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Retrieving of surface and body wse
recorded during XSodEX expe

N. At Bni Kozllo¥skKgnrj aTaiPjem$tildail ®BorBoske

OQulu Mining School, Faculty of Technology, U
Geol ogical Survey of Finland
STU Bergakade miGe r faaiyb € TJBAF)

Emainlicki ta. afonin@oul u. fi

In this article, we describe the first results of p
experiment. Applicatifomeofi edvagcé&dptechbnl gGeeens Ful
surface and body waves from ambient seismic noise.

Keywoambi ent sepag™icvenosesiesmsar i acer hedo mhetdr
retrieving

1l ntroducti on

At presentmi cpamesti vedseofs applied geophysics
met hods are very good tool for solution of n
properties ofsurriacreodlyeirs nmsameeded (micros
mi croearthquakes sources study etc.) I n som
object or other areas with high |l evel of sei
is the dhllayceopandnM&hemliyi 2e0tl 550 1$hi rzad and S
Vidal et al , 2014 ,1 rPatnleias edt wdy,, wWe 1dde s certich
of ambi ent noi se recorded durin XSodEx sei
waves from t hoen moilse tiisngb aadfedl | records to

waves only and calculation of crosscorrel atd.i
of data processing h\Wisd dle eetatnRle.a r@Z @bdmaivor k 8

2. Description of the passive seismic exper.
For extraction of surface and body waves fr
passive seismic data recorded since 21.08. 2(
500 Hz alowm@§ the apr okeinigéh of about 9BD m wit
The equi pment DSWASMEME&M do f6 0BHEI SBI ¢ sensor s

autonomous RAUD eX data acquisiTheoprohite e
near arnaddads ver, which may be sources of cont.
For evalwuation of surface and body wave par:
used the proceHBanea et&slewtel badlddd ). hm of t he

i nclsupdeecst r al whitening of seismic noise reco
1 minutes | ength, calcul ation of Crosscorrtr e
calcul ated crosscorrelation furodt isoenpsartaadad olm
apparent velocity, which must be higher for

Af ter visual i nspecti on, time windows have

body waves or both surface and body waivoenss. A
separately for these records and stacked co
virtual source (figure 1).
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< ST 'Ii: Ml ¢

Distance (m)

Distance (m) Distance (m)

Fi gu.tEempl ri cal Greens functions with both su
i fferent posicteisorfsnaocfk edi btyudalhesowerd st ars).

i cation of t
tions of Vi

can see on figure I
[
Yy elavaes and su

ne 1,
vV e sour ces, |l ocated on
el ograms, nhermref laegect eackf

As o p
acti S
corr

3. Conclusi ons
I

n present study, we showed the first result
processing. This procedure includes vVvisual [
fohorst time records of seismic noise. It ma
waves parts of empirical Greens functions. |
seismic noise have inhomogeneousdediosft rprbouftiil
gener al . But principles of seismic interfero
change position of wvirtual source and, there
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Analysis of magnetotelluric arra
Lapl atnedct oni c I mplications
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Tectonic implications of recent magnetotell umhe csiitnees
array covers the Central Lapland Granitoid Complex an
Bel t and the Kuusamo Belt. Thus, the study area is
Fennoscandi acnt isnhgi etlhde. cRoeniplleex tectonic history, the d
requi r-cismemsie@enal conductivity model s for expltareatdi on
is evident in strike indhewsd omaj oPrefestreld ¢covaduct @oms
The model i s gene¥rMltirye ncdo nopbl seexr,v ebdu ti nt teheE data i s ref
cause for the conductors are deeprdtys.buThedr ggg walpthsd tfed
model where extension and compression i+ theeatéeanhas

KeywoFdsnoscandia, magnetotelluric, conduct.
1. Background

The centraldF({ming sh. )Laipd alnocated in the Arch;
The area has been heavily reworked in the Pa
are now | ooking at the Central Lapland Gr an
Lapl and Greenstone It (CLGB), the Per2pohj
crust outcrops in the south (Pudas|
s the Pal aeoproterozoic units.

