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PREFACE 
 
The Finnish National committee of the International Lithosphere Programme (ILP) 

organises every second year the LITHOSPHERE symposium, which provides a 

forum for lithosphere researchers to present results and reviews as well as to inspire 

interdisciplinary discussions. The tenth symposium  - LITHOSPHERE 2018 ï 

comprises 39 presentations. The extended abstracts (in this volume) provide a good 

overview on current research on structure and processes of solid Earth.  

 

The three-day symposium is hosted by the University of Oulu and it will take place 

on the Linnanmaa campus in Oulu in November 14-16, 2018. The participants will 

present their results in oral and poster sessions. Posters prepared by graduate and 

postgraduate students will be evaluated and the best one will be awarded. The invited 

talk is given by Prof. Ulrich Riller (Universitªt Hamburg, Institut f¿r Geologie).  

 

This special volume ñLITHOSPHERE 2018ò contains the programme and extended 

abstracts of the symposium in alphabetical order. 

 

 

Helsinki, October 31, 2018 

 

Ilmo Kukkonen, Suvi Heinonen, Hanna Silvennoinen, Fredrik Karell, Elena 

Kozlovskaya, Arto Luttinen, Kaisa Nikkilª, Vesa Nykªnen, Markku Poutanen, 

Pietari Skyttª, Eija Tanskanen, Timo Tiira and Kati Oinonen 

 

 

Lithosphere 2018 Organizing Committee 
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Retrieving of surface and body waves from ambient seismic noise, 

recorded during XSodEX experiment 
 

N. Afonin1, E. Kozlovskaya 1,2, J. Karjalainen1, T. Pirttisalo 1, S. Heinonen 2, S. Buske 3 

 

1Oulu Mining School, Faculty of Technology, University of Oulu, Finland 
2 Geological Survey of Finland 

3 TU Bergakademie Freiberg , Germany (TUBAF) 
 

E-mail: nikita.afonin@oulu.fi 

 

In this article, we describe the first results of passive seismic data analysis, collected during XSodEX seismic 

experiment. Application of advanced technique of retrieving Empirical Greens Functions allowed to extract both 

surface and body waves from ambient seismic noise. 

 

Keywords: ambient seismic noise, passive seismic interferometry, surface and body waves 

retrieving 

 

1. Introduction 

At present, passive seismic methods of applied geophysics are rapidly developing. These 

methods are very good tool for solution of many applied tasks, where information about elastic 

properties of the rocks in near-surface layers is needed (microseismic zonation, groundwater and 

microearthquakes sources study etc.). In some situations, such as measuring near active industrial 

object or other areas with high level of seismic noise, application of passive seismic techniques 

is the only option (Place and Malemhir, 2015, Cheng et al., 2015; Shirzad and Shomali, 2014; 

Vidal et al., 2014, Panea et al., 2014, etc.). In this study, we described the first results of analysis 

of ambient noise recorded during XSodEx seismic experiment. Retrieving surface and body 

waves from the noise is based on splitting of all records to time windows with surface or body 

waves only and calculation of crosscorrelation function separately for these parts. The main idea 

of data processing has been taken from works by Vidal et al. (2014) and Panea et al. (2014). 

  

2. Description of the passive seismic experiment 
For extraction of surface and body waves from ambient seismic noise, we used continuous 

passive seismic data recorded since 21.08.2017 to 23.08.2017 with the sampling frequency of 

500 Hz along the profile of total length of about 950 m with intersensor spaces about 10-15 m. 

The equipment consisted of 38 DSU-SA 3C MEMS and 60 1C SG-5 seismic sensors with the 

autonomous RAUD eX data acquisition units produced by Sercel Ltd. The profile was located 

near roads and river, which may be sources of continuous seismic noise.  

For evaluation of surface and body wave parts of empirical Greens functions, we particularly 

used the procedure, described on Panea et al. (2014). The algorithm of the data processing 

includes spectral whitening of seismic noise records, splitting of all records to time windows of 

1 minutes length, calculation of crosscorrelation functions. After this visual inspection of 

calculated crosscorrelation functions had been apllied. The main criteria of separation were 

apparent velocity, which must be higher for body waves. 

