
EUROPEAN COMMISSION 

 

 

Research Executive Agency 

 

 

 

 

Seventh Framework Programme 

Cooperation: Space Call 3 

FP7-SPACE-2010-1 

 

Grant Agreement: 262371 

 

 

 

 

 

 

 

 

 

  

Enabling Access to Geological Information in  
Support of GMES 

 

D7.1.24 Geohazard Description for Miskolc 
1.0 

 

May 2013 

 

 

 

 

Dissemination Level: Public  

Author: Gyula Maros, Zoltan Gulacsi Date: May 2013 

Checked by (WP Leader): Luke Bateson, BGS. Date: 15/10/2013 

Approved by (Coordinator): [Coordinator, Organisation] Date: 

Date of Issue: 15/10/2013  



PanGeo D7.1.24 Geohazard Description for Miskolc 

 

 

 

                      Dissemination Level:  Public                       Page 2 of 83 

CHANGE RECORD 

 

Version X.X of [Date] to Version X.X of [Date] 

 

Section Page Detail of change 

   

   

   

 

 

 



PanGeo D7.1.24 Geohazard Description for Miskolc 

 

 

 

                      Dissemination Level:  Public                       Page 3 of 83 

TABLE OF CONTENTS 

 

Change Record 

Executive Summary 

 

 

1 Authorship and contact details .................................................................................................................. 4 

2 Introduction ............................................................................................................................................... 4 

3 Summary of the identified ground instabilities ....................................................................................... 13 

4 Description of the PSI interferometric data ............................................................................................ 20 

5 PGGH_Miskolc_001 ................................................................................................................................. 25 

6 PGGH_Miskolc_002 ................................................................................................................................. 28 

7 PGGH_Miskolc_003 ................................................................................................................................. 32 

8 PGGH_Miskolc_004 ................................................................................................................................. 35 

9 PGGH_Miskolc_005 ................................................................................................................................. 40 

10 PGGH_Miskolc_006 ................................................................................................................................. 46 

11 PGGH_Miskolc_007 ................................................................................................................................. 51 

12 PGGH_Miskolc_008 ................................................................................................................................. 56 

13 PGGH_Miskolc_009 ................................................................................................................................. 61 

14 PGGH_Miskolc_010 ................................................................................................................................. 66 

15 PGGH_Miskolc_011 ................................................................................................................................. 68 

16 PGGH_Miskolc_012 ................................................................................................................................. 70 

17 PGGH_Miskolc_013 ................................................................................................................................. 73 

18 PGGH_Miskolc_014 ................................................................................................................................. 74 

REFERENCES ................................................................................................................................................... 76 

 

 

 



PanGeo D7.1.24 Geohazard Description for Miskolc 

 

 

 

                      Dissemination Level:  Public                       Page 4 of 83 

 

1 AUTHORSHIP AND CONTACT DETAILS 

Gyula Maros, MFGI maros.gyula@mfgi.hu 

Balázs Füsi, MFGI fusi.balazs@mfgi.hu 

Gábor Turczi   turczi.gabor@mfgi.hu 

Benedek Simó   simo.benedek@mfgi.hu 

Zsuzsa Vikor  vikor.zsuzsa@mfgi.hu 

Ildiko Szentpétery szentpetery.ildiko@mfgi.hu 

Zoltan Gulacsi  gulacsi.zoltan@mfgi.hu 

 

 

2 INTRODUCTION 

 
fig.1. The location and administrative contours of the investigated area: 

 

2.1 GENERAL SETTING 

mailto:vikor.zsuzsa@mfgi.hu
mailto:gulacsi.Zoltan@mfgi.hu
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The Miskolc PSI monitoring field, roughly corresponds with the East Borsod coal mining field, (fig. 5.), in this 

way the PSI and ground instability observations are related mostly with the abandoned coal mining activity. 

The observation field situated on the Miskolc–Kazincbarcika–Ózd chain contains several abandoned 

underground works, quarries and dump sites. 

 

Hydrologically the Sajó system dominates the area, from the south the Hagony, Királd, Bán, Tardona, 

Harica, Bábony, Lyukó, Garadna Rivers run in it. From the North, the Keleméri, Zsuponyó, Szuha, Bódva 

discharge their water in Sajó River. 

 

From the mentioned field in the period between 1786 and 1997 there was extracted 340 Mt coal, with 

underground and surface works. The subsurface extraction usually was made with collapsing technology 

mostly followed by water table depression. The coal mining activity gradually has been eased at the end of 

the years of 1990-th. Supposedly the abandoned exploitation sites and water depressions already were 

stabilized and recharged. The last underground coal mine, the Lyukóbánya has stopped its activity in 2004. 

 

2.2 GEOLOGICAL FORMATIONS AND HISTORY 

 

The exploration history of the Borsod basin we can find in the works of Némedi Varga (2010). Hámor G. 

described the evolution of the Mioceen in the Carpatian basin (Hámor 1997), and the detailed stratigraphy 

(Hámor 1998) with the relations of the coal bearing beds to Paratethys. The sequence stratigraphical 

review of the Borsod basin are revealed in Dávid et al. (2006), Ádám (2006), Püspöki et al. (2009). The 

genetical and petrological study of the coal bearing beds were made by Hámor-Vidó (2004) and Hámor-

Vidó, Hámor (2007). The tectonics of the Borsod basin was studied by Tari et al. (1993), Sztanó, Tari (1993), 

Csontos, Nagymarosy (1998), Ádám (2006) and Püspöki et al. (2009). 

 

Ádám (2006) revealed that the Badenian rocks are situated on coal bearing beds, gradually in higher 

position from West to East. As the consequence the foraminifera bearing marls are heteropic with the coal 

bearing beds, so they have the similar age. 
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fig.2. The situation of Uppony and Szendrő Mountains in the Gömör-Bükk region (Less et al. 

2004) 

 

The East-Borsod basin from South is bordered by Bükk Mts, to the W the Uppony Mts and the Darno 

tectonic system, on the N the Rudabánya and Szendrő Mts fix its limits, to the East the basin is not closed. 

fig.2. South-West North-East oriented faults, which have the same direction as the Darnó tectonic zone are 

well known inside the monitored part of the Borsod basin as well Juhász A in Némedi Varga (2010). The 

largest one is the fault called Hugó with, 40-60m throw, and more than 10 km length, the Kondó fault has a 

185 m throw and gradually is spreading out to the South and North. The secondary fault systems of the 

main structures are less developed usually have less than 1 m throw, for ex: Márta-bánya Diósgyőr, striking 

NW-SE with only 45 m length. 

In the vicinity of Uppony Mts the sediments of the Borsod basin are resting on the metamorphosed 

Paleozoic rocks of the Uppony Mountains. In the surroundings of Dédestapolcsány and Tardona we can find 

Triassic, Jurassic, and Senonian rocks common in Bükk Mts, below the coal bearing beds. To the East are 

cropping out the metamorphic rocks of the Szendrő Mts. 

The Uppony and Szendrő Mts have been built up of Ordovician-Silurian black shists and sandstones. They 

are followed by lower-mid Devonian olistostromes with basaltic tuff matrix (Nekézseny, Strázsa hegy). Mid 

Devonian shallow marine sediments, platform facies limestone resp. limestone and shale sequences, upper 

Devonian basin limestones and basaltic tuffs are covered by lower Carbonian limestones. Mid Carbonian 

limestone and schist sequences of basin facies (Uppony Mts), and flish type phillites with olistoliths 

(SzendrőMts) are closing the lithological column. Between upper Carbonian and mid Cretaceous no one 

rock type is known in the area, supposedly it was eroded during Cretaceous-Paleogene period. In the late 
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Cretaceous, deep ocean debris flow type molasse has covered, in discordant way the former sediments 

(Nekézseny Conglomerates, Uppony Mts). 

The Bükk Mts are made of alternations of limestones, shales and volcanic rocks. Two rock series are 

recognized, the rocks of the autochthonous is epimetamorphic, sedimented on continental crust during 

mid Carboniferous, Permian, Triassic and Jurassic time. The rocks of the Darnó-Szarvaskő system, resting on 

the autochthonous were sedimented on oceanic crust during Jurassic. The supposed latest overthrust event 

has happened in late Jurassic, and it has been metamorphosed during the late Cretaceous. 

