

 

 ɇɞ ɟɐɔɛŬ ŬɡŰɧ ŭɖɛɘɞɡɟɔɐɗɖəŮ əŬŰɎ Űɖɜ ŮəŰŬűɐ Űɖɠ Ʌɞŭɧˊɖɠ əŬɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɞɡ 

ɛŮŰŬɛɞɟűɘəɞɨ ˊɡɟɐɜŬ ɛŮ Űɖ ŭɟɎůɖ ɟɖɔɛɎŰɤɜ ŭɘŬűɡɔɐɠ. ɆɢɖɛŬŰɑůŰɖəŮ ˊɎɜɤ Ŭˊɧ Űɞ detachment 

Űɤɜ ȾŮɟŭɡɚɚɑɤɜ (supra-detachment) ɛŬɕɑ ɛŮ Űɞ ůɡɕɡɔɏɠ Űɞɡ əŬɘ ŭɖɛɘɞɡɟɔɞɨɜ Űɖ ɚŮəɎɜɖ Űɞɡ 

ɆŰɟɡɛɧɜŬ. ȰˊŮɘŰŬ ɛŮ Űɖ ůŰɟɞűɐ Űɞɡ (rotation) əŬŰɎ 30ɞ ůɨɛűɤɜŬ ɛŮ ůɨɔɢɟɞɜŮɠ ɛŮŰɟɐůŮɘɠ, 

ůɡɛˊŮɟɘűɏɟŮŰŬɘ ˊɚɏɞɜ ůŬɜ ɏɜŬ transtensional ɞɟɘɕɧɜŰɘŬɠ ɛŮŰŬŰɧˊɘůɖɠ ɟɐɔɛŬ.  

 ɆŮ ɞɟɘɕɧɜŰɘŬɠ ɛŮŰŬŰɧˊɘůɖɠ ɟɐɔɛŬŰŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŰŮəŰɞɜɘəɏɠ ŭɞɛɏɠ əɎɗŮŰŮɠ ůŰɞɡɠ 

ɎɝɞɜŮɠ Űɖɠ ŰɎůɖɠ. ȾɎɗŮŰŬ ůŰɞɜ ů1 ɎɝɞɜŬ, ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ əŬɜɞɜɘəɎ ɟɐɔɛŬŰŬ (Fossen and 

Tikoff 1998). ɇɏŰɞɘɞɡ Ůɑŭɞɡɠ əŬɘ ɔɏɜŮůɖɠ ŮɑɜŬɘ ˊɘɗŬɜɧɜ ɜŬ ŮɑɜŬɘ ŮəŮɑɜŬ ůŰŬ ɞˊɞɑŬ ŮɜŬˊɞŰɏɗɖəŮ ɖ 

ɛŮŰŬɚɚɞűɞɟɑŬ ŬɜŰɘɛɞɜɑŰɖ. 

 ȳɚɞ ŬɡŰɧ Űɞ ŰŮəŰɞɜɘəɧ əŬɗŮůŰɩɠ ɏŭɤůŮ Űɞɜ ŬˊŬɟŬɑŰɖŰɞ ɢɩɟɞ ɔɘŬ Űɖ ŭɘŮɑůŭɡůɖ 

ɛŬɔɛɎŰɤɜ əŬɘ Űɖɜ əɡəɚɞűɞɟɑŬ ɡŭɟɞɗŮɟɛɘəɩɜ ŭɘŬɚɡɛɎŰɤɜ ɔɘŬ Űɖ ɔɏɜŮůɖ ɛŮŰŬɚɚɞűɞɟɘɩɜ ɧˊɤɠ 

ɢŬɚŬɕɘŬəɏɠ űɚɏɓŮɠ əŬɘ űɚɏɓŮɠ ɛŮŰɎɚɚɤɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ɎɛŮůɖ ůɢɏůɖ əŬɘ ŮɚɏɔɢɞɜŰŬɘ Ŭˊɧ 

ŰŮəŰɞɜɘəɏɠ ŭɞɛɏɠ. ȳˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ Ɇɢ. 2.2, ůŰɖɜ ˊŮɟɘɞɢɐ ɡˊɎɟɢɞɡɜ ŮɛűŬɜɑůŮɘɠ ůɞɡɚűɘŭɑɤɜ 

ˊɞɡ ůɢɖɛŬŰɑɕɞɡɜ űɚɏɓŮɠ ɛŮ ɛɧɚɡɓŭɞ, ɣŮɡŭɎɟɔɡɟɞ, ɓɞɚűɟɎɛɘɞ əŬɘ ŬɜŰɘɛɧɜɘɞ, ɛŮ ɛŮɔŬɚɨŰŮɟŮɠ 

ŮəŮɑɜŮɠ Űɞɡ ŬɜŰɘɛɞɜɑɞɡ ɓɞɟŮɘɞŬɜŬŰɞɚɘəɎ Űɤɜ ɅɘɕŬɜɩɜ ɛŮ ɞɜɞɛŬůɑŬ ȷəŰɎɠ əŬɘ ɇŬɠ ȾŬˊɞɨ. ɆŰɞ 
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ɇŬɠ ȾŬˊɞɨ ɓɟɑůəɞɜŰŬɘ ŰŬ ˊŬɚɘɎ ɛŮŰŬɚɚŮɑŬ ŬɜŰɘɛɞɜɑɞɡ, ŰŬ ɞˊɞɑŬ ŭɘŬɜɞɑɢɗɖəŬɜ Ŭˊɧ Űɞɡɠ 

ũŮɟɛŬɜɞɨɠ . Ƀɘ ůŰɞɏɠ Ŭəɞɚɞɡɗɞɨɜ Űɖɜ ŰŮəŰɞɜɘəɎ ŮɚŮɔɢɧɛŮɜɖ ɛŮŰŬɚɚɞűɞɟɑŬ ŬɜŰɘɛɞɜɑɞɡ ɛɏůŬ ůŮ 

ɢŬɚŬɕɘŬəɏɠ űɚɏɓŮɠ ɞɘ ɞˊɞɑŮɠ ŭɘŮɘůŭɨɞɡɜ ɛɏůŬ ůŮ ɔɜŮɡůɑɞɡɠ.  

 Ƀɘ ɛɘəɟɏɠ ŮɛűŬɜɑůŮɘɠ ɞűɘɞɚɘɗɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ˊɘɗŬɜɧɜ ɜŬ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ 

ŰŮəŰɞɜɘəɐ ɛŮŰŬűɞɟɎ Űɞɡɠ Ŭˊɧ əɎˊɞɘŬ ɞűɘɞɚɘɗɘəɐ ɕɩɜɖ, ˊɘɗŬɜɧɜ ŮəŮɑɜɖ Űɖɠ ȯɗɤ-ȸɧɚɓɖɠ əŬŰɎ 

Űɖɜ ɇɟɘŰɞɔŮɜɐ əŬŰɎɟɟŮɡůɖ Űɞɡ ɞɟɞɔŮɜɞɨɠ əŬɘ ɜŬ ŬˊɞŰŮɚɞɨɜ ŰɛɐɛŬŰŬ ŬɡŰɐɠ. 

 ɇŬ ˊɚɞɡŰɤɜɘəɧ ůɩɛŬ ˊɞɡ űŬɑɜŮŰŬɘ ůŰɞ Ɇɢ. 2.2 Ɂȹ Űɤɜ ɅɘɕŬɜɩɜ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞɜ 

ɔɟŬɜɑŰɖ Űɖɠ ɂɡɚɧˊɞɚɖɠ (Ɇɢ. 2.4). Ƀ ɔɟŬɜɑŰɖɠ ŬɡŰɧɠ ɗŮɤɟŮɑŰŬɘ ɇɟɘŰɞɔŮɜɞɨɠ ɖɚɘəɑŬɠ əŬɘ ɞɘ 

ŬˊɚɘŰɘəɏɠ əŬɘ ɢŬɚŬɕɘŬəɏɠ űɚɏɓŮɠ əŬɗɩɠ əŬɘ ɛɘəɟɧŰŮɟŮɠ ŮɛűŬɜɑůŮɘɠ ˊɚɞɡŰɤɜɘŰɩɜ ůŰɞɜ ɢɎɟŰɖ 

ɗŮɤɟɞɨɜŰŬɘ ˊɟɞɥɧɜŰŬ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ɔɟŬɜɑŰɖ (ɄŬɟŬůəŮɡɧˊɞɡɚɞɠ 1958). ɆŰɖɜ ˊŮɟɘɞɢɐ 

ŮɛűŬɜɑɕɞɜŰŬɘ Ůˊɑůɖɠ ˊɖɔɛŬŰɘŰɘəɎ ůɩɛŬŰŬ ɛɏůŬ ůŰŬ ɞˊɞɑŬ ŮɜŰɞˊɑɕɞɜŰŬɘ ŰɞɡɟɛŬɚɑɜŮɠ Űɤɜ ɞˊɞɑɤɜ 

ɞɘ ŮɝɤŰŮɟɘəɞɑ ŭŬəŰɨɚɘɞɘ ŮɛűŬɜɑɕɞɡɜ ɢɖɛɘəɐ ɕɩɜɤůɖ (Michailidis and Kassoli-Fournaraki, 1994). 

 ɇɞ ɖűŬɘůŰŮɘŬəɧ ˊɏŰɟɤɛŬ ȸ Űɤɜ ɅɘɕŬɜɩɜ ůŰɞ Ɇɢ. 2.2 ŬɜŰɘůŰɞɘɢŮɑ ůŰɞɜ ɖűŬɘůŰɑŰɖ Űɤɜ 

ɅɘɕŬɜɩɜ (Ɇɢ. 2.5). Ƀ ɖűŬɘůŰɑŰɖɠ ŬɡŰɧɠ ɛŬɕɑ ɛŮ Űɖɜ ŮɛűɎɜɘůɖ ȸȹ Űɤɜ ɅɘɕŬɜɩɜ, Ŭɜɐəɞɡɜ ůŮ ɛɑŬ 

ůŮɘɟɎ ɟɖɝɘɔŮɜɩɜ ŮəɟɐɝŮɤɜ ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ɤɠ ŰŬ ɖűŬɘůŰŮɘŬəɎ ˊŮŰɟɩɛŬŰŬ Űɞɡ ɆŰɟɡɛɞɜɘəɞɨ-

ɀŮŰŬɛɧɟűɤůɖɠ (Panagos et al. 1978). ȷɡŰɐ ɖ ɕɩɜɖ ŮəŰŮɑɜŮŰŬɘ ůŮ ŬˊɧůŰŬůɖ 70 ɢɘɚɘɞɛɏŰɟɤɜ ɛŮ 

ŭɘŮɨɗɡɜůɖ ȸȹ-Ɂȷ ɛŮ ŰŬ ɖűŬɘůŰŮɘŬəɎ ˊŮŰɟɩɛŬŰŬ ɜŬ ŭɘŮɘůŭɨɞɡɜ ɛɏůŬ ůŰŬ ˊŮŰɟɩɛŬŰŬ 

ɡˊɞɓɎɗɟɞɡ Űɖɠ ɆŮɟɓɞɛŬəŮŭɞɜɘəɐɠ, ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɖ ȹɞɥɟɎɜɖ əŬɘ ůɡɜŮɢɑɕɞɜŰŬɠ ˊɟɞɠ ŰŬ Ɂȹ 

ˊŮɟɜɩɜŰŬɠ Ŭˊɧ ũŬɓɟɎ, ũŮɟŬəŬɟɘɧ, ȸɎɗɖ, ɄɞɜŰɞəŮɟŬůɘɎ, əŬɘ ɅɘɕŬɜɎ, əŬŰŬɚɐɔɞɜŰŬɠ ůŰɞ ɢɤɟɘɧ 

ɆŰɟɡɛɞɜɘəɧ (Ɇɢ. 2.6).  

