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ABSTRACT 

 

The Kyläniemi area is situated in the Salpausselkä I- Salpausselkä II end moraine zone. 

Bedrock fracture zones are less well studied in the study area because the area is mostly 

under water and bedrock is exposed only on little islands. The primary aim of this work 

was to study bedrock of the study area, bedrock fracture zones and their relationship to 

esker chains in the study area. The work forms a part of Subjärki project which is a joint 

research venture of the University of Oulu and POSIVA Oy.  

The work has been carried out by geologic field work on bedrock exposures, Ground 

Penetrating Radar measurements (GPR), map interpretation and GIS-methods. Map 

interpretation of fracture zones and esker chains were carried out by using Digital 

Elevation Model and Laser scanning data. In addition, sand and gravel data of 

Geological Survey of Finland  (2012) and topographic maps from National Land survey 

of Finland were used in map interpretation. Digitizing of fracture zones and esker were 

done with Arc Map. 

Observations on orientation of bedrock jointing can be divided in three classes: 

northwest-southeast, northeast-southwest and west-east orientation. Observations on 

jointing are following the general orientation of fracture zones in the study area. 

Jointing is mostly sheeting type, but in some exposures there is also wedge jointing 

type. On the basis of GRP-measurements reflections indicate mostly sheeting joints, but 

there are also hyperbolic reflections that could be indicating wedge joint type. 

Observations made on bedrock surface could not be correlated to GPR-profiles because 

joints are not extending very deep. 

Fracture zones in the study area can be divided in three classes: northwest-southeast, 

west-east and north-south orientation. The length of fracture zones is from few metres in 

exposures to few ten kilometres in regional scale. Eskers follow the orientation of 

fracture zones in southwest and northwest parts of the study area. In northeast side of 

Second Salpauselkä eskers do not follow the orientation of fracture zones, instead 

eskers run perpendicular to fracture zones. In southeast side of Second Salpausselkä 

eskers follow the north-south orientation of fracture zones. Eskers seem to follow the 

orientation of fracture zones only further of Second Salpauselkä, in its northwest- and 

south sides. 

 

Keywords: ice sheet, GPR, esker, bedrock jointing, fracture  
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TIIVISTELMÄ  

 

Saimaan alueen ruhjevyöhykkeet ovat huonosti tutkittuja, koska alue on enimmäkseen 

veden alla ja kallioperä on paljastunut vain pienillä saarilla. Tämän työn tavoitteena on 

ollut tutkia alueen kallioperää ja ruhjevyöhykkeitä sekä niiden mahdollista yhteyttä 

Saimaan alueen harjujen kulkuun. Työ on toteutettu osana Subjärki-projektia Oulun 

yliopistossa. Työn tilaajana on Posiva Oy. 

Työhön kuului geologista kallioperäkartoitusta kalliopaljastumilla sekä 

maatutkaluotausta. Lisäksi tehtiin karttatulkintaa ja käytettiin GIS-menetelmiä. 

Ruhjevyöhykkeiden ja harjujen tulkintaan käytettiin digitaalista korkeusmallia DEM 

sekä laserkeilausaineistoa. Lisäksi käytettiin Geologian tutkimuskeskukselta (2012) 

saatuja sora- ja hiekka-aineksen arviointikarttoja sekä maanmittauslaitoksen 

topografisia karttoja. Tulkinta tehtiin Arc Map-ohjelmalla. 

Tutkimusalueen rakohavainnot voidaan jakaa karkeasti luode-kaakkosuuntaisiin, 

koillinen-lounassuuntaisiin sekä länsi-itäsuuntaisiin. Rakohavainnot vastaavat 

tutkimusalueen ruhjevyöhykkeiden suuntaa. Tutkimusalueen rakoilu on laatta- tai 

kiilarakoilua. Maatutkaluotausaineistossa näkyy lähinnä laattarakoilua, mutta 

muutamilla paljastumilla rakoilu on hyperbolista, joka voisi mahdollisesti indikoida 

kiilarakoilua. Pinnalla tehtyjä havaintoja ei voida korreloida maatutkaluotauksessa 

näkyviin heijastuspintoihin, koska pinnalla tehdyt havainnot eivät ulotu kallionpintaa 

syvemmälle. 