The former overthrust system has been folded in a complicated way. The South striking folds and thrusts of 

the Bükk Mts are directed in the opposite direction compared with Uppony and Szendrő Mts. 

After the folds were developed, the Kisfennsík nappe was thrusted over the former structures, in its actual 

place (fig.2.). The age of the mentioned tectonic event has happened supposedly before when the lower 

Eocene sedimentation has started (Less, 2011). 

 

 

 

fig. 3. Lithological evolution of the Borsod basin (Vakarcs et al. 1998) 
Legend: clay, sandy clay and aleurolite, Sand, Pebbly sand, Pebbles, Variegated clay, 

Rhiyolithic tuff, Andesitic tuff. 

 

On the NE-n margin of the Bükk Mountains an upper Eocene transgressive series was sedimented, near 

Diósgyőr with a small coal bed as well (Szépvölgyi Limestone). In the vicinity of Edelény, Múcsony, Bánfalva, 

Radostyán, Parasznya, Kiscelli Clay is common, near Múcsony, Diósgyőr, Kazincbarcika Szécsényi Slír is the 

most frequent rock type fig. 4. In early Miocene, in Eggenburgian, near Lyukóbánya and Pereces, terrestrial 

gravels were found. In Felsőnyárád (Feketevölgy) approx. 300 m fine-grained detritic rocks containing large 

coal beds were recognized (Felsőnyárád Formation) in depressions elongated parallel with the Darnó zone. 

Similar deposits lacking of coal were found near Kazincbarcika and Diósgyőr. 
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fig. 4. Geological cross section of the Borsod coal basin (Püspöki et al. 2009) 

Legend: 1. Dubicsányi Andezit Formation, 2. Sajóvölgyi Formation, 3. Bádeni Clay Formtion, 
on the base with Borsodbót Member, Sajóvelezd Strata, 4. Garábi Slír Formation, Zilizi 
Member, 5. Salgótarján Brauncoal Formation, Sajólászlófalvai Member, Sajószentpéter 
Strata, 6. Salgótarján Brauncoal Formation, W-Borsod Kisterenyei Membert, E-Borsod 

Sajólászlófalvai Member, 7. Gyulakeszi Rhyolitic tuff Formation, 8. Oligocene in general, 9. 
Paleozoic–mesozoic basement. The cross section is located on fig. 5. 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

The coal bearing Salgótarján Formation has got a thickness of max. 300 m. the repeating coal beds are 

paralic fig. 3. They are typical near shore shallow marine molasse sediments, of intramontan origin. In                                                                                                                                                                                                                                                                                                             

the East Borsod area the coal bearing beds are called Sajólászlófalva Member. There were recognized five 

main and eight secondary coal beds. As a result of the latest studies, four main sediment types were 

identified: the sandy facies, the brown coal bearing beds, the shell beds and the aleurolithic facies (Püspöki 

et al. 2009).  

The Sajólászlófalva Member is covered in a discordant way by the Gyulakeszi Rhyolithic tuff Formation (fig. 

4.), this tuff is quite widespread in the basin and covers or fills up the roughness made by the paleorelief 

developed on the top of the former sediments (Radócz 1964 in Némedi Varga 2010). 
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fig. 5. the limits and geological map of the Borsod coal basin (Püspöki et al. 2009) 

 

 

To the South from the Sajó River, appear the near shore and neritic-shellowmarine sediments of the 

Badenian age. The precursory erosion of the Sarmatian has destroyed partly the sediments of Badenian and 

Ottnangian-Carpathian. In the terrestrial–salmastric sediments of Sajóvölgy Formation, some beds of the 

Dubicsány Andezitic Formation can be found. In the top of the tuffithic–agglomerate rocks of Dubicsány 

Andezitic Formation some coal beds are known (Feketevölgy area). It is followed by cored lapilly bearing 

tuffs of the Csereháti Rhyolithic tuff Formation. In the NE, near Edelény, some crystalline tuffs are present, 

identified with the so called Upper Rhyolithic Tuff, the Galgavölgy Formation. The Edelény Formation 

covers discordantly the precursory sediments, in continuous way, only to the North from Sajó River. 

The sediments of Pleistocene are represented by terrace sediments of grey and brown colour. These 

sediments have a thickness of 5–10 m, built up of pebbles, sand and clay related with the watercourses. 

Large amount of dump material and soil accumulated during open pit works is widespread in the area. 
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The abbreviations from the legend occurring in the geological maps is summarized in the table below: 

 

geo_ndx Formation 

a_Qh2_f Anthropogenic banks 

a_Qh2_mh Mine dump 

aD3 Abod Limestone Formation 

avT1 Ablakoskovölgy Formation 

bE3-Ol1 Buda Marl Formation 

beT2-3 Berva Limestone Formation 

bfT2-3 Bükkfennsík Limestone Formation 

bhD2-3 Bükhegy Marble Formation 

bJ2-3 Bányahegy Radiolarite Formation 

bMb1 Baden Formation 

boPa1-2 Borsod Gravel Formation 

bT1 Bódvaszilas Sandstone Formation 

btMer Bretka Formation 

bzJ2-3 Bükkzsérc Formation 

cO3 Csernelyvölgy Sandstone Formation 

csJ2-3 Csipkésteto Radiolarite Formation 

csOl2 Csókás Formation 

csPa1 Cserehát Rhyolite Tuff Formation 

d_Qp3-h Deluvial sediment 

d_Qp3-h_al Deluvial, partly solifluctional silt 

dC1 Dedevár Limestone Formation 

duMs1 Dubicsány Andesite Formation 

e_Qp3_l Loess 

éC Élesko Formation 

edPa1 Edelény Variegated Clay Formation 

edPa1_h,k Edelény Variegated Clay Formation, sand, gravel 

eld_Qp-h Eluvial-deluvial sediment 

eMk Egyházasgerge Formation 

f_Qh Fluvial sediment 

f_Qh1_a Fluvial clay 

f_Qh1_al Fluvial silt 

f_Qh1_h Fluvial sand 

f_Qh2 Fluvial sediment 

f_Qh2_a Fluvial clay 

f_Qh2_al Fluvial silt 

f_Qh2_ala Fluvial silty clay 

f_Qh2_alh Fluvial silty sand 

f_Qp Fluvial sediment 

f_Qp2-3 Fluvial sediment 

f_Qp2-3_k Fluvial gravel, sandy gravel 

f_Qp3 Fluvial sediment 

f_Qp3_al Fluvial silt 

f_Qp3_k Fluvial gravel, sandy gravel 
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f_Qp3-h1 Fluvial sediment 
f_Qp3-
h1_a,k Fluvial clay, gravel 

f_Qp3-h1_k Fluvial gravel, sandy gravel 

fb_Qh Fluvial-paludal sediment 

fb_Qh2 Fluvial-paludal sediment 

fkT2-3 Fehérko Limestone Formation 

fl_Qp-h_m Travertine 

fMb-s Felnémet Rhyolite Tuff Formation 

fMer-e  Felsonyárád Formation 

fp_Qp3-h1 Fluvial-proluvial sediment 

ft_bT3 Belvács Dolomite Member 

ft_hT3 Hollósteto Limestone Member 

ft_rT3 Rónabükk Limestone Member 

ftT3 Felsotárkány Limestone Formation 

g_kMo Kisgyor Member 

g_Qp3-h_va Slope sediment: red clay 

gMk Garáb Schlier Formation 

gMo Gyulakeszi Rhyolite Tuff Formation 

gp_Qp1-2 Slope and proluvial sediment 

gT1 Gerennavár Limestone Formation 

gT2 Gutenstein Formation 

gvMs Galgavölgy Rhyolite Tuff Formation 

h_Qp3_il  Infusion loess 

haMb-Pa1 Harsány Rhyolite Tuff Formation 

hT2 Hámor Dolomite Formation 

htT3 Hegyesteto Formation 

J_o Jurassic  olistotrymma 

k_nOl1 Noszvaj Member 

kE2-3 Kosd Formation 

kfT3 Kisfennsík Limestone Formation 

kMs Kozárd Formation 

kOl1 Kiscell Clay Formation 

lC Lázbérc Formation 

ldMb2-s1 Lénárddaróc Rhyolite Tuff Formation 

lMb Lajta Limestone Formation 

lvJ2-3 Lökvölgy Formation 

M_em Miocene travertine 

mC2 Mályinka Formation 

mJ2-3 Mónosbél Group 

nK3 Nekézseny Conglomerate Formation 

nP2 Nagyvisnyó Limestone Formation 

p_hMer-e HangonyiMember 

p_kMe Kéménekteto Member 

pd_Qp3-h Proluvial-deluvial sediment 

r_vC Verebeshegy Limestone Member 
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rJ2-3 Rocskavölgy Formation 

