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Abstract: A detailed investigation of the earthquake’s epicentre distribution, low 
velocity layers, thermal water sources and b-value beneath Elbasani Zone Albania 
were studied. In the Elbasani Zone, hot mineral water (thermal waters) spot out from 
natural springs which have been known since the 19th century. We interpret the 3D 
seismic velocity structure in the Elbasani zone to understand the factors controlling 
the genesis of temperature and level of seismicity. A narrow low-velocity zone is 
imaged within the Elbasani fault zone over a length of ∼20 km, which partly 
penetrates 1-4 km and into 10-14 km depth. The low-velocity zone correlates in space 
with thermal water sources area, the trending of low seismicity compare to 
surrounding zones and trending of high b-value. A reactivation of thermal water 
fracture zone is probably related to the low-velocity anomaly. A comparison of the 
distribution of thermal water sources shows a relationship between thermal waters and 
the distribution of low seismicity. From Hidraj to Llinxha and up to Kozan the surface 
temperature of thermal waters varies from 500 to 600 and 650 Celsius. The b-value of 
the thermal water zones is high over 1.0 which shows that the accumulation of stress 
in this area is low. 
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Introduction 

The Albanides are found within the Alpine-Mediterranean seismic belt between Dinarides within 
the north and Helenides within the south and suit portion of the distortion due to the collision of the 
African plate with the Eurasian plate. The seismicity of Albania is caused by the collision of the African 
plate with the Eurasian plate. Within the system of this contact collision of the Adria microplate with 
Albanian orogen impacts longitudinal and transversal fractures interior Albania (Ormeni et al., 2013a; 
Aliaj et al., 210). In Albania there are many springs and wells of thermal waters with a low enthalpy 
(Fig 1). These water sources have temperatures that go up to 65.50C.The Elbasani zone is a particular 
zone because characterized by great geothermal potential and frequent seismicity (Shatro & Ormeni, 
2014). In Albania there are numerous springs and wells of warm waters with a low enthalpy (Fig 1). 
These water sources have temperatures that go up to 65.50C. The Elbasani zone may be a specific zone 
since characterized by extraordinary geothermal potential and visit seismicity (Shatro & Ormeni, 2014). 

The Elbasani fault zone is expressed by the diaper dome of Dumrea, Quaternary depression of 
Elbasani, and transversal structure of Labinoti (Shatro & Ormeni, 2014).Analyses of spatial and 
temporal characteristics of the earthquake activity may supply significant clues for revealing the future 
seismic hazard along the Elbasani fault zone (Koçiaj, 1986; Sulstarova et al, 2000; Ormeni & Fundo, 
2011; Ormeni, 2015b;    Ormeni & Daberdini, 2021; Ormeni et al 2022a; Ormeni et al 2023)..The low-
velocity layer in the shallow earth’s crust can be the promoter of triggering seismic activity in the 
Elbasani fault zone (Shatro & Ormeni, 2013; Ormeni et al 2023). The geothermal sources of Elbasani 
area, have medium temperatures varies from 500 to 600 and 650 Celsius. The thermal water comes up 
from the depths (800-3000 m) in the carbonate or sandy reservoirs. Kruja geothermal area start on the 
Adriatic coast, Northern of Durresi city, in Ishmi region, continues in Tirana, in Elbasani up to South-
Eastern Albanian- Greek border and extends to the Konica district in Greece. Analysis of observed 
anomalies of P wave velocities in different depth layers allows us to develop our imaginations on the 
processes occurring inside the Earth (Anderson & Johnson, 1976). The Elbasani fracture zone is 

 
*Corresponding: E-Mail: rrapo55@yahoo.com, Tel: +355 682628492. Fax: ++355 42 259540 

mailto:albahasimi@gmail.com
mailto:elvincomo1@gmail.com
mailto:rrbozo@geo.edu.al
mailto:dhurata.ndreko@fgjm.edu.al
mailto:rrapo55@yahoo.com
https://orcid.org/0000-0002-5514-2204
https://orcid.org/0000-0002-5514-2204
https://orcid.org/0000-0002-5249-xxxx
https://orcid.org/0000-0002-5514-2204
https://orcid.org/0000-0002-5514-2204
https://orcid.org/0000-0003-2293-8561