e cont epxaj eocft t(hCh eMaeScaa ova et al ., y
telluric (MT) sites were acquired in
O s) and the site spacing (~15 km) al
t monsdpheric scales. One of the main go:
ucture and the tectonic evolution of
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e r d
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f-Dt bef sttdy °E@Arteraeanmmb aispl Bables «
ators (the phase tensor
d2t aodet MudskEM.g Ndtee 3t hat dat
tions have been i ded in the a
dtyr iEKi ng crustal co tors in the v
PB haen dmoKsBt) .nolt abl e ¢ ctor is found
d thecClLESBalatdenptdh. as compl ex ge
0O S). Also in the south major cfrust al
and the CLGC. However, the exact nat
unstable inversion results. Mo st par
arating the northern and the southern con
Th conduentormostplrielsel y graphite/ sul phid
abundant -sar ftéheee.nelarey wer e originally depo
extensi onal stage and subsequently deeply bu
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Magnetotelluric measurements
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Gealogy
X [ volcano sedimentary belts (2.5 1.77 Ga)
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[ Archean rocks
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Fi gur e
ion map. a) Magnetotelluric sites
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rectangle encircles the extents of the
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Reconciling the kin&m&tvel omp o1yt d
the Sout hwirtic Alnel@ sanal ogue exp

Jan Ol ivelranHi ¥Yemmamn Ril |l er

Wni veHasmh #mg,toftewtleogy, Hamburg, Ger many
Emai |l : Jaeen.s@irimhearmi@ung . de

Keywordshosphere, crust

llntroduction

With a | ength of aWduwytuilF@@I|IKm,Zotntee (LIOFWEZi) T e r
Vol canic Zone (SAVZ) ramd&ksf aumlothgz drmes | @as geant:
generally believed to have formed in a trans
t he Nazca Plate bel otmet L&OFZo utsh cAmaenoind ayn r Riga:
di pping, narrow dextral-tf auwldil iznoenaemecnotnsp ocsoendn e
a numbeovef $&thapts.

20bj ective
West of ,GR& EBEODOKZsate -diinridgdotremd NMEel oci ti es on
centi metresndperatiyegr t hat t he nl at e
interface i s(FiugEash)t bfsw 7
LOFBPS8elocities dimin
millimetresweat ry®atec|
At 36AS, GPS vectHorsc |
SEli rect ed Fviegl.beli)o.b@RBS
vel ocihas fhednd as s ofcec
of sessmic mantle rel
Val di vi a (Marrdrhag ueatk ea |

Nazca

e 1960

i cates
LOF Z,

Te GPS velocity fielc¢«
strong spati al corrne
particiut@ar natt heTrhu hte
vel ofciietlyd s ®@eefme ki nem
deformation a stshoec i alt |
Specifically, west of
l inear with the obligq
i ndeacnatab sckefcer watr it o b n
this area. By Wedhd g tas
velocity gradient at /
| arge component aqgbhulds
t ocansi deéroabhleemi ng on

t o

i es ar
vergen

: | - Chile-Perutrench
Bo;gndar}/_ of neotectonic
deformation

: ‘ == Lineaments of the LOFZ

- -+ Subducting Nazca slab 0 t on |

II,/: 1 : A Active volcanic centers
Fi gdGesS veloicn'ttyh(t
SAVZ. Note | arge

vectors atLOtF&s doe

by Iineaments.

