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ABSTRACT

The Kylaniemi area is situated in thal@ausselkd- Salpausselkdl end moraine zone.
Bedrock facturezonesareless wellstudiedin thestudy aredecause the area is mostly
under wate and bedrock is exposed only litie islands. Therimary aim ofthis work
wasto sudy bedrock of the study ardaedrockfracture zonesnd thé relationship to
esker chaing the study area. The work forms a part of Subjarki prejdth is a joint
research venture of the University of Oulu and POSIVA Oy

The wok has been carried out by geologic field work on bedrock exposures, Ground
Penetrating Radameasurement$§GPR) map interpretation and Gl®ethods. Map
interpretation of fracture zones and esker chains were carried out by using Digital
Elevation Model andLaser scanning data. In additiosand and gravel data of
Geological Survey of Finlang2012)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.

Obsenations on orientation of bedrock jointing can be divided in three classes:
northwestsoutheast, northeasbuthwest and westast orientation. Observations on
jointing are following the general orientation of fracture zones in the study area.
Jointing is nostly sheeting type, but in some exposures there is also wedge jointing
type. On the basis of GRReasurerants reflections indicatemogly sheeting joints, but
there arealso hyperbolic reflections that could be indicating wedge joint type.
Observations nae on bedrock surface could not be correlated to-GieRles because
joints are not extending very deep.

Fracture zones in the study arean be divided in three classes: northwssitheast,
westeast and nortisouth orientation. The length of fracture zones is from few metres in
exposures to few ten kilometres in regional scalskers follow the orientation of
fracture zones in southweahd northwest parts of the study arganortheastside of
Second Salpauselka eskers do not follow the orientation of fracture zones, instead
eskersrun perpendicular to fracture zones. In southeast side of Second Salpausselka
eskers follow the nortBouh orientationof fracture zones. Eskers seémfollow the
orientation of fracture zones only further of Second Salpauselka, in itsvesttand

south sides.
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TIIVISTELMA

Saimaan alueeruhjevydhykkeeivat huonosti tutkittuja, koska alue on enimmakseen
veden alla ja kallioperd on paljastunut vain pienilla saarilla. Taméan tyon tavoitteena on
ollut tutkia alueen kallioperdd ja ruhjevyohykkeitd seka niiden mahdollista yhteytta
Saimaan aluee harjujen kulkuun. Ty6 on toteutettu osana Subjprkiektia Oulun
yliopistoss. Tyon tilaajana on Posiva Oy.

Tyohon  kuului  geologista  kallioperakartoitusta  kalliopaljastumilla  seka
maatutkaluotausta. Lisaksi tehtiin Kkarttatulkintaa ja kaytettiin -@&etelmia.
Ruhjevydhykkeiden ja harjujen tulkintaan kaytettiin digitaalista korkeusmallia DEM
seka laserkeilausaineistoa. Lisaksi kaytettiieofdgian tutkimuskeskukselta (2012)
saatjia sora ja hiekkaaineksen arviointikarttoja sekd maanmittauslaitoksen
topografisia karttoja. Tulkinta tehtiin Arc Maghjelmalla.

Tutkimusalueen rakohavainnot voidaan jakaa karkeasti {kadkkosuuntaisiin,
koillinen-lounassuuntaisiin  sekda laAgsuuntaisiin. Rakohavainnot vastaavat
tutkimusatieen ruhjevyohykkeidersuuntaa. Tutkimusalueen rakoiluon laatta tai
kiilarakoilua. Maatutkaluotausaineistossa nakyy lahinna laattarakoilua, mutta
muutamilla paljastumilla rakoilu on hyperbolista, joka voisi mahdollisesti indikoida
kiilarakoilua. Pinnalla tehtyja havaintoja ei voida keloida maatutkaluotauksessa
nakyviin heijastuspintoihin, koskpinnalla tehdythavainnot eivat ulotu kallionpintaa
syvemmalle.

Tutkimusalueen ruhjevythykkeet voidaan jakaa suurpiirteisesti kolmeen luokkaan:
luoteiskaakkosuuntaiset, langisuuntaiset jpohjoisetelasuuntaiset ruhjevydhykkeet.
Ruhjeiden pituus on paljastumamittakaavan muutamien metrien pituisista raoista
alueellisen mittakaavan muutamiin kilometrien tai muutamien kymmenien kilometrien
pituisiin ruhjeisiin.