 Ƀ ɖűŬɘůŰɑŰɖɠ Űɤɜ ɅɘɕŬɜɩɜ ůɡɜŬɜŰɎŰŬɘ ȸ Űɞɡ ɢɤɟɘɞɨ ůŮ ɏɜŬɜ ɚɧűɞ ɛŮ Űɖɜ ɞɜɞɛŬůɑŬ 

ȾɞɡəɞɡŰɎ. ȹɘŬəɟɑɗɖəŬɜ 3 ˊŮŰɟɞɚɞɔɘəɞɑ Űɨˊɞɘ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ɖűŬɘůŰɑŰɖ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ 

ůŮ ɟɡɧɚɘɗɞ, ˊɡɟɞɝŮɜɘəɧ-ɓɘɞŰɘŰɘəɧ ŭŬəɑŰɖ əŬɘ ɟɡɞŭŬəɑŰɖ. ɇŮəŰɞɜɘəɏɠ ɛŮŰɟɐůŮɘɠ ɏŭŮɘɝŬɜ ŭɨɞ 

əɨɟɘŬ ŮˊɑˊŮŭŬ ŭɘɎŰɛɖůɖɠ, ɏɜŬ ȸȹ-Ɂȷ əŬɘ ɏɜŬ ȸȷ-Ɂȹ Ůɜɩ ɧɚŮɠ ɞɘ əɚɑůŮɘɠ ŮɑɜŬɘ ůɢŮŭɧɜ əɎɗŮŰŮɠ 

(ɀŮɚɘŭɩɜɖɠ 1972). ɇŬ ɖűŬɘůŰŮɘŬəɎ ŬɡŰɎ ˊŮŰɟɩɛŬŰŬ ɗŮɤɟɞɨɜŰŬɘ ɡˊŮɨɗɡɜŬ ɔɘŬ Űɘɠ 

ɛŮŰŬɚɚɞűɞɟɑŮɠ ŬɜŰɘɛɞɜɑɞɡ, ɓɞɚűɟŬɛɑɞɡ əŬɘ ɛŮɘəŰɩɜ ɗŮɘɞɨɢɤɜ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ 

(Panagos et al. 1978). 
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Ɇɢ. 2.4. ũŮɤɚɞɔɘəɧɠ ɢɎɟŰɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ Űɖɠ ɂɡɚɧˊɞɚɖɠ Ɂȹ Űɞɡ ȿŬɢŬɜɎ ɧˊɞɡ űŬɑɜŮŰŬɘ ɞ ɔɟŬɜɑŰɖɠ Űɖɠ 

ɂɡɚɧˊɞɚɖɠ əŬɘ ɖ ˊŮɟɘɞɢɐ ɛŮɚɏŰɖɠ ůŮ ˊɚŬɑůɘɞ (ɄŬɟŬůəŮɡɧˊɞɡɚɞɠ 1958). 
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Ɇɢ. 2.5. Ƀ ɖűŬɘůŰɑŰɖɠ Űɤɜ ɅɘɕŬɜɩɜ (ɀŮɚɘŭɩɜɖɠ 1972). 
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Ɇɢ. 2.6. ȼ ɖűŬɘůŰŮɘŬəɐ ŬəɞɚɞɡɗɑŬ ɆŰɟɡɛɞɜɘəɞɨ-ɀŮŰŬɛɧɟűɤůɖɠ (Panagos et al. 1978). 
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ȾȺūȷȿȷȽɃ 3  

 

ȾȺūȷȿȷȽɃ 3.1: ūȿȺȸȽȾȺɆ ɀȺɇȷȿȿɃūɃɅȽȺɆ ȷɁɇȽɀɃɁȽɃɈ 

 

 

 ūɚŮɓɘəɏɠ ɛŮŰŬɚɚɞűɞɟɑŮɠ ŬɜŰɘɛɞɜɑɞɡ ůɡɜŬɜŰɩɜŰŬɘ ůŮ ŬɟəŮŰɏɠ ˊŮɟɘɞɢɏɠ Űɞɡ əɧůɛɞɡ ůŮ 

ŭɘɎűɞɟŬ ˊŮɟɘɓɎɚɚɞɜŰŬ. Ƀɘ Űɨˊɞɘ Űɤɜ ɛŮŰŬɚɚɞűɞɟɘɩɜ ŮɑɜŬɘ Sb (ɅɤůɑŬ, ȷůɑŬ), Sb-Hg (ȷůɑŬ, 

ȼ.Ʉ.ȷ., ɅɤůɑŬ), Au-Sb (Ⱥɡɟɩˊɖ, ɅɤůɑŬ, ȾŬɜŬŭɎɠ, ȷɡůŰɟŬɚɑŬ, ɁɧŰɘŬ ȷɛŮɟɘəɐ), Ag-Sb (ɅɤůɑŬ, 

ȷůɑŬ)əŬɘ Au-Sb-Hg (ɅɤůɑŬ, ȷůɑŬ) (Obolenskyetal., 2007), ɧˊɤɠ ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ əɞɘŰɎůɛŬŰŬ 

ŬɜɎ Űɞɜ əɧůɛɞ. Ⱦɞɘɜɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ ŬɡŰɩɜ Űɤɜ űɚŮɓɘəɩɜ əɞɘŰŬůɛɎŰɤɜ ŮɑɜŬɘ ɧŰɘ 

űɘɚɞɝŮɜɞɨɜŰŬɘ ůŮ ɛŮŰŬɛɞɟűɤɛɏɜŬ ˊŮŰɟɩɛŬŰŬ, ɖ ɡŭɟɞɗŮɟɛɘəɐ ˊɟɞɏɚŮɡůɐ Űɞɡɠ ůŮ ůɡɜɗɐəŮɠ 

ɢŬɛɖɚɩɜ ɗŮɟɛɞəɟŬůɘɩɜ, ɖ ŮɛűɎɜɘůɐ Űɞɡɠ ůŮ ˊŮɟɘɞɢɏɠ ɧˊɞɡ ɏɚŬɓŮ ɢɩɟŬ ůɨɔəɚɘůɖ əŬɘ 

ɡˊɞɓɨɗɘůɖ ˊɚŬəɩɜ, əŬɗɩɠ əŬɘ ŰŬ ůɡɜɞŭɎ ɞɟɡəŰɎ ˊɞɡ ŮɑɜŬɘ əŬŰɎ əɨɟɘɞ ɚɧɔɞ ɢŬɚŬɕɑŬɠ, 

ŬɟůŮɜɞˊɡɟɑŰɖɠ əŬɘ ůɘŭɖɟɞˊɡɟɑŰɖɠ. ɆŰɖɜ ȺɚɚɎŭŬ ŭŮɜ ɡˊɎɟɢɞɡɜ ˊŬɟɎ ɛɘəɟɏɠ ŬɜŬűɞɟɏɠ ůŮ 

űɚŮɓɘəɏɠ ɛŮŰŬɚɚɞűɞɟɑŮɠ ŬɜŰɘɛɞɜɑɞɡ (ȸŬůɘɚɎŰɞɠ ə.Ɏ., 2001, ɇůɘɟɑɔəŬɠ, 2008) ɞɘ ɞˊɞɑŮɠ 

ɔŮɘŰɞɜŮɨɞɡɜ ɛŮ ɛŮŰŬɚɚɞűɞɟɑŮɠ ˊɘɞ ɛŮɚŮŰɖɛɏɜŮɠ ɧˊɤɠ əɞɘŰɎůɛŬŰŬ ˊɞɟűɡɟɘŰɘəɎ əŬɘ 

ŬɜŰɘəŬŰɎůŰŬůɖɠ ŬɜɗɟŬəɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ. ȷɜŬɕɐŰɖůɖ əŬɘ ɛŮɚɏŰɖ ŭɘŬűɞɟŮŰɘəɩɜ əŬɘ ɛɖ Űɡˊɘəɩɜ 

ɛŮŰŬɚɚɞűɞɟɘɩɜ ŮɑɜŬɘ ˊɟŬəŰɘəɎ ŬˊɞɨůŬ ůŰɖɜ ȺɚɚɎŭŬ.  