rvO3 Rágyincsvölgy Sandstone Formation 

s_Qh  Slide sediment 

s+spT1+gT2 Szin, Szinpetri and Gutenstein Formations together 

sC2 Szilvásvárad Formation 

sD2-3 Szendrolád Limestone Formation 

sdC Szendro Phyllite Formation 

sE3 Szépvölgy Limestone Formation 

shT2 Szentistvánhegy Metaandesite Formation 

snT2-3 Szinva Metabasalt Formation 

sOl2-Me Szécsény Schlier Formation 

sP2 Szentlélek Formation 

st_kMo Kisterenye Member 

st_mMo Mátranovák Member 

stMo Salgótarján Brown Coal Formation Ottnangian part 

stMo-k Salgótarján Brown Coal Formation 

stT2 Steinalm Limestone Formation 

stT2_m Steinalm Formation, limestone 

suMe Szuhogy Conglomerate Formation 

sv_cMs Császtapuszta Member 

svMb-Pa1 Sajóvölgy Formation 

szJ2 Szarvasko Basalt Formation 

tJ2 Tardos Gabbro Formation 

tMk Tar Dacite Tuff Formation 

tS-C1 Tapolcsány Formation 

uD2-3 Uppony Limestone Formation 

veT3 Vesszos Formation 

vhT2 Várhegy Formation 

vkJ2-3 Vaskapu Sandstone Formation 

  

zC Zobóhegyese Formation 

zD3 Zsinnye Metabasalt Formation 

zMe_k,va Zagyvapálfalva Formation, gravel, red clay 

zPa2 Zagyva Formation 

vízfelület Open water surface 
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3 SUMMARY OF THE IDENTIFIED GROUND INSTABILITIES 

The area of interest (AOI) covers the municipal area of Miskolc and some of the surrounding towns and 

villages shown on the fig.1 consisting in the so called Borsod basin. The whole AOI is larger (fig. 6), than the 

area covered by the Urban Atlas. 
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fig. 6. The Urban Atlas of the Miskolc area, with the AOI and determined geohazard 
polygons 

 

Apart from Miskolc some tens of villages are figured on the map affecting different authorities.  

 

The satellite (PSI) data has been processed by Füsi Balázs as follows: 

Arc->AnalysisTools->Overlay->SpatialJoin: 

Target: Desc 

Join: Asc 

JoinOperation: one-to-one 

Match Option: WITHIN_A_DISTANCE 

SearchRadius: 25, 100 meter 

 

Open AttributeTable -> Add Field: 

Name: VEL_VERT 

Type: Double 

 

On the new column, right click, FieldCalculator 

Formulas: 

([VEL]*Sin ( 66.8268/57.29 )+ [VEL_1] *Sin ( 67.3710/57.29  ))/2 

 

Where: 

VEL: Desc VEL 

VEL_1: Asc VEL 

lv_thetaDesc: 66.8268 deg (in radians) 

lv_thetaAsc: .3710 deg (in radians) 

 

Add Field: 

Name: VEL_E_W 

Type: Double 

 

On the new column, right click, FieldCalculator 

Formulas: 

([VEL] *Cos (66.8268/57.29  ) *Cos (12.691/57.29)- [VEL_1] * Cos ( 67.371/57.29 )*Cos (12.7717/57.29  ))/2 

 

Where: 

VEL: Desc VEL 

VEL_1: Asc VEL 

lv_thetaDesc: 66.8268 deg (in radians) 

lv_thetaAsc: .3710 deg (in radians) 

phiDesc: -1*(lv_phiDesc) = 12.691 (in radians) 

phiAsc: 180+lv_phiAsc = 12.7717 (in radians) 
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There were obtained map sets, with vertical and E-W component of the processed data. For the 

interpretation of the Ground Stability Polygons, seems that the data processed, with 100 m radian were the 

most prominent. 

 

Altogether 14 polygons were identified in the area; some of them are multipart polygons. They indicate 

areas of observed and potential ground instabilities determined from PSI or external data sets. 

 

 
fig. 7. The vertical component of the PSI annual motion velocity points with the Aoi and 

determined geohazard poligons 
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fig. 8. The horizontal E-W component of the PSI annual motion velocity points with the AOI 

and determined geohazard poligons 

 

The polygons 1 to 9 has been determined from PSI data so they are observed PSI fields. The main cause of 

the motion was indicated the mining activity, however not all of them have been proven yet. 

The polygon no. 10 is a multipart polygon, they were determined from the E-W component of the PSI data 

having an Eastward motion it was not proven yet by field analysis.  

The polygon no. 11 as a couple of multipart polygons was identified from ground motion inventory map. 

However in the inventory the mining activity is mentioned sporadically or none, the mining activity was 

mentioned for the main causes of the ground instabilities. 

The polygons no. 12 and 13 were determined from the geological map of the AOI these multipart polygons 

contain the dump sites resulted from mining and industrial activity. 

The polygon no. 14 is a multipart polygon as well and contains sites with supposed tectonic movement, 

related with the Darno tectonic zone. They are identified from the observed E-W component of the PSI 

data. 

 

3.1 DESCRIPTION OF ALL OTHER DATASETS USED DURING THE INTERPRETATION 

Geological maps 
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The data for Geohazard description were obtained from the surface geological map (fig. 9). The surface 

geological map at the scale 1:100 000 was edited by Gyalog & Síkhegyi 2005. It can be browsed on the 

http://hantken.mfgi.hu/geoportal/catalog/search/browse/browse.page link after registration and can be 

purchased too. 

 

http://hantken.mfgi.hu/geoportal/catalog/search/browse/browse.page
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fig. 9. Surface geological map of the AOI (Gyalog & Síkhegyi eds. 2005) 

 

 

Urban Atlas 

Urban Atlas is a part of the Global Monitoring of Environment and Security (GMES) program. The data were 

gathered within the frame of the European Project and accessible at the website of European Environment 

Agency (EEA). The data present land use at the areas of European agglomerations (above 100 000 

inhabitants) at the scale of 1:10 000. The data are supplemented by metadata, containing information on 

the method and accuracy of the elaborated layers (fig. 6). Data are available in vector shape format and 

geodetic projection ETRS-LAEATRS-LAEA. The data for individual cities are available in compressed files at 

the link: http://www.eea.europa.eu/data-and-maps/data/urban-atlas. 

 

Ground movement inventory map 

The inventory is available as kmz file and can be browsed in Google Earth. The inventory data set is 

available in xml format (fig. 10).  

 

 
fig. 10. Ground movement inventory map of Miskolc 

 

Slope category map 

This map was calculated on the basis of digital  elevation model (fig. 11). 

 

http://www.eea.europa.eu/data-and-maps/data/urban-atlas
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fig. 11. Slope category map of Miskolc area 

 
 

SRTM (Shuttle Radar Topography Mission) elevation model 
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fig. 12. SRTM (Shuttle Radar Topography Mission) elevation model 

 

 

Geological Map of the Gemer-Bükk Area (Less et. al. 2004) 

This map shows the complicated relationship between geological formations, around Darno Tectonic Zone 

(fig.2). 

Less et al. 2004: György Less, Ján Mello editors, 2004, Geological Map of the Gemer–Bükk area 1:100000. 

