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succession with lower part of the Ujak succession is covered by thick slope deposits, up to 27 
m. Recently, in this area three boreholes have been drilled, by the Polish Geological Institute.  

Combining the field observation with core material, following sequence of deposits of 
the Magura and Ujak transitional zone can be revealed: 

1) thick-bedded sandstones of the Piwniczna Member (Early/Middle Eocene) of 
Magura Formation,  

2) thin-bedded flysch and red shales with Reticulophragmium amplectens (Mniszek 
Shale Member, Middle Eocene) of the Magura Formation, 

3) few meters thick packet of grey-greenish and red marstone of the Sub-Menilite 
Globigerina Marls (Late Eocene-Early Oligocene),  

4) at least, a 19 m thick dark brown and black Menilite Shales with horstone and tuffite 
intercalations (Oligocene), 

5) a 25 m packet of thick-bedded muscovitic sandstones, an equivalent of the Poprad 
Member (oligocene) of Magura Formation,  

6) dark-grey marly shales with intercalations of thin bedded calcareous sandstones of 
the Malcov Formation (Oligocene).  

The studies conducted by us have shown that during the Late Eocene through the 
Oligocene the Klippen Pieniny Belt was a transitional zone between the Magura and the 
Central Carpathian basins.  
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We present new 40Ar/39Ar mineral ages from metamorphic, plutonic and volcanic rocks 

of the principally E-W striking the Sakar and Srednogorie zones, Bulgaria and use these ages 
together with structural observations to constrain the Jurassic and Cretaceous tectonic history 
of these zones along northern margins of the Rhodope massif. The Srednogorie zone seems to 
be particularly important because of its richness of magmatic rocks and associated ore 
deposits. 

The Sakar zone SW of Topolovgrad exposes the Palaeozoic Sakar granite mantled by 
the metamorphic Laslovo Formation. Along the contacts between granite and their 
volcanosedimentary metamorphic cover, often shear zones developed with a mylonitic fabrics 
formed within upper greenschist to amphibolite facies-grade metamorphic conditions giving 
the structure an appearance similar to a mantled gneiss dome. 40Ar/39Ar amphibole and white 
mica dating yield ages ranging between 144 and 136 Ma constraining the age of the main 
tectonic event of ductile deformation within a deep crustal level at ca. the Jurassic/Cretaceous 
boundary. Further to the southeast, towards the Rhodope massive, younger white mica ages 
gradually decreasing to ca. 124 Ma were found in metamorphic rocks. A further, secondary 
thermal overprint was found in staircase Ar release patterns with a maximum age of a 
secondary thermal overprint younger than 69 Ma. Together, these ages indicate the principal 
age of the Sakar zone at the Jurassic/Cretaceous boundary, which predates the formation of 
the Srednogorie basin, and two stages of thermal overprint.  

The Srednogorie zone comprises an Upper Cretaceous siliclastic marine infill of a 
volcanosedimentary basin and abundant volcanics, subvolcanics and shallow plutons. In the 
eastern Srednogorie zone, alkalic rocks are abundant. A new 40Ar/39Ar amphibole age of 82 
Ma from a hornblende andesite from the Fakjijska river S of Sredec indicate an important 
stage of effusive volcanic activity. In contrast, the following ages from plutonic rocks are 
interpreted to date cooling through the Ar retention temperature, ca. 500–550°C for 
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amphibole and ca. 300°C for biotite after magma crystallization. They represent, therefore, 
the minimum ages in respect to their crystallization. These ages include: biotite ages of 83, 79 
and 79 Ma from the Granitovo granodiorite, Izgrev diorite and Rosen syenite (at 
Černomorez), respectively; and amphibole ages of ca. 86, 85 and 76 Ma from microgabbro 
within the Granitovo granodiorite, the Oman-Fakia gabbro (near Danica) and a gabbrodiorite 
of ENE Samokov. Together, these ages proof the wide range of magmatism between 86 and 
76 Ma and a particularly important cooling event in the Srednogorie zone at ca. 80 Ma. In the 
case of the Izgrev diorite in the eastern Srednogorie zone, cooling at ca. 79 Ma is associated 
with chalcopyrite mineralization along conjugate shear-extension veins. Their structural 
assessment proofs NW–SE extension, and this event is in agreement with many similar but 
poorly dated observations in the eastern Srednogorie zone. This indicates that regional 
extension was of transtensive type at ca. 80 Ma in respect to the strike of the Srednogorie 
zone. Inversion of the Srednogorie basin comprises regional N-S shortening and a subsequent 
stage of NE-SW transpressive motion as abundant sets of conjugate strike-slip faults indicate.  
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Although remote sensing is recognized as a powerful tool in the collection, analysis and 

modelling of environmental data, less attention has been given to the use of Thermal Infrared 
(TIR) remote sensing. Thermal property of a material is representative of upper several 
centimetres of the surface. As in thermal remote sensing we measure the emitted radiations, it 
proves to be complementary to other remote sensing data and even unique in helping to 
identify surface materials and features such as rock types, soil moisture, underwater springs, 
geothermal anomalies etc. During the last two decades a series of satellite and airborne 
sensors have been developed to collect TIR data from the earth surface, such as HCMM, 
Landsat TM/ETM+, AVHRR, MODIS, ASTER, and TIMS. In addition to Land Surface 
Temperature (LST) measurements, these TIR sensors may also be utilized to obtain 
emissivity data of different surfaces with varied resolutions and accuracies.  

The islands of Nisyros, Yali, Kos, Santorini, Milos, Poros, Aegina and the peninsula of 
Methana constitute the Hellenic Volcanic Island Arc. This arc seems to be geodynamically 
very active since it comprises the largest volumes of volcanic materials and is at present a 
region of high tectonic activity. This activity is very often expressed with earthquakes, gas 
explosions and hydrothermal eruptions, volcanic eruptions, landslides, etc. 

TIR data were used in order to detect undersea hydrothermal activities along the 
Hellenic Volcanic Island Arc. In this study there is a effort to monitor the thermal anomalies 
into the sea around Milos Island for the last 25 years using TIR data. More especially thermal 
data from the LANDSAT-TM the LANDSAT-ETM and ASTER sensors were used. The 
resolution of the thermal infrared bands ranges between 60 and 120 m. The sensitivity of 
these sensors is about 0.50C in the region of 10.4-12.5µm (thermal infrared zone) of the 
Electromagnetic Spectrum. Thus the sensors can contribute to the detection of thermal 
anomalies (water outflows into the sea environment), which are useful to hydrothermal 
studies. 

All the satellite data were orthorectified. Then using the appropriate algorithms the 
radiation was converted into Celsius Degrees in order to calculate the surface temperature of 
the area. Then in order to better distinguish thermal deviations the temperatures have been 
classified using the density slicing method. The results are presented in this study.  

 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.




