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S U M M A R Y
The Mohorovi�ci·c discontinuity, Moho for short, which marks the boundary between crust
and mantle, is the main �rst-order structure within the lithosphere. Geodynamics and tectonic
evolution determine its depth level and properties. Here, we present a map of the Moho in
central Europe across the Teisseyre-Tornquist Zone, a region for which a number of previous
studies are available. Our results are based on homogeneous and consistent processing of
P- and S-receiver functions for the largest passive seismological data set in this region yet,
consisting of more than 40 000 receiver functions from almost 500 station. Besides, we also
provide new results for the crustal vP/vS ratio for the whole area.

Our results are in good agreement with previous, more localized receiver function studies,
as well as with the interpretation of seismic pro�les, while at the same time resolving a higher
level of detail than previous maps covering the area, for example regarding the Eifel Plume
region, Rhine Graben and northern Alps. The close correspondence with the seismic data
regarding crustal structure also increases con�dence in use of the data in crustal corrections
and the imaging of deeper structure, for which no independent seismic information is available.

In addition to the pronounced, stepwise transition from crustal thicknesses of 30 km in
Phanerozoic Europe to more than 45 beneath the East European Craton, we can distinguish
other terrane boundaries based on Moho depth as well as average crustal vP/vS ratio and Moho
phase amplitudes. The terranes with distinct crustal properties span a wide range of ages, from
Palaeoproterozoic in Lithuania to Cenozoic in the Alps, re�ecting the complex tectonic history
of Europe. Crustal thickness and properties in the study area are also markedly in�uenced by
tectonic overprinting, for example the formation of the Central European Basin System, and
the European Cenozoic Rift System. In the areas affected by Cenozoic rifting and volcanism,
thinning of the crust corresponds to lithospheric updoming reported in recent surface wave
and S-receiver function studies, as expected for thermally induced deformation. The same
correlation applies for crustal thickening, not only across the Trans-European Suture Zone,
but also within the southern part of the Bohemian Massif.

A high Poisson�s ratio of 0.27 is obtained for the craton, which is consistent with a thick
ma�c lower crust. In contrast, we typically �nd Poisson�s ratios around 0.25 for Phanerozoic
Europe outside of deep sedimentary basins. Mapping of the thickness of the shallowest crustal
layer, that is low-velocity sediments or weathered rock, indicates values in excess of 6 km for
the most pronounced basins in the study area, while thicknesses of less than 4 km are found
within the craton, central Germany and most of the Czech Republic.
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1 I N T RO D U C T I O N

The Moho is the major �rst-order discontinuity within the litho-
sphere. As it separates the chemically highly differentiated crust
from the more homogeneous upper mantle, its depth level and sharp-
ness are strongly related to the tectonic and geodynamic evolution
of the considered area. The study of Moho topography can thus aid
in understanding tectonic developments and dynamics of the litho-
sphere. From a more applied point of view, detailed information
on the Moho depth is needed for example in gravimetric mod-
elling, for precise localization of local earthquakes, interpretation
of heat �ow data, and crustal corrections in teleseismic tomography,
the calculation of P-wave residual spheres and depth estimation of
deeper discontinuities (e.g. the lithosphere-asthenosphere bound-

ary or the upper mantle discontinuities) from receiver functions
(RFs).

The geology of central Europe re�ects its long tectonic evolu-
tion (Fig. 1). Current surface geology and crustal lithology indi-
cate a major contrast between the area to the north and east of
the Sorgenfrei-Tornquist Zone (STZ) and the Teisseyre-Tornquist
Zone (TTZ), which consists of a basically homogeneous block, the
palaeocontinent Baltica, and the more complex situation in Phanero-
zoic Europe to the west. These two linked zones, the TTZ to the
east of the island of Bornholm and the STZ to the west, mark the
southwestern boundary of the Precambrian East European Craton
(EEC). Southwest of them lies a 150�200 km wide region of sus-
pect terranes, the Trans-European Suture Zone (TESZ, Dadlez et al.
2005).