Geological Institute of Hungary, Budapest 

 

 

 

4 DESCRIPTION OF THE PSI INTERFEROMETRIC DATA 
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Two PSI datasets were processed for the Miskolc area within PanGeo Project: ENVISAT descending 

(covering data from 03/12/2002 to 01/12/2009) and ERS (covering data from 25/04/1992 to 28/11/2000); 

ENVISAT ascending (covering data from 30/11/2002 to 06/06/2009). 

The basic information about processing of data and characteristics of the data are presented in tables 

below: 

4.1 BASIC INFORMATION 

PSI provider Gamma Remote Sensing AG Worbstrasse 225, CH-3073 

Gümligen, Switzerland http://www.gamma-rs.ch  

PSI provider technical point of contact Urs Wegmüller <wegmuller@gamma-rs.ch> Othmar Frey 

<frey@gamma-rs.ch> tel. +41-31-9517005 

Recipient Geological Survey  Magyar Földtani és Geofizikai Intézet  

14, Stefania Ut, 1143 Budapest, Hungary  

Recipient Geological Survey contact  Gyula Maros  

<maros.gyula@mfgi.hu> + 361 - 251 - 7770  

Processing done  Descending track D408 ENVISAT 2002-2009  
Descending track D408 ERS 1992-2000  
Ascending track A372 ENVISAT 2002-2009  

 

4.2 PSI PROCESSING INFORMATION: 

Descending track D408 ENVISAT 2002-2009 

ID used to identify this result Miskolc_D408_ENVISAT_ASAR 

Process Date 15-Jun-2012  

Software used GAMMA IPTA  

Version V. 18-Feb-2012  

Analysis type IPTA single reference stack  

Ascending or Descending Orbit Descending 

Have both orbits been processed? Yes 

Satellite data used ENVISAT ASAR  

Number of interferograms used for 

analysis 

31 

Date range of analysis 03 11 2012 – 01 12 2009  

ID Miskolc_D408_ENVISAT_ASAR 

Master Scene date 20 06 2006 

Georeference (X,Y) accuracy ~4.5 m (stdev)  

Reference data used for georeference SRTM (copyright USGS) 

Projection system used Geographic coordinates (EQA), WGS 84  

Reference Point location id 295096  
Lat 48.10270691 North, Long 20.81132698 East  

Extension of the Area of Interest  1450 km2 

Number of PS identified 103162  

Average PS density (PS/km2) 71 

PS motion statistics (mm/year classes) % of points in each mm/year class 
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-100.0 to –3.5  881  

-3.5 to –1.5  6498  

-1.5 to 1.5  93212  

1.5 to 3.5  2423  

3.5 to 100.0  148  

Average annual motion rate of the entire 

processed area 

-0.24 mm/year 

 

Standard deviation of average annual 

motion rate 
0.99 mm/year 

Observations  A significant part of the area is hilly / mountainous  

Uncompensated atmospherics  -  

Unwrapping errors  -  

Visible tilt or phase trends in motion map  -  

Are there any regions not covered by 

InSAR results? If so, where and why?  

Vegetated areas (decorrelation)  

Water surfaces (decorrelation)  

 

Descending track D408 ERS 1992-2000  

ID used to identify this result Miskolc_D408_ERS 

Process Date 15-Jun-2012  

Software used GAMMA IPTA  

Version V. 18-Feb-2012  

Analysis type IPTA single reference stack  

Ascending or Descending Orbit Descending 

Have both orbits been processed? No 

Satellite data used ERS-1/2  

Number of interferograms used for 

analysis 

56 

Date range of analysis 25041992 – 28112000  

ID Miskolc_D408_ERS 

Master Scene date 13 05 1997 

Georeference (X,Y) accuracy ~4.5 m (stdev)  

Reference data used for georeference SRTM (copyright USGS) 

Projection system used Geographic coordinates (EQA), WGS 84  

Reference Point location id 265214  

Lat 48.10228729 North, Long 20.81186867 East  

Extension of the Area of Interest  1450 km2 

Number of PS identified 103162  

Average PS density (PS/km2) 71 

PS motion statistics  

(mm/year classes) 

Points in each mm/year class 

-100.0 to –3.5  412  

-3.5 to –1.5  2857  
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-1.5 to 1.5  89204  

1.5 to 3.5  1241  

3.5 to 100.0  62  

Average annual motion rate of the entire 

processed area 

-0.05 mm/year 

 

Standard deviation of average annual 

motion rate 
0.78 mm/year 

Observations  A significant part of the area is hilly / mountainous  

Uncompensated atmospherics  -  

Unwrapping errors  -  

Visible tilt or phase trends in motion map  -  

Are there any regions not covered by 

InSAR results? If so, where and why?  

Vegetated areas (decorrelation)  

Water surfaces (decorrelation)  

 

Ascending track A372 ENVISAT 2002-2009  

ID used to identify this result Miskolc_A372_ENVISAT_ASAR 

Process Date 15-Jun-2012  

Software used GAMMA IPTA  

Version V. 18-Feb-2012  

Analysis type IPTA single reference stack  

Ascending or Descending Orbit Asscending 

Have both orbits been processed? Yes 

Satellite data used ENVISAT ASAR  

Number of interferograms used for 

analysis 

25 

Date range of analysis 30 11 2002 – 06 06 2009  

ID Miskolc_A372_ENVISAT_ASAR 

Master Scene date 20/06/2006 

Georeference (X,Y) accuracy ~4.5 m (stdev)  

Reference data used for georeference SRTM (copyright USGS) 

Projection system used Geographic coordinates (EQA), WGS 84  

Reference Point location id 123585  
Lat 48.10405731 North, Long 20.81139374 East 

Extension of the Area of Interest  1500 km2 

Number of PS identified 65772  

Average PS density (PS/km2) 44 

PS motion statistics (mm/year classes) Points in each mm/year class 

-100.0 to –3.5  423  

-3.5 to –1.5  1978  

-1.5 to 1.5  59723  

1.5 to 3.5  3518  

3.5 to 100.0  130  
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Average annual motion rate of the entire 

processed area 

0.23 mm/year 

 

Standard deviation of average annual 

motion rate 
0.95 mm/year 

Observations  A significant part of the area is hilly / mountainous  

Uncompensated atmospherics  -  

Unwrapping errors  -  

Visible tilt or phase trends in motion map  -  

Are there any regions not covered by 

InSAR results? If so, where and why?  

Vegetated areas (decorrelation)  

Water surfaces (decorrelation)  
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5 PGGH_MISKOLC_001 

5.1 TYPE OF MOTION 

Uplift 

 

5.2 GENERAL PROPERTIES OF THE MOTION AREA 

 

 
fig. 13. Geological map of PGGH_Miskolc_001, on the map is labelled M_01 
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fig. 14. Vertical velocity map of PGGH_Miskolc_001, on the map is labelled M_01 

 

 

Area: 26.21899 km2 

A large uplift area has been identified between Kazincbarcika and Edelény (fig. 13). Both of the mentioned 

localities are historical sites for coal mining, approx. ten years now when the mining activity was stopped. 

Unfortunately the undermined inventory map is not available for the Borsod Basin yet.  

 

5.3 SPECIFIC GEOHAZARD TYPE 

Mining 

 

5.4 THE DETERMINATION METHOD 

Observed PSI 

The rate of the motion is around 0.660 mm/year (fig. 14), and almost constant, during the observation 

period. Supposed recharge after mining activity has stopped. See below the summary of the Vertical and E-

W directed velocities of the polygon. 

 
No: 14314 
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Average: 0.659507 -0.12462 
Max: 4.332039 1.107346 
Min: -2.61216 -1.2736 

 

 

   

5.5 CONFIDENCE IN THE INTERPRETATION 

Medium 

 

5.6 GEOLOGICAL INTERPRETATION OF THE MOTION 

 
fig. 15. The mining activity map around Kazincbarcika and Edelény, (Juhász et al. 1975, in 

Némedi Varga 2010) 
 

As it is evident on the presented map, on the PGGH_Miskolc_001 area it was a very intense mining activity 

some ten years ago (arrow). The simplest interpretation for the uplift is the former mining activity. During 

the coal mining activity, large areas were affected by water table depression. The coal bearing beds were 

extracted from below the natural water table, in this way large quantities of water were removed too. After 

the water table depression was stopped the water recharge of the geological formations are in process. The 

average water extraction during coal mining is estimated 3,5 l/min. 
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6 PGGH_MISKOLC_002 

6.1 TYPE OF MOTION 

Uplift 

 

6.2 GENERAL PROPERTIES OF THE MOTION AREA 

 
fig. 16. Geological map of PGGH_Miskolc_002 (arrow) 
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fig. 17. Vertical velocity map of PGGH_Miskolc_002 

 

 

Area: 0.38964 km2 

A small uplift area has been identified between Uppony and Sajópüspöki, to the W from Sajómercse (fig. 