 

Ⱥɘə. 3.1.1. ūɚɏɓŬ ŬɜŰɘɛɞɜɑŰɖ ůŮ ɕɩɜɖ ŭɘɎŰɛɖůɖɠ Űɞɡ əɞɘŰɎůɛŬŰɞɠ Moonlight ůŰɖ ȹɡŰɘəɐ ȷɡůŰɟŬɚɑŬ 
(Hagemann and Luders 2003). 
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ɀɑŬ ɎŰɡˊɖ əŬŰɖɔɞɟɘɞˊɞɑɖůɖ Űɤɜ ůɡɔəŮəɟɘɛɏɜɤɜ ɛŮŰŬɚɚɞűɞɟɘɩɜ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ 

ɛŮ ɓɎůɖ Űɖɜ ˊɟɞɏɚŮɡůɖ Űɤɜ ɡŭɟɞɗŮɟɛɘəɩɜ ɟŮɡůŰɩɜ, Ůűɧůɞɜ ŬɜŰɘɛɞɜɘɞɨɢŮɠ ɛŮŰŬɚɚɞűɞɟɑŮɠ ŮɑɜŬɘ 

ůɢŮŭɧɜ ŬˊɞəɚŮɘůŰɘəɎ ɡŭɟɞɗŮɟɛɘəɐɠ ˊɟɞɏɚŮɡůɖɠ (Obolesky et al., 2007), ŮəŰɧɠ ˊŮɟɘˊŰɩůŮɤɜ 

ŬɜŰɘəŬŰɎůŰŬůɖɠ ůŮ əɨɟɘŬ ɞɟɡəŰɎ. ȰŰůɘ ŭɘŬəɟɑɜɞɜŰŬɘ ɞɘ ɛŮŰŬɚɚɞűɞɟɑŮɠ ŬɜŰɘɛɞɜɑɞɡ ˊɞɡ 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ Ŭˊɧ ɟŮɡůŰɎ ɛŮŰŬɛɞɟűɘəɐɠ ˊɟɞɏɚŮɡůɖɠ, ɧˊɤɠ ɏŭŮɘɝŬɜ ɞɘ Neiva et al. (2008) ůŰŬ 

əɞɘŰɎůɛŬŰŬ ŬɜŰɘɛɞɜɑɞɡ ɛŬɕɑ ɛŮ ɢɟɡůɧ ůŰɖɜ ɄɞɟŰɞɔŬɚɑŬ. ȷəɞɚɞɡɗɞɨɜ ɞɘ ɛŮŰŬɚɚɞűɞɟɑŮɠ Ŭˊɧ 

ɟŮɡůŰɎ ɛŬɔɛŬŰɘəɎ, ɧˊɤɠ ůŰŬ əɞɘŰɎůɛŬŰŬ ɢɟɡůɞɨ-ŬɜŰɘɛɞɜɑɞɡ ůŰɖɜ ˊŮɟɘɞɢɐ SarilakhïSentachan 

Űɖɠ ɅɤůɑŬɠ əŬŰɎ Bortnikov et al. (2010). ȰˊŮɘŰŬ ɡˊɎɟɢɞɡɜ ɛŮŰŬɚɚɞűɞɟɑŮɠ Ŭˊɧ ůɡɛɛŮŰɞɢɐ əŬɘ 

ɛŬɔɛŬŰɘəɩɜ əŬɘ ɛŮŰŬɛɞɟűɘəɩɜ ɟŮɡůŰɩɜ ɧˊɤɠ ůŰɖɜ Kr§sn§ Hora-Mileġov əŬɘ PŚ²ļovy Űɖɠ 

ɇůŮɢɑŬɠ əŬŰɎ NŊmec and Zachari§ġ (2017). ɇɏɚɞɠ ɡˊɎɟɢɞɡɜ əŬɘ ˊŮɟɘˊŰɩůŮɘɠ ůɡɛɛŮŰɞɢɐɠ 

ɛŮŰŮɤɟɘəɞɨ əŬɘ ɛŮŰŬɛɞɟűɘəɞɨ ɟŮɡůŰɞɨ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ɁɞŰɑɞɡ ŪɘɓɏŰ Űɞɡ ɞɟɞɔŮɜɞɨɠ Űɤɜ 

ȽɛŬɚŬȶɤɜ ůŰɖɜ ȾɑɜŬ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ Zhai et al. (2014) əŬɘ ɛŮŰŮɤɟɘəɞɨ əŬɘ ɛŬɔɛŬŰɘəɞɨ 

ɟŮɡůŰɞɨ ůŰɞ əɞɑŰŬůɛŬ ŬɜŰɘɛɞɜɑɞɡ-Ŭɟɔɨɟɞɡ ůŰɖɜ ˊŮɟɘɞɢɐ Songxi Űɖɠ ɁɧŰɘŬɠ ȾɑɜŬɠ (Zhong et 

al., 2017) ŮɟɛɖɜŮɨɞɜŰŬɠ ŬˊɞŰŮɚɏůɛŬŰŬ ɛŮɚɏŰɖɠ ɟŮɡůŰɩɜ ŮɔəɚŮɘůɛɎŰɤɜ əŬɘ ɘůɞŰɧˊɤɜ.  

ūɚŮɓɘəɏɠ ɛŮŰŬɚɚɞűɞɟɑŮɠ ŬɜŰɘɛɞɜɑɞɡ ɏɢɞɡɜ Ůˊɑůɖɠ ɛŮɚŮŰɖɗŮɑ əŬɘ ŮɜŰŬɢɗŮɑ ůŰɖɜ 

əŬŰɖɔɞɟɑŬ Űɤɜ ŮˊɘɗŮɟɛɘəɩɜ, ɧˊɤɠ ůŰɖɜ ȾɑɜŬ (Zhong et al. 2017) əŬɘ ɛŮůɞɗŮɟɛɘəɩɜ 

ɛŮŰŬɚɚɞűɞɟɘɩɜ, ɧˊɤɠ ůŰɞɜ ȾŬɜŬŭɎ (Madu et al. 1990). ɆŮ ŰɏŰɞɘɞɡ Űɨˊɞɡ ɛŮŰŬɚɚɞűɞɟɑŮɠ, Űɞ 

əɨɟɘɞ əɞɘŰŬůɛŬŰɞɚɞɔɘəɧ ŮɜŭɘŬűɏɟɞɜ Űɞ ůɡɔəŮɜŰɟɩɜŮɘ ɞ ɢɟɡůɧɠ əŬɘ ɞ Ɏɟɔɡɟɞɠ. ɆŮ ˊŮɟɘˊŰɩůŮɘɠ 

ɧɛɤɠ ɧˊɞɡ ŭŮɜ ŮɛűŬɜɑɕɞɡɜ ɛŮɔɎɚɖ ůɡɔəɏɜŰɟɤůɖ, Űɞ ɛŮŰŬɚɚŮɡŰɘəɧ ŮɜŭɘŬűɏɟɞɜ ůŰɟɏűŮŰŬɘ ˊɟɞɠ 

ɎɚɚŬ ɛɏŰŬɚɚŬ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɢɞɡɜ, ɧˊɤɠ Űɞ ɛɞɚɡɓŭŬɑɜɘɞ, ɞ əŬůůɑŰŮɟɞɠ, ɞ ɢŬɚəɧɠ, Űɞ 

ɓɞɚűɟɎɛɘɞ, Űɞ ɓɘůɛɞɨɗɘɞ, ɞ ɡŭɟɎɟɔɡɟɞɠ əŬɘ Űɞ ŬɜŰɘɛɧɜɘɞ (Sillitoe and Hedenquist 2003). Ƀɘ 

ɛŮŰŬɚɚɞűɞɟɑŮɠ ŬɡŰɏɠ ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ ŰɡˊɘəɎ ŰɏŰɞɘŬ ˊŮɟɘɓɎɚɚɞɜŰŬ, ŭɖɚŬŭɐ ɤɠ əŬŰŬəɧɟɡűɖ 

ˊɟɞɏəŰŬůɖ ˊɞɟűɡɟɘŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ ˊɟɞɠ ŰŬ ŮˊɎɜɤ, ɛŮ ɟŮɡůŰɎ əŬɘ ɛŮŰŬɚɚɘəɧ űɞɟŰɑɞ ɜŬ 

ˊɟɞɏɟɢɞɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ Űɞ ɛɎɔɛŬ. ȺɛűŬɜɑɕɞɜŰŬɘ ɛŬɕɑ ɛŮ ŰŬ ŰɡˊɘəɎ ůɡɜɞŭɎ ɞɟɡəŰɎ Űɤɜ ɕɤɜɩɜ 

ŮɝŬɚɚɞɘɩůŮɤɠ ůŮ ˊŮŰɟɩɛŬŰŬ ɖűŬɘůŰŮɘŬəɎ, ɛŮŰŬɛɞɟűɤɛɏɜŬ əŬɘ ŰŬ ɔŮɘŰɞɜɘəɎ Űɞɡɠ (Sillitoe and 

Hedenquist 2003, Sillitoe, 2010). ɃɟɡəŰɏɠ űɎůŮɘɠ ŬɜŰɘɛɞɜɑɞɡ ˊɚɖɟɞɨɜ əŮɜɎ, ŭɖɛɘɞɡɟɔɞɨɜ 

űɚɏɓŮɠ əŬɘ űɚŮɓɑŭɘŬ əŬɘ ŮɛűŬɜɑɕɞɜŰŬɘ ůŮ ůɡɛˊŬɔɐ ɛɞɟűɐ. ɉŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ 

ŬˊɞŰŮɚɞɨɜ ŰŬ əɞɘŰɎůɛŬŰŬ SarilakhïSentachan ůŰɖɜ ɅɤůɑŬ, Ŭˊɧ ŰŬ ɛŮɔŬɚɨŰŮɟŬ Űɖɠ ɢɩɟŬɠ, ɛŮ 

ŬˊɞɗɏɛŬŰŬ 180 əŬɘ 110 kt ůŮ ŬɜŰɘɛɧɜɘɞ (Bortnikov et al. 2010). 
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Ⱥɘə. 3.1.2. ūɚɏɓŬ ŬɜŰɘɛɞɜɑŰɖ ůŮ ŮˊŬűɐ ɛŮ ɢŬɚŬɕɑŬ əŬɘ ɓŬɟɨŰɖ Ŭˊɧ Űɞ əɞɑŰŬůɛŬ ůŰɖɜ Sarilakh-Sentachan 

Űɖɠ ɅɤůɑŬɠ (Bortnikov et al., 2010). 

 

ȯɟɟɖəŰŬ ůɡɜŭŮŭŮɛɏɜɞɠ ˊŬɟɎɔɞɜŰŬɠ ɛŮ űɚŮɓɘəɏɠ ɛŮŰŬɚɚɞűɞɟɑŮɠ ŬɜŰɘɛɞɜɑɞɡ ŮɑɜŬɘ ɖ 

ŰŮəŰɞɜɘəɐ. ȺɛűŬɜɑɕɞɜŰŬɘ ůŮ ɔŮɤŰŮəŰɞɜɘəɎ ˊŮɟɘɓɎɚɚɞɜŰŬ ˊɞɡ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ɏɜŰɞɜŮɠ 

əɘɜɐůŮɘɠ əŬɘ ůŮ əŬŰŬəɧɟɡűɞ əŬɘ ůŮ ɞɟɘɕɧɜŰɘɞ ŮˊɑˊŮŭɞ, ˊɞɡ ůɡɜŬɜŰɘɞɨɜŰŬɘ əŬŰɎ Űɞ ůŰɎŭɘɞ Űɖɠ 

ɡˊɞɓɨɗɘůɖɠ ˊɚŬəɩɜ əŬɘ əɚŮɘůɑɛŬŰɞɠ Ůɜɧɠ ɤəŮŬɜɞɨ. ɇɞ ɏɜŰɞɜɞ əŬɘ ůɡɜŮɢɩɠ əɘɜɞɨɛŮɜɞ ŬɡŰɧ 

ˊŮɟɘɓɎɚɚɞɜ ŮˊɘŰɟɏˊŮɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛŬɔɛɎŰɤɜ əŬɘ Ɏɜɞŭɧ Űɞɡɠ ˊɟɞɠ ŰŬ ŬɜɩŰŮɟŬ ŰɛɐɛŬŰŬ Űɞɡ 

űɚɞɘɞɨ əŬɗɩɠ Ůˊɑůɖɠ ˊŬɟɏɢŮɘ ŭɑɞŭɞ ůŰŬ ɟŮɡůŰɎ əŬɘ ɢɩɟɞ ɔɘŬ Űɖɜ ŬˊɧɗŮůɖ Űɞɡ ɛŮŰŬɚɚɘəɞɨ 

űɞɟŰɑɞɡ.  