Tutkimusalueen ruhjevyöhykkeet voidaan jakaa suurpiirteisesti kolmeen luokkaan: 

luoteis-kaakkosuuntaiset, länsi-itäsuuntaiset ja pohjois-eteläsuuntaiset ruhjevyöhykkeet. 

Ruhjeiden pituus on paljastumamittakaavan muutamien metrien pituisista raoista 

alueellisen mittakaavan muutamiin kilometrien tai muutamien kymmenien kilometrien 

pituisiin ruhjeisiin.  

Harjut kulkevat ruhjevyöhykkeiden suunnassa tutkimusalueen lounais- ja luoteisosissa. 

Toisen Salpausselän koillispuolella harjut kulkevat ruhjevyöhykkeitä vastaan 

kohtisuorassa. Toisen Salpauselän kaakkoispuolella harjut kulkevat suurpiirteisesti 

ruhjeiden suunnassa noudattaen pohjois-eteläsuuntaista ruhjevyöhykkeiden suuntaa. 

Harjut näyttävät mukailevan ruhjevyöhykkeiden suuntaa, mutta näin tapahtuu vain 

kauempana Salpausselkävyöhykkeestä, toisen Salpausselän luoteis- ja eteläpuolella. 

 

Asiasanat: mannerjäätikkö, GPR, harju, kallioperän rakoilu 

  



 

4 

 

CONTENTS 
1 INTRODUCTION ......................................................................................................... 5 

2 STUDY .......................................................................................................................... 6 

2.1 Location and topography......................................................................................... 6 

2.2 Bedrock ................................................................................................................... 8 

2.3 Quaternary deposits ................................................................................................. 9 

3 MATERIAL AND METHODS ................................................................................... 11 

3.1 Field work ............................................................................................................. 11 

3.1.1 Geological methods ........................................................................................ 11 

3.1.2 Geophysical methods ..................................................................................... 12 

3.2 Data prosessing ..................................................................................................... 13 

3.3 GIS-methods and map interpretation .................................................................... 14 

4 RESULTS .................................................................................................................... 16 

4.1 Observations of bedrock structures and their patterns .......................................... 16 

4.2 Interpreted fracture zones in the study area .......................................................... 18 

4.3 Interpreted esker chains in the study area ............................................................. 24 

5 CONCLUSIONS .......................................................................................................... 27 

REFERENCES ................................................................................................................ 28 

APPENDIX 1 

APPENDIX 2 

  



 

5 

 

1 INTRODUCTION  

 

Bedrock fracture zones in the Lake Saimaa area are less well studied probably because 

the area is mostly under water and bedrock is exposed only on small islands. The aim of 

this work is to investigate the type and pattern of fracture zones and esker chains in the 

study area and to gain knowledge of their relationship. The aim is also to investigate 

minor bedrock structures using surface observations and Ground Penetrating Radar 

(GPR). The method used includes conventional geological mapping on bedrock 

exposures and remote sensing using GIS-methods. The work is a part of Subjärki 

project funded by Posiva Oy and the University of Oulu where the aim is to investigate 

subglacial hydrology and the behaviour of Lake District Ice Lobe in southeastern 

Finland. 

 

The study area is located in the Salpauselkä zone, SE Finland (Fig. 1). The 

Scandinavian Ice Sheet (SIS) covered Finland several times during Weicheselian 

glaciation and it was divided into several ice lobes during the last deglaciation (Lunkka 

& Erikkilä, 2012). The Lake District Ice Lobe discussed hear located in southeastern 

Finland. The Salpauselkä zone formed at the end of the Younger Dryas (13 000 ï 11 

300 years ago) when the ice margin located in the Salpauselkä area. 

 

The behavior of the Lake District Ice Lobe at its marginal zone had a great impact on 

bedrock erosion and sedimentation patterns during the last deglaciation. Thus erosional 

bedrock forms and depositional landforms indicate that the Ice Sheet was warm based 

and a great number of meltwater tunnels existed beneath the ice. However, relatively 

few studies has concentrated on mapping a detailed palaeo hydrology of the 

Scandinavian Ice Sheet and the impact of shear zones and joints on subglacial meltwater 

routes. There is only bedrock map 1:200 000 available from the study area. There is also 

lack of structural data from the study area. 