3Met hod

I n order to test, to what extenttohteh&PISON2]
conducted a series of MunlatlioByolxe cehx pvarsi m@mrics f u
to simulate transpression. The box consi sts
whereby one halve is mofbiided ammde nmoareas! Ireell attc
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thereby inducing a velocity discontinuity.
generated by varying the displacement rates
Si ze MUl ttihBeo xxmxX 8 0n) guarantees high accurac
compuebetrolled system is a prerequisite for

OQur experi mentthse aatek rsechganl eesds etso of undef or med
Experd memntsi st of a 3 ecnortumideukm Ima yxetru roef sa nsuil
| ower cau@smytaindk | ayer o #Coquulaorntbz rshaenod owgiyt hf ¢
upper <crust. Each horizont al plpaitset am itsh ef isthtag
Tleshease @drartyesa portion of t he spsviemu laaytuisngga b i
bl ooakhsl avoid | ocalizat n ocfm dnel fdoer naarteiao nb eattw
shaped pistons, etacwhkd met e heladbaaslsi 71d atteh @
mount aineraxpger i-uipaht aw obr evenly distribut
spontaneous upper crus n vdeer fga nnigd ta il & e fuigpre K& n d
inctudestrengtigugradagmamwdi oht pertrays the i
sl ab dips on the strength of the crust.

atio
Bdchr
aWws s g
t al
w
4 Quantitative assessment

Two cameras record the sur flatciel iewiatghber ont3adtue
di gital i mage correlation system, individual
can be quantified with high agccsuvahyasMseteav

and roafatilbe, measured vectos fTnebdtpeowitdals
mor phol ogi c aclr uesvto luuntdiaonng poafe g si on

5Resul ts
We o0 Db sa rovheadn goer iiemnt a
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The relationship between Structural Geology, Anistropy of
Magnetic Susceptibility (AMS) and X-ray Computed Tomography
(u-CT) in high-grade metamorphicrocks in SW Finland

J.ngEs thr °An '&Kmd edil Kuva

Geol ogical SwPr. WOe y Bofx Biénl &@dRd,51 Espoo Finlar
E-maijloon. engstrom@gt k. fi

Ani sotr opys wdc engtgirMeSt)li idtays proven to be an excellent to
ma g ma afnldowef or mati on of rocks. The magnetic anisotro
grains and their Stsrpuacttiuvarla |l a rgreaonlgoegnecnaett.t uagaly i acgodmp mit e d
tomog(OCpisganning togetkar uwilhzAMSahas woeresearch sit
in SW Flihrel asntadudy i ndicates that the magnetic l|lineati ol
the metamorphic fabrics. -§hane&MSnodrapthkiscmata s tihebdsttindy he
Ul i neathloameartd on within twhei cnme tgainvoersp hn ecw nii mfearramhast i on
hi story of the areas.

KeywoAudisstropy SafscMapg A MKl e@dpyynp ufoend gr a-giy , ( o]
highade U bokatbil o mearnd on

1.l ntroducti on
Profound insights in understanding the structural evolution are important in several
economic aspectespecially civil engineering and the mining indus8yructural geology is
importantfor understanding the tectonic ductile deformation in metamorphic eacksface but
also deeperin the crust Ductile deformationlineation and foliatiohis traditionally defined
through structural geological studies performedcaiies ranging froroutcrop to microscopic
Through these studies it is possible to define the symgétrred orientatio(SPO)of minerals
such as foliation planes, fold axis and mineral lineation

In nature however, majority of deformed rocks do not devettgarminenal lineation, and
some deformechetamorphic rockdo notevendevelop weHldefined foliationplanes. Combined
use of modern techniques and traditional methods allows us to do a more detailed analysis of
these structural metamorphic featu®lS has beem very usefultool in the fabric analysis of
such deformed rocks and there have been several studies that have equated the three principal
axes of the AMS ellipsoid (K1>K2>K3) with the three principal axes of the strain ellipsoid (X >
Y > Z) (Tarling and Hrouda, 1994 Borradaile andHenry, 1997; Ferré et al., 2018:-r a y
computed toQipbgraphy €0Ocellent tool for evalu
3D at di fferent sKMSaa©OCTiGombi @e@d jurseo toifve t
undteamdi ng compl ex SRIOsr o$t Srawaem re)s Bhdul &7 st
their deformation history and geol ogi cal evo