ȳɚŮɠ ɞɘ ŬɜŰɘɛɞɜɘɞɨɢŮɠ əŬɘ ɧɢɘ ɛɧɜɞ ɛŮŰŬɚɚɞűɞɟɑŮɠ ŮɚɏɔɢɞɜŰŬɘ Ŭˊɧ ŬůɡɜɏɢŮɘŮɠ əŬɘ 

ɟɐɔɛŬŰŬ ŰŬ ɞˊɞɑŬ ŮɝŮɚɑɢɗɖəŬɜ ůŮ detachment əŬɘ ˊɎɜɤ Űɞɡɠ əŬɜɞɜɘəɎ ɟɐɔɛŬŰŬ əŬɗɩɠ əŬɘ 

strikeslip. ɇŬ strike-slip ɟɐɔɛŬŰŬ ŬɜŬűɏɟɞɜŰŬɘ ůŮ ˊɞɚɚɏɠ ŮɟɔŬůɑŮɠ ůŬɜ Űɞ ɟɐɔɛŬ ˊɞɡ ŮɚɏɔɢŮɘ Űɖɜ 

ɛŮŰŬɚɚɞűɞɟɑŬ ŬɜŰɘɛɞɜɑɞɡ ůŰɖɜ ŮəɎůŰɞŰŮ ˊŮɟɘɞɢɐ (Bortnikovetal., 2010,Amannetal., 2002). ɇŬ 

əŬŰŬˊɞɜɖɛɏɜŬ ˊŮŰɟɩɛŬŰŬ ˊɞɡ űɘɚɞɝŮɜɞɨɜ Űɘɠ ɛŮŰŬɚɚɞűɞɟɑŮɠ ŬɡŰɏɠ, ɏɢɞɡɜ ɢŬɟŬəŰɖɟɘůŰŮɑ ůŮ 

ŬɟəŮŰɏɠ ˊŮɟɘɞɢɏɠ ɚɧɔɤ Űɖɠ ɏɜŰɞɜɖɠ ŰŮəŰɞɜɘəɐɠ ˊɞɡ ŭɏɢŰɖəŬɜ ɤɠ ɛɡɚɤɜɘŰɘɤɛɏɜŬ (Dill, 1998, 

Urban et al., 2006). ɈˊɎɟɢɞɡɜ Ůˊɑůɖɠ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɞɘ əɘɜɐůŮɘɠ Űɤɜ ɟɖɔɛɎŰɤɜ, ɞɘ 

ŬůɡɜɏɢŮɘŮɠ əŬɘ ɞɘ ɛɘəɟɞŭɞɛɏɠ Űɖɠ ŰŮəŰɞɜɘəɐɠ ŬˊɞŰɡˊɩɜɞɜŰŬɘ ˊɎɜɤ ůŮ ɛŮŰŬɚɚɞűɞɟɑŮɠ 

ůɞɡɚűɘŭɑɤɜ ůŮ ŰɏŰɞɘŬ ˊŮɟɘɓɎɚɚɞɜŰŬ. ɆŰɖɜ ũŬɚɚɑŬ əŬŰɎ ɛɐəɞɠ Űɞɡ ɟɐɔɛŬŰɞɠ Biards ɧˊɞɡ 

ŮɛűŬɜɑɕŮŰŬɘ űɚŮɓɘəɐ ɛŮŰŬɚɚɞűɞɟɑŬ ŬɜŰɘɛɞɜɑɞɡ, űŬɑɜŮŰŬɘ əŬɗŬɟɎ ɖ əɑɜɖůɖ Űɞɡ ɟɐɔɛŬŰɞɠ əŬɘ ɞɘ 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

33 
 

ŰŮəŰɞɜɘəɏɠ ɛɘəɟɞŭɞɛɏɠ (Ⱥɘə. 3.3) ˊɞɡ ŮˊɖɟɏŬůŬɜ Űɞ əɞɑŰŬůɛŬ ŬɡŰɧ əŬɘ Űɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ 

(Bellotetal., 2004). 

 

 

Ⱥɘə. 3.1.3. ɀɘəɟɞŭɘŬəɚɎůŮɘɠ ůŮ ŬɜŰɘɛɞɜɑŰɖ Űɞɡ ɟɐɔɛŬŰɞɠ Biards ůŰɖ ũŬɚɚɑŬ əɎŰɤ Ŭˊɧ Űɞ ɛɘəɟɞůəɧˊɘɞ. 
Ƀɘ ůɡɔəŮəɟɘɛɏɜŮɠ ɛɘəɟɞŭɘŬəɚɎůŮɘɠ ɏɢɞɡɜ ɛŮŰŬəɘɜɐůŮɘ Űɘɠ ˊɞɚɡŭɡɛɑŮɠ əŬɘ ŬˊɞəŬɚɨˊŰɞɡɜ Űɖɜ əɑɜɖůɖ Űɞɡ 

ɟɐɔɛŬŰɞɠ (Bellot et al., 2004). 

 

 Ƀɘ əɨɟɘŮɠ ɞɟɡəŰɏɠ űɎůŮɘɠ Űɞɡ ŬɜŰɘɛɞɜɑɞɡ ŮɑɜŬɘ ɞ ŬɜŰɘɛɞɜɑŰɖɠ (stibnite), əɨɟɘɞ ɞɟɡəŰɧ əŬɘ 

ˊɖɔɐ ˊɟɞɏɚŮɡůɖɠ ŬɜŰɘɛɞɜɑɞɡ, Űɞ ŬɡŰɞűɡɏɠ ŬɜŰɘɛɧɜɘɞ, ɞ ɓŮɟɗɘŮɟɑŰɖɠ ɛŮ ɢɖɛɘəɧ Űɨˊɞ SbFeS3 əŬɘ 

ɞ ɔəɞɡɜŰɛɞɡɜŭɑŰɖɠ ɛŮ ɢɖɛɘəɧ Űɨˊɞ FeSbS. ȺɛűŬɜɑɕŮŰŬɘ Ůˊɑůɖɠ ŭŮɡŰŮɟŮɡɧɜŰɤɠ ɛŬɕɑ ɛŮ ɢɟɡůɧ, 

Ɏɟɔɡɟɞ, ɛɧɚɡɓŭɞ-ɣŮɡŭɎɟɔɡɟɞ, ɡŭɟɎɟɔɡɟɞ əŬɘ ɓɞɚűɟɎɛɘɞ ɛŮ Űɖ ɛɞɟűɐ ůɞɡɚűɘŭɑɤɜ əŬɘ 

ɗŮɘŬɚɎŰɤɜ. ȾŬɗŮɛɑŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ɞɟɡəŰɏɠ űɎůŮɘɠ ŬˊŬɘŰŮɑ əŬɘ ůɡɔəŮəɟɘɛɏɜŮɠ ůɡɜɗɐəŮɠ ɩůŰŮ ɜŬ 

ŭɘŬɚɡɗɞɨɜ ŰŬ ůŰɞɘɢŮɑŬ əŬɘ ɜŬ ɛŮŰŬűŮɟɗɞɨɜ ɛŮ Űɖ ɛɞɟűɐ ůɡɛˊɚɧəɤɜ Ŭˊɧ əŬŰɎɚɚɖɚŬ ůŰɞɘɢŮɑŬ 

űɞɟŮɑɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ ŬˊɞŰŮɗɞɨɜ ůɡɜŭɡɎɕɞɜŰŬɠ Űɘɠ əŬŰɎɚɚɖɚŮɠ űɡůɘəɞɢɖɛɘəɏɠ 

ˊŬɟŬɛɏŰɟɞɡɠ. ɇɏŰɞɘŮɠ ˊŬɟɎɛŮŰɟɞɘ ŮɑɜŬɘ ɖ ɗŮɟɛɞəɟŬůɑŬ, Űɞ pH, ɖ ˊŬɟɞɡůɑŬ ɐ ɛɖ ůŰɞɘɢŮɑɤɜ əŬɘ 

ŮɜɩůŮɤɜ űɞɟɏɤɜ əŬɘ ɖ ˊŬɟɞɡůɑŬ ɐ ɛɖ ɗŮɑɞɡ əŬɘ ɞɝɡɔɧɜɞɡ. ȼ ˊɑŮůɖ ŭŮɜ ˊŬɑɕŮɘ əɎˊɞɘɞ 

ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ ŭɘŬŭɘəŬůɑŬ (Williams-Jones and Normand, 1997, Obolesky et al., 2007). 

ɆɨɛűɤɜŬ ɛŮ ɛŮɚɏŰŮɠ, ɖ ŭɘŬɚɡŰɧŰɖŰŬ Űɞɡ ŬɜŰɘɛɞɜɑɞɡ ŬɡɝɎɜŮŰŬɘ ɟŬɔŭŬɑŬ ɛŮ Ŭɨɝɖůɖ Űɖɠ 

ɗŮɟɛɞəɟŬůɑŬɠ, ɞˊɧŰŮ ɖ ɣɨɝɖ ŬˊɞŰŮɚŮɑ Űɞɜ əɨɟɘɞ ɛɖɢŬɜɘůɛɧ Ŭˊɞɓɞɚɐɠ Űɤɜ əɨɟɘɤɜ ɞɟɡəŰɩɜ Űɞɡ. 