Harjut kulkevat ruhjevy6hykkden suunnassa tutkimusalueen loungiduoteisosissa.
Toisen Salpausséh koillispuolella harjut kulkevat ruhjevydhykkeita vastaan
kohtisuorassa.Toisen Salpauselakaakkoigpuolella harjut kulkevat suurpiirteisesti
ruhjeiden suunnassa noudattaen pokgbéddsuuntaista ruhjevydhykkeiden suuntaa.
Harjut nayttavat muk&van ruhjevyohykkeiden suuntamutta ndin tapahtuuvain
kauempana Salpausselkahytikeesta, toisen Salpausselan luet@ietelapuolella.

Asiasanat: mannerjaatikk6, GPR, haKkallioperan rakoilu
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1 INTRODUCTION

Bedrod fracture zone#n the Lake Saimaarea are less wetltudiedprobably because

the area is wstly under water and bedrockegposednly on smalislands The aim of

this work isto investigatehe type and pattern éfacture zones and esker chainshe
studyarea ando gain knowledge of their relationshiphe aim isalsoto investigate
minor bedrock stucturesusing surface observations a@tound Penetrating Rda
(GPR) The method used includes conventional geological mappng bedrock
exposure and remote sensing using Gitthods The work is a part of Subjarki
project funded by Posiva Oy and the University of Oulu wheeeaim is to investigate
subglacial hydrology and the behaviour of Lake District Ice Lobe in southeastern
Finland.

The stuwly area islocated in the Salpauselka zone, $fhland (Fig. 1) The
Scandinavian ke Sheet (SIS) covered Finland several times during Weicheselian
glaciationand itwas dividednto several ice lobeduring the last deglaciatiafiunkka

& Erikkila, 2012) The Lake District Ice Lobeliscussed hear locatén southeastern
Finland The Salpauselka zone formed at the enthefYounger Dryagl3 0007 11

300 years agayihen theice margin located in the Salpauselka area

The behavior othe Lake District Icd_obe at its marginal zone had a great impact on
bedrockerosionand sedimentatiopatternsduringthe lastdeglaciation. Thus erosional
bedrockforms and depositional landformadicate thathe Ice Sheet wawarm based
anda great number of meltwatéunnels existed beneath the ice. However, relatively
few studies has concentrated on mapping a detgilaldeo hydrology of the
Scandinavian Ice Sheahd the impaoof shear zones and joints on subglamaltwater
routes.There is only bedrock map 1:2000 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 abbledracture

zones in the study area.



2 STUDY AREA

2.1 Location and topography

Study area is located in Kylaniemn the Second Salpausselkéd entbraine (Sdll)

zone, southastern Finland (Fig. 1). Thetudy area extendsom the First Salpausselka
end moraine (Ss Bt Joutseno thieviskéto thenorth andfrom Taipalsaarin the west
to Puumalao thenorth (Fig. 1). Most of thdield observations oedrod& structures
were carried out onslands around Kylaniemiln addition three different bedrock
exposures were studied e north part of the study are&lacial deposits and
landforms were mostly investigated in the fighdthe Ss Il zone anth wesem and

soutkernpart of the study area.

Figure 1. Locatiorof the study arearound Kylaniemi where the main end
moraines Salpausselka | (Ss I) and Salpausselka Il (Ss Il) are also ind(Gé&ted.
National Land Survey of Finland 2010).



Topography of the area rangestween 42.5 180 metres above sea level (a.s.l.) (Fig.

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

(Fig. 2). Most of the westn and souttasern parts of the study area are eoed by

Lake Saimaa Thewaterlevel of Lake Saimaa is 75.7 metres aatlpresent and the
deepest part of the lake is 70 m in the study area. The attitude of delta plains in the
Salpausselka lénd moraine that runacross the study area froffme soutkwest tothe

northeast (Fig. 2) is approximately at 107 nesta.s.|.

Topography
m above sea level

- High - 180

- Low: 425

Depth contour

Study area

1:300 000

Figure 2. Topography of the study area. (The National Land Survey of FR0d:0d



2.2 Bedrock

Bedrock of the study area consisfsSvecofennian supracrustal rodksunded by ta
Archaean cratoto the rorth, the Rapakivi area to treuthwest anthe Central Finland
granitoid complex to theveg (Lehtinen et. all. 2005). &tk types in the stdy areaare

mainly biotite paragneiss, microline granite and granodiorite (Fig. 3). 1Smedunts of

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

presen{Fig. 3).