 

The aim of the present work is to study the relationship between bedrock fracture zones 

and esker chains and to find out if eskers follow the orientation of bedrock fracture 

zones in the study area. 
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2 STUDY AREA 

 

2.1 Location and topography 

 

Study area is located in Kyläniemi, in the Second Salpausselkä end moraine (Ss II) 

zone, southeastern Finland (Fig. 1). The study area extends from the First Salpausselkä 

end moraine (Ss I) at Joutseno to Lieviskä to the north and from Taipalsaari in the west 

to Puumala to the north (Fig. 1). Most of the field observations on bedrock structures 

were carried out on islands around Kyläniemi. In addition, three different bedrock 

exposures were studied in the north part of the study area. Glacial deposits and 

landforms were mostly investigated in the field in the Ss II zone and in western and 

southern part of the study area. 

 

 

Figure 1. Location of the study area around Kyläniemi where the main end 

moraines Salpausselkä I (Ss I) and Salpausselkä II (Ss II) are also indicated. (The 

National Land Survey of Finland 2010). 
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Topography of the area ranges between 42.5 - 180 metres above sea level (a.s.l.) (Fig. 

2). Highest points, 180 metres a.s.l., are mostly located in the NE part of the study area 

(Fig. 2). Most of the western and southeastern parts of the study area are covered by 

Lake Saimaa.  The water level of Lake Saimaa is 75.7 metres a.s.l. at present and the 

deepest part of the lake is 70 m in the study area. The attitude of delta plains in the 

Salpausselkä II end moraine  that run across the study area from the southwest to the 

northeast (Fig. 2) is approximately at 107 metres a.s.l. 

 

 

Figure 2. Topography of the study area. (The National Land Survey of Finland 2010). 
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2.2 Bedrock 

 

Bedrock of the study area consists of Svecofennian supracrustal rocks bounded by the 

Archaean craton to the north, the Rapakivi area to the southwest and the Central Finland 

granitoid complex to the west (Lehtinen et. all. 2005). Rock types in the study area are 

mainly biotite paragneiss, microline granite and granodiorite (Fig. 3). Small amounts of 

quartz feldspar paragneiss, amphibolites, carbonate rocks and black schists are also 

present (Fig. 3). 

 

Svecofennian supracrustal rocks were formed in an island arc system in Central Finland 

prior to the collision of Archaean and Svecofennian tectonic plates (Lehtinen et. all. 

2005). Supracrustal rocks of Saimaa area were predominantly metamorphosed in 

amphibolitic and granulite facies during the Svecofennian orogeny ca. 1.89-1.86 Ga and 

1.83-1.81 Ga ago (Lehtinen et. all. 2005). In addition to Svecofennian metamorphic 

rocks, there are some vulcanites indicating volcanism before and during the 

Svecofennian orogeny. These vulcanites are intruded by late-orogenic granites (1.84 - 

1.80 Ga ago). Migmatites were formed when these volcanic and sedimentary rocks 

partly melted. 

 

Fractures zones have been poorly studied in the study area probably because most of the 

area is under water. Fracture zones are not marked in bedrock maps in scale 1:1 000 000 

and 1:200 000. A bedrock map, scale 1:100 000, is available only from the southern and 

eastern parts of the study area (Lappeenranta, mapsheet 3134, Imatra, mapsheet 4112 

and Virmutjoki, mapsheet 4121).  

 

In the northern part of the study area the general attitude of schistosity is trending 

southwest-northeast with planes dipping 30-75° towards the west. In the eastern part of 

the study area between Riihonlahti and Hauklappi schistosity of mica gneiss is striking 

approximately east (90°) with planes dipping in north part 50-70° towards the north, in 

central part 25-40° towards the north and in south part 60-80° towards the south. In the 

Syyspohja area schistosity of granodiorite is west-east with planes dipping 50-90° 

towards the south. In the southeast side of Ss II schistosity is striking north-south. In the 
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south side of Kyläniemi schistosity is striking west-east with planes dipping 60-80° 

towards the south. In the southern part of the study area general attitude of schistosity in 

mica gneiss and granodiorite is striking northwest-southeast with planes dipping 70-80° 

towards the east. 

 

 

 

Figure 3.  The bedrock map of the study area (black box). The bedrock is mainly 

composed of gneiss and granitic rocks. (The Geological Survey of Finland 2009). 