ɇɞɜ ɟɧɚɞ Űɤɜ ůŰɞɘɢŮɑɤɜ ɐ ŮɜɩůŮɤɜ űɞɟɏɤɜ Űɞɡ ŬɜŰɘɛɞɜɑɞɡ ˊɞɡ ɗŬ Űɞ ɛŮŰŬűɏɟɞɡɜ ˊŬɑɕɞɡɜ Űɞ 

ɢɚɩɟɘɞ əŬɘ Űɞ ɜŮɟɧ. ɀŮ Űɖɜ ˊŬɟɞɡůɑŬ Ůɜɧɠ ɐ əŬɘ Űɤɜ ŭɨɞ əɎŰɤ Ŭˊɧ əŬŰɎɚɚɖɚŮɠ ůɡɜɗɐəŮɠ, 
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ɔɑɜŮŰŬɘ ŭɘɎɚɡůɖ Űɞɡ ɛŮŰɎɚɚɞɡ Űɞɡ ŬɜŰɘɛɞɜɑɞɡ əŬɘ ˊŮɟɜɎŮɘ ůŰɖ ɟŮɡůŰɐ űɎůɖ ŭɖɛɘɞɡɟɔɩɜŰŬɠ 

ůɨɛˊɚɞəŮɠ ŮɜɩůŮɘɠ. ɇɞ ɡŭɟɞɗŮɟɛɘəɧ ɟŮɡůŰɧ əɘɜɞɨɛŮɜɞ ɛɏůŬ Ŭˊɧ ŬůɡɜɏɢŮɘŮɠ ɗŬ ŬˊɞɗɏůŮɘ 

ɞɟɡəŰɏɠ űɎůŮɘɠ Űɞɡ ŬɜŰɘɛɞɜɑɞɡ, əŬɗŮɛɑŬ ůŰɘɠ ůɡɜɗɐəŮɠ ŬˊɧɗŮůɐɠ Űɖɠ, ɛŮ əɨɟɘɞ ɛɖɢŬɜɘůɛɧ Űɖɜ 

ˊŰɩůɖ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ, ɛŮ Űɖɜ Ɏɜɞŭɞ Űɤɜ ɟŮɡůŰɩɜ. ɇɖɜ ŬˊɧɗŮůɖ Ůˊɑůɖɠ ɓɞɖɗɎŮɘ ɖ ˊŬɟɞɡůɑŬ 

ɗŮɑɞɡ ŮɑŰŮ ůŰɞ ɑŭɘɞ Űɞ ɟŮɡůŰɧ, ŮɑŰŮ ůŰŬ ˊŮŰɟɩɛŬŰŬ ɛŮ ŰŬ ɞˊɞɑŬ ɏɟɢŮŰŬɘ ůŮ ŮˊŬűɐ. ȰɢŮɘ 

ŬˊɞŭŮɘɢɗŮɑ ŮɟɔŬůŰɖɟɘŬəɎ əŬɘ ˊŮɘɟŬɛŬŰɘəɎ ɧŰɘ ɖ ɛɏɔɘůŰɖ ɘəŬɜɧŰɖŰŬ ůɡɔəɏɜŰɟɤůɖɠ ŬɜŰɘɛɞɜɑɞɡ ůŮ 

ɟŮɡůŰɎ ɗŮɟɛɞəɟŬůɘɩɜ 200-250Á C, ŮˊɘŰɡɔɢɎɜŮŰŬɘ ůŮ ˊɚɞɨůɘŬ ůŮ ɢɚɩɟɘɞ əŬɘ űŰɤɢɎ ůŮ ɗŮɑɞ 

ɧɝɘɜŬ ŭɘŬɚɨɛŬŰŬ ɛŮ pH 2-3, əŬɗɩɠ əŬɘ ůŮ űŰɤɢɎ ůŮ ɢɚɩɟɘɞ əŬɘ ɗŮɑɞ ɓŬůɘəɎ ŭɘŬɚɨɛŬŰŬ ɛŮ pH 7-

8 (Williams-Jones and Normand, 1997, Obolesky et al., 2007). 
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ȾȺūȷȿȷȽɃ 3.2: ȺȾɀȺɇȷȿȿȺɈɆȼ ɇȼɆ ɀȺɇȷȿȿɃūɃɅȽȷɆ Ɇɇȷ ɅȽȻȷɁȷ 

 

 

ɆŰɖɜ ˊŮɟɘɞɢɐ ɇŬɠ ȾŬˊɞɨ Űɤɜ ɅɘɕŬɜɩɜ ɓɟɑůəɞɜŰŬɘ ŰŬ ˊŬɚɘɎ ɛŮŰŬɚɚŮɑŬ ŬɜŰɘɛɞɜɑɞɡ, ŰŬ 

ɞˊɞɑŬ ŭɘŬɜɞɑɢɗɖəŬɜ Ŭˊɧ Űɞɡɠ ũŮɟɛŬɜɞɨɠ əŬŰɎ Űɞ 1930-38. Ƀɘ ůŰɞɏɠ Űɤɜ ɛŮŰŬɚɚŮɑɤɜ 

Ŭəɞɚɞɡɗɞɨɜ Űɖɜ ŰŮəŰɞɜɘəɎ ŮɚŮɔɢɧɛŮɜɖ ɛŮŰŬɚɚɞűɞɟɑŬ ŬɜŰɘɛɞɜɑɞɡ ɛɏůŬ ůŮ ɢŬɚŬɕɘŬəɏɠ űɚɏɓŮɠ ɞɘ 

ɞˊɞɑŮɠ ŭɘŮɘůŭɨɞɡɜ ɛɏůŬ ůŮ ɔɜŮɡůɑɞɡɠ. ɆŰɖɜ ˊŮɟɘɞɢɐ ɄɘɚɎű ɇŮˊɏ, ɖ ɛŮŰŬɚɚɞűɞɟɑŬ ɓɞɚűɟŬɛɑŰɖ 

ɛŬɕɑ ɛŮ ŬɜŰɘɛɞɜɑŰɖ ɡˊɏůŰɖ Ůˊɑůɖɠ ŮəɛŮŰɎɚɚŮɡůɖ ɛŮ ɡˊɧɔŮɘŮɠ ůŰɞɏɠ. 

Ƀɘ ˊɟɧɢŮɘɟŬ ŭɘŬɜɞɘɔɛɏɜŮɠ ɡˊɧɔŮɘŮɠ ůŰɞɏɠ ůŰɖɜ ˊŮɟɘɞɢɐ ɇŬɠ ȾŬˊɞɨ ůɡɜɞɚɘəɞɨ ɛɐəɞɡɠ 

ˊŮɟɑˊɞɡ 350 ɛɏŰɟɤɜ (ɄŬɟŬůəŮɡɧˊɞɡɚɞɠ 1958), űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ɏɜŬ ɛŮɔɎɚɞ ŭɑəŰɡɞ ɛŮ 

ˊɞɚɚŬˊɚɎ ŮˊɑˊŮŭŬ (Ɇɢ. 3.2.1) (Ⱥɘə 3.2.2-3.2.7). Ƀɘ ůŰɞɏɠ əŬɗɩɠ əŬɘ ŰŬ ɡˊɞɚŮɑɛɛŬŰŬ, ŮɟŮɑˊɘŬ 

ˊɚɏɞɜ, əŰɘůɛɎŰɤɜ ɧˊɞɡ ŬˊɞɗɖəŮɡɧŰŬɜ Űɞ ɛŮŰɎɚɚŮɡɛŬ ˊɟɘɜ ŬˊɞůŰŬɚŮɑ ůŰɖ ũŮɟɛŬɜɑŬ ɔɘŬ 

ɛŮŰŬɚɚɞɡɟɔɑŬ (Ⱥɘə. 3.2.7), ɛŬɟŰɡɟɞɨɜ Űɖɜ ŮəɛŮŰɎɚɚŮɡůɖ Ůɜɧɠ ˊɚɞɨůɘɞɡ ůŮ ŬɜŰɘɛɧɜɘɞ 

əɞɘŰɎůɛŬŰɞɠ. Ƀ ɄŬɟŬůəŮɡɧˊɞɡɚɞɠ (1958) ŬɜŬűɏɟŮɘ Ůɝɧɟɡɝɖ 2000 Űɧɜɤɜ ɛŮŰŬɚɚŮɨɛŬŰɞɠ 

ŬɜŰɘɛɞɜɑŰɖ Űɖɜ ˊŮɟɑɞŭɞ 1930-1938. ɀŮŰŬɔŮɜɏůŰŮɟŬ ŮɝɞɟɨɢɗɖəŬɜ Ŭəɧɛɖ 7000 Űɧɜɞɘ 

ɛŮŰŬɚɚŮɨɛŬŰɞɠ ŬɜŰɘɛɞɜɑŰɖ ɛŮ ɛɏůɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ 40%. ɇɞ ˊɞůɞůŰɧ ŬɡŰɧ Űɖɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ 

ŮˊɘŰɡɔɢɎɜɞɜŰŬɜ ɛɏůɤ ŭɘŬɚɞɔɐɠ ˊɚɞɡůɘɧŰŮɟɞɡ əŬɘ űŰɤɢɧŰŮɟɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ.  

ɆŰɖɜ ˊŮɟɘɞɢɐ ɄɘɚɎű ɇŮˊɏ ŬɜŬűɏɟŮŰŬɘ ŮəɛŮŰɎɚɚŮɡůɖ ɓɞɚűɟŬɛɑŰɖ Űɘɠ ˊŮɟɘɧŭɞɡɠ 1915-

1916 Ŭˊɧ Űɞɡɠ ȯɔɔɚɞɡɠ, Űɞ 1940 Ŭˊɧ ɘŭɘɩŰɖ əŬɘ ɛŮŰŬɝɨ 1941-1943 Ŭˊɧ Űɞɡɠ ũŮɟɛŬɜɞɨɠ 

(ɄŬɟŬůəŮɡɧˊɞɡɚɞɠ 1958). ɇɏɚɞɠ, ůŮ ŮɟɔŬůɑŮɠ ůŰɖɜ ˊŮɟɘɞɢɐ əŬŰɎ Űɖɜ ˊŮɟɑɞŭɞ 1930-1939 

ɡˊɞɚɞɔɑůɗɖəŬɜ ŮˊɘɓŮɓŬɘɤɛɏɜŬ ŬˊɞɗɏɛŬŰŬ ŬɜŰɘɛɞɜɑŰɖ ŬɜŮɟɢɧɛŮɜŬ ůŮ 5000 Űɧɜɞɡɠ əŬɘ ŰŬ ˊɘɗŬɜɎ 

ŬˊɞɗɏɛŬŰŬ ɜŬ əɡɛŬɑɜɞɜŰŬɘ ɛŮŰŬɝɨ 50.000 əŬɘ 100.000 Űɧɜɤɜ ɛŮ ɛɏůɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ 

ŬɜŰɘɛɧɜɘɞ ˊŮɟɑˊɞɡ 30% (ɄŬɟŬůəŮɡɧˊɞɡɚɞɠ 1958).  
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Ɇɢ. 3.2.1. ũŮɤɚɞɔɘəɐ Űɞɛɐ Űɞɡ ɛŮŰŬɚɚŮɑɞɡ ůŰɖɜ ˊŮɟɘɞɢɐ ɇŬɠ ȾŬˊɞɨ (ɄŬɟŬůəŮɡɧˊɞɡɚɞɠ1958). 