J. Int. Environmental Application & Science,  Vol. 18(4): 132-138 (2023) 
Research Paper 

133 

communicated by the diaper arch of Dumrea, Quaternary garben of Elbasani, and transversal structure 
of Labinoti (Ormeni et al., 2015b; Aliaj et al., 210). Analyses of spatial and temporal characteristics of 
the seismic activity  may supply critical clues for revealing end of the seismic hazard along the Elbasani 
fracture zone (Koçiaj, 1986; Sulstarova et al, 2000; Ormeni & Fundo, 2011; Ormeni, 2015b;    Ormeni 
& Daberdini, 2021; Ormeni et al 2022a; Ormeni et al 2023). The low-velocity layer within the shallow 
earth’s outside can be the promoter of activating seismic action within the Elbasani blame zone (Shatro 
& Ormeni, 2014; Ormeni et al., 2023) 

The geothermal sources of Elbasani area,have medium temperatures varies from 500 to 600 and 650 
Celsius. The thermal water comes up from the depths (800-3000 m) within the carbonate or sandy 
reservoirs. Kruja geothermal zone begin on the Adriatic coast, Northern of Durresi city, in Ishmi village, 
continues in Tirana, in Elbasani up to South-Eastern Albanian- Greek border and amplifies to the Konica 
town in Greece. Analysis of watched irregularities of P wave velocity in numerous profundity layers 
permits us to create our creative energies on the forms happening interior the Earth (Anderson & 
Johnson, 1976) 

Using arguments based on heat flow, Anderson (1976) proposed that the low-velocity zone was 
due to the presence of a small amount of melt (Schorlemmer et al, 2005). The Elbasani zone is a 
particular area because has a considerable number of sources of thermal water and presents a different 
level of seismicity. 
 

 
Figure 1. The Albania geothermal map and epicenters distribution of ML>1.0 earthquakes during 

1968-2022 in Elbasani zone. 
 

Data and Methods 
These earthquakes were recorded by permanent broadband seismological stations that are part of 

the Albanian Seismological Network, as well by neighbouring seismic networks AUTH, MSO, INGV 
and MEDNET (TIR) (www.geo.edu.al, 2023) The procedure uses for earthquake locations have been 
the program Hypo invers (Klein, 202) of the Atlas package, and the velocity model (Muco et al., 2001; 
Ormeni., 2011). In the Elbasani seizmogenic zone were located 1831 tectonic earthquakes with ML>1.0, 
(Fig. 1) (Ormeni et al, 2023). From statistical analysis, every year, in the Elbasani fault zone, have 
occurred two earthquakes with magnitude ML>3.5 Richter, and one earthquake with magnitude   
ML>4.0. 

The analysis of low-velocity layers discovered from 3D tomography shows their relation to 
geothermal energy resources which further develops our knowledge of geodynamic processes in this 

http://www.geo.edu.al/
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area.  The analysis of low-velocity layers determined from 3D seismic tomography is used for the 
interpretation of geothermal water sources and features of seismicity (Ormeni, 2011; Ormeni, 2013b). 
 
Low Velocity Layers and Geothermal Energy 

The existence of the low velocity layers might be the source of geothermal energy of hot water 
which has enough high temperature to be used as a source of energy in this zone. This hot sulphur waters 
pushed by high pressure of gases get on the surface through the tectonic fractures of the zone. Analysis 
show that the low velocity layers in the Elbasan region are located in the earth's crust, at 2-4 km (Figure 
2). At 2-4 km depths the velocity of P waves is reduced from 5.12 km/s to 4.40 km/s, and the difference 
is ΔV = 0.72 km/s or 14%. It is known that the low-velocity layer are characteristic for sizmoactive 
regions (Ormeni, 2009; Ormeni et al 2013a). As a result of the high temperature in the lower velocity 
layers occur melting of materials. Geothermal energy resources in Elbasan area are evaluate as warmer 
water sources of underground layers, which have a temperature sufficient to be used as an energy source. 
These thermal springs have low enthalpy and maximum temperature up to 80oC (Frasheri, 2000). The 
existence of the low velocity layers might be the source of geothermal energy of hot water which has 
enough high temperature to generate frequent low seismic activity in this zone (Ormeni et al 2023). 
Sources of thermo-mineral water of Llixha begin around 12 km south of the city of Elbasan, thermo-
mineral water resources of Hidrat appear around 13-14km south of the city of Elbasan and the Shijon 
thermal water resources appear around 10 km northwest of the city of Elbasan. 