After visual inspection, time windows have been merged into two new records contained only 

body waves or both surface and body waves. After this, we calculated crosscorrelation functions 

separately for these records and stacked correspondent functions for different locations of a 

virtual source (figure 1). 

mailto:nikita.afonin@oulu.fi
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Figure 1. Empirical Greens functions with both surface and body waves parts, calculated for 

different positions of virtual sources (marked by the red stars). 

 

As one can see on figure 1, application of this procedure, allowed to get signals as generated by 

active sources, located on positions of virtual sources (red starts on figure 3). On these 

correlograms, there are refracted and reflected body waves and surface waves. 

 

3. Conclusions 

In present study, we showed the first results of application advanced technique of passive data 

processing. This procedure includes visual inspection of crosscorrelation functions, calculated 

for short time records of seismic noise. It makes it possible to extract both surface and body 

waves parts of empirical Greens functions. From our results we can conclude that sources of 

seismic noise have inhomogeneous distribution and were located near one side of profile, in 

general. But principles of seismic interferometry and virtual source method make it possible to 

change position of virtual source and, therefore get signal as in active seismic experiments. 
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Analysis of magnetotelluric array data from the central Finnish 

Lapland ï tectonic implications 
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Tectonic implications of recent magnetotelluric investigations in the central Finnish Lapland are presented. The site 

array covers the Central Lapland Granitoid Complex and parts of the Central Lapland Greenstone Belt, the Perªpohja 

Belt and the Kuusamo Belt. Thus, the study area is located in the (heavily reworked) Archaean part of the 

Fennoscandian shield. Reflecting the complex tectonic history, the data set bears highly anomalous imprints and 

requires three-dimensional conductivity models for explanation. However, at the same time, a dominant ~E-W trend 

is evident in strike indicators. Preferred inversion model shows major crustal conductors in the vicinity of the belts. 

The model is generally complex, but the E-W trend observed in the data is reflected also in the model. Most likely 

cause for the conductors are deeply buried graphite/sulphide bearing metasediments. The results favour a tectonic 

model where extension and compression in the area has took place dominantly in the present ~N-S direction. 

 

Keywords: Fennoscandia, magnetotelluric, conductivity, crust, tectonic 

 

1. Background 

 

The central Finnish Lapland (Fig 1.) is located in the Archaean part of the Fennoscandian shield. 

The area has been heavily reworked in the Palaeoproterozoic tectonic processes. As a result, we 

are now looking at the Central Lapland Granitoid Complex (CLGC) flanked by the Central 

Lapland Greenstone Belt (CLGB), the Perªpohja Belt (BP) and the Kuusamo Belt (KB). The 

Archaean crust outcrops in the south (Pudasjªrvi Complex, PC) and in the east, and  at least partly 

underlies the Palaeoproterozoic units. 

 In the context of the MaSca-project (Cherevatova et al., 2015), data from total of 79 

magnetotelluric (MT) sites were acquired in 2014 (Fig. 1a, black symbols).  The period range 

(0.001-10000 s) and the site spacing (~15 km) allows to image the geoelectric structure in the 

crustal and lithospheric scales. One of the main goals of the research is to provide constraints for 

the structure and the tectonic evolution of the lithosphere in the northern Fennoscandia. 

 

2.  Results 

Dimensionality indicators (the phase tensor skew) reveal pronounced 3-D effects in all except 

the eastern part of the study area. Despite the 3-D effects, a common N80oE trend is also evident 

in the strike indicators (the phase tensor orientation). Conductivity models were obtained by 

inverting the data set using the 3-D code ModEM. Note that data also from previous 

investigations have been included in the analysis (Fig. 1a). The preferred model reveals 

dominantly E-W striking crustal conductors in the vicinity of the northern and the southern belts 

(CLGB, PB and KB). The most notable conductor is found in the north, near the border of the 

CLGC and the CLGB at mid-crustal depth. It has complex geometry and very high conductance 

(> 10000 S). Also in the south major crustal conductors exist in the PB and  near the border of 

the KB and the CLGC. However, the exact nature of the conductors in the PB remains unclear 

due to unstable inversion results. Most part of the CLGC shows as a prominent resistor, 

separating the northern and the southern conductors. 

 The conductors represent most likely graphite/sulphide bearing metasediments, which are 

abundant in the near-surface. They were originally deposited in the rift basins during the 

extensional stage and subsequently deeply buried in the crustal collisions. Generally, the results 



LITHOSPHERE 2018 Symposium, November 14-16, 2018, Oulu, Finland 4 

____________________________________________________________________________ 

 

support the recent tectonic evolution model by Nironen (2017), which indicates that a major N-

S component both in the extensional and the compressional stages was present in the study area. 
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Figure 1. 