 

Ⱥɘə. 3.2.2. ɄɟɧɢŮɘɟŬ ŭɘŬɜɞɘɔɛɏɜɖ əŬɘ ůŰɖɟɘɕɧɛŮɜɖ ůŰɞɎ ŮəɛŮŰɎɚɚŮɡůɖɠ ŬɜŰɘɛɞɜɑɞɡ ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ 

ɅɘɕŬɜɩɜ. 
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Ⱥɘə. 3.2.3. ɆŰɞɏɠ ɛɏůŬ ůŮ ɟɐɔɛŬ ɧˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ɖ ɛŮŰŬɚɚɞűɞɟɑŬ ůŰŬ ɅɘɕŬɜɎ.  

 

 
Ⱥɘə. 3.2.4. ɆŰɞɏɠ ˊɞɡ əɧɓɞɡɜ ɟɐɔɛŬ ɧˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ɖ ɛŮŰŬɚɚɞűɞɟɑŬ ůŰŬ ɅɘɕŬɜɎ. ȹɘɎɜɞɘɔɛŬ 

ˊɞɚɚŬˊɚɩɜ Ůˊɘˊɏŭɤɜ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ Űɖɜ ɛŮŰŬɚɚɞűɞɟɑŬ.  
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Ⱥɘə. 3.2.5. ɆŰɞɏɠ ˊɞɡ əɧɓɞɡɜ ɟɐɔɛŬ ɧˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ɖ ɛŮŰŬɚɚɞűɞɟɑŬ ůŰŬ ɅɘɕŬɜɎ. ȹɘɎɜɞɘɔɛŬ 

ˊɞɚɚŬˊɚɩɜ Ůˊɘˊɏŭɤɜ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ Űɖɜ ɛŮŰŬɚɚɞűɞɟɑŬ.  

 

 
Ⱥɘə. 3.2.6. ɆŰɞɏɠ ˊɞɡ əɧɓɞɡɜ ɟɐɔɛŬ ɧˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ɖ ɛŮŰŬɚɚɞűɞɟɑŬ ůŰŬ ɅɘɕŬɜɎ. ȹɘɎɜɞɘɔɛŬ 

ˊɞɚɚŬˊɚɩɜ Ůˊɘˊɏŭɤɜ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ Űɖɜ ɛŮŰŬɚɚɞűɞɟɑŬ.  
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Ⱥɘə.3.2.7. ɄɟɧɢŮɘɟŬ əŰɑɟɘŬ ŬˊɞɗɐəŮɡůɖɠ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ŬɜŰɘɛɞɜɑŰɖ ůŰŬ ɅɘɕŬɜɎ.  
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ȾȺūȷȿȷȽɃ 4: ɀȺŪɃȹɃȽ ȺɅȺɈɁȷɆ 

 

 ũɘŬ Űɖ ɛŮɚɏŰɖ Űɞɡ ŬɜŰɘɛɞɜɑŰɖ ůŰŬ ɅɘɕŬɜɎ Űɞɡ Ⱦɘɚəɑɠ ɟ́ŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬ ůŰɖɜ ˊŮɟɘɞɢɐ ŮɛűɎɜɘůɖɠ Űɞɡ ŬɜŰɘɛɞɜɑŰɖ ɖ ɞˊɞɑŬ ŮɜŰɞˊɑɕŮŰŬɘ ˊŮɟɑˊɞɡ 5 

ɢɘɚɘɧɛŮŰɟŬ ɓɞɟŮɘɞŬɜŬŰɞɚɘəɎ Űɞɡ ɢɤɟɘɞɨ (Ⱥɘə. 4.1). ɇŬ ŭŮɑɔɛŬŰŬ ɐŰŬɜ Ŭˊɧ ɡɔɘɏɠ ŬɜŬɚɚɞɑɤŰɞ 

ɔɜŮɨůɘɞ ɢɤɟɑɠ ɛŮŰŬɚɚɞűɞɟɑŬ, Ŭˊɧ ŮɝŬɚɚɞɘɤɛɏɜɞ ɔɜŮɨůɘɞ ůŰŮɑɟɞ, Ŭˊɧ ŮɝŬɚɚɞɘɤɛɏɜɞ ɔɜŮɨůɘɞ ɛŮ 

ɛŮŰŬɚɚɞűɞɟɑŬ əŬɘ Ŭˊɧ ɢŬɚŬɕɘŬəɏɠ űɚɏɓŮɠ ɛŮ ɛŮŰŬɚɚɞűɞɟɑŬ (Ⱥɘə. 4.2).  

 

 

Ⱥɘə. 4.1. ɅɘɕŬɜɎ əŬɘ ˊŮɟɘɞɢɐ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ. 

 

 ɇŬ ŭŮɑɔɛŬŰŬ ɛŮŰŬűɏɟɗɖəŬɜ ůŰɞ ɇɛɐɛŬ ũŮɤɚɞɔɑŬɠ Űɞɡ ȷɟɘůŰɞŰŮɚŮɑɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ 

ŪŮůůŬɚɞɜɑəɖɠ ɧˊɞɡ űɤŰɞɔɟŬűɐɗɖəŬɜ ɛŬəɟɞůəɞˊɘəɎ əŬɘ ɏɔɘɜŮ ŭɘŬɚɞɔɐ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ 

ɛŮɗɧŭɤɜ ɏɟŮɡɜŬɠ (Ɇɢ. 4.3). ɆɡɔəɟɘɛɏɜŬ, ůŰɎɚɗɖəŬɜ ŭŮɑɔɛŬŰŬ ɔɘŬ ɢɖɛɘəɐ ŬɜɎɚɡůɖ ɛŮ Űɖ ɛɏɗɞŭɞ 

Űɖɠ ūŬůɛŬŰɞɛŮŰɟɑŬɠ ȷŰɞɛɘəɐɠ ɀɎɕŬɠ (ICP-MS) ůŰŬ ŮɟɔŬůŰɐɟɘŬ Űɖɠ MS Analytical ůŰɞɜ 

ȾŬɜŬŭɎ. ũɘŬ ɜŬ ɔɑɜŮɘ ŬɡŰɧ, ŰŬ ŭŮɑɔɛŬŰŬ əɞɜɘɞˊɞɘɐɗɖəŬɜ ɛɏɢɟɘ Űɞ ůɖɛŮɑɞ Űɖɠ ŬɜŬűɞɨɠ ůəɧɜɖɠ. 

ɇŮɛŬɢɑůŰɖəŬɜ ɢŮɘɟɤɜŬəŰɘəɎ ůŮ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ɛɘəɟɧŰŮɟɞ ɛɏɔŮɗɞɠ ɛŮ Űɖ ɢɟɐůɖ ɔɞɡŭɘɞɨ əŬɘ 

ɏˊŮɘŰŬ əɞɜɘɞˊɞɘɐɗɖəŬɜ ůŰɞ ŬˊŬɟŬɑŰɖŰɞ ɛɏɔŮɗɞɠ ɛŮ Űɖ ɢɟɐůɖ ɛɖɢŬɜɘəɞɨ ɗɟŬɡůŰɐɟŬ. 
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Ⱥɘə. 4.2. ȿŮˊŰɞɛɏɟŮɘŬ Ŭˊɧ Űɖɜ Ⱥɘə. 4.1 ɧˊɞɡ űŬɑɜŮŰŬɘ ɖ ˊŮɟɘɞɢɐ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ əŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ 

ůɖɛŮɑŬ ŭŮɘɔɛŬŰɞɚɖɣɑŬɠ. 
 

Ʉɘɜ. 4.3. ɄɑɜŬəŬɠ ɛŮ Űɘɠ ɛŮɗɧŭɞɡɠ ɏɟŮɡɜŬɠ ɔɘŬ əɎɗŮ ŭŮɑɔɛŬ. ȳˊɞɡ GN=ũɜŮɨůɘɞɠ, S-ORE=ɀŮŰŬɚɚɞűɞɟɑŬ 

Ŭˊɧ Űɖ ůŰɞɎ, QOGN=ɄɡɟɘŰɘɤɛɏɜɞɠ ũɜŮɨůɘɞɠ ɛŮ ɀŮŰŬɚɚɞűɞɟɑŬ, AGN=ȺɝŬɚɚɞɘɤɛɏɜɞɠ ũɜŮɨůɘɞɠ, 
ORE=ɀŮŰŬɚɚɞűɞɟɑŬ, FeOxVGN=ũɜŮɨůɘɞɠ ɛŮ ɃɝŮɘŭɤɛɏɜɖ ɀŮŰŬɚɚɞűɞɟɑŬ ůŮ ūɚɏɓŮɠ, 

QORE=ɉŬɚŬɕɘŬəɏɠ ūɚɏɓŮɠ ɛŮ ɀŮŰŬɚɚɞűɞɟɑŬ 

 

ȹŮɑɔɛŬŰŬ RZN1 RZN3 RZN3ɓ RZN4 RZN5 RZN6 RZN7 RZN8 RZN9 RZN10 

 GN S-ORE S-ORE GN QOGN AGN ORE FeOxVGN QORE QORE 

ȿŮˊŰɐ Űɞɛɐ 
Ѝ 

    
Ѝ 

    

ɆŰɘɚˊɜɐ Űɞɛɐ 

 
Ѝ Ѝ 

   
Ѝ 

   

ICPMS 

 
Ѝ Ѝ Ѝ Ѝ 

 
Ѝ Ѝ 

  

ɅŮɡůŰɎ 

ŮɔəɚŮɑůɛŬŰŬ 
  

Ѝ 
     

Ѝ Ѝ 

ȿŮˊŰɐ-

ɆŰɘɚˊɜɐ Űɞɛɐ 
      

Ѝ 
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 ɆŰɖ ůɡɜɏɢŮɘŬ ŮˊɘɚɏɢɗɖəŬɜ ŭŮɑɔɛŬŰŬ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ Űɞɛɩɜ ˊɟɞɠ ɛɘəɟɞůəɞˊɘəɐ 

ˊŬɟŬŰɐɟɖůɖ. ȾŬŰŬůəŮɡɎůŰɖəŬɜ ɚŮˊŰɏɠ Űɞɛɏɠ ɔɘŬ ˊŬɟŬŰɐɟɖůɖ Űɤɜ ɛɖ ɛŮŰŬɚɚɘəɩɜ ɞɟɡəŰɩɜ 

ůɡůŰŬŰɘəɩɜ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ, ůŰɘɚˊɜɏɠ Űɞɛɏɠ ɔɘŬ ˊŬɟŬŰɐɟɖůɖ əŬɘ ɢŬɟŬəŰɖɟɘůɛɧ Űɖɠ ɡˊɧ 

ɛŮɚɏŰɖɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ, ɚŮˊŰɏɠ-ůŰɘɚˊɜɏɠ Űɞɛɏɠ ɔɘŬ Űɖɜ ˊŬɟŬŰɐɟɖůɖ əŬɘ Űɤɜ ŭɨɞ əŬɘ Űɘɠ ůɢɏůŮɘɠ 

ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ŭɘˊɚɎ ůŰɘɚɓɤɛɏɜŮɠ Űɞɛɏɠ ɔɘŬ Űɖɜ ɛŮɚɏŰɖ Űɤɜ ɟŮɡůŰɩɜ ŮɔəɚŮɘůɛɎŰɤɜ. 