16, fig. 17). Both of the mentioned localities are historical sites for coal mining, approx ten years now when 

the mining activity was stopped. Unfortunately the undermined inventory map is not available for the 

Borsod Basin yet.  

 

6.3 SPECIFIC GEOHAZARD TYPE 

Mining 

 

6.4 THE DETERMINATION METHOD 
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Observed PSI 

The rate of the motion is around 1.06 mm/year (fig. 16, fig. 17), and almost constant during the 

observation period but in the middle of the area it is over 3.94 mm/year. See below the summary of the 

Vertical and E-W directed velocities of the polygon. 

 

No: 11960 
 
 

Average: 1.058381 -0.04021 

Max: 3.944602 0.67384 

Min: -0.7369 -0.96428 

 

   

6.5 CONFIDENCE IN THE INTERPRETATION 

Medium 

 

6.6 GEOLOGICAL INTERPRETATION OF THE MOTION 

 

 
 

fig. 18. The mining activity map around Sajómercse and Királd, (Juhász et al. 1975, in 
Némedi Varga 2010) 
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As it is evident on the presented map, in the PGGH_Miskolc_002 area it was a very intense mining activity 

some ten years ago (arrow fig. 18). The simplest interpretation for the uplift is the former mining activity, 

more exactly the recharge after water table depression was stopped. 
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7 PGGH_MISKOLC_003 

7.1 TYPE OF MOTION 

uplift 

 

7.2 GENERAL PROPERTIES OF THE MOTION AREA 

 
fig. 19. Geological map of PGGH_Miskolc_003 
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fig. 20. Vertical velocity map of PGGH_Miskolc_003 

 

 

Area: 2.94146 km2 

A large uplift area has been identified SE to Sajónémeti (fig. 19, fig. 20). The mentioned locality is historical 

site for coal mining, approx ten years now when the mining activity was stopped. Unfortunately the 

undermined inventory map is not available for the Borsod Basin yet.  

 

7.3 SPECIFIC GEOHAZARD TYPE 

Mining 

 

7.4 THE DETERMINATION METHOD 

Observed PSI 
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The rate of the motion is around 0.50 mm/year (fig. 20), and almost constant during the observation period 
but in the middle of the area it is over 3.85 mm/year. See below the summary of the Vertical and E-W 
directed velocities of the polygon. 

 

No: 13089 
 Average: 0.49663 -0.10197 

Max: 3.852658 1.472197 

Min: -3.68639 -0.92368 

 

   

7.5 CONFIDENCE IN THE INTERPRETATION 

Medium 

 

7.6 GEOLOGICAL INTERPRETATION OF THE MOTION 

 
fig. 21. The mining activity map around Sajónémeti, (Juhász et al. 1975, in Némedi Varga 

2010) 

As it is evident on the presented map, in the PGGH_Miskolc_003 area it was a very intense mining 
activity some ten years ago. The simplest interpretation for the uplift is the former mining activity. 
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8 PGGH_MISKOLC_004 

8.1 TYPE OF MOTION 

uplift 

 

8.2 GENERAL PROPERTIES OF THE MOTION AREA 

 

 

 
fig. 22. Geological map of PGGH_Miskolc_004, on the map is labelled M_04 
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fig. 23. Vertical velocity map of PGGH_Miskolc_004, on the map is labelled M_04 
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fig. 24. Vertical velocity map of PGGH_Miskolc_004 

 

Area: 5.29132 km2 
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fig. 25. Urban map of PGGH_Miskolc_004 

 

 

A large uplift area has been identified in central Miskolc area (fig. 25). The field is situated in a highly 

populated area, on quaternary sediments of the Sajó system. Supposedly the balancing effect of former 

mining activity is the cause of the uplift.  
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8.3 SPECIFIC GEOHAZARD TYPE 

Mining 

 

8.4 THE DETERMINATION METHOD 

Observed PSI 

The rate of the motion is around 0.32 mm/year (fig. 22, fig. 23, fig. 24), and almost constant during the 
observation period but in the middle of the area it is over 3.44 mm/year. See below the summary of the 
Vertical and E-W directed velocities of the polygon. 

 

No: 8703 
 Average: 0.316901 -0.08856 

Max: 3.436616 1.282734 

Min: -3.15847 -1.60444 

 

   

8.5 CONFIDENCE IN THE INTERPRETATION 

Low 

 

8.6 GEOLOGICAL INTERPRETATION OF THE MOTION 

The simplest interpretation for the uplift is the former mining activity. 
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9 PGGH_MISKOLC_005 

9.1 TYPE OF MOTION 

Uplift 

 

9.2 GENERAL PROPERTIES OF THE MOTION AREA 

 

 
fig. 26. Geological map of PGGH_Miskolc_005, on the map is labelled M_05 
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fig. 27. Vertical velocity map of PGGH_Miskolc_005, on the map is labelled M_05 
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fig. 28. Vertical velocity map of PGGH_Miskolc_005 
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fig. 29. Urban map of PGGH_Miskolc_005, on the map is labelled M_05 

 

 

Area: 8.04462 km2 

A large uplift area has been identified to the North from Miskolc to South from Sajóbábony (fig. 29). 

Sajóbábony is historical site for coal mining, approx eight years now when the mining activity was stopped. 

Unfortunately the undermined inventory map is not available for the Borsod Basin yet.  
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9.3 SPECIFIC GEOHAZARD TYPE 

Mining 

 

9.4 THE DETERMINATION METHOD 

Observed PSI 

The rate of the motion is around 1.14 mm/year (fig. 26, fig. 27, fig. 28), and almost constant during the 
observation period but in the middle of the area it is over 3.84 mm/year. See below the summary of the 
Vertical and E-W directed velocities of the polygon. 

No: 9082 
 Average: 1.135656 -0.11969 

Max: 3.835549 1.192904 

Min: -4.26706 -2.38434 

 

   

9.5 CONFIDENCE IN THE INTERPRETATION 

Medium 

 

9.6 GEOLOGICAL INTERPRETATION OF THE MOTION 



PanGeo D7.1.24 Geohazard Description for Miskolc 

 

 

 

                      Dissemination Level:  Public                       Page 45 of 83 

 
fig. 30. The mining activity map around Miskolc and Sajóbábony, (Juhász et al. 1975, in 

Némedi Varga 2010) 

As it is evident on the presented map, in the PGGH_Miskolc_005 area it was a very intense mining activity 

some ten years ago. The simplest interpretation for the subsidence is the former mining activity; the last 

abandoned underground works in the area were in Lyukóbánya, which stopped its activity in 2004. 
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10 PGGH_MISKOLC_006 

10.1 TYPE OF MOTION 

uplift 

 

10.2 GENERAL PROPERTIES OF THE MOTION AREA 

 

 

 
fig. 31. Geological map of PGGH_Miskolc_006, on the map is labelled M_06 
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fig. 32. Vertical velocity map of PGGH_Miskolc_006, on the map is labelled M_06 
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fig. 33. Vertical velocity map of PGGH_Miskolc_006 
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fig. 34. Urban map of PGGH_Miskolc_006 

 

Area: 1.10348 km2 

An uplift area has been identified in highly populated central part of Miskolc (fig. 34).  

 

10.3 SPECIFIC GEOHAZARD TYPE 

Mining 

 

10.4 THE DETERMINATION METHOD 
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Observed PSI 

The rate of the motion is around 0.42 mm/year (fig. 31, fig. 32, fig. 33), and almost constant during the 
observation period but in the middle of the area it is over 2.89 mm/year. See below the summary of the 
Vertical and E-W directed velocities of the polygon. 