Location map. a) Magnetotelluric sites on a geological map (Korsman et al. 1997). 

CLA=Central Lapland Area, CLGC=Central Lapland Granitoid Complex, KB=Kuusamo Belt, 

PB=Perªpohja Belt, PC=Pudasjªrvi Complex b) Large scale geological domains. The red 

rectangle encircles the extents of the study area. 
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1. Introduction  

With a length of about 1000 km, the Liqui¶e-Ofqui Fault Zone (LOFZ) in the Southern Andean 

Volcanic Zone (SAVZ) ranks among the largest intra-arc fault zones on Earth. The fault zone is 

generally believed to have formed in a transpressive setting attributed to oblique subduction of 

the Nazca Plate below the South American Plate. The LOFZ is commonly regarded as a vertically 

dipping, narrow dextral fault zone composed of two NNE-trending lineaments connected through 

a number of step-over faults. 

 

2. Objective 

West of the LOFZ, GPS sites indicate uniform NE-directed velocities on the order of several 

centimetres per year, indicating that the plate 

interface is currently locked (Fig. 1). East of the 

LOFZ, GPS velocities diminish abruptly to a few 

millimetres per year with a west-directed motion. 

At 36ÁS, GPS vectors change from NE-directed to 

SE-directed velocities (Fig. 1). The observed GPS 

velocity field has been associated with the effect 

of post-seismic mantle relaxation after the 1960 

Valdivia earthquake (Moreno et al. 2011).  

 

The GPS velocity field in the SAVZ indicates a 

strong spatial correlation with the LOFZ, in 

particular at its northern terminus. Thus, the 

velocity field seems to be kinematically related to 

deformation associated with the LOFZ. 

Specifically, west of the LOFZ velocities are co-

linear with the obliquity in plate convergence and 

indicate an absence of deformation partitioning in 

this area. By contrast, the abrupt West-East GPS 

velocity gradient at the LOFZ points not only to a 

large component of dextral displacement, but also 

to a considerable shortening on the LOFZ.  

 

 

 

 

3. Method 

In order to test, to what extent the GPS velocity pattern is kinematically related to the LOFZ, we 

conducted a series of analogue experiments using our MultiBox, which was specifically designed 

to simulate transpression. The box consists of two halves, each of which contains a piston, 

whereby one halve is mobile and moves relative to the fixed one parallel to the box midline, 

Figure 1. GPS velocity field in the 

SAVZ. Note large deviations of GPS 

vectors at the northern LOFZ as defined 

by lineaments. 
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thereby inducing a velocity discontinuity. A large spectrum in deformation regimes can be 

generated by varying the displacement rates of the pistons and the mobile box halve. The large 

size of the MultiBox (1 m x 1 m x 30 cm) guarantees high accuracy in length scaling. The 

computer-controlled system is a prerequisite for high reproducibility of experimental results.  

 

Our experiments are scaled to the average thicknesses of undeformed lower and upper crust. 

Experiments consist of a 3 cm thick layer of a silicone-corundum mixture simulating the ductile 

lower crust, and a 0.5 cm thick layer of quartz sand with Mohr-Coulomb rheology for the brittle 

upper crust. Each horizontal piston is fitted with a short vertical base plate in the shape of an L. 

These base plates carry a portion of the overlaying silicone and sand layers, simulating crustal 

blocks, and avoid localization of deformation at the pistons. A 20 cm wide area between the L-

shaped pistons, in which material is detached from the base plate of the box, localizes the model 

mountain range. The experimental set-up allows for evenly distributed deformation, leading to 

spontaneous upper crustal deformation in and between the converging crustal blocks. The set-up 

includes a strength gradient in the quartz sand layer, which portrays the influence of different 

slab dips on the strength of the crust. 

 

4. Quantitative assessment 

Two cameras record the surface evolution during the experiments. Utilizing a state-of-the-art 3D 

digital image correlation system, individual increments of surface displacement and topography 

can be quantified with high accuracy. Moreover, a number of derivatives, such as strain intensity 

and rotation, of the measured vector field provides new insights into the structural and 

morphological evolution of  crust undergoing transpression. 