2. Study and met hods

Structur al gebhbobgi salktamsapVpSh o g pwist®®Thas been
uti laitzedvo research sites (Ol kiTlhueo tOd ka n du oKk yon s
been studied as al svdle Nwal ¢ dre Wa sntna ,s hwhii lgeh t

is major ductile crustal shémrthzenteedcthani d s
Sout her nBortim| faintdes ar e-gr adamehidi bwiltihtien tho gdr &
met agranitoids and migmatic rocks. Even thou
structur al geol ogy OV &nilaot ei gnitfei ciasnt d g mi nlrah
di atexitic rocks, which are intensively fol
Kynsi kangas is dominated by metatonalitic tc

has pervasitwel yr oxfkfsectwehdi ch are dominated b
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|l i neati ons vaithIeft | ater al shear in the ho
with AMS andCiTmaged with

3. Results and Discussion

The study 1t hdi maligiereetaithiaocn and f ol i ation can
within the metamor pholot dfiarbah € sghri adhee miMSmad ai tt
Ol ki luotpoedomibwanehyi on within thdhmet amemps!
fol ded miogrkatiint iOd ki | uot o | acks stretching |
throughout the shltiene)cdtoinare nt ae i fomlsd caxinc i (de

mi ner al direction, It 1 s appamensammlaegs tdree |
paral |l el to the fold axis orientation. Ho we
magnetic |ineation, whichUUi s$ngatndodnseudr e¢d itrh et
The centr al part bée sheaKymenkamgadidpttiyi n
mi nerals measured by AMS, thus indicating th
These structur al feat ur esi mtreer nianhg o it ragchia ufi oer
evol wttihen sheTarebDzmages OE€Dsnc atnise confirmed t he
mi nerals and gave evescmbeestdetuuaitusadbbdbetatuh
the geol ogical interpretation anevgiuvesonedwu
the | atter part of Svecofennian Orogen.

4. Concl usi on

Our study concludes th&ti neatddanintcambc Smoe d ol |
field can be defined with AMS -esftfuiddieesnt Tarec
me arseume nt technique t o acqui rOCTiagdddiani oenxacle | :
compl eme nd egtyr, ucntoinve method to study the sali

structur al geol ogical features canmperdaficre

of thorough structurrailocgetaolya quigc aolAtM Si wedsat e geact

especially for complex structur al domai ns.
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KOSEKoi I I'i smaa Seismix Explor.
Details and first resul t

G. Gislasoh S. Heinoneh J. Konnunahb K. Moisic?, J. NevalainehandH. Salmirinné

Geol ogi cal Survey o002Ebblogsg, nP.ad.d Box 96, F

OQul u Mining School, University of Oulu, C

Emai |l : gardar. gislason@gtk. fi
We ac @i rseed smi c r eflllacstmaan dadtnd aind Kmni April, 2018. T
spanned 8.5 km sei swmi dulriicrel @cravsd yamagmlenhoc anomaly,
and the eastern N2ra&apnk2vaara intrusion, within the K¢

was to estimate the depth and diyp dhetbheigebkbcodatal wha
wireless receivers with 20 m spacing and a dynamite s
heavily varying traveltisgsnesf ade adg racietniton g dsreassht absnet N
characteristics ofsttadek opwred baug deech . d dtna tthreempe eare cl ea
future processing efforts.

Keywords: seismic reflendtticomal pioliisimama@a, ,uppe

1. Il ntmoductio

Presentlya significant part of thenineral resources of the European Un®iocated in Finland,

within the Fennoscandian shield. Throughout its history, GTK has evaluated ore potential related
to orthomagmatic NCu-PGECo and V{Ti-Fe-Cr deposits aass the country. As a part of this
activity, ,GiokwideNi-CuwComamerdl potential project (20418) is focused

on poorly explored areas and produces new geodata from prospective areas using modern
exploration methods as deep penetratjagphysical surveys (e.g., seismiethods$.