Svecofennian supracrustal rocks were fornmean island arsystem in @ntral Finland

prior to the collision of Archaean ands&ofenniantectonic plates (Lehtinen et. all.
2005) Supracrustal rocks of Saimaa area were predominantly metamorphosed in
amphibolitic and granulite facies duritige Svecofennian orogerga.1.891.86 Ga and
1.831.81 Gaago (Lehtinen et. all. 2005)In additionto Svecofennian metamorphic
rocks there are some vulcanites indicating volcanism before and duheg
Svecofennian orogeny. These vulcanites are intruded byidatgenic granites (1.84

1.80 Gaagog. Migmatiteswere formed when these volcanic and sedimentary rocks
partly melted.

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

area is undewater. Fracture zones are not marked in bedrock maps in scale 100®M00

and 1:200000.A bedrock mapscalel:100 000Qis available only fronthe southern and
eastern pastof the study area (Lappeenranta, mapsheet 3134, Imatra, mapsheet 4112

and Virmutjoki, mapsheet 4121).

In the northern part of the study area thgeneral attitudeof schistosity istrending
southwesinortheaswith planes dipping 30-75° towards the westn the eastern part of
the study area betwedRiihonlahti and Hauklapm@chistosity ofmica gneiss istriking
approximatelyeast (90) with planes dipping in nortpart50-70° towards the northin
central part 2810° towards the nortland in south part 680° towards the southin the
Syyspohja area schistosity granodiorite is weseast with planes dipping 5090°
towards the southn the southeast dgie of SdI schistosity isstriking northsouth.In the



south si@ of Kylaniemischistosity isstriking westeast withplanes dipping 6080°
towards the southn the southern part of the study arganeral attitude afchistosity in
mica gneiss and gradmrite is striking northwestsoutheast with planesipping 7680°

towards the east

Bedrock

[ ]2111113 Granite

[ 211111351 Rapakivi aranite

[57e] 211111352 Viborgite
211111354 Porphyric rapakivi granite
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[EET] 2111114 Granodiorite

|:|211111 42 Porphyritic granodiorite

[ 7] 2111115 Tonaiite
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[ 213521 Amphiboite

12135113 Quartz feldspar schist
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Figure 3. The edrockmapof the study areéblack box) The bedrock is mainly
composed of gneisand 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 landformsthe Second Salpausselka end moraine #dredFirst Salpausselka
end moraine run across the study area ftbmsouthwest tahe northeas(Fig. 4).

Glaciallandforms in the study area are drumlins, dinaids and hummocky moraines



and various kgciofluvial landformssuchas longitudinal eskerglaciofluvial deltas and
fan deltas.

The area in thenortheast side ofhe Second Salpausselk®s 1) is mainly barren
bedrock or bedrock covereanhly with thin sedimentcover (Fig. 4).To the north of the
Ss Il most ofthe glacial landformsre concentrated ithe area between Puumala and
the Ss 1l (Fig. 4).To the south of Ss Il @aternary depostare thicker than ithe
northernside ofthe Ss Il and bedrock is less exposedthearea between Ss Il and Ss |
glaciofluvial deposits are mainly concentrated to the soutlenwesart of the study area
and bedrock isarelyexposed there (Fig. 4prumlins and other landforms composed of

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

Study area
[ Bedrock outcrop

[ Bedrock

[ ] Cobbles and boulders
[ | Diamicton, usually il
| [ Coarse-grained sorted sediments
[ ] Fine-grained sorted sediments
PN [ ey

= [ cyttia
[ | Thick peat deposits

| [ ] water areas

1:300 000

0 5 10 20 Kilometers
| 1 1 1 | 1 |

Figure 4. Quaternargleposits in the study area. (The Geological Survey of Finland
201)
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3 MATERIAL AND METHODS

3.1 Fidd work

3.1.1Geological methods

Geologicalfield observations of bedrock types, measurements of ice flow direction
indicators and the attitude measurementsfratture zones were performed 29
exposures, in 16 different study sit@®und Kylaniemin Lake Saimaa (Fig7). Field

observations were carried out in Jund2@nd August 2012.