 

5. Results 

We observed a change in the orientation and 

the magnitude of model velocity vectors, the 

patterns of which are remarkably similar to 

those of the GPS velocity field along the 

LOFZ and north of it. Deformation in our 

models is predominantly accomplished by 

oblique reverse faults. Within the fault zone, 

geometrically and kinematically linked faults 

allow us to define individual rhomb-shaped 

blocks. Most importantly, faulting appears to 

be distributed over a wide zone suggesting 

that the LOFZ is an orogen-scale fault zone. 

Our models do not indicate deformation 

partitioning (Fig. 2). Thus, post-seismic 

mantle relaxation does not seem to be the 

cause of the observed GPS velocity field. Our 

experiments are in agreement with a strong 

(upper) crust in the north and may, thus, 

account for the observed GPS velocity field 

associated the LOFZ. Purely vertical strike-slip faults, as a result of deformation partitioning, in 

a transpressive setting are not observed in our experiments. Collectively, our experimental 

structural and kinematic observations agree well with current GPS vectors in the SAVZ. Finally, 

our experiments indicate that the LOFZ may not propagate toward the north. 

 

 

 

Figure 2. Surface displacement field (vectors) 

and strain along-strike of the model LOFZ 

including different crustal strengths inferred 

from scaled analogue experiment. 
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Magnetic Susceptibility (AMS) and X-ray Computed Tomography 

(µ-CT) in high-grade metamorphic rocks in SW Finland  
 

J. Engstrºm1, F. Karell1 and J. Kuva1  
 

1Geological Survey of Finland, P.O. Box 96, 02151 Espoo Finland. 

E-mail: jon.engstrom@gtk.fi 

 

Anisotropy of magnetic susceptibility (AMS) has proven to be an excellent tool for examinations on mineral fabrics, 

magma flow and deformation of rocks. The magnetic anisotropy of rocks depends on the anisotropy of individual 

grains and their spatial arrangement. Structural geological mapping, micro-structural and X-ray computed 

tomography (Õ-CT) scanning together with AMS has been utilized at two research sites (Olkiluoto and Kynsikangas) 

in SW Finland. The study indicates that the magnetic lineation and foliation can represent various structures within 
the metamorphic fabrics. The AMS data measured in the high-grade metamorphic rocks at the study sites show both 

Ŭ-lineation and ɓ-lineation within the metamorphic minerals which gives new information about the deformation 

history of the areas.  

 

Keywords: Anistropy of Magnetic Susceptibility (AMS), X-ray Computed Tomography (Õ-CT), 

high-grade rocks, Ŭ-lineation and ɓ-lineation 

 

1. Introduction 

Profound insights in understanding the structural evolution are important in several socio-

economic aspects, especially civil engineering and the mining industry. Structural geology is 

important for understanding the tectonic ductile deformation in metamorphic rocks at surface but 

also deeper in the crust. Ductile deformation (lineation and foliation) is traditionally defined 

through structural geological studies performed at scales ranging from outcrop to microscopic. 

Through these studies it is possible to define the spatial preferred orientation (SPO) of minerals, 

such as foliation planes, fold axis and mineral lineation.  

In nature, however, majority of deformed rocks do not develop clear mineral lineation, and 

some deformed metamorphic rocks do not even develop well-defined foliation planes. Combined 

use of modern techniques and traditional methods allows us to do a more detailed analysis of 

these structural metamorphic features. AMS has been a very useful tool 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 and Henry, 1997; Ferré et al., 2014). X-ray 

computed tomography (Õ-CT) is an excellent tool for evaluating the minerals and structures in 

3D at different scales. Combined use of AMS and Õ-CT is a good, non-destructive tool for 

understanding complex microstructures and SPOs of minerals (Sayab et al. 2017) to understand 

their deformation history and geological evolution.  

 

2. Study and methods 

Structural geological mapping, thin section analysis and AMS together with Õ-CT has been 

utilized at two research sites (Olkiluoto and Kynsikangas) in SW Finland. The Olkiluoto site has 

been studied as a site for the Finnish high-level Nuclear Waste, while the Kynsikangas shear zone 

is major ductile crustal shear zone that is of regional importance for the tectonic history of 

Southern Finland. Both sites are located within high-grade (amphibolite to granulite facies) 

metagranitoids and migmatic rocks. Even though the metamorphic environment is the same, the 

structural geology varies significantly. The Olkiluoto site is dominated by metatexitic to 

diatexitic rocks, which are intensively folded during several phases of ductile deformation. 