No: 1800 
 Average: 0.242147 -0.13687 

Max: 2.887107 0.842234 

Min: -3.97591 -1.82477 

 

   

10.5 CONFIDENCE IN THE INTERPRETATION 

Low 

 

10.6 GEOLOGICAL INTERPRETATION OF THE MOTION 

Water recharge after mining activity was stopped. 
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11 PGGH_MISKOLC_007 

11.1 TYPE OF MOTION 

Subsidence 

 

11.2 GENERAL PROPERTIES OF THE MOTION AREA 

 

 

 
fig. 35. Geological map of PGGH_Miskolc_007, on the map is labelled M_07 
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fig. 36. Vertical velocity map of PGGH_Miskolc_007, on the map is labelled M_07 
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fig. 37. Vertical velocity map of PGGH_Miskolc_007 
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fig. 38. Urban map of PGGH_Miskolc_007 

 

Area: 1.33922 km2 

A subsidence area has been identified in central North Western part of Miskolc (fig. 38). The NW part of the 

area is affected by mining activity, the southern part is not identified yet. 

 

11.3 SPECIFIC GEOHAZARD TYPE 

Mining 
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11.4 THE DETERMINATION METHOD 

Observed PSI 

The rate of the motion is around -0.36 mm/year (fig. 35, fig. 36, fig. 37), and almost constant during the 
observation period but in the middle of the area it is over  -5.57 mm/year. See below the summary of the 
Vertical and E-W directed velocities of the polygon. 

 

No: 6641 

   Vertical  E-W  

Average: -0,358537426 -0,084688571 

Max:  1,368855848 0,725543022 

Min:  -5,571421417 -2,5101179   

 

11.5 CONFIDENCE IN THE INTERPRETATION 

Low 

 

11.6 GEOLOGICAL INTERPRETATION OF THE MOTION 

 
fig. 39. The mining activity map around Miskolc, (Juhász et al. 1975, in Némedi Varga 2010) 

As it is evident on the presented map, in the Western part of PGGH_Miskolc_007 area it was affected by 
mining activity some ten years ago. The simplest interpretation for the subsidence is the former mining 

activity.  
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                      Dissemination Level:  Public                       Page 56 of 83 

12 PGGH_MISKOLC_008 

12.1 TYPE OF MOTION 

subsidence 

 

12.2 GENERAL PROPERTIES OF THE MOTION AREA 

 
fig. 40. Geological map of PGGH_Miskolc_008, on the map is labelled M_08 
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fig. 41. Vertical velocity map of PGGH_Miskolc_008, on the map is labelled M_08 
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fig. 42. Vertical velocity map of PGGH_Miskolc_008 
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fig. 43. Vertical velocity map of PGGH_Miskolc_008, on the map is figured with arrow 

 

Area: 0.39232 km2 

A subsidence area has been identified in the Western part of Miskolc (fig. 43). Unfortunately the 
undermined inventory map is not available for the Borsod Basin yet. Supposedly this area is affected by 
underground works.  

 

12.3 SPECIFIC GEOHAZARD TYPE 
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Unknown 

 

12.4 THE DETERMINATION METHOD 

Observed PSI 

The rate of the motion is around -0.51 mm/year (fig. 40, fig. 41, fig. 42), and almost constant during the 
observation period but in the middle of the area it is over -5.69 mm/year. See below the summary of the 
Vertical and E-W directed velocities of the polygon. 

No: 2563 
 Average: -0,51254 -0,01817 

Max: 0,852003 1,60823 

Min: -5,68913 -1,97778 

   

12.5 CONFIDENCE IN THE INTERPRETATION 

Low 

 

12.6 GEOLOGICAL INTERPRETATION OF THE MOTION 

Supposed undermining. 
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13 PGGH_MISKOLC_009 

13.1 TYPE OF MOTION 

Subsidence 

 

13.2 GENERAL PROPERTIES OF THE MOTION AREA 

 

 

 
fig. 44. Geological map of PGGH_Miskolc_009, on the map is labelled M_09 
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fig. 45. Vertical velocity map of PGGH_Miskolc_009, on the map is labelled M_09 
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fig. 46. Vertical velocity map of PGGH_Miskolc_009 
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fig. 47. Urban map of PGGH_Miskolc_009 

 

Area: 0.30083 km2 

A subsidence area has been identified on the Western part of Miskolc (fig. 44 - fig. 47).  

 

13.3 SPECIFIC GEOHAZARD TYPE 

Unknown 

 

13.4 THE DETERMINATION METHOD 

Observed PSI 
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The rate of the motion is around -1.57 mm/year (fig. 46), and almost constant during the observation 
period but in the middle of the area it is over -4.10 mm/year. See below the summary of the Vertical and E-
W directed velocities of the polygon. 

No: 6939 
 Average: -1.57073 -0.09027 

Max: 0.212323 0.531427 

Min: -4.10613 -1.49412 

   

13.5 CONFIDENCE IN THE INTERPRETATION 

Low 

 

13.6 GEOLOGICAL INTERPRETATION OF THE MOTION 

Unknown 
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14 PGGH_MISKOLC_010 

14.1 TYPE OF MOTION 

Soil creep 

 

14.2 GENERAL PROPERTIES OF THE MOTION AREA 

 

 

 
fig. 48. E-W velocity map of PGGH_Miskolc_010, on the map is labelled M_10 see arrows 

 

 

Area: 8.944436 km2 

 

Two areas of supposed soil creep fields were detected in the northern part of the area around Putnok and 

in the south of the field, in the Western part of Miskolc (fig. 48). Based on PSI observation data the 

Eastward moving component of these fields are anomalous. 

 

14.3 SPECIFIC GEOHAZARD TYPE 

Soil creep 
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14.4 THE DETERMINATION METHOD 

Observed PSI 

   

14.5 CONFIDENCE IN THE INTERPRETATION 

Low 

 

14.6 GEOLOGICAL INTERPRETATION OF THE MOTION 

Natural movement of the surface guided by rivers. 
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15 PGGH_MISKOLC_011 

15.1 TYPE OF MOTION 

Mining 

 

15.2 GENERAL PROPERTIES OF THE MOTION AREA 

 

 
fig. 49. Ground movement inventory map of PGGH_Miskolc_011, on the map is labelled 

M_11 

 

Area: 7.659391 km2 

 

Collapses and ground movements were mentioned in the ground inventory map, which have got higher 

frequencies in some areas (fig. 49).  These areas were grouped in polygons and labelled on ground stability 

map as M_11, finally grouped in multipart polygons. Unfortunately the undermined inventory map is not 

available for the Borsod Basin yet, further investigations are necessary.  

 

15.3 SPECIFIC GEOHAZARD TYPE 

Other 

 

15.4 THE DETERMINATION METHOD 

External 

   

15.5 CONFIDENCE IN THE INTERPRETATION 
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Low 

 

15.6 GEOLOGICAL INTERPRETATION OF THE MOTION 

In the PGGH_Miskolc_011 area it was a very intense mining activity some ten years ago. The interpretation 

for the collapses and ground movements is the former mining activity and landslides of the mountainous 

areas. 

 



PanGeo D7.1.24 Geohazard Description for Miskolc 

 

 

 

                      Dissemination Level:  Public                       Page 70 of 83 

16 PGGH_MISKOLC_012  

16.1 TYPE OF MOTION 

Anthropogenic Ground Instability 

 

16.2 GENERAL PROPERTIES OF THE MOTION AREA 
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fig. 50. Geological map of PGGH_Miskolc_012 and PGGH_Miskolc_013, on the legend are 

labelled a_Qh2_f and a_Qh2_mh 
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Area: 0.804850 km2 

 

On the geological map of the AOI are mentioned the Anthropogenic Banks as the remnants of former heavy 

industry (fig. 50).  