Geological observations made at bedrock exposures Wedefinition of rock type, 2)

strike and dip measurements of bedrock jgiB)goint frequencyneasuremds and 4)
measurements oice flow direction. Attitude of bedrock structuresand ice flow
direction were measured with geologic compass, Suunto -GEThe main joint set
direction was defined as primary joint direction and other less dominatiimg set
directions were defined as secondary joint directidiie jint frequency andhe size

of the bedrock exposure were estimated by eye. The length of bedrock exposure was
measured parallel to the shoreline ahe width perpendicular to the shoreline. In
addtion, exposures were photographed, @&&tion recorde@nd samples taken from

each exposure studied

Data and maps used in field work:
- 1:20 000 digal topographic maps ¢National land survey of Finland 2010)
- 1:100000 printed edition ofhe geologial map of Lappeenranta 3134
(Geological Survey dFinland1965
- 1:200 000 digital bedrock map (Geological Survey of Finland 2009)
- Data of Quaternary depositsand and gravel) in study area (Geological survey
of Finland 2012)
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3.1.2 Geophysical methods

In order to understand theternal structuref the bedrock anthe nature of the glacial
deposits, Ground Penetrating Radar (GP®thnique was used to examine bedrock
and glaciofluvial deltas and ice marginal depositthe study areaGPRi techniqwe is
generally used to examine objects or interfacdabarsubsurface othe Earth (Maijala,
1994). The nethod is based on transmitting short electromagnetic pulses into the
medium and recording reflections caused by changes in dielectric properties of t
medium(Maijala, 1994.

In the present study amt@nna was placed directly on bedrock surface and pulled by
hand. The direction of pufig was either perpendicular parallel to theprimary joint
direction inthe bedrock.When glacial deposits wer¢uslied anantenna was pulled by
car on roads or by hand afbad. Measurements triggering as well as distance
measurements were done wélsurvey wheelA GPSdevicewas used for identifying

the individual GPRines.

To examine bedrock structurd#ALA G eosciences shielded RAMAC antennas with
100 MHz and 250 MHz frequenciegere used. GPRntennaaised to examine glacial
deposits were MALA Geosciences unshielded Ramac cable antenna (Rough Terrain
Antenna, RTA) with 50 MHz frequency and MALA Geosciencelded RAMAC
antenna with 100 MHz frequency. MALA 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 calcugg the depth scale iGPRfiguresin Appendix |
This assumptions thought to be valid for typical crystalline rackn the areaThus the

dielectric permittivity(d,) of the medium is:

- — < where ds the velocity of light [m/s] and is the velocity

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

12



3.2Data prosessing

The structural data of joints (i.e. strike and directions of joint plawesg procesd
with Openstereo 0.1.2 devéprogranme Joint observationwvere imported to the
program in txt.i format. Orientations were plotted arc S mi n@t6Cn thestereonet
pictures a point represenssngle observed joint direction (strike/digplotted joint

density(%) represents how many joints anecertainarea

The GPRdata was processed with ReflexWiprogranme (version 6.0.9). Following

processing steps were performed for all GRiRa:

1) Removal of the constant offset in the amplitude and the low frequency signal
trend, i.e. subtraction of RC-shift and dewow filtering

2) Signal amplification, with manual gaining

3) Shifting the beginning of the signals to the top of the profitaxg), i.e., time
zero correction

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

In addition, GPRine P1 was flipped along the-axis (XFlipProfile) for better
correlation with adjacent datdopographic correction was performed only for GPR
line P2 (Paskaluotokince this was the only site where bedrock topography is uneven
Additional gain was ap@d to GPRlines SM2, V1 and V4 becausewas recognited
thattheantenna was not properly attached to the graumdh causedblurred signal.

In order to find out which reflections are relevant for interpretation, -G&R was
migrated using a single Meity value of 0.1 m/ns introduced earligklso in some
occasions theoretical hyperbole fitting wapplied to investigate the relevance of
reflections (Fig.6). Migration reduces irrelevant reflections seerngserbolas (Fig. 6)
caused bysingle irregular objects in the mediumigration tries to show diffractors
true pointsource location. Relevant reflections the GPR data were outlineglith

color using image processing software Corel PaintShop X4.
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Figure 6.An example showing thesparation ofrelevant and irrelevants reflections of
GPRyprofile (line P2).X-axis shows the distance (metres) andxX¥s shows the depth

(metres).

