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Abstract: Loan 814 provided 10 broadband seismometers which were deployed along a profile as part of a multinational project 

to investigate the structure of the Trans European Suture Zone (TESZ). The instruments recorded continuously for a period of up 

to 18 months. Teleseismic arrivals from 81 events Mb > 6.5 have been used to calculate Receiver Functions which show an 

increase in crustal thickness from c. 30 km beneath the Early Palaeozoic mobile belts of western Europe to c. 45 km thick crust 

beneath the East European Craton. These results are broadly consistent with modelling and interpretation of existing wide-

angle/refraction data. The UK data will be integrated with a larger dataset recorded on 39 broadband sensors and 139 short period 

instruments across the TESZ when this becomes available. 

 

Background  Our understanding of the physical properties of the continental lithosphere and its response to 

deformation are largely based on studies of the crust, which is easily accessible to geological and 

geophysical study. The properties and role of the mantle lithosphere is less well understood. Much can be 

learnt from the study of post rift subsidence patterns of sedimentary basins or from relaxation of strains 

caused by faulting. However, recent developments in seismic tomography, receiver function and SKS 

analysis have made it possible to attempt to study the structure of the mantle lithosphere in detail. This 

knowledge will contribute to a better understanding of the mechanisms of continental evolution and 

deformation. For example, it will permit us to test the validity of models for basin formation and heat flow 

in different types of lithosphere and determine better the response of the lithosphere to unloading as a result 

of deglaciation, or major faulting events. 

The Caledonian (c. 400 Ma) suture zone between the East European Craton and the Palaeozoic 

mobile belts of western Europe is one of the most distinct on Earth, making it an ideal natural laboratory to 

investigate the physical properties of adjacent contrasting lithospheres. Recent extensive seismic wide-angle 

profiling [e.g.1] has shown that thick (40 - 45 km) crust beneath the craton is separated from thinner (c. 30 

km thick) crust beneath western Europe by the near vertical and narrow (c. 60 km wide) Trans European 

Suture zone (TESZ). Shear wave tomography [2] has shown that this boundary is as distinct within the 

mantle lithosphere as it is in the crust. In contrast there is little evidence of the suture at the surface. A near 

flat peneplained topography is formed on a Mesozoic/Cenozoic transtensional sedimentary basin developed 

over the suture zone.  

 

 
 

 

 

 

 

 

Fig. 1. Location of 

instruments in the 

PASSEQ array. SEIS-

UK instrument locations 

shown as stars. The 

central (yellow) profile 

follows the existing 

Polonaise wide-

angle/refraction profile 

P4. Approximate 

location of the TESZ is 

shown as a solid green 

line. 
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Data acquisition, preliminary processing and archiving Beginning in 2006 the Polish State Committee 

for Scientific Research funded a passive seismic project to study the structure and properties of the 

continental lithosphere across the TESZ. This project was developed from the TOR experiment [3,4] which 

was conducted across southern Scandinavia where the suture zone is more complex and the transition 

between the lithospheres is broader. Following a successful application to the NERC GEF (Loan 814), 10 

Broadband (8 3T and 3 40T) seismometers were deployed with SAM dataloggers by a team from the 

University of Warsaw. 7 of these were placed at c. 60 km intervals along the existing 1000 km long 

Polonaise ’97 wide-angle/refraction profile P4 [1] and 3 shorter deployments were made along a line c. 100 

km to the SW of P4 (see Fig.1). In order to maximise data coverage with 3 component broadband 

instruments over the area of interest 3 sensors were moved mid way through the deployment. These 

instruments complemented a further 39 broadband instruments and 139 short period instruments from 16 

other European and US institutions. A full description of the acquisition has been published [5] and further 

details of the UK deployments are given in Table 1. Data recovery was, on average, c. 70%. This is largely 

due to problems with the old SAM disks and dataloggers which have since been decommissioned. One 

instrument was damaged a few days after deployment due to an attempt to steal its GPS antenna. The 

instrument was pulled over damaging one of the masses and this was not redeployed. SEIS-UK deployment 

guidance has been modified, recommending that cables are tied off before they are connected to the sensor 

in order to avoid a recurrence of this problem.  