Kynsikangas is dominated by metatonalitic to migmatitic rocks. The major ductile shear zone 

has pervasively affected the rocks, which are dominated by steep foliations and stretching 
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lineations with left lateral shear in the horizontal plane. Samples from both sites were measured 

with AMS and imaged with Õ-CT. 

 

3. Results and Discussion 

The study indicates that the magnetic lineation and foliation can represent various structures 

within the metamorphic fabrics. The AMS data obtained from the high-grade migmatites in 

Olkiluoto, shows predominantly ɓ-lineation within the metamorphic minerals. The intensively 

folded migmatitic rock in Olkiluoto lacks stretching lineation while folding at all scales is evident 

throughout the site. Since the fold axis (ɓ-lineation) orientations coincide with the main magnetic 

mineral direction, it is apparent that the metamorphic minerals within the samples are aligned 

parallel to the fold axis orientation. However, the AMS data from Kynsikangas exhibits a 

magnetic lineation, which is parallel to the stretching lineation (Ŭ-lineation) measured in the field. 

The central part of the Kynsikangas ductile shear zone is displaying a prolate shape for the 

minerals measured by AMS, thus indicating the biggest rate of stretching at this part of the zone. 

These structural features are important for determining the internal structure and kinematic 

evolution of the shear zone. The 3D-images from the Õ-CT scans confirmed the SPO of the 

minerals and gave even more details about the meso-scale structural features. This data enhances 

the geological interpretation and gives new insight to the structural and tectonic evolution during 

the latter part of Svecofennian Orogen. 

 

4. Conclusion 

Our study concludes that in addition to foliation, also Ŭ-lineation and ɓ-lineation measured in 

field can be defined with AMS studies. The AMS equipment is a cost-efficient and fast 

measurement technique to acquire additional structural data and Õ-CT is an excellent 

complementary, non-destructive method to study the same samples. However, since several 

structural geological features can be defined by AMS, it is necessary to highlight the importance 

of thorough structural geological investigation prior to carrying out independent AMS studies, 

especially for complex structural domains. 
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KOSE - Koillismaa Seismix Exploration survey:  

Details and first results 
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We acquired 2D seismic reflection data in Koillismaa, Finland in April, 2018. The survey took 7 working days and 

spanned 8.5 km seismic line across an unknown buried gravity/magnetic anomaly, between the western intrusions 

and the eastern Nªrªnkªvaara intrusion, within the Koillismaa Layered Intrusion Complex. The aim of the survey 

was to estimate the depth and dip of the geological feature causing the anomaly. The seismic data was acquired using 

wireless receivers with 20 m spacing and a dynamite source with 40 m spacing. The Koillismaa seismic data show 

heavily varying traveltimes of adjacent traces, due to near-surface conditions such as thickness of snow, frost and 

characteristics of the overburden. In the pre-stack processed data there are clear reflectors visible, which encourages 

future processing efforts. 

 

Keywords: seismic reflection profiling, upper crust, mineral potential, Koillismaa 

 

1. Introduction 
Presently, a significant part of the mineral resources of the European Union is located in Finland, 

within the Fennoscandian shield. Throughout its history, GTK has evaluated ore potential related 

to orthomagmatic Ni-Cu-PGE-Co and V-Ti-Fe-Cr deposits across the country. As a part of this 

activity, GTKôs current, nationwide, Ni-Cu-Co mineral potential project (2016-2018) is focused 

on poorly explored areas and produces new geodata from prospective areas using modern 

exploration methods as deep penetrating geophysical surveys (e.g., seismic methods).  

 

 

Figure 3. Magnetic (top) and Bouguer anomaly (bottom) maps of the survey site where white and 

black are low and high values, respectively. The Bouguer map has values from -33 to 23 mgal. The 

lighter lines are roads and the seismic survey line is shown in dark grey with a white stroke. 
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Many 2.45 to 2.5 Ga mafic-ultramafic layered intrusions in Finland host significant PGE-

Ni-Cu and V-Ti-Fe-V deposits such as Suhanko, Koillismaa, Koitelainen and Akanvaara (Iljina 

et al. 2015). Based on the ore potential of these intrusions, GTK has carried out a seismic survey 

in the Koillismaa area, located in north-eastern Finland, around 100 km south of the Arctic Circle. 