3.3GIS-methods and map interpretation

GIS-methods were used in this wak 1) presenthe geological ath geophysicafield
observation®©n maps 2) indicatefracture zones, ice marginal deposits, esker systems
and glaciofluvial deltas and 3) anagythe topographgnd locat glacial depositsn the

study area

In order to present geological fieldbservations and geophysical data on spap
databases were created by Exgalogrammeand imported as Xata tothe Arc Map

I programme The database of geological observations contains 1) location of bedrock
exposure (x,y), 2) an averaggtitude of primary joint direction (strike/dip) andhe
secondary joint directions (strike/dip) when measured, 3) plane orientation of schistosity
(strike/dip) and 4}he directionof theice flow indicators (the striation direction)The
geophysical datssecontains location of GPRnes (x,y). After adding the databatse

the Arc Map the GPRlata was digitized as shape files (polyline). @&i&hods were

also used to measur® the shore gradientit bedrock exposures, 2) the length of
fracture zones and eskeand 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 poiestoud (The National Land Survey of Finland 2009) and

topographic database (The National Land Survey of Finl@a0)2Larger scale fracture

14



zones were interpreted and digitized in scale 1:150 i0d0400 000. Small scale
fracture zones were interpreted damigitized in scale 1:150 000 1:20 00O.
Glaciofluvial esker chains, deltas and ice marginal landforms were intergretad
topographical maps (The National Land Survey of Finland 2010frand Quaternary
geology mapgThe Geological Survey of FinlarD12).Esker chainsdiscoveredvere
digitized as shapefiles (polyke and polygons) with th&rc 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 Mapntour 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. | .). Contour |lines from | ampaenidoold wat

and this merged file was trsfiormed to a raster file type.

15



4 RESULTS

Detailedbedrockobservations wereonductedn 16 different study sitesnostly on11
islands around Kylaniemi (Figl). Three exposuresbservedwvere 9 kilometres north
from Kylaniemi (black boxin fig. 7). All observations are presentad detail in

Appendix |

Figure7. Location ofthe bedrockexposurestudied around Kylaniemand 9 km
north ofKylaniemi (black box).

4.1 Observationsof bedrock structures andtheir patterns

Joint sets where observatl the bedrock exposures in the fieldain joint sets can be
divided into four groupgFig. 8). Southof Kyl&niemithe Main Joint Set)lis oriented
northwestsoutheas{Fig. 16) with eitherstrikes of 300-335° arm dips of 70-90° or with
strikes of 125145° and dip of 70-85°. Main Joint Set )l is visible in all sides of

16



Kylaniemi andthis Main Joint Set Il iorientednorth-south(Fig. 16) with strikes of 10-
35°and200-230° and dips of 70-85° and 25-80° or with strikes of 340-350° and dip
of75-85°. Joint sets Ill and Nare minor joint sets but clearly visible tine north, west
and south side of Kylanien(Fig. 16. Joint set Illis orientednortheastsouthwest (Fig.
16) with strikes of 40-70° and dig of 75-90° or with a strike of 240° and dip 90°. Joint
sd IV is orientedeastwest (Fig. 16)with strikes of 260-280° and dip of 7G85° or with
strikes of 80-100° and dig of 65-85°.

Jointfrequencies ithe main joint setdluctuate from few cetimetres to 10netres(see
Appendix Il). Joints inthe bedrock follow the general orientation of fractureshe
Saimaa ared he main joint plane directiomare presented as averagesigufe 16. The
detailed observations of jointing laédrock expasres are presentea Appendix | The

observations are presentedtable form in Appendix Il

e  [Plrh)])oints_all.txt (poles to planes) n=123

Density
11.32 Poles to Planes
10.06 [P{rh)] Joints_all.txt
8.80 Maximum density: 11.3 %
754 at 150.0/7.4 (pole)
: 330.0/82.6 (plane)
6.29
503 Grid detail: Low
377 Counting method:
251 Fisher Distribution

126
0.00

Equal-area
Lower hemisphere

Figure8. All joint sets in the study argal ot ed on Schmi dés equa
hemisphere net as poles to planes
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4.2Interpreted fracture zones in the study area

The fracture zonef the study areavere interpreted by using Digital Elevation Model
(25 x 25 n) (The National Land Survey of Finland009)(Fig. 10).The fracture zones
can beclearly seenfrom the digital elevation modeThe fracture zones are aligned
along two main directions in the study ar&e frst main fracture zone set is aligned
northwestsoutheastThis fracture zone alignment is dominant in the southern part of
the study areéFigs. 9 and 10.