 

The data were initially transcribed from GCF to miniSEED formatted records (3600 s in length) by our 

Polish colleagues although problems with transcription of the SAM data meant final volumes of data which 

have now been sent to IRIS (October 2009) had to be reformatted at Leicester. The data are subject to a 

moratorium until October 2012. The other data collected and a copy of the UK data is being compiled into 

an archive at GFZ in Potsdam and should be released to the PASSEQ Working Group shortly, although this 

has been subject to delays.  

 

Following conversion from GCF to miniSEED the data were transferred to IRIS and a copy byte swapped 

and repacked to 4096 byte blocks for use on Solaris. These data were then searched for recordings of known 

teleseismic earthquakes and a set of event files created in SAC format. A total of c. 81 Mb>6.5 events 

occurred during the recording period within a distance of between 30° and 95° from the centre of the profile. 

The locations of these events are shown in Fig. 2 and an example of one event is shown in Fig. 3. The data 

recorded a significant number of events from the north to east but considerably fewer to the south and west 

(Fig. 2) which partly limits control on structural anisotropy. 

 

Table 1 

Location Number Instrument S.R. Lat Lon Height Start End 

Grochowice PA64 3T 100 51.795 16.0036 77 2006:207 2007:322 

Turew PA65 3T 100 51.0766 16.8366 90 2006:207 2007:322 

Graby PA66 3T 100 52.4092 17.4722 115 2006:207 2007:322 

Kruszwica PA67 40T 100 52.6573 18.3505 74 2007:190 2007:322 

Trutowo PA68 3T 100 52.9606 19.0508 96 2007:177 2007:323 

Nowy_Dwor PA69 40T 100 53.2387 19.842 142 2007:177 2007:323 

Wikno PA70 3T 100 53.472 20.5229 157 2006:320 2007:323 

Kolowinek PA71 3T 100 53.7424 21.4321 130 2006:208 2007:324 

Pobondzie PA73 3T 100 54.3191 22.9493 148 2006:209 2007:324 

Miednik PG46 3T 100 52.5271 21.9582 157 2006:251 2007:176 

Markowo PG47 40T 100 52.8021 22.7613 134 2006:216 2007:176 
Notes: All locations are in Poland. S.R. – Sample rate. Start and end dates given as Julian days are deployment/recovery dates. 
 

Data quality The majority of the instruments were deployed indoors in small barns, cellars and outbuildings 

with a mains supply to charge the battery. Unfortunately, and despite the usual precautions many of these 

proved to be relatively noisy at low frequencies and the data are contaminated as a result (e.g. Fig. 3). The 

source of this noise is not clearly understood but since many of the instruments were deployed in rural 
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farming communities it is thought that it is artificially generated. It is possible to filter the noise from the 

data but low amplitude events (Mb<5.5) are largely obscured.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data interpretation This report provides some preliminary work on the results of Receiver Function 

analysis of crustal structure obtained from the data recorded on the UK instruments. It is intended that a 

more detailed Receiver Function study of crust and upper mantle structure using 3 component data from all 

the broadband instruments distributed along the P4 profile (following the study of Cornwell et al. [6]) will 

be undertaken once all the data is available from Potsdam. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Fig 2. Stereographic projection 

centred on the PASSEQ array 

showing location and azimuthal 

distribution of earthquakes used in 

the initial study (Mb>6.5 with 

hypocentral distances between 30 

and 95 degrees).  

Fig. 3. Plot of events 

recorded at stations 

along the P4 profile from 

an Mb 6.9 event in 

Indonesia. W is at the 

top. The TESZ crosses 

the profile between the 

first and second records. 

Note the significant (20 

s) delay in arrival time at 

station PA70. This needs 

further investigation. 
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Other members of the PASSEQ working group will be responsible for delay time, tomography, shear wave 

splitting and S-receiver function studies. A short report and a poster describing some initial results from the 

first year of recording from the whole array have been presented elsewhere [7]. 

 

ZRT Receiver Functions have been calculated from the teleseismic arrivals from between 30° and 95° offset 

for 81 events of Mb > 6.5 recorded on the instruments following the method of [8]. An example of these is 

given in Fig. 4.  