 

 
Figure 2. Lateral distribution of low velocities in-depth 2-4 km (Ormeni et al 2023). 
 
Distribution of Seismicity and Thermal Water in Elbasan Zone 

Elbasan zone in Albania, represents an earlier deep fracture, with springs of thermal water and 
which were hit by the frequent earthquakes, being active now. The results of the analysis, based on the 
parameters of events and some features of seismicity that have occurred in the Elbasan seismogenic 
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zone during period of time five decades, are presented. The goal is to shed light on the correlation 
between the seismicity of the area and the thermal water.  
 

 
Figure 3. Map of geothermal sources and correlations of thermal water sources to different kind of 

earthquakes in Elbasan thermal waters. 
 

A comparison of the distribution of thermal and thermal-related springs and wells in Elbasani zone, 
with the abundance of earthquakes of magnitude ML>1.0 shows as close a relationship between thermal 
waters and the distribution of seismicity (Fig 3). It appears that variations in the geothermal gradient 
influences the stress accumulation capability of the rocks at depth. Thus, areas with abundant thermal 
waters release stress that generate frequent micro-earthquakes. The distribution of earthquake epicentres 
in the figure 3, is proportional inverse for earthquakes with ML>3.0.The high temperatures swelling the 
rock mass and as a consequence  increase stresses which leads to the trigger of micro-earthquakes and 
small earthquakes. 
 
Distribution of b-value and Thermal Water SOURCES in Elbasan Zone 

Figure 4 shows the thermal water sources in this area and distribution of the b-value. The b-value 
in the zone of thermal water sources ranges from 1.05 to 1.15 (Fig 4). This shows that the accumulation 
of stress in Llinxha-Kozan thermal water belts low. In the south-western part of Llinxha-Kozan thermal 
water belt, the b-value is low at0.9 but in other parts is over 1.0. The b-value equal to 1 is normal for 
our country. 

The ‘b value’ can serve as a proxy, for the accumulation of stress in this area. The b-value is the 
ratio of small to large earthquakes and Schorlemmer et al., (2005) contend that it’s inversely related to 
the shear stress on the fault (Schorlemmer et al, 2005). A higher b value would mean the stress is lower 
(Ormeni, 2015b; Ormeni et al, 2017)) Conversely, a lower b value means the stress is higher, increasing 
the likelihood of a triggered event. In the southwestern part of the Elbasan zone the b-value is smaller 
than 1.0 which means the stress is higher, increasing the likelihood of a triggered event. There is a higher 
b value over 1.1 in the north-eastern of Elbasani zone which means that the stress is lower. In Llinxha-
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Kozan thermal water belt the b-value is between 1.0 and 1.1 which means the stress is normal for this 
area not to be prone of moderate earthquakes in near future. 

 

 
Figure 4. Map of geothermal sources and correlations of thermal water sources to b-value in Elbasani 

geothermal water 
 

Conclusion 
Studying how thermal water zones are distributed and how they relate to seismic activity helps us 

understand the structure and movement of the Earth's crust. The Elbasani region has not had many 
earthquakes between 1968 and 2022. Hot thermal water springs can be found in the Kozani to Llimxha 
area. Slow-velocity layers in the Earth's crust can help generate geothermal energy. The Elbasani area 
is a special place because it has a lot of underground heat energy and often experiences earthquakes. 
The low-velocity layer is a common feature in areas that have many small and medium-sized 
earthquakes. The Earth's crust layer in the Elbasani area has slow-velocity sections at depths of 2-4 km 
and 10-14 km. High temperatures in the low-velocity layers in this area can create the thermal-water.  
As the effect of the pressure of gases, thermal water come to the surface through the lineament of tectonic 
fractures.  The Elbasani zone could be a specific region since encompasses a significant number of 
sources with geothermal potential and frequent seismicity. Analysis appear a relationship between 
thermal waters sources locations, low velocity layers, the distribution of seismic parameters. A higher 
b-value in the thermal water sources zone would mean the stress is lower. 