 

 

2.3 Quaternary deposits 

 

The study area belongs to the Lake District Ice Lobe of the Scandinavian Ice Sheet. Ice 

marginal landforms, the Second Salpausselkä end moraine and the First Salpausselkä 

end moraine run across the study area from the southwest to the northeast (Fig. 4). 

Glacial landforms in the study area are drumlins, drumlinoids and hummocky moraines 
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and various glaciofluvial landforms such as longitudinal eskers, glaciofluvial deltas and 

fan deltas. 

 

The area in the northeast side of the Second Salpausselkä (Ss II) is mainly barren 

bedrock or bedrock covered only with thin sediment cover (Fig. 4). To the north of the 

Ss II most of the glacial landforms are concentrated in the area between Puumala and 

the Ss II (Fig. 4). To the south of Ss II Quaternary deposits are thicker than in the 

northern side of the Ss II and bedrock is less exposed. In the area between Ss II and Ss I 

glaciofluvial deposits are mainly concentrated to the southwestern part of the study area 

and bedrock is rarely exposed there (Fig. 4). Drumlins and other landforms composed of 

till are concentrated mainly to the southeast part of the study area between Ss II and Ss 

I. 

 

 

Figure 4. Quaternary deposits in the study area. (The Geological Survey of Finland 

2011) 
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3 MATERIAL AND METHODS  

 

3.1 Field work  

 

3.1.1 Geological methods 

 

Geological field observations of bedrock types, measurements of ice flow direction 

indicators and the attitude measurements of fracture zones were performed at 29 

exposures, in 16 different study sites around Kyläniemi in Lake Saimaa (Fig. 7). Field 

observations were carried out in June 2012 and August 2012. 

 

Geological observations made at bedrock exposures were: 1) definition of rock type, 2) 

strike and dip measurements of bedrock joints, 3) joint frequency measurements and 4) 

measurements of ice flow direction. Attitude of bedrock structures and ice flow 

direction were measured with geologic compass, Suunto GEO-5. The main joint set 

direction was defined as primary joint direction and other less dominating joint set 

directions were defined as secondary joint directions. The joint frequency and the size 

of the bedrock exposure were estimated by eye. The length of bedrock exposure was 

measured parallel to the shoreline and the width perpendicular to the shoreline. In 

addition, exposures were photographed, GPS-location recorded and samples taken from 

each exposure studied. 

 

Data and maps used in field work: 

- 1:20 000 digital topographic maps of (National land survey of Finland 2010) 

- 1:100 000 printed edition of the geological map of, Lappeenranta 3134 

(Geological Survey of Finland 1965) 

- 1:200 000 digital bedrock map (Geological Survey of Finland 2009) 

- Data of Quaternary deposits (sand and gravel) in study area (Geological survey 

of Finland 2012) 
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3.1.2 Geophysical methods 

 

In order to understand the internal structure of the bedrock and the nature of the glacial 

deposits, Ground Penetrating Radar (GPR) ïtechnique was used to examine bedrock 

and glaciofluvial deltas and ice marginal deposits in the study area. GPR ïtechnique is 

generally used to examine objects or interfaces in the sub-surface of the Earth (Maijala, 

1994). The method is based on transmitting short electromagnetic pulses into the 

medium and recording reflections caused by changes in dielectric properties of the 

medium (Maijala, 1994). 

 

In the present study an antenna was placed directly on bedrock surface and pulled by 

hand. The direction of pulling was either perpendicular or parallel to the primary joint 

direction in the bedrock. When glacial deposits were studied an antenna was pulled by 

car on roads or by hand off-road. Measurements triggering as well as distance 

measurements were done with a survey wheel. A GPS-device was used for identifying 

the individual GPR-lines.  

 

To examine bedrock structures MALÅ Geosciences shielded RAMAC antennas with 

100 MHz and 250 MHz frequencies were used. GPR-antennae used to examine glacial 

deposits were MALÅ Geosciences unshielded Ramac cable antenna (Rough Terrain 

Antenna, RTA) with 50 MHz frequency and MALÅ Geosciences shielded RAMAC 

antenna with 100 MHz frequency. MALÅ Geosciences Professional Explorer (ProEx) 

System was used as the main control unit.  

 

Velocity of a diffractive electromagnetic wave in the medium was assumed to be 0.1 

m/ns. This value is used for calculating the depth scale in GPR-figures in Appendix I. 