It belongs to a discontinuous layered intrusion belt, about 300 km in length, which begins in 

Tornio and continues eastwards via Penikat and Koillismaa to Näränkävaara and from there into 

Russia. 

A seismic survey was carried out across ca. 50 km long and ca. 5 km wide gravity and 

magnetic anomaly between the western intrusions and the eastern Näränkävaara intrusion within 

the Koillismaa Layered Intrusion Complex (Figure 1). Based on speculation around the anomaly, 

it is thought to be an Archean greenstone belt or a feeder channel for Koillismaa layered 

intrusions. Reflection seismics is expected to shed light in to the nature of the anomaly source. 

Previous interpretations of the Bouguer gravity anomalies suggest a dyke intrusion of about 

2.5 ï 4 km width and a depth to the top part around 1 ï 2 km. Koillismaa Seismic Exploration 

(KOSE) survey was aimed to estimate the depth and dip of this hypothesised dyke intrusion. 

 
2. Survey and data acquisition 
The KOSE 2D seismic reflection data were acquired during 7 working days in April, 2018. The 

survey was a collaboration between GTK, which provided manpower and a seismic source 

(dynamite), and Oulu Mining School, which provided receivers (Figure 2a) and manpower. The 

receivers used in the KOSE survey were wireless Sercel Unites. With a combination of 55 1C 

receivers and 35 3C receivers, making a total of 90 receivers, a roll-on split spread configuration 

was used. We sorted 1C and 3C stations together in a group of 18 (5 total groups) to achieve an 

even distribution of the geophones. With 10 meter receiver spacing, one spread was 1800 m and 

each roll was 360 m. Dynamite was used as a source and we acquired a total of 197 shot gathers 

with a source spacing of 40 m along an 8.5 km long line. Each source point was drilled to 

approximately 2 m depth. Because of thick snow coverage in the area, each receiver location was 

dug on the side of the road, with help of an excavator (Figure 2b).  

 

 

Figure 4. a) Wireless geophone and its data logger used in the survey. The 1C, 3C distribution 

was 1-3-1-1-3-1-1-3-1-1-3-1-3-1-1-3-1-3. b) Heavy snow was in the area and an excavator was 

used to dig for geophone locations. 

The Sercel Unite receivers require a connection to GPS satellite in order to calibrate the 

internal clock and acquire the GPS coordinates of the data logger position. Besides triggering the 
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explosions, we used Seismic Source Boom Box to record exact GPS time of each explosion. 

Wireless receivers were recording continuously during the survey and we collected data loggers 

to the basecamp every evening for data harvesting. The correct data window was extracted from 

the receivers by using the GPS time measured with the Boom Box. 

 

3. Data processing 

The raw data (Figure 3a), show substantial delays in first breaks. With 20 m receiver spacing, the 

sudden delay or advance of adjacent traces, gives indication of highly varied velocity structures 

in the subsurface, namely in the overburden. Water saturated or frozen ground can also be a 

contributing factor to the nonlinear travel times. Time delays caused by the near surface 

variations mean that the later arrivals, such as reflections from the geological features of interest, 

will not stack coherently even if velocity field would be accurately determined. Thus, careful 

static corrections play crucial role in the processing of the Koillismaa seismic reflection data.  

 

 

 

The first step of the data processing is picking first breaks, after which a starting model of 

the subsurface velocity variation is created. The subsurface model is iteratively modified 

according to the comparison between picked first arrivals and calculated arrivals based on the 

model and source-receiver locations. This refraction statics analysis is used to deliver the time 

shifts that are required to correct the data into one reference datum. In Figure 3, we show a raw 

shot gather before and after static corrections.  

In Figure 4, the first 1000 ms TWT of shot #25 (same as in Figure 3) is shown. The raw 

data are completely overwhelmed by low frequency noise, airwaves and multiples. Using a 

bandpass filter of 40-45-275-300 Hz, airwave mute, spiking deconvolution, 3000 m/s median 

Figure 5: Raw wiggle plot of Shot #25 with a) AGC applied and b) AGC and statics applied. 

The plot goes from 0 to 300 ms TWT. 