 

 

 

 

 

 

 

Interpretation It is intended that the Receiver Functions will be used to develop a more complete model of 

the 3-D variations in the properties of the crust (thickness, Vp/Vs, Poissons ratio) along the P4 profile once 

data from all the other instruments is released. The limited number of stations and the degree of filtering 

necessary to produce useable Receiver Functions limits what can be achieved with the Leicester contribution 

to this project. Fig. 4 shows calculated receiver functions from instruments distributed along the P4 profile. 

The Ps conversion from the base of the crust is clearly visible and illustrates the considerable variation in 

thickness of the crust along the profile, across the TESZ. In the west the crust is relatively thin (c. 30 km 

thick) and formed from Early Palaeozoic mobile belts whereas to the east the crust becomes considerably 

thicker (c. 45 km) beneath the East European craton. The line on Fig. 4 links the Ps conversions in each 

trace to indicate the variation in thickness of the crust. A positive shift in the direct P arrival from zero is the 

result of a P to S conversion from the base of the low velocity sediments of the Polish basin (see Fig. 5) 

which interferes with the direct arrival. A lack of intra-crustal conversions is partly the result of the band 

pass filtering which has narrowed the bandwidth of the data (this is also the cause of the negative excursions 

in the signal [8]). This issue may be clarified by rotating the arrivals along their true back azimuth and 

Fig. 4. Stack of Receiver functions along the P4 profile. West is at the top. Black 

curve links peaks on the Ps conversion from the Moho which provides an indication 

of the variation of crustal thickness across the TESZ. The plot shows the traces 

equally spaced but they are variably spaced. The TESZ lies between the top and the 

second trace. Approximate locations of traces are shown in Fig. 5. 
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calculating LQT Functions which removes the direct arrival. Consequently, there is little evidence, in 

contrast with the wide-angle model (Fig. 5) for variations in crustal structure. This will be further 

investigated when the full array of data becomes available.  

 

 

 
 

 

 

 

Conclusions  The loan of 10 broadband seismometers has enabled UK participation in a multinational 

experiment to investigate one of the major crustal boundaries in Europe. Analysis of the data is at a very 

early stage. A preliminary analysis of Receiver Functions calculated from teleseismic arrivals has enabled  a 

comparison to be made between depths to the Moho on either sde of the Trans European Suture Zone. 

Further work is planned once the data from all the project partners is available. This will be undertaken by 

the PI and Dr D Cornwell at Leeds, who undertook a previous comparative study of a densely spaced 

Receiver Function profile and existing wide-angle data [6]. A final year undergraduate MGeol project is also 

in progress which is comparing a crustal model derived from forward modelling of the Receiver Functions 

with a gravity model derived from potential field data along the profile. 

 

Once all the data is released to the various groups within the consortium it should be possible to constrain 

velocity variations in 3 dimensions across the TESZ. As well as providing data on the 3 dimensional 

variations in seismic velocity in the contrasting lithospheres the results will be compared with anisotropy 

determinations from surface waves, SKS and SKKS arrivals and with delay time data. The thickness of the 

lithosphere will be obtained from analysis of surface waves and S wave Receiver Functions. P wave receiver 

functions will also be used to provide constraints on lithospheric structure and possible displacement of the 

410 km and 660 km discontinuities beneath the TESZ. This will enable study of the relationship between 

tectonic plates and mantle thermal structure. 
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Fig.5. Crustal velocity model derived by ray tracing wide-angle travel time data, taken from [1]. Bold arrows show 

the approximate locations of traces shown in Fig. 4. 
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Publications and presentations arising from Loan 814. 

 

Paper: 

Wilde-Piórko, M. and PASSEQ working group. 2008. PASSEQ 2006-2008: Passive seismic experiment in 

Trans-European Suture Zone. Studia Geophysica et Geodetica, 52, 439-448. 

 

Poster: 

M. Wilde-Piorko and the PASSEQ Working Group. PASSEQ 2006-2008 - Passive Seismic Experiment in 

Trans-European Suture Zone in Central Europe. Presented at EGU meeting Vienna, 2009.  
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