ɀŮɚŮŰɐɗɖəŬɜ ůŰɘɚˊɜɏɠ Űɞɛɏɠ ɛŮ ɛŮŰŬɚɚɞűɞɟɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ˊɞɡ ɡˊɐɟɢŬɜ ɐŭɖ Ŭˊɧ ˊŬɚŬɘɧŰŮɟɖ 

ŭŮɘɔɛŬŰɞɚɖɣɑŬ Űɞɡ ȷɜ. ȾŬɗɖɔɖŰɐ ȸ. ɀɏɚűɞɡ.  

ȾŬŰŬůəŮɡɎůŰɖəŬɜ ɚŮˊŰɏɠ Űɞɛɏɠ Ŭˊɧ ɡɔɘɐ (RZN1) əŬɘ ŮɝŬɚɚɞɘɤɛɏɜɞ ɔɜŮɨůɘɞ (RZN6) 

ˊɟɞɠ ˊŬɟŬŰɐɟɖůɐ Űɞɡɠ ůŰɞ ˊɞɚɤŰɘəɧ ɛɘəɟɞůəɧˊɘɞ əŬɘ ɞɟɡəŰɞɚɞɔɘəɐ Űɞɡɠ ɛŮɚɏŰɖ. 

ȾŬŰŬůəŮɡɎůŰɖəŮ Ůˊɑůɖɠ ɛɑŬ ɚŮˊŰɐ-ůŰɘɚˊɜɐ Űɞɛɐ Ŭˊɧ ɔɜŮɨůɘɞ ɛŮ ɛŮŰŬɚɚɞűɞɟɑŬ (RZN7). ũɘŬ 

Űɞɜ əŬɗɞɟɘůɛɧ Űɖɠ ɔŮɤɢɖɛɘəɐɠ ůɨůŰŬůɖɠ Űɞɡ ɔɜŮɡůɑɞɡ, ůŰɎɚɗɖəŬɜ ɔɘŬ ɢɖɛɘəɐ ŬɜɎɚɡůɖ ŰŬ 

ŭŮɑɔɛŬŰŬ RZN4, RZN5 əŬɘ Űɞ ŭŮɑɔɛŬ RZN8, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ŭŮɑɔɛŬ ˊɞɚɨ Ŭɚɚɞɘɤɛɏɜɞɡ əŬɘ 

ɞɝŮɘŭɤɛɏɜɞɡ ɔɜŮɡůɑɞɡ (Ⱥɘə.5.2.1).  

ũɘŬ Űɖɜ ɛŮɚɏŰɖ Űɖɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ əŬŰŬůəŮɡɎůŰɖəŬɜ ůŰɘɚˊɜɏɠ Űɞɛɏɠ Ŭˊɧ ŰŬ ŭŮɑɔɛŬŰŬ 

ˊɞɡ ˊɎɟɗɖəŬɜ əŬŰɎ Űɖɜ ɡˊŬɑɗɟɘŬ ɏɟŮɡɜŬ (RZN3, RZN3ɓ əŬɘ RZN7). ɀŮɚŮŰɐɗɖəŬɜ Ůˊɑůɖɠ 

ůŰɘɚˊɜɏɠ Űɞɛɏɠ ˊɞɡ ɡˊɐɟɢŬɜ ůŰŬ ŮɟɔŬůŰɐɟɘŬ ȾɞɘŰŬůɛŬŰɞɚɞɔɑŬɠ Űɞɡ ɇɞɛɏŬ (3, ū3.2, ū3.3, ū3.4 

əŬɘ ū3.6). ɄɎɟɗɖəŬɜ ŮɘəɧɜŮɠ Ŭˊɧ Űɞ ȼɚŮəŰɟɞɜɘəɧ ɀɘəɟɞůəɧˊɘɞ ɆɎɟɤůɖɠ (SEM) ɛŮ Űɖ ɛɏɗɞŭɞ 

Űɤɜ ɞˊɘůɗɞůəŮŭŬɕɧɛŮɜɤɜ ɖɚŮəŰɟɞɜɑɤɜ Ŭˊɧ Űɘɠ Űɞɛɏɠ RZN3ɓ, ū3.4 əŬɘ RZN7. ũɘŬ Űɞɜ 

əŬɗɞɟɘůɛɧ Űɖɠ ɔŮɤɢɖɛɘəɐɠ ůɨůŰŬůɖɠ Űɖɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ ůŰɎɚɗɖəŬɜ ɔɘŬ ɢɖɛɘəɐ ŬɜɎɚɡůɖ ŰŬ 

ŭŮɑɔɛŬŰŬ RZN3, RZN3ɓ əŬɘ RZN7. ȰɔɘɜŬɜ Ůˊɑůɖɠ ůɖɛŮɘŬəɏɠ ɛɘəɟɞŬɜŬɚɨůŮɘɠ ɛŮ Űɞ 

ȼɚŮəŰɟɞɜɘəɧ ɀɘəɟɞůəɧˊɘɞ ɆɎɟɤůɖɠ (SEM) ůŰŬ ŭŮɑɔɛŬŰŬ ū3.4, RZN3ɓ əŬɘ RZN7. 

ȰɔɘɜŮ Ůˊɑůɖɠ ˊŬɟŬŰɐɟɖůɖ Űɤɜ ůŰɘɚˊɜɩɜ əŬɘ Űɤɜ ɚŮˊŰɩɜ-ůŰɘɚˊɜɩɜ Űɞɛɩɜ əɎŰɤ Ŭˊɧ Űɞ 

ɖɚŮəŰɟɞɜɘəɧ ɛɘəɟɞůəɧˊɘɞ ůɎɟɤůɖɠ (SEM) ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ ɞˊɞɑɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 

ůɖɛŮɘŬəɏɠ ɢɖɛɘəɏɠ ŬɜŬɚɨůŮɘɠ əŬɘ ˊɎɟɗɖəŬɜ űɤŰɞɔɟŬűɑŮɠ ɛɏůɤ Űɤɜ ɞˊɘůɗɞůəŮŭŬɕɧɛŮɜɤɜ 

ɖɚŮəŰɟɞɜɑɤɜ (Back scattering).  

ȼ ɛŮɚɏŰɖ Űɤɜ ɟŮɡůŰɩɜ ŮɔəɚŮɘůɛɎŰɤɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŮ ɗŮɟɛŬɘɜɧɛŮɜɖ ŰɟɎˊŮɕŬ 

Űɨˊɞɡ Linkam TȼM 600 ˊɞɡ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜɖ ůŮ ɛɘəɟɞůəɧˊɘɞ Űɨˊɞɡ Leitz SM-LUX-POL. ȼ 

ɗŮɟɛɞəɟŬůɑŬ ŮɚɏɔɢŮŰŬɘ ɛɏůɤ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɇɀS 90. ȼ ɛɞɜɎŭŬ ɏɢŮɘ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɣɨɢŮɘ əŬɘ 

ɜŬ ɗŮɟɛŬɑɜŮɘ Űɞ ŭŮɑɔɛŬ ůŮ ɗŮɟɛɞəɟŬůɑŮɠ Ŭˊɧ Űɞɡɠ -180Á ɏɤɠ Űɞɡɠ +600Á C. ȼ Ŭˊɧəɚɘůɖ ŮɑɜŬɘ 
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0,1Á C ɔɘŬ ɗŮɟɛɞəɟŬůɑŮɠ Ŭˊɧ -180Á ɏɤɠ 200Á C, əŬɘ 1Á C ɔɘŬ ɗŮɟɛɞəɟŬůɑŮɠ >200Á C. ȼ ɣɨɝɖ Űɞɡ 

ŭŮɑɔɛŬŰɞɠ ɔɘŬ Űɖɜ əɟɡɞůəɞˊɘəɐ ɛŮɚɏŰɖ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ Ŭɏɟɘɞ ɎɕɤŰɞ ˊɞɡ ŭɘɏɟɢŮŰŬɘ Ŭˊɧ ɛɑŬ 

ůˊŮɑɟŬ ɓɡɗɘůɛɏɜɖ ůŮ űɘɎɚɖ Dewars ɛŮ ɡɔɟɧ ɎɕɤŰɞ. ũɘŬ Űɖɜ ɛŮɚɏŰɖ Űɖɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ ůŰŬ 

ɅɘɕŬɜɎ əŬŰŬůəŮɡɎůŰɖəŬɜ 2 ŭɘˊɚɎ ůŰɘɚɓɤɛɏɜŮɠ Űɞɛɏɠ, ɛŮ ˊɎɢɞɠ Ŭˊɧ ˊŮɟɑˊɞɡ 200 ɛm. 