 
Acknowledgment: We thank the Academy of Sciences of Albania for encourage given to this study. The authors 

would like to thank the Editor-in-Chief for editorial suggestions. A hearty thanks to the Institute of 
Geosciences, Polytechnic University of Tirana for the provision of seismic data. A special thanks go to 
reviewers. 

Compliance with Ethical Standards Ethical responsibilities of Authors: The author has read, understood, and 
complied as applicable with the statement on "Ethical responsibilities of Authors" as found in the 
Instructions for Authors”.  

Funding: We express our greatest thanks to the National Agency for Scientific Research and Innovation (NASRI) 
of Albania for financial support, which made the publication possible 

Conflict of Interest: The authors declare that they do not have any conflict of interest. 
Change of Authorship: The author has read, understood, and complied as applicable with the statement on "Ethical 

responsibilities of Authors" as found in the Instructions for Authors and is aware that with minor exceptions, 
no changes can be made to authorship once the paper is submitted. 



J. Int. Environmental Application & Science,  Vol. 18(4): 132-138 (2023) 
Research Paper 

137 

 
References 
AliajSh, Koçiu S, Muço B, Sulstarova E, (2010) Seismicity, seismotectonic and seismic hazard 

assessment in Albania. Published by Albanian Academy of Sciences. 
https://earthjay.com/earthquakes/20191126_albania/aliaj_etal_2009_seismic_hazard_albania.pdf  

Anderson, L.A., Johnson, G.R, (1976) Application of the self-potential method to Geothermal 
exploration in Long Valley, California. J. Geoph. Res. 81(8), 1527–1532. 
https://doi.org/10.1029/JB081i008p01527 https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/JB081i008p01527  

Frasheri, A. (2000). The exploitation of waters of geothermal wells and springs in Albania represent 
great importance and fruitful investment. Twenty-Fifth Workshop on Geothermal Reservoir 
Engineering, Stanford University, Stanford, California, January 24-26, 2000. 
https://pangea.stanford.edu/ERE/pdf/IGAstandard/SGW/2000/Frasheri.pdf  

Klein F.W, (2002) Hypocentre location program Hypoinvers, USGS, 2002. 
https://pubs.usgs.gov/of/2002/0171/pdf/of02-171.pdf 

Koçiaj, S, (1986) The risk of the Albanian's earth crust and its specification for the ground 475 of 
construction. PhD thesis, Tirana. https://books.openedition.org/psorbonne/32094?lang=en 

Muco, B., Vaccari, F., Panza, G.F, (2001) Seismic zonation of Albania using a deterministic 
483approach, AJNTS Tirana, pp. 12–14. 
https://www.researchgate.net/publication/248242522_Seismic_zonation_in_Albania_using_a_det
erministic_approach 

Ormeni R, I Hoxha, O Gjuzi, R Bozo, D Gega, X Kanani, D Muca,L. Piccardi, E. Vittori, A.M. Blumetti, 
P. Di Manna, V. Comerci,  (2022b) “The Catalogue of Earthquakes Focal Mechanism Occurred in 
Albania and its Surrounding During 1948 to 2022”NSG2022 28th European Meeting of 
Environmental and Engineering Geophysics.18-22 September 2022, Belgrade, Serbia. ISSN: 2214-
4609. https://www.earthdoc.org/content/papers/10.3997/2214-4609.202220159?crawler=true 