This assumption is thought to be valid for typical crystalline rocks in the area. Thus the 

dielectric permittivity (ắr) of the medium is: 

 

‐
 

ȟ
, where c is the velocity of light [m/s] and v is the velocity  

of electromagnetic wave [m/s] in the medium.  
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3.2 Data prosessing  

 

The structural data of joints (i.e. strike and directions of joint planes) were processed 

with Openstereo 0.1.2 devel ïprogramme. Joint observation were imported to the 

program in txt. ïformat. Orientations were plotted an Schmidôs net. On the stereonet 

pictures a point represents single observed joint direction (strike/dip). Plotted joint 

density (%) represents how many joints are in certain area.  

 

The GPR-data was processed with ReflexWin ïprogramme (version 6.0.9). Following 

processing steps were performed for all GPR-data:  

 

1) Removal of the constant offset in the amplitude and the low frequency signal 

trend, i.e. subtraction of a DC-shift and dewow filtering 

2) Signal amplification, with manual gaining 

3) Shifting the beginning of the signals to the top of the profile (0-axis), i.e., time 

zero correction 

4) Background removal, for removing horizontal features from the data 

 

In addition, GPR-line P1 was flipped along the x-axis (XFlipProfile) for better 

correlation with adjacent data. Topographic correction was performed only for GPR-

line P2 (Paskaluoto) since this was the only site where bedrock topography is uneven. 

Additional gain was applied to GPR-lines SM2, V1 and V4 because it was recognited 

that the antenna was not properly attached to the ground which caused blurred signal. 

 

In order to find out which reflections are relevant for interpretation, GPR-data was 

migrated using a single velocity value of 0.1 m/ns introduced earlier. Also in some 

occasions theoretical hyperbole fitting was applied to investigate the relevance of 

reflections (Fig. 6). Migration reduces irrelevant reflections seen as hyberbolas (Fig. 6) 

caused by single irregular objects in the medium. Migration tries to show diffractors 

true point-source location. Relevant reflections in the GPR data were outlined with 

color using image processing software Corel PaintShop X4. 
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Figure 6. An example showing the separation of relevant and irrelevants reflections of 

GPR-profile (line P2). X-axis shows the distance (metres) and Y-axis shows the depth 

(metres). 

 

 

3.3 GIS-methods and map interpretation 

 

GIS-methods were used in this work to 1) present the geological and geophysical field 

observations on maps, 2) indicate fracture zones, ice marginal deposits, esker systems 

and glaciofluvial deltas and 3) analyze the topography and locate glacial deposits in the 

study area. 

 

In order to present geological field observations and geophysical data on maps, 

databases were created by Excel ïprogramme and imported as XY-data to the Arc Map 

ïprogramme. The database of geological observations contains 1) location of bedrock 

exposure (x,y), 2) an average attitude of primary joint direction (strike/dip) and the 

secondary joint directions (strike/dip) when measured, 3) plane orientation of schistosity 

(strike/dip) and 4) the direction of the ice flow indicators  (the striation direction). The 

geophysical database contains location of GPR-lines (x,y). After adding the database to 

the Arc Map the GPR-data was digitized as shape files (polyline). GIS-methods were 

also used to measure 1) the shore gradient at bedrock exposures, 2) the length of 

fracture zones and eskers and 3) the distancies of fracture zones and eskers chains. 

 

The fracture zones in the study area were interpreted and digitized in Arc Map by using 

Digital Elevation Model (25 x 25 m) (The National Land Survey of Finland 2009), 

Laser Scanning data point cloud (The National Land Survey of Finland 2009) and 

topographic database (The National Land Survey of Finland 2010). Larger scale fracture 
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zones were interpreted and digitized in scale 1:150 000 ï 1:400 000. Small scale 

fracture zones were interpreted and digitized in scale 1:150 000 ï 1:20 000. 

Glaciofluvial esker chains, deltas and ice marginal landforms were interpreted from 

topographical maps (The National Land Survey of Finland 2010) and from Quaternary 

geology maps (The Geological Survey of Finland 2012). Esker chains discovered were 

digitized as shapefiles (polyline and polygons) with the Arc Map. 