ROVANIEMI

KUUSAMO

|

PUDASJARVI

ouLU

OULAINEN
KAJAANI KUHMO

NIVALA

.Magnetic (top) and Bouguer anomaly (|
k

are | ow and high values, r-88peéeot a3
teecr Alraen dr stmhdes mi e s1nnr vedrad bk neer a\f wihtnhwn-
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Many 2.45 to 2.5 Ga mafigltramafic layered intrusions in Finland host significant PGE
Ni-Cu and \fTi-Fe-V deposits such as Suhanko, Koillismaa, Koitelainen and Akanyijara
et al. 2015)Based ortheore potential of these intrusions, GTK has carrieca@atismic survey
in the Koillismaa aredocatedn north-eastern Finlandgiround 100 km south of the Arctic Circle.

It belongs to a discontinuous layered intrusion,kabut 300 km in lengthwhich begins in
Tornio and continues eastwards via Penikat and Koillismaa to Naréankavaara and from there into
Russia.

A seismc survey was carried out across. 50 km long and ca. 5 km wide gravéyd
magneticanomaly between theesternintrusions and the stern Narankavaara intrusiaithin
theKoillismaa Layered Intrusion Complékigure 1). Based on speculation around the anomaly,
it is thought to bean Archean greenstone belt or a feeder channel for Koillismaa layered
intrusions.Reflection seismics isxpected to shed light in to the nature of the anomaly source.

Previous interpretations of the Bouguer gravity anomalies suggest a dyke intrusion of about
2.57 4 km width and a depth to the top part arourid 2 km. Koillismaa Seismic Exploration
(KOSE) suvey was aimed testimatehe depthand dip of this hypothesisetyke intrusion.

. Survey and data acquisition

e KOSE 2D seismic refl &ctwiookiichhgd ra dyesr 20 1a&.q
rvey was a coll abor atiiderd bmeathmpdeveer GEK S mwah i
y namiatned) Oul u Mi ni ng rScched dvlie,g swlei 2ha ) plracewdi dral
receivers used in the KOSEWstuthvaycwenbeée nat i el
receivers and 35t3dCadeodi VOpmsptmrdviems cqaar avi
was WeeddrCtaeachd 3C stations toget hteor acamiae vger
even distribution of the geophones. Wi th 10
eacbl |l wabynaoéwatse.as ed asmdirwe actgat ale djoaft hledr7s s
withuace e@dcanngng. Zahlomg E@ach source point v
approxi mat eBley a2utsheisdodégpt vheir m gteh e acreei av,e re a cohc artei
dug on the side of the road, with help of an

2
:
s
(

FigdagVirel ess geophone and its data | ogger u
wa s3-11-3-1-1-3-1-1-3-1-3-1-1-3-1-3 b Heavy snow was in the area
used to dig for geophone | ocations.

The Sercel Unite receivers r i re a conn

equ
internal c¢clock and acquire the GBS toogdiemanmn
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expl osi ons, we used Seismic Source Boom Box
Wi reless receivers were recording continuous
to the basecamp every ewearmriercg fdart ad avti an dlhoawr we
the receivers by using the GPS time measured

3. Data processing

The raw data &b gtuaerdtiaigasl) | r shotwreaks. Wi th 20
sudden del ay ornt dadwarece agfhvagdkhaynend caeli ooai DY
in the subamefwcen.Wahhe rowarthuumademndrcdm oales
contributi reg nfoaxd ti mre at Titnteh vded | atyismecsaused by

var i ameigohnast t he | ater arrivals, such as refl e
wi || not stack coherently even i f velocity

static corrections play craumaalseiodmi ad nr dfhlee
Fi gbRaw wi ggbbkeé#py owi tonf a) AGC applied

The plot goes from 0 to 300 ms TWT.

The first step of the data processing i s f
the subsurface velocity variation is creat e
according to thre piomkpead ifsiorns tb earweieval s and ¢
mo d e | a Arde csed wrecre | roefart a otnisa n Tdsti atsi ecds taon ad eylsii w
shifts that are required to correct the dat a
shot gather before and after static correctdi

I n Figure 4, the first 1000 ms TWT of shot
data are completely overwhel med by | ow frequ
bandpass 4R 7-&r Haf, 40 r wave mute, spiking dec