Ormëni R, K Skrame, H Bilgin, X Kanani, D Mucaj (2022a) “Assessment of Seismoactive Layers in 
the Albanian Earthcrust” NSG2022 28th European Meeting of Environmental and Engineering 
Geophysics.18-22 September 2022, Belgrade, Serbia. ISSN: 2214-4609 Scopus (BE). 
https://www.earthdoc.org/content/papers/10.3997/2214-4609.202220045 

Ormeni R, Kanani X. (2022) “Some Basic Aspects and Features of Seismic Activity in Albania During 
2021” NSG2022 28th European Meeting of Environmental and Engineering Geophysics. 18-22 
September 2022, Belgrade, Serbia. ISSN: 2214-4609 Scopus (BE)          
https://www.earthdoc.org/content/papers/10.3997/2214-4609.202220040 

Ormeni Rr .(2009) ”Crustal structure beneath the seismogenic zones and  lateral velocity  contrasts 
across deep faults of Albania”  Journal of the Balkan Geophysical society, Vol 12,   No.1, December 
2009, p. 1-8 http://www.balkangeophysoc.gr/online-journal/2009_V12/Dec2009/ 
JBGS_Vol_12_2009_Dec_p01-08_Ormeni.pdf 

Ormeni Rr& Fundo A, (2011) “The seismoactive layers of the Albanian earth’s crust seism genic zones. 
6th Congress of the Balkan Geophysical Society 3rd-6th October, 2011,   Budapest, Hungary. 
https://www.earthdoc.org/content/papers/10.3997/2214-4609-pdb.262.P29 

Ormeni Rr, (2013b) “3D Velocity structure of the Albania   region obtained by inversion of local 
earthquake data” 7the Congress of the Balkan Geophysical Society, 7-10 October 2013, Tirana, 
Albania. https://www.earthdoc.org/content/papers/10.3997/2214-4609.20131694 

Ormeni Rr, (2015a) “Mapping b-value in the seismogenic zones of Albania region” Proceeding of the 
8the Congress of the Balkan Geophysical Society, 4-8 October 2015, Crete, Greece. 
https://www.earthdoc.org/content/papers/10.3997/2214-4609.201414229 

Ormeni Rr, (2015b) “Some main aspects and features of seismicity activity in Albania during 2014”. 
Prroceeding of the 8the Congress of the Balkan Geophysical Society, 4-8  October  2015, Crete, 
Greece https://www.earthdoc.org/content/papers/10.3997/2214-4609.201414222 

Ormeni Rr, Kociaj S, Fundo A, DajaSh, Doda V, (2013a) "Moderate earthquakes in Albania during 
2009 and its associated seismogenic zones", Italian Journal of Geosciences, Vol 132, Nr2, 2013, 
Italy. https://pubs.geoscienceworld.org/italianjgeo/article-abstract/132/2/203/139079/Moderate-
earthquakes-in-Albania-during-2009-and 

Ormeni Rr, Öztürk S, Fundo A, Kemal Ç, (2017) Spatial and temporal analysis of recent seismicity in 
different parts of the Vlora-Lushnja- Elbasani-Dibra Transversal Fault Zone, Albania. Austrian J. 