 

In order to create a reconstruction of the topography of the study area contour lines (The 

National Land Survey of Finland 2010) were imported to Arc Map. Contour values 

were transformed to metres a.s.l. In water areas depth contours were transformed to 

metres above sea level by subtracting contour value from Lake Saimaa level (75.7 m 

a.s.l.). Contour lines from land and water areas were then merged by ñAppendò ïtool 

and this merged file was transformed to a raster file type. 
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4 RESULTS 

 

Detailed bedrock observations were conducted in 16 different study sites, mostly on 11 

islands around Kyläniemi (Fig. 7). Three exposures observed were 9 kilometres north 

from Kyläniemi (black box in fig. 7). All observations are presented in detail in 

Appendix I. 

 

 

Figure 7. Location of the bedrock exposures studied around Kyläniemi and 9 km 

north of Kyläniemi (black box). 

 

 

4.1 Observations of bedrock structures and their patterns 

 

Joint sets where observed at the bedrock exposures in the field. Main joint sets can be 

divided into four groups (Fig. 8). South of Kyläniemi the Main Joint Set I) is oriented 

northwest-southeast (Fig. 16) with either strikes of 300-335° and dips of 70-90° or with 

strikes of 125-145° and dips of 70-85°. Main Joint Set II) is visible in all sides of 
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Kyläniemi and this Main Joint Set II is oriented north-south (Fig. 16) with strikes of 10-

35° and 200-230° and dips of 70-85° and 25-80° or with strikes of 340-350° and dips 

of75-85°. Joint sets III and IV are minor joint sets but clearly visible in the north, west 

and south side of Kyläniemi (Fig. 16). Joint set III is oriented northeast-southwest (Fig. 

16) with strikes of 40-70° and dips of 75-90° or with a strike of 240° and dip 90°. Joint 

set IV is oriented east-west (Fig. 16) with strikes of 260-280° and dips of 70-85° or with 

strikes of 80-100° and dips of 65-85°.  

 

Joint frequencies in the main joint sets fluctuate from few centimetres to 10 metres (see 

Appendix II). Joints in the bedrock follow the general orientation of fractures in the 

Saimaa area. The main joint plane directions are presented as averages in Figure 16. The 

detailed observations of jointing at bedrock exposures are presented in Appendix I. The 

observations are presented in table form in Appendix II.  

 

 

Figure 8. All joint sets in the study area ploted on Schmidôs equal area lower 

hemisphere net as poles to planes. 
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4.2 Interpreted f racture zones in the study area 

 

The fracture zones in the study area were interpreted by using Digital Elevation Model 

(25 x 25 m) (The National Land Survey of Finland, 2009) (Fig. 10). The fracture zones 

can be clearly seen from the digital elevation model. The fracture zones are aligned 

along two main directions in the study area. The first main fracture zone set is aligned 

northwest-southeast. This fracture zone alignment is dominant in the southern part of 

the study area (Figs. 9 and 10).  

 

The second prominent fracture zone set is oriented west-east or southwest-northeast. 

This fracture zone alignment is best developed north of the Second Salpausselkä zone 

(Figs. 9 and 10). In addition to these two main fracture zones there is one north-south 

aligned minor fracture zone set which occurs in the northwestern, northeastern and 

southeastern part of the study area (Figs. 9 and 10). Bedrock fracture zones have 

maximum orientation in southeast, 130-140° (Fig. 11). Length of fracture zones is from 

few kilometres (Figs. 14 and 15) to few tens of kilometres (Figs. 9 and 10). 

 

Fracture zones in the study area follow the bedrock boundaries in some places (Figs. 14 

and 15). This is the case for example in the central part of the study area where fracture 

zones are aligned along gneiss and granodiorite. In the granite areas the direction of 

fracture zones are not related to bedrock boundaries or structural elements of bedrock 

units. Gneiss and granodiorite areas have more small scale bedrock fractures compared 

to granite areas (Figs. 14 and 15). Detailed description of joint sets in the bedrock 

exposures are presented in Appendix I and II. 

 

GPR studies of the joint patterns in the bedrock exposures show normally clear 

horizontal reflections that most probably indicate sheet joints (Fig. 12). For more 

detailed study of the GPR-profiles see Appendix I. 
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Figure 9. Interpreted large fracture zones in the study area. Bedrock is also indicated on 

the DEM map. (The Geological Survey of Finland 2009 and The National Land Survey 

of Finland 2009) 
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Figure 10. Large fracture zones in the study area. (The National Land Survey of Finland 

2009) 
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Figure 11. The trend of the bedrock fracture zones ploted on a rosediagram indicating 

the main fracture zone orientation NWW-SSE.  