 

16.3 SPECIFIC GEOHAZARD TYPE 

Anthropogenic Ground Instability 

 

16.4 THE DETERMINATION METHOD 

External 

   

16.5 CONFIDENCE IN THE INTERPRETATION 

High 

 

16.6 GEOLOGICAL INTERPRETATION OF THE MOTION 

In the PGGH_Miskolc_012 area it was a very intense industrial activity some ten years ago.  
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17 PGGH_MISKOLC_013 

17.1 TYPE OF MOTION 

Anthropogenic Ground Instability 

 

17.2 GENERAL PROPERTIES OF THE MOTION AREA 

Area: 0.150414 km2 

 

On the geological map of the AOI are mentioned the Mine Dump sites (fig. 50) as the remnants of former 

coal mining activity.  

  

17.3 SPECIFIC GEOHAZARD TYPE 

Mining 

 

17.4 THE DETERMINATION METHOD 

External 

 

17.5 CONFIDENCE IN THE INTERPRETATION 

High 

 

17.6 GEOLOGICAL INTERPRETATION OF THE MOTION 

In the PGGH_Miskolc_013 area it was a very intense industrial activity some ten years ago.  
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18 PGGH_MISKOLC_014 

18.1 TYPE OF MOTION 

Observed PSI 

 

18.2 GENERAL PROPERTIES OF THE MOTION AREA 

 

 

 
fig. 51. Horizontal E-W velocity map of PGGH_Miskolc_014, on the map is labelled M_14 

 

Area: 37.210716 km2 

 

The E-W directed horizontal components of the PSI data show some grouping tendencies in narrow, NE-SW 

trending lines (fig. 51), which differe from their suroundings. These lines are parralel with the Darno 

Tectonic Zone, dominating the western and middle part of the AOI. Supposedly these PSI data sets are 

relatid with the actual motion of the mentioned tectonic zone. 

 

18.3 SPECIFIC GEOHAZARD TYPE 

Tectonic 

 

18.4 THE DETERMINATION METHOD 



PanGeo D7.1.24 Geohazard Description for Miskolc 

 

 

 

                      Dissemination Level:  Public                       Page 75 of 83 

Observed PSI 

   

18.5 CONFIDENCE IN THE INTERPRETATION 

Low 

 

18.6 GEOLOGICAL INTERPRETATION OF THE MOTION 

 

The middle and Western part of the AOI is dominated by the NE-SW striking Darno Tectonic Zone. The 

observed horizontal component of PSI data sets, have some grouping tendencies with the same 

orientation. However, the Darno Tectonic Zone is considered inactive seems that it can be related with 

some actual PSI observations. 
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PANGEO GEOHAZARD GLOSSARY 

Hazard 

Something with the potential to cause harm. 

 

Natural Hazard 

A natural hazard is a natural process or phenomenon that may cause loss of life, injury or other impacts, 

property damage, lost livelihoods and services, social and economic disruption, or environmental damage. 

(Council of the European Union – Commission Staff Working Paper – Risk Assessment and Mapping Guidelines 

for Disaster Management). 

 

Geohazard (Geological hazard) 

A geological process with the potential to cause harm. 

 

Risk 

The likelihood that the harm from a particular hazard will be realised. 

 

Types of Geohazard 

 

1. Deep Ground Motions 

Ground motion can occur at different scales and depths. This section contains the geohazards that are 

caused by processes in the deep subsurface. 

 

1.1. Earthquake (seismic hazard) 

Earthquakes are the observable effects of vibrations (known as seismic waves) within the Earth’s crust 

arising from relatively rapid stress release, typically along a fault zone.  

Damage to buildings and other infrastructure can be caused as the ground shakes during the passage of 

seismic waves. Other effects include liquefaction of water-saturated soft ground, potentially leading to a 

loss in ground strength and the extrusion of water-saturated sediments as ‘mud volcanoes’ and the like. 

Ground shaking can also trigger secondary events such as landslides and tsunami. Secondary effects such as 

these should be mapped into the other relevant PanGeo geohazard classes. Some earthquakes are 

associated with significant permanent vertical or lateral ground movement. Changes to drainage systems 

can cause flooding. There is potential for injury and loss of life during earthquakes. 

Seismic hazard can be assessed by reference to the size and frequency of recorded earthquakes, although 

individual earthquakes are essentially unpredictable. Individual events occur on time-scales of seconds or 

minutes. Modern infrastructure should be designed to withstand probable local seismic events. 
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1.2. Tectonic Movements 

Tectonic movements are large scale processes that affect the earth’s crust. These processes can lead to 

areas of the crust rising or falling. Importantly it is the neotectonic movements that are still active and may 

therefore produce a ground motion that can be measured by PSI. Neotectonic movements are typically due 

to the stresses introduced through movements of the earth’s plates. These types of motion are likely to be 

on a broad scale and so it may not be possible to measure them using the SAR scene relative 

measurements of PSI. 

 

1.3. Salt Tectonics 

Localised motions can be associated with the movement of evaporate deposits, these are termed salt 

tectonics and can produce both uplift and subsidence depending on the exact mechanisms at play.  

 

1.4. Volcanic Inflation/Deflation 

Volcanic activity can lead to the creation of lava flows, ash flows, debris and ash falls, and debris flows of 

various kinds. It might be accompanied by release of poisonous or suffocating gases, in some instances with 

explosive violence, or by significant seismic activity or ground movement. Secondary effects can include 

landslide and flooding. For PanGeo we are interested in hazards associated with ground instability. Ground 

instability associated with volcanoes tends to relate to inflation and deflation of the ground surface as 

magma volumes change. Secondary effects such as landslides should be mapped into the other relevant 

PanGeo geohazard classes. 

 

2. Natural Ground Instability 

The propensity for upward, lateral or downward movement of the ground can be caused by a number of 

natural geological processes. Some movements associated with particular hazards may be gradual or occur 

suddenly and also may vary from millimetre to metre or tens of metres scale. Note that anthropogenic deposits 

can be affected by natural ground instability. 

Significant natural ground instability has the potential to cause damage to buildings and structures, and weaker 

structures are most likely to be affected. It should be noted, however, that many buildings, particularly more 

modern ones, are built to such a standard that they can remain unaffected in areas of even significant ground 

movement. The susceptibility of built structures to damage from geohazards might also depend on local factors 

such as the type of nearby vegetation, or the nature of the landforms in the area.  

The effects of natural ground instability often occur over a local area as opposed to the effects of natural 

ground movements which occur over larger areas. 

 

2.1. Land Slide 

A landslide is a relatively rapid outward and downward movement of a mass of rock or soil on a slope, due 

to the force of gravity. The stability of a slope can be reduced by removing ground at the base of the slope, 

increasing the water content of the materials forming the slope or by placing material on the slope, 

especially at the top. Property damage by landslide can occur through the removal of supporting ground 

from under the property or by the movement of material onto the property. Large landslides in coastal 

areas can cause tsunami. 
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The assessment of landslide hazard refers to the stability of the present land surface, including existing 

anthropogenically-modified slopes as expressed in local topographic maps or digital terrain models. It does 

not encompass a consideration of the stability of new excavations. 

Land prone to landslide will normally remain stable unless the topography is altered by erosion or 

excavation, the land is loaded or pore water pressure increases. Landslide might also be initiated by seismic 

shock, frost action, or change in atmospheric pressure.  

This hazard is significant in surface deposits but may extend to more than 10 m depth. The common 

consequences are damage to properties, including transportation routes and other kinds of infrastructure, 

and underground services. Some landslides can be stabilised by engineering. 

 

2.2. Soil Creep 

Soil creep is a very slow movement of soil and rock particles down slope and is a result of expansion and 

contraction of the soil through cycles of freezing and thawing or wetting and drying.  

 

2.3. Ground Dissolution 

Some rocks and minerals are soluble in water and can be progressively removed by the flow of water 

through the ground. This process tends to create cavities, potentially leading to the collapse of overlying 

materials and possibly subsidence at the surface. 

The common types of soluble rocks and minerals are limestones, gypsum and halite. 

Cavities can become unstable following flooding, including flooding caused by broken service pipes. 

Changes in the nature of surface runoff, excavating or loading the ground, groundwater abstraction, and 

inappropriate installation of soakaways can also trigger subsidence in otherwise stable areas. 