https://earthjay.com/earthquakes/20191126_albania/aliaj_etal_2009_seismic_hazard_albania.pdf
https://doi.org/10.1029/JB081i008p01527
https://agupubs.onlinelibrary.wiley.com/doi/epdf/10.1029/JB081i008p01527
https://pangea.stanford.edu/ERE/pdf/IGAstandard/SGW/2000/Frasheri.pdf
https://pubs.usgs.gov/of/2002/0171/pdf/of02-171.pdf
https://books.openedition.org/psorbonne/32094?lang=en
https://www.researchgate.net/publication/248242522_Seismic_zonation_in_Albania_using_a_deterministic_approach
https://www.researchgate.net/publication/248242522_Seismic_zonation_in_Albania_using_a_deterministic_approach
https://www.earthdoc.org/content/papers/10.3997/2214-4609.202220159?crawler=true
https://www.earthdoc.org/content/papers/10.3997/2214-4609.202220045
https://www.earthdoc.org/content/papers/10.3997/2214-4609.202220040
http://www.balkangeophysoc.gr/online-journal/2009_V12/Dec2009/%20JBGS_Vol_12_2009_Dec_p01-08_Ormeni.pdf
http://www.balkangeophysoc.gr/online-journal/2009_V12/Dec2009/%20JBGS_Vol_12_2009_Dec_p01-08_Ormeni.pdf
https://www.earthdoc.org/content/papers/10.3997/2214-4609-pdb.262.P29
https://www.earthdoc.org/content/papers/10.3997/2214-4609.20131694
https://www.earthdoc.org/content/papers/10.3997/2214-4609.201414229
https://www.earthdoc.org/content/papers/10.3997/2214-4609.201414222
https://pubs.geoscienceworld.org/italianjgeo/article-abstract/132/2/203/139079/Moderate-earthquakes-in-Albania-during-2009-and
https://pubs.geoscienceworld.org/italianjgeo/article-abstract/132/2/203/139079/Moderate-earthquakes-in-Albania-during-2009-and
https://www.researchgate.net/journal/Austrian-Journal-of-Earth-Sciences-0251-7493?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19


J. Int. Environmental Application & Science,  Vol. 18(4): 132-138 (2023) 
Research Paper 

138 

Earth Sci. 110(2). DOI: 10.17738/ajes.2017.0015 https://www.ajes.at/images/AJES/archive 
/Band%20110_2/ormeni_et_al_ajes_110_2.pdf 

Ormeni Rrapo & Daberdini Adisa, (2021) “Basic aspects of seismic activity in Albania and its 
surrounding during 2020 year”. 21st Int. Scientific Multidisciplinary Conference on Earth and 
Planetary Sciences SGEM, 14 August - 22 August, 2021, Albena Resort & Spa. Bulgaria. 
https://epslibrary.at/sgem_jresearch_publication_view.php?page=view&editid1=7808& 

Ormeni R, Hasimi A, Como E, Reci H, Cela G, Mucaj D, Gjuzi O, (2023) Analysis of Seismicity in 
Elbasani Geothermal Zone during Five Last Decades. Eu. J. Environ. & Earth Sci., 4(2), 1–5. 
https://ej-geo.org/index.php/ejgeo/article/view/380 

Ormeni Rr, (2011) "P- & S-Wave Velocity Model of the crust and uppermost mantle of the Albania 
region" ELSEVIER, J. Tectonophysics, 497, 114_12. https://www.sciencedirect.com/science/ 
article/abs/pii/S0040195110004427?via%3Dihub 

Schorlemmer D, Wiemer S, Wyss M, (2005) Variations in earthquake-size distribution across different 
stress regimes.  Nature, 437, 539–542 (2005).  https://www.nature.com/articles/nature04094 

www.geo.edu.al (2023) Institute of Geosciences (2023) Monthly seismological bulletin and earthquakes 
catalogues of Albania, Archive of IGEO. https://geo.edu.al/Services/Department_of_Seismology/ 
Monthly_Seismological_Bulletin/ 

https://www.researchgate.net/journal/Austrian-Journal-of-Earth-Sciences-0251-7493?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIiwicG9zaXRpb24iOiJwYWdlSGVhZGVyIn19
https://www.ajes.at/images/AJES/archive%20/Band%20110_2/ormeni_et_al_ajes_110_2.pdf
https://www.ajes.at/images/AJES/archive%20/Band%20110_2/ormeni_et_al_ajes_110_2.pdf
https://epslibrary.at/sgem_jresearch_publication_view.php?page=view&editid1=7808&
https://ej-geo.org/index.php/ejgeo/article/view/380
https://www.sciencedirect.com/science/%20article/abs/pii/S0040195110004427?via%3Dihub
https://www.sciencedirect.com/science/%20article/abs/pii/S0040195110004427?via%3Dihub
https://www.nature.com/articles/nature04094
http://www.geo.edu.al/
https://geo.edu.al/Services/Department_of_Seismology/%20Monthly_Seismological_Bulletin/
https://geo.edu.al/Services/Department_of_Seismology/%20Monthly_Seismological_Bulletin/