Figure 1. Simpli�ed tectonic map of the study region in central Europe after Pharaoh et al. (2006) and Kroner et al. (2008). Filled ticks denote oceanic sutures,
open ticks orogenic frontal zones. The outlines of the Bohemian Massif, indicated by brighter colours, and its individual units are taken from Plomerov·a
et al. (2005). Boundaries of Upper Rhine Graben and Roer Valley Graben are drawn after Reicherter et al. (2008), Mid-Lithuanian Suture Zone and units
within Lithuania after Kozlovskaya et al. (2001). Red triangles outline Quarternary volcanic activity in the Eifel region (Litt et al. 2008) . Inset shows the
locations of the main basins within the study area (van Balen et al. 2000; Dadlez et al. 1995, 2005; Nikishin et al. 1996), together with grabens of the European
Cenozoic Rift System and the Alpine deformation front. Key to labels: BB, Baltic Basin; CNB, Central Netherlands Basin; EEC, East European Craton; EL,
East Lithuanian Belt; ER, Eger Rift; MB, Molasse Basin; MD, Moldanubian of Bohemian Massif; MLSZ, Mid-Lithuanian Suture Zone; MS, Moravo-Silesian
of Bohemian Massif; NDB, North Danish Basin; NGB, North German Basin; PB, Polish Basin; RVG, Roer Valley Graben; ST, Saxothuringian of Bohemian
Massif; STZ, Sorgenfrei-Tornquist Zone; TB, Tepla-Barrandian of Bohemian Massif; TTZ, Teisseyre-Tornquist Zone; URG, Upper Rhine Graben; W, West
Netherlands Basin; WLG, West-Lithuanian Granite Domain.
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Geophysical investigations with various methods have shown that
the STZ-TTZ is not merely a sur�cial feature, but extends into the
lithosphere (e.g. Schweitzer 1995; Yegorova & Starostenko 1999;
Banka et al. 2002; Korja 2007; Koulakov et al. 2009; Majorowicz &
Wybraniec 2011; Legendre et al. 2012; Zhu et al. 2012), consistent
with the tectonic evolution of central Europe. Whereas Baltica as
a part of the EEC has been stable for at least 1.45 Ga (Bogdanova
et al. 2006), Phanerozoic central Europe is made up of a number
of continental fragments that have been rifted off the palaeoconti-
nent Gondwana and accreted to Baltica during consecutive oroge-
nies (Pharaoh 1999; Winchester & the PACE TMR Network Team
2002). From north to south and oldest to youngest, amalgamation
occurred during the late Ordovician Caledonian orogeny, the late
Silurian to early Carboniferous Variscan orogeny and the Cretaceous
to Cenozoic Alpine-Carpathian orogeny (Fig. 1). The crystalline
basement of the Variscan orogen in Central Europe is prominently
exposed in the Bohemian Massif (BM), featuring high-pressure
to ultra-high pressure rock suites. The BM consists of different
tectonic units, corresponding to the remains of microplates and
magmatic arcs accreted during subduction and continental collision
(Schulmann et al. 2009). From north-west to south-east, the main
units are the Saxothuringian, Tepla-Barrandian and Moldanubian
domains, whereas the Sudetes mountains and the Moravo-Silesian
terrane are located to the east (e.g. Plomerov·a et al. 2012, Fig. 1).

Traces of subduction during the most recent orogenies can still
be imaged as high-velocity slab anomalies in seismic tomography
beneath the Alps and Carpathians (e.g. Lippitsch et al. 2003; Zhu
et al. 2012). Similar evidence for the older orogenies is missing due
to signi�cant overprinting and tectonic reworking. Extension and
subsidence associated with the collapse of the Variscan orogeny
in Permian to Mesozoic times resulted in the formation of deep
sedimentary basins, the Central European Basin System, along the
southwestern margins of the EEC (Dadlez et al. 1995). The Polish
Basin, located on top of the TESZ, is its eastern-most member. Low
P-wave velocities associated with sediments have been detected
down to 16�20 km depth within this basin (Grad et al. 2003a). The
Variscan part of central Europe was also strongly affected by the
spreading of the European Cenozoic Rift System in response to in-
traplate compression caused by the collisional tectonics in the Alps
and Pyrenees (D·ezes et al. 2004; Prodehl et al. 2006). Grabens in
central Europe associated with the European Cenozoic Rift System
include the Massif Central�Rh�one Valley, the Rhine Graben, the
Rhenish Massif and the Eger Rift within the BM (Fig. 1). Rifting,
which was accompanied and partly preceded by widespread alka-
line volcanism, started during the late Eocene in these areas (Ziegler
1994; D·ezes et al. 2004). Besides, �exural subsidence in the north-
ern foredeep of the Alpine orogeny resulted in the development of
the Molasse Basin between the Rh�one Valley and Austria (Sissingh
1996). The basin is �lled by the typical sequence of clastic sedi-
ments to a depth of up to 6 km and obtains its largest width of about
150 km in its eastern part (Fig. 1). The EEC itself was partly cov-
ered by relatively thin sediments during its Late Precambrian and
Phanerozoic evolution, for example in the area of the Baltic Basin,
which also encompasses parts of northern Poland and Lithuania
(Nikishin et al. 1996, Fig. 1).