 

 

 

Figure 12. A GPR-profile on Talsionsaari shows typical horizontal reflections  

which are most likely related to sheet joints.  

 

 

Figure 13. A GPR-profile on Paskaluoto bedrock exposure showing hyberbolic 

reflections related to subsurface joints.  
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Figure 14. The occurrence of the large and small scale bedrock fracture zones in the northern part of the study area related to bedrock types 

(The Geological Survey of Finland 2009).  
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Figure 15. The occurrence of the large and small scale bedrock fracture zones in the southern part of the study area and their relationship to 

the bedrock types. (The Geological Survey of Finland 2009) 
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4.3 Interpreted esker chains in the study area 

 

Longitudinal eskers form clear esker chains that run across the study area (Fig. 17). 

Longitudinal eskers terminate into glaciofluvial deltas and fan deltas along their path. In 

northern side of the Second Salpaselkä there is six clearly visible esker chains (Fig. 17). 

Close to the Second Salpausselkä there are several shorter eskers that end up to Ss II 

(Fig. 17).  In south side of Second Salpausselkä there is ten visible esker chains (Fig. 

17). 

 

Eskers follow the orientation of the bedrock fracture zones in northwestern and 

southwestern parts of the study area (Fig. 17). However, in the northeastern side of the 

Second Salpauselkä esker systems are not following the orientation of fracture zones, 

instead eskers run perpendicular to the main bedrock fracture zone orientation (Fig. 17). 

Also in the southeastern side of Ss II eskers follow the minor north-south orientation of 

the bedrock fracture zones and in the southwestern part of the study area eskers follow 

the main orientation of fracture zones (Fig. 17).  
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Figure 16. The average attitude of measured main joint plane directions in the study area.  

(The National Land Survey of Finland 2010) 
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Figure 17. A map of esker chains, eskers, deltas and ice marginal deltas and fracture zones in the study area.  

(The National Land Survey of Finland 2009) 
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5 CONCLUSIONS 

 

Bared on the orientation of 532 interpreted bedrock fracture zones in the study area, the 

bedrock fracture zones can be divided in three classes. The orientation of the main 

bedrock fracture zones are oriented 1) from northwest to southeast, 2) from west to east 

and 3) from north to south. The length of fracture zones range from few kilometres to 

few tens of kilometres. 

 

Bedrock joint sets studied around Kyläniemi mostly represent sheet joints. There are 

also wegde type jointing in some bedrock exposures (Appendix I). Overall, joint sets are 

steeply dipping and the main orientations of joint trends are 1) northwest-southeast, 2) 

northeast-southwest and 3) west-east (Fig. 16). 

 

The relationship between the direction of esker chains and bedrock fracture zones is 

clearly twotold. In southern side and northwestern side of the  Second Salpausselkä, 

eskers follow the orientation of fracture zones. However eskers do not follow the 

orientation of fracture zones in northeastern side of the Second Salpausselkä. 
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Appendix I ï Bedrock exposure observations from the study sites 
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Talsionsaari 

 

Talsionsaari is located south-east of Kyläniemi (Figure 1). Four exposures were studied on 

the western side of Talsionsaari and one (Exposure 5) in the southeastern part of the island 

(Figure 2). 

 

 

 

Figure 1. Location of Talsionsaari, south-east side of Kyläniemi. (The National Land 

Survey of Finland) 

 

Exposure 1 - Selkäniemi (6793925 N and 564635 E).  

Exposure 1 is 21 metres long and 24 metres wide. The shore is relatively steep where the 

bedrock arises 1.8 metres from the lake level in 10 metres distance. Bedrock is composed of 

pegmatite granite. There is one main joint set visible with a strike of 340° dipping 85° 

towards the west. The frequency of the joints is moderate, 0.5 m on average. The minor joint 

set in the exposure was also observed with a strike of 250° and dip 85° towards the south, 

joint frequency being moderate to low, 1 metre on average. 

 

Three different GPRïlines (lines TA1, TA2 and TA4) were investigated at Exposure 1 

(Figure 3). Lines were measured with 100 MHz antenna. Line TA1 is 20 metres long, line 

TA2 is 13 metres long and line TA4 is 11 metres long. Clear reflections were only gained 