 

2.4. Collapsible Ground 

Collapsible ground comprises materials with large spaces between solid particles. They can collapse when 

they become saturated by water and a building (or other structure) places too great a load on it. If the 

material below a building collapses it may cause the building to sink. If the collapsible ground is variable in 

thickness or distribution, different parts of the building may sink by different amounts, possibly causing 

tilting, cracking or distortion. Collapse will occur only following saturation by water and/or loading beyond 

criticality. This hazard can be significant in surface deposits and possibly also in buried superficial deposits. 

 

2.5. Running Sand/ Liquefaction 

Running sand occurs when loosely-packed sand, saturated with water, flows into an excavation, borehole 

or other type of void. The pressure of the water filling the spaces between the sand grains reduces the 

contact between the grains and they are carried along by the flow. This can lead to subsidence of the 

surrounding ground. 

If sand below a building runs it may remove support and the building may sink. Different parts of the 

building may sink by different amounts, possibly causing tilting, cracking or distortion. The common 
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consequences are damage to properties or underground services. This hazard tends to be self-limited by 

decrease in head of water.  

Liquefaction of water-saturated soft ground often results as an effect of earthquake activity but can also be 

triggered by manmade vibrations due to construction works. It can potentially lead to a loss in ground 

strength and the extrusion of water-saturated sediments as ‘mud volcanoes’ and the like. Soils vulnerable 

to liquefaction represent areas of potential ground instability. 

 

3. Natural Ground Movement 

The effects of natural ground movement often occur over a larger area as opposed to the effects of natural 

ground instability, which occur over local areas. 

 

3.1. Shrink-Swell Clays 

A shrinking and swelling clay changes volume significantly according to how much water it contains. All clay 

deposits change volume as their water content varies, typically swelling in winter and shrinking in summer, 

but some do so to a greater extent than others. Most foundations are designed and built to withstand 

seasonal changes. However, in some circumstances, buildings constructed on clay that is particularly prone 

to swelling and shrinking behaviour may experience problems. Contributory circumstances could include 

drought, leaking service pipes, tree roots drying-out of the ground, or changes to local drainage such as the 

creation of soakaways. Shrinkage may remove support from the foundations of a building, whereas clay 

expansion may lead to uplift (heave) or lateral stress on part or all of a structure; any such movements may 

cause cracking and distortion. 

The existence of this hazard depends on a change in soil moisture and on differential ground movement. 

Uniform ground movement may not of itself present a hazard. This hazard is generally significant only in 

the top five metres of ground. 

 

3.2. Compressible Ground 

Many ground materials contain water-filled pores (the spaces between solid particles). Ground is 

compressible if a load can cause the water in the pore space to be squeezed out, causing the ground to 

decrease in thickness. If ground is extremely compressible the building may sink. If the ground is not 

uniformly compressible, different parts of the building may sink by different amounts, possibly causing 

tilting, cracking or distortion.  

This hazard commonly depends on differential compaction, as uniform compaction may not of itself 

present a hazard. Differential compaction requires that some structure that might be susceptible to 

subsidence damage has been built on non-uniform ground. The common consequences are damage to 

existing properties that were not built to a sufficient standard, and possible damage to underground 

services.  

 

4. Man Made (Anthropogenic) Ground Instability 
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Anthropogenic instability covers a local area which has been brought about by the activity of man. 

Subsidence (downward movement) of the ground can result from a number of different types of 

anthropogenic activity, namely mining (for a variety of commodities), or tunnelling (for transport, 

underground service conduits, or underground living or storage space).  

Subsidence over a regional area can result from fluid extraction (for water, brine, or hydrocarbons). Uplift 

or heave of the ground can occur when fluid is allowed to move back into an area from where it was 

previously extracted and groundwater recharge occurs. This fluid recovery may include injection of water 

or gas. 

 

4.1. Ground Water Management - Shallow Compaction 

18.6.1.1 Ground water management may be applied for example to ensure the exploitability of 

existing agricultural land in lowland coastal areas. Groundwater management can lead to higher or lower 

water levels of phreatic groundwater and of deeper aquifers in the shallow subsurface. Groundwater 

occupies pore and interstitial spaces and fractures within sediments and rocks and therefore exerts a 

pressure. When the water is drained the pore pressure or effective stress is reduced. This leads to 

consolidation of especially soft sediments, such as clay and peat. This change in the sediment volume leads 

to subsidence. Similarly when groundwater levels are allowed to recover, uplift may be a result of 

increasing pore pressure. 

 

4.2. Ground Water Management - Peat Oxidation 

18.6.1.2 Ground water management may be applied for example to ensure the exploitability of 

existing agricultural land in lowland coastal areas. Groundwater management can lead to higher or lower 

water levels of phreatic groundwater and of deeper aquifers in the shallow subsurface. Peat oxidation is 

the chemical reaction where peat starts decomposing and will waste away with time. This loss of soil 

volume leads to subsidence. It occurs when layers of peat in the subsurface are exposed to oxygen. As long 

as peat is located in saturated ground layers this process does not take place. However peat oxidation does 

occur in unsaturated soils, for instance in areas where ground water management lowers ground water 

levels.  

 

4.3. Groundwater Abstraction 

Groundwater also occupies pore and interstitial spaces and fractures within sediments and rocks in the 

deeper subsurface. When this water is removed, for instance through pumping for drinking water or 

lowering of water levels in mines, the pore pressure or effective stress is reduced and consolidation of the 

sediments and rocks causes a change in the sediment and rock volume. This leads to subsidence. Similarly 

when aquifer levels are allowed to recover, uplift may be a result of increasing pore pressure. Deep 

geothermal energy systems should not lead to ground movement. They involve closed systems where 

water, which was extracted from a deep aquifer, will be pumped back into that same aquifer. However, 

geothermal heat pumps are used at shallower depths. Although these are also closed systems, ground 

movement might occur temporarily (e.g. seasonally) or even permanently. 

 

4.4. Mining 
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Mining is the removal of material from the ground, in the context of PanGeo we consider mining to relate 

to the removal of solid minerals. The ground surface may experience motion due to readjustments in the 

overburden if underground mine workings fail.  

 

4.5. Underground Construction 

In PanGeo we are interested in underground construction that might bring about ground instability. An 

example of this would be underground tunnelling; the removal of subsurface material can alter the support 

for the overlying material therefore leading to ground motions. 

 

4.6. Made Ground 

Made ground comprises of anthropogenic deposits of all kinds such as land reclamation, site and pad 

preparation by sand infill, road and rail embankments, levees and landfills for waste disposal. Examples of 

land reclamation are artificial islands, beach restoration and artificial harbours. Reclaimed land as well as 

embankments and levees are generally made up of sand, which is not prone to compaction as are clay and 

peat. However, two ground instability processes will occur: consolidation of this artificial ground and 

compaction of the ground below due to the load of the artificial ground and the structure it supports, e.g. a 

building. Depending on its composition and mode of deposition, landfill can also be a compressible deposit. 

 

4.7. Oil and Gas Production 

Similar to abstraction of groundwater the production of oil and gas decreases the pore pressure of the 

reservoir rocks and therefore can cause consolidation and subsidence of the surface. Storage of material in 

the depleted reservoir (such as natural gas or CO2) can lead to surface uplift. 

 

5. Other 

These are areas of instability for which the geological explanation does not fit into any of the categories 

above. 

 

6. Unknown 

These are areas of identified motion for which a geological interpretation cannot be found. 
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Geohazard Groupings to be used in PanGeo 

 

1. Deep Seated Motions 

a. Earthquake (seismic hazard) 

b. Tectonic Movements 

c. Salt Tectonics 

d. Volcanic Inflation/Deflation 

 

2. Natural Ground Instability 

a. Land Slide 

b. Soil Creep 

c. Ground Dissolution 

d. Collapsible Ground 

e. Running Sand/Liquefaction 

 

3. Natural Ground Movement 

a. Shrink-Swell Clays 

b. Compressible Ground 

 

4. Man Made (Anthropogenic) Ground Instability 

a. Ground Water Management - Shallow Compaction 

b. Ground Water Management - Peat Oxidation 

c. Groundwater Abstraction 

d. Mining 

e. Underground Construction 

f. Made Ground 

g. Oil and Gas Production 

 

5. Other 

 

6. Unknown 

  

 