The Moho has been extensively studied in Central Europe, from
the pioneering observations by Mohorovi�ci·c (1910) more than a
hundred years ago, via the continent-scale cross section along the
European Geotraverse (Ansorge et al. 1992), to modern Moho depth
maps incorporating results from numerous seismic, seismologi-
cal and gravity studies (e.g. Ziegler & D·ezes 2006; Grad et al.
2009), and velocity models of the whole European crust, for ex-

ample EuCRUST-07 (Tesauro et al. 2008) and EPcrust (Molinari
& Morelli 2011). For an overview of previous work over the last
decades, see Grad et al. (2009) and references therein.

Recent large-scale seismic experiments provide a major contribu-
tion to the mapping of Moho topography in central Europe. Exam-
ples are the refraction and wideangle re�ection pro�les POLON-
AISE�97 (Guterch et al. 1999), CELEBRATION 2000 (Guterch
et al. 2003) and SUDETES 2003 (Grad et al. 2003b), which also
form the backbone of the Moho depth map by Grad et al. (2009)
in Poland and the Czech Republic, as well as EUROBRIDGE (EU-
ROBRIDGE Seismic Working Group 1999; Yliniemi et al. 2001)
across the EEC between the Baltic Sea and Ukraine. Dense passive
experiments have likewise yielded information on the Moho depth
for speci�c regions, for example the BM (Geissler et al. 2005; Heuer
et al. 2006; Geissler et al. 2012), by means of RFs. Coverage with
passive experiments across central Europe as a whole including the
TESZ has so far remained sparse, though. Crustal structure at the
transition from Phanerozoic Europe to the EEC across the STZ has
been mapped with RFs only along the northern European TOR pro-
�le between northern Germany and Sweden (Gossler et al. 1999;
Wilde-Pi·orko et al. 2002; Alinaghi et al. 2003) . Teleseismic events
were also recorded and analysed at some short-period stations along
the active seismic pro�le POLONAISE�97-P4 in central Europe, but
the recording time of only 3 weeks proved insuf�cient to reliably
determine Moho depths with RFs from this data set (Wilde-Pi·orko
et al. 1999). Moho depths have been derived from RFs for perma-
nent broad-band stations in central Europe, giving an indication of
�rst-order changes, for example beneath the Alps or across the TTZ
(Geissler et al. 2008). However, the data set available to Geissler
et al. (2008) is getting sparser towards the east with a limited num-
ber of stations in Poland, only two of them east of the TTZ, and only
one station in Estonia to cover the Baltic countries.

In this study, we use data of PASSEQ, the densest passive seis-
mic network deployed across central Europe yet, to derive a map
of the Moho depth across the TESZ from RFs. In addition, we pro-
vide images of crustal structure along migrated RF sections, derive
information on average crustal vP/vS ratios, and map variations
in relative amplitudes of the RF Moho phase, as well as sediment
thickness below the stations. We �nd that variations in the above
properties can be correlated with tectonic boundaries as well as
geodynamic processes. By comparing RF results with the available
active data sets and other previous results, we can make inferences
about the reliability and accuracy of our data set. Speci�cally, this
is important when interpreting deeper structures for which no inde-
pendent active information is available.

2 DATA A N D P RO C E S S I N G

2.1 Data set

Our data set consists of teleseismic P- and S-RFs for stations in
central and eastern Europe between the Benelux countries to the
west and Estonia, western Russia, Belarus and Ukraine to the east
(Fig. 2). The main new contribution within this data set is the use of
data from the temporary PASSEQ experiment (Wilde-Pi·orko et al.
2008), which was conducted between eastern Germany and Lithua-
nia from 2006 to 2008. With 196 stations, roughly a quarter of which
featured broad-band sensors, PASSEQ provides the densest cover-
age of any passive seismic investigation in this region yet. The main
focus of PASSEQ is the detailed imaging of 3-D structure within the
upper mantle across the TESZ, for example lithospheric thickness,
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