ɇŬ ˊŬɟŬůəŮɡɎůɛŬŰŬ əŬɘ ɖ ɛŮɚɏŰɖ ɏɚŬɓŬɜ ɢɩɟŬ ůŰɞ ˊŬɟŬůəŮɡŬůŰɐɟɘɞ əŬɘ ůŰŬ 

ŮɟɔŬůŰɐɟɘŬ Űɞɡ ɇɞɛɏŬ ɃɟɡəŰɞɚɞɔɑŬɠ-ɄŮŰɟɞɚɞɔɑŬɠ-ȾɞɘŰŬůɛŬŰɞɚɞɔɑŬɠ Űɞɡ ɇɛɐɛŬŰɞɠ ũŮɤɚɞɔɑŬɠ 

Űɞɡ ȷɟɘůŰɞŰŮɚŮɑɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ŪŮůůŬɚɞɜɑəɖɠ. 
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ȾȺūȷȿȷȽɃ 5: ȷɄɃɇȺȿȺɆɀȷɇȷ 

 

ȾȺūȷȿȷȽɃ 5.1: ɀȷȾɅɃɆȾɃɄȽȾȼ ɄȷɅȷɇȼɅȼɆȼ ɄȺɇɅɋɀȷɇɃɆ 

 Ƀ ɛɧɜɞɠ ˊŮŰɟɞɚɞɔɘəɧɠ Űɨˊɞɠ ˊɞɡ ŮɜŰɞˊɑůŰɖəŮ ůŰɖɜ ˊŮɟɘɞɢɐ ŬɜɎˊŰɡɝɖɠ Űɖɠ 

ɛŮŰŬɚɚɞűɞɟɑŬɠ ŮɑɜŬɘ ɞɘ ɔɜŮɨůɘɞɘ Űɖɠ ȺɜɧŰɖŰŬɠ ȸŮɟŰɑůəɞɡ. ɀŬəɟɞůəɞˊɘəɎ Űɞ ŭŮɑɔɛŬ RZN1 

ŮɑɜŬɘ ɏɜŬɠ Űɡˊɘəɧɠ ɔɜŮɨůɘɞɠ, ɧˊɞɡ ŭɘŬəɟɑɜɞɜŰŬɘ ɢŬɚŬɕɑŬɠ, ɎůŰɟɘɞɘ, ɛŬɟɛŬɟɡɔɑŮɠ əŬɘ ɖ ɔɜŮɡůɘŬəɐ 

ɡűɐ (Ⱥɘə.5.1.1).  

 

 

Ⱥɘə. 5.1.1. ɀŬəɟɞůəɞˊɘəɐ ŮɘəɧɜŬ ɔɜŮɡůɑɞɡ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ. 

 

 Ƀ ŮɝŬɚɚɞɘɤɛɏɜɞɠ ɔɜŮɨůɘɞɠ (RZN6) ŮɛűŬɜɑɕŮɘ ŭɘŬűɞɟŮŰɘəɐ ŮɘəɧɜŬ Ŭˊɧ Űɞɜ ŬɜŬɚɚɞɑɤŰɞ. 

ɀŬəɟɞůəɞˊɘəɎ űŬɑɜŮŰŬɘ ɜŬ ɏɢŮɘ ɡˊɞůŰŮɑ ˊɡɟɘŰɑɤůɖ, ɞɝŮɑŭɤůɖ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ ɏɜŰɞɜɖ 

ůŮɟɘəɘŰɑɤůɖ (Ⱥɘə.5.1.2).  

 

Ⱥɘə.5.1.2. ɀŬəɟɞůəɞˊɘəɐ ŮɘəɧɜŬ Űɞɡ ŮɝŬɚɚɞɘɤɛɏɜɞɡ ɔɜŮɡůɑɞɡ Űɖɠ ˊŮɟɘɞɢɐɠ.  
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 ɇɞ ŭŮɑɔɛŬ RZN7 ɛŬəɟɞůəɞˊɘəɎ ŭɑɜŮɘ ɛɑŬ ŮɘəɧɜŬ ɚŬŰɡˊɞˊŬɔɞɨɠ ɛŮ əɚɎůŰŮɠ Űɞɡ ɔɜŮɡůɑɞɡ 

(breccia) ˊɞɡ ŰŬ əŮɜɎ ˊɚɖɟɩɜɞɜŰŬɘ ɛŮ ɛŮŰŬɚɚɞűɞɟɑŬ ŬɜŰɘɛɞɜɑŰɖ. (Ⱥɘə. 5.1.3). 

 

 

Ⱥɘə. 5.1.3. Brecciated ɔɜŮɨůɘɞɠ ɛŮ ɛŮŰŬɚɚɞűɞɟɑŬ ŬɜŰɘɛɞɜɑŰɖ. 

 

 ɇɞ ŭŮɑɔɛŬ RZN8 ɛŬəɟɞůəɞˊɘəɎ ŮɛűŬɜɑɕŮŰŬɘ ˊɞɚɨ ɞɝŮɘŭɤɛɏɜɞ əŬɘ ɡŭɟɞɗŮɟɛɘəɎ 

ŮɝŬɚɚɞɘɤɛɏɜɞ (Ⱥɘə. 5.1.4). 

  

Ⱥɘə.5.1.4. ȹŮɑɔɛŬ RZN8. Ƀ ɔɜŮɨůɘɞɠ ɏɢŮɘ ɡˊɞůŰŮɑ ůɢŮŭɧɜ ɞɚɞəɚɖɟɤŰɘəɐ ɞɝŮɑŭɤůɖ əŬɘ ɡŭɟɞɗŮɟɛɘəɐ 

ŮɝŬɚɚɞɑɤůɖ. ȹɘŬəɟɑɜɞɜŰŬɘ əɎˊɞɘŬ űɚŮɓɑŭɘŬ ɢŬɚŬɕɑŬ ˊɞɡ ŭɘŮɘůŭɨɞɡɜ ˊŬɟɎɚɚɖɚŬ ˊɟɞɠ Űɖɜ ůɢɘůŰɧŰɖŰŬ Űɞɡ 
ɔɜŮɡůɑɞɡ. 
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ȾȺūȷȿȷȽɃ 5.2: ɀȽȾɅɃɆȾɃɄȽȾȼ ɄȷɅȷɇȼɅȼɆȼ ɄȺɇɅɋɀȷɇɃɆ 

 

 

 ɄŬɟŬŰɖɟɩɜŰŬɠ ɛɘəɟɞůəɞˊɘəɎ Űɖɜ Űɞɛɐ Űɞɡ ŭŮɑɔɛŬŰɞɠ RZN1, ɞɟɡəŰɞɚɞɔɘəɎ ŬˊɞŰŮɚŮɑŰŬɘ 

Ŭˊɧ ɢŬɚŬɕɑŬ, ɚŮɡəɧ ɛŬɟɛŬɟɡɔɑŬ, ɓɘɞŰɑŰɖ, əŬɚɘɞɨɢɞ ɎůŰɟɘɞ əŬɘ ˊɚŬɔɘɧəɚŬůŰɞ (Ⱥɘə.5.2.1-5.2.6). 

ɆŰɖɜ ɞɟɡəŰɞɚɞɔɘəɐ ůɨůŰŬůɖ ůɡɛɛŮŰɏɢɞɡɜ Ůˊɑůɖɠ ɢɚɤɟɑŰɖɠ, ɕɞɥůɑŰɖɠ, əɚɘɜɞɕɞɥůɑŰɖɠ, ŬˊŬŰɑŰɖɠ 

əŬɘ ŮˊɑŭɞŰɞ ɤɠ Ůˊɞɡůɘɩŭɖ ɞɟɡəŰɎ. Ƀɘ ɓɘɞŰɑŰŮɠ ŮɛűŬɜɑɕɞɜŰŬɘ ɢɚɤɟɘŰɘɤɛɏɜɞɘ Ůɜɩ ɞɘ ɎůŰɟɘɞɘ ŮɑɜŬɘ 

ůŮɟɘəɘŰɘɤɛɏɜɞɘ.  

 

 

Ⱥɘə. 5.2.1. ɇɞɛɐ RZN1 əɎŰɤ Ŭˊɧ Űɞ ˊɞɚɤŰɘəɧ ɛɘəɟɞůəɧˊɘɞ. ɄŬɟŬŰɐɟɖůɖ ɛɧɜɞ ɛŮ Űɞɜ ˊɞɚɤŰɐ. 

ȹɘŬəɟɑɜɞɜŰŬɘ ɢŬɚŬɕɑŬɠ (Qz) əŬɘ ŬˊɞůŰɟɞɔɔɡɚŮɛɏɜɞɠ Ⱦ-ɎůŰɟɘɞɠ (Kf) . ɀɐəɞɠ űɤŰɞɔɟŬűɑŬɠ = 2.6 mm. 
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Ⱥɘə. 5.2.2. ɄŬɟŬŰɐɟɖůɖ Űɖɠ ˊɟɞɖɔɞɨɛŮɜɖɠ ŮɘəɧɜŬɠ ɛŮ ˊɞɚɤŰɐ əŬɘ ŬɜŬɚɡŰɐ. ȹɘŬəɟɑɜɞɜŰŬɘ ɢŬɚŬɕɑŬɠ (Qz), 

Ⱦ-ɎůŰɟɘɞɠ (Kf)  əŬɘ ɚŮɡəɧɠ ɛŬɟɛŬɟɡɔɑŬɠ (Mu). ɀɐəɞɠ űɤŰɞɔɟŬűɑŬɠ = 2.6 mm. 

 

 

Ⱥɘə. 5.2.3. ɇɞɛɐ RZN1 ůŮ ˊŬɟŬŰɐɟɖůɖ ɛɧɜɞ ɛŮ ˊɞɚɤŰɐ. ɉŬɚŬɕɑŬɠ (Qz) ɛŬɕɑ ɛŮ ɚŮɡəɧ ɛŬɟɛŬɟɡɔɑŬ (Mu). 

ɀɐəɞɠ űɤŰɞɔɟŬűɑŬɠ = 2.6 mm. 
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Ⱥɘə. 5.2.4. ɄŬɟŬŰɐɟɖůɖ Űɖɠ ˊɟɞɖɔɞɨɛŮɜɖɠ ŮɘəɧɜŬɠ ɛŮ ˊɞɚɤŰɐ əŬɘ ŬɜŬɚɡŰɐ. ȹɘŬəɟɑɜɞɜŰŬɘ ɢŬɚŬɕɑŬɠ (Qz), 

əŬɘ ɚŮɡəɧɠ ɛŬɟɛŬɟɡɔɑŬɠ (Mu). ɀɐəɞɠ űɤŰɞɔɟŬűɑŬɠ = 2.6 mm. 

 

 

Ⱥɘə. 5.2.5. ɇɞɛɐ RZN1 ůŮ ˊŬɟŬŰɐɟɖůɖ ɛɧɜɞ ɛŮ ˊɞɚɤŰɐ. ȹɘŬəɟɑɜɞɜŰŬɘ ɢŬɚŬɕɑŬɠ (Qz), K-ɎůŰɟɘɞɘ (Kf) , 

ɓɘɞŰɑŰɖɠ (Bt), ɚŮɡəɧɠ ɛŬɟɛŬɟɡɔɑŬɠ (Mu) əŬɘ ɕɞɥůɑŰɖɠ (Zo). ɀɐəɞɠ űɤŰɞɔɟŬűɑŬɠ = 2.6 mm. 

 