The secondprominent fracture zone set is orientwdsteast or southwestortheast
This fracture zone alignment is best developed nortthe@Second Salpausselkd zone
(Figs. 9 and 10. In additionto thesetwo main fracture zonethere is onenorth-south
aligned nmnor fracture zone sewhich occursin the northwesern, northeastrn and
southeatern part of the study area (g9 and 10. Bedrock facture zones have
maximum orientation isoutheast, 13040° (Fig.11). Length of fracture zones is from

few kilometres (Figs. 14 and 15) to few tenof klometres (Fig. 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 @ned 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 grante areas (Figs. 14 and 15). Detailecsagtion of joint sets in thebedrock

exposuresire presentech Appendix | and Il.
GPR studies of the joint patterns in the bedrock exposures show normally clear

horizontal reflections that most probably indicateeet joints (Fig. 12). For more
detailed study of the GRprofiles see Appendix I.
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Figure 9.Interpreted &rge fracture zoneas the study area. Bedrock is also indicated on
the DEM map(The Geological Survey of Finland 2009 and Neional Land Survey
of Finland 2009)
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Figurel0. Large fracture zones in the study area. (The National Land Survey of Finland
2009)
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Figure11l The trend of the bedrockdacture zoneploted on a rosediagram indicating

the main fracture zone oriation NWWSSE.

[

Figure 12. A GPRprofile on Talsionsaari shows typical horizontal reflections
which are most likely related to sheet joints.

[T ———

Figure 13. A GPRorofile on Paskaluoto bedrock exposure showing hyberbolic
reflections related to subsurface joints.
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Figure M. The occurrence of thailge and sniascale bedrockracture zones the nortlernpart of the study are@lated to bedrock types
(The Geological Survey of Finland 2009).
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Figure B. The occurrence of thailge and snibscale bedrock fracture zonegsthe soutkrn part of the study area and their relationship to
the bedrock typegThe Geological Survey of Finland 2009)
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4.3 Interpreted esker dainsin 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 theitrpath.
northernside ofthe Secand Salpaselkéhere is six clearly visiblesker chaingFig. 17)

Close to theSecond Salpausselkéa there are several shorter eskers that end up to Ss |l
(Fig. 17). In south side of Second Salpausselkéa there is ten visible esker chains (Fig.

17).

Eskers follow theorientaion of the bedrock fracture zones in northwestenmd
southwestrn parss of the study area (Fig. 1lowever, in the artheasern side ofthe
Second Salpauselkéa esker systems are not followmgrtbntation of fracture zones
insteadeskers rurperpendicular tahe mainbedrockfracture zone orientation (Fig. 17).
Also in the soutteasernside of Ss Il eskers follow the minor noghuth orientation of
the bedrocKracture zonegand inthe southwestrn part of the study area eskers follow

the mainorientation of fracture zongkig. 17).
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Figure 3. The averageattitudeof measured main joint plane directions in the study area.
(The National Land Survey of Finland 2010)
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Figurel7. A map of esker chainsgskersgdeltas and ice marginal dedtand fracture zones in the study area.
(The National Land Survey of Finland 2009)
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5 CONCLUSIONS

Bared on the orientation of 53&erpreted bedrockdcture zones the study area, the
bedrock fracture zonesan be divided in three class@he orientation ofthe main
bedrock fracture zoneweoriented 1)Yrom northwest to southeag) from west b east
and 3)from north to sout. Thelength of fracture zones ramgrom few kilometres to

few ters ofkilometres.

Bedrockjoint sets studied around Kylaniemi mostly represent sheet jdihexe are
also wegde type jointing in st bedrock exposures (Appendjx@verall, joint setare
steeply dipping and the main orientations of joint trendsLlarerthwestsoutheast?)

northeassouthwest an@) westeast (Fig. 16).

The relationship between the direction of esker chains and bedrock fracture zones is
clearly twotold. h soutlern side and northwestn side ofthe Second Salpausselka
eskers follow the orientation of fracture zonékwever skers do not follow the

orientation of fracture zones in northeastside ofthe Second Salpausselka.
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Appendix | T Bedrock exposure observations from the study sites

30



Talsionsaari

Talsionsaari is located soudiast of Kylaniemi (Figure 1). Four exposures wsrelied on
the western side ofalsionsaarand one (Exposure 5) in the southeastpart of the island

(Figure 2.

Figure 1. Location of alsionsaarisoutheastsideof Kylaniemi. (The National Land
Survey of Finland)

Exposure t Selkaniemi (6793925 N and 564635 E).

Exposure 1 is 21 metrdsng 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 he 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 GPRines (lines TAl, TA2 and TA4jere investigated at Exposure 1
(Figure 3) Lines were measured with 100 MHz antenna. Line TALl is 20 metres long, line

TAZ2 is 13 metres long and line TA4 is 11 metres long. Clear reflections were only gained
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