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Crustal structure of the Trans-European Suture Zone in Central Poland

=

— reinterpretation of the LT-2, LT-4 and LT-5 deep seismic
sounding profiles
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The paper gives a reinterpretation of data from three deep seismic sounding profiles — LT-2, LT-4 and LT-5 — acquired in 1974-1979
between the Precambrian East European Craton (EEC) and the Palacozoic Platform (PP) in Central Poland. Good quality seismic records
in the distance interval from 50-90 to 200-280 km were the input data for the modelling of the crustal and uppermost mantle structure.
Clear first arrivals and later phases of waves reflected/refracted from the crustal and the Moho boundaries were interpreted using a
two-dimensional (2-D) ray tracing technique. In general, the crustal thickness along the three profiles varies from 30-35 km in the
Palaeozoic platform area, to 42—44 km in the Polish part of the EEC, being 3540 km in the transition zone between the PP and the EEC.
In the transition area, the P-wave velocity is very low (¥p <6.0 km/s) down to depths of 15—18 km, indicating that a very thick succession
of sedimentary, metamorphosed or volcanic origin rocks is present there. All three 2-D models of the crust are discussed together with re-
sults obtained 20-30 years ago, particularly taking into account the difference in interpretation methods and new computation possibili-
ties. Jointly with recent seismic studies along the profiles LT-7 and TTZ, as well as the POLONAISE’97 profiles P1-P4, the reinterpreted
old profiles provide a collection of crustal models of the TESZ in Poland.
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INTRODUCTION

The structure of the contact zone between the Precambrian
Europe to the north-east and the Palacozoic Platform to the
south-west has been investigated in Poland for more than three
decades. This zone, known as the Trans-European Suture Zone
(TESZ) (Fig. 1), is a broad, structurally complex zone of
Palaeozoic accretion and deformation that separates the Pre-
cambrian terranes of the Baltic Shield and East European
Craton (EEC) from younger terranes (e.g., Znosko, 1979;
Berthelsen, 1992a, b, 1998; Dadlez et al., 1994; Kutek, 1997;
Pharaoh et al., 1997). The southwestern boundary of the EEC
is called the Teisseyre-Tornquist Zone or Line (TTZ) being a
system of deep-seated faults, and has been previously inter-
preted as a zone only 50—-100 km across. In addition to being a
major crustal-scale feature, the TTZ appears to be a deep-
seated boundary, because tomographic analysis of shear wave

velocity structure of the mantle under Europe shows that the
TTZ separates regions with high S-wave velocities beneath the
EEC from low velocity regions under the younger terranes in
the south-west (Zielhuis and Nolet, 1994). To explain the ob-
served blockage of energy from regional seismic events by the
TTZ region, the structural anomaly between eastern and west-
ern Europe must reach down to at least a depth of about 200 km
(Schweitzer, 1995).

A number of recent geophysical studies have investigated
this important tectonic boundary. The large international seis-
mic experiments POLONAISE’97 and CELEBRATION 2000
targeted the TESZ region in Poland (e.g., Guterch et al., 1998,
1999, 2001) and analysis of the crustal structure along various
profiles is now completed (Jensen ez al., 1999; Sroda et al.,
1999, 2002; Wilde-Piorko et al., 1999; Krysinski et al., 2000;
Czuba et al., 2001, 2002; Janik et al., 2002; Grad et al., 2002a,
b, 2003; Guterch and Grad, 2002; Majdanski and Grad, 2005;
Dadlez et al., in press).
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Fig. 1. Location of the LT-2, LT-4 and LT-5 profiles and other seismic refraction and wide angle reflection profiles
(thinner lines: LT-7; TTZ; POLONAISE’97 P1, P2, P3, P4 and PS5 profiles; EUROBRIDGE’95 — EB’95) in the
context of the main features in the Trans-European Suture Zone (TESZ) area

Stars and numbers refer to the location of shot points along profiles LT-2, LT-4 and LT-5 (see Table 1); CDF — Caledo-
nian Deformation Front, STZ — Sorgenfrei-Tornquist Zone, VF — Variscan Front

This paper provides a reinterpretation of three old deep
seismic sounding profiles LT-2, LT-4 and LT-5 (Fig. 1; Ta-
ble 1) acquired in 1974-1979 between the Precambrian East
European Craton (EEC) and the Palaeozoic Platform in Cen-
tral Poland (Guterch et al., 1976, 1983, 1986). Good quality

Location of the LT-2, LT-4 and LT-5 profiles

Table 1

Profile

Beginning of profile

End of profile

Shot points location
along profile

LT-2
Stgszew—Starogard

0=52°16’09.7"
A=16°37"16.0"

0=53°49"23.4”
A=18°2627.3"

SP1: 0.0 km
SP2: 61.8 km
SP3: 152.2 km
SP4:208.2 km

LT-4
Sycow—Raciaz

0=51°19’40.0"
A=17°49°30.0"

9=52°56"55.0”
2=20°28°55.0”

SP1: 1.0 km
SP2: 67.5 km
SP3:129.6 km
SP4:204.8 km
SP5:255.2 km

LT-5
Pajgczno—Pultusk

$=51°04"10.0"
A=18°45"30.0”

$=53°00"10.0"
A=21°2410.0”

SP1: 1.1 km
SP2: 47.9 km
SP3: 123.0 km
SP4:203.1 km
SP5:276.3 km

seismic records (see for example Fig. 2) and travel times
(Fig. 3) were the initial data for the modelling of the crustal
and uppermost mantle structure. New models are shown in
Figure 4, and examples of modelling using a two-dimensional
ray tracing technique are shown in Figures 5, 6 and 7. All

three new 2-D models of the crust are
compared with “old” cross-sections ob-
tained 20-30 years ago, particularly tak-
ing into account the difference in interpre-
tation methods and computation possibili-
ties (Figs. 8 and 9).

PREVIOUS INTERPRETATION
OF DATA FROM THE LT-2, LT-4
AND LT-5 PROFILES

Deep seismic sounding investigations
(DSS) aim to determine the seismic ve-
locity distribution and boundaries in the
crust and uppermost mantle. A recording
system with short distances between the
receivers permits the exact phase correla-
tion of regular refracted and reflected
waves based on their kinematic and dy-
namic properties. For all shot points they
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Fig. 2. Example of seismic record sections (composites of seismograms) for LT-2 profile, SP 3,
for the offset 99.5-109.2 km

PmP — reflected waves from the Moho, P; — midcrustal waves, P, — refracted waves from the consolidated/crystal-
line basement, P,,,, — overcritical crustal waves

build a system of reversed travel times with common timesat ~ ing method in the distance interval from 50-90 to
the reciprocal points, which is a basis for crustal structure ~ 200-280 km from shot points. The distances between the
determination. Seismic measurements along profiles LT-2,  shot points were from 45-50 to 60—90 km. The shots were
LT-4 and LT-5 were completed with the “continuous”profil-  made by exploding dynamite in 30—40 m deep holes, which
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Fig. 3. P-wave first arrival travel-time picks for the LT-2, LT-4 and LT-5 profiles

Gray area shows P-wave first arrival times for POLONAISE’97 profile P4, including Precambrian Plat-
form, TESZ and Palaeozoic Platform (Grad et al., 2003). The data from the LT-2, LT-4 and LT-5 profiles
coincide very well with those from profile P4 for the TESZ area; the complexity of the crustal structure in
the whole area is illustrated by nearly 4 seconds of deviation of first arrival travel-times along most of the

offset interval; reduction velocity = 8.0 km/s

were grouped. The charges amounted to 600-800 kg on av-
erage, with a maximum of 1000—1200 kg. The recording was
carried out with multi-channel seismic instruments (see the
example in Fig. 2), and the distances between the channels
were 100 and 200 m. This permits exact phase correlation,
when the distance interval between receivers is smaller than
half of the wavelength (e.g., for V/p=6 km/s and frequency
10 Hz the length of the seismic P-wave is 600 m). Identifica-
tion and correlation of seismic phases was done through a
manual process using composite seismogram copies. The
travel times of waves from individual shot points were
drawn on the scale of 1:100 000, with the time scale of 2 cm
for 1 s. Correlated phases build a system of refracted and re-
flected travel times used in the determination of the seismic
velocities and boundary depths in the crust and uppermost
mantle. P-wave first arrival travel-time picks for LT-2, LT-4
and LT-5 profiles coincide very well with those from profile
P4 for the TESZ area (Grad et al., 2003). The complexity of
the crustal structure in the whole area is illustrated by 3—4
seconds of deviation of first arrival travel-times along most
of the offset interval (Fig. 3).

In the multi-stage interpretation process of LT-2, LT-4
and LT-5 data, both refracted and reflected wave travel time
branches were used. The boundary velocities were deter-
mined from apparent velocities of reverse travel times of re-
fracted waves. In the interpretation of the reflected waves the
method of effective parameters was used (e.g., Egorkin, 1966;

Guterch et al., 1983; Grad, 1983). The effective velocity V.,

was determined from the formula:

Ver () = (x/ p(x) 1(x))'

where: 7(x) is the travel time of the reflected wave, x is the offset, p=dt/dx is
the ray parameter.

The effective depth of the reflector /. was determined from
the formula:

1 1/2
he (x/2)= 5(Ve;t2 -x%)

Under DSS conditions the value of the effective velocity
may exceed the value of the mean velocity even by 10-15%.
The effective depth 7%, determined from the reflected wave
travel time is also greater than the true depth H of the reflecting
boundary. The difference increases with increasing distance
from the source, and under DSS conditions it may exceed
20-30% (Grad, 1983). Finally, the cross-sections of the crust
obtained in the interpretation process were verified using 1-D
calculations of theoretical travel times and amplitude curves
within individual crustal blocks.

Results of the old interpretation — cross-sections of the
crustal structure along profiles LT-2, LT-4 and LT-5 are
shown in Figure 8. Three blocks of crust distinguished along
all profiles correspond to the Palacozoic Platform (PP),
Teisseyre-Tornquist Zone (TTZ) and East European Craton
(EEC). The thickness of the Earth’s crust within the PP was
determined to be 35-38 km and about 45 km beneath the
EEC. The thickness in the 80 km wide TTZ was 4854 km. In
the light of data from the new LT-7, TTZ, P2 and P4 profiles
(Fig. 1) adeep trough structure in the TESZ in Central Poland
is not observed, and the Moho depth reaches 3545 km only
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Fig. 4. Two-dimensional P-wave velocity models for the LT-2, LT-4 and LT-5 profiles

Re-interpretation of archival data was derived by a ray-tracing technique using the SEIS83 package
(Cerveny and P3encik, 1983). The thick solid lines are layer boundaries and thin lines are iso-velocity
contours in km/s; boxes show intersection with the P1, TTZ and P3 profiles; white dotted lines show
parts of profiles documented by refracted and reflected waves (ray coverage)

(Guterch et al., 1994; Grad et al.,
1999, 2003; Janik et al., 2002).

REINTERPRETATION OF DATA
FROM THE LT-2, LT-4 AND LT-5
PROFILES

Detailed modelling of refracted
and reflected phases identified for
the LT-2, LT-4 and LT-5 profiles
was undertaken using ray-tracing
calculations of travel times and the-
oretical (synthetic) seismograms.
For these calculations, we used the
ray theory package SEISS3
(Cerveny and Psencik, 1983) en-
hanced by the interactive graphical
interfaces MODEL (Komminaho,
1997) and ZPLOT (Zelt, 1994, with
modifications by P. Sroda). In the
kinematic modelling, the calculated
travel times were compared with
the experimental travel times. The
model was successively altered by
trial-and-error, and travel times
were calculated many times for a
suite of models until close agree-
ment was obtained between the ob-
served and model-derived travel
times (Polkowska-Purys, 2002). Fi-
nal models for the LT-2, LT-4 and
LT-5 profiles are shown in Fig-
ure 4. Examples of results of the
2-D crustal structure modelling for
different parts of all three profiles
are shown in Figures 5-7. They il-
lustrate some features of the ob-
served wave field, which document
important elements of the crustal
structure for the LT-2, LT-4 and
LT-5 profiles. In Figure 5 note a
group of waves reflected in the
lower crust, occurring 0.5-0.3 s in
front of the PmP reflection, as well
as the refracted P, wave with an ap-
parent velocity of ca. 8.4 km/s. In
Figure 6 the apparent velocity of the
refracted P, wave is ca. 8.0 km/s,
and the lower lithospheric wave P’
and overcritical crustal waves are
observed. In Figure 7 note the re-
fracted P, wave with an apparent
velocity of ca. 8.4 km/s, as well as
the lower lithospheric wave P’ and
an overcritical crustal wave. In all
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Fig. 5. Synthetic seismograms, observed (picks) and theoreti-
cal (lines) travel times of P waves and selected rays calculated
for the model of the crust for LT-2 profile, SP 4

Reduction velocity = 8.0 km/s; note a group of waves reflected
in the lower crust, occurring 0.5-0.3 s before the PmP reflec-
tion in the distance range 75—125 km along the profile, as well
as the refracted P, wave with an apparent velocity of ca. 8.4
km/s in the distance range 25-50 km (which correspond to off-
set 160185 km)

cases, theoretical travel times fit well the observed travel
times of refracted and reflected waves. Synthetic seismo-
grams show good quantitative agreement of theoretical and
observed amplitudes of the main waves.

In the new models derived for the LT-2, LT-4 and LT-5
profiles using a forward ray tracing technique with the SEZS8§3
program (Fig. 4), a large thickness of relatively low velocity
rocks was found in the transition between the EEC and the PP.
In this area rocks with velocities of 5.3—5.5 km/s at 5 km depth
extend to 17-20 km depth where velocities are 5.6-5.9 km/s,
and the underlying basement has a velocity of 6.1-6.3 km/s.
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Fig. 6. Synthetic seismograms, observed (picks) and theoretical
(lines) travel times of P waves and selected rays (from the upper crust
and lower lithosphere) calculated for the model of the crust for LT-4
profile, SP 1

Reduction velocity = 8.0 km/s; note the refracted P, wave with an apparent
velocity of ca. 8.0 km/s in the distance range 200-250 km along the profile
(and offset), as well as the lower lithospheric wave P’ and overcritical
crustal wave Pz, in the distance range 200-250 km

The models show a variable structure and depth of the base-
ment along profiles. The top of the crystalline basement in the
area of the East European Craton lies at 3—8 km, and the crys-
talline basement velocity is 6.1-6.2 km/s. In the NE parts of
all models the crustal structure is typical of Precambrian
cratons. Apart from the sedimentary cover, the crystalline
crust (about 40 km thick) consists of three layers with veloci-
ties of 6.1-6.35, 6.5-6.80 and 7.0-7.25 km/s for the upper,
middle and lower crust, respectively (see also Sroda e al.,
1999; Kozlovskaya et al., 2004). The middle and lower crust
contains some complexities, observed as local reflectors and
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distance interval 30—100 km (offset 170-240 km).
The velocity beneath the Moho boundary was de-
termined only for the central parts of all profiles
where P, waves penetrated the uppermost mantle.
The velocity beneath the EEC is 8.1-8.2 km/s,
while for the TTZ and PP it is much higher, being
8.35-8.45 km/s. In the TTZ lithosphere the reflec-
tor about 15 km below the Moho was found for all
profiles. To explain the amplitude of the waves re-
flected at this boundary, it is necessary to assume a
contrast of the P-wave velocity of about 0.2 km/s.
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CRUSTAL STRUCTURE
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Five profiles, P1-P5, from  the
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profiles and reinterpreted early deep seismic
sounding studies at LT-2, LT-4 and LT-5 profiles
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structure in Central Poland (Guterch et al., 1986,
1994; Grad et al., 1999, 2003; Jensen et al.,
1999; Sroda et al., 1999, 2002; Czuba et al.,
2001, 2002; Janik et al., 2002). Based on all the
profiles mentioned above, the crustal thickness
of'the TESZ in Central Poland is intermediate be-
tween that of the East European Craton to the
east (42—44 km) and that in the Palaeozoic Plat-
form to the south-west (30-35 km). The upper
crustal structure of the PP and EEC is different,

150
Distance [km]

Fig. 7. Synthetic seismograms, observed (picks) and theoretical (lines) travel
times of P waves and selected rays calculated for the model of the crust for LT-5

profile, SP 5

Reduction velocity = 8.0 km/s; note the refracted P, wave with an apparent velocity of
ca. 8.4 km/s in the distance range along profile 0—100 km (and 275-175 km of corre-
sponding offset), as well as the lower lithospheric wave P’ and overcritical crustal wave
Ppusir I the distance interval 30-80 km (corresponding offset 190-240 km)

documented from short travel time branches. The crystal-
line/consolidated crust thins drastically to the SW, and be-
neath the TTZ and the Palaecozoic Platform it is 15-20 km
thick only. The lowermost crust with velocities of [17.0 km/s is
present in all profiles (more precisely their central parts) be-
neath the EEC, TTZ and PP. It is well documented e.g., in Fig-
ure 5 for SP 4 from profile LT-2, where overcritical crustal re-
flections at offset 150-200 km have a significantly higher ve-
locity than the P, wave closer to the shot point (offset
50-150 km). Another example of this phenomenon under the
TESZ is shown in Figure 7 (for SP 5 from profile LT-5) in the

and these units are divided by a transition zone
which is a large and deep structure filled with
sedimentary, metamorphic or volcanic strata
with Vp <6.0 km/s to its maximum depth of
18-20 km. The lower crust of the TESZ is rela-
tively fast (Vp=6.8-7.3 km/s), and velocities in
the uppermost mantle are relatively high
(Vp>8.3 km/s). The three-layer crystalline crust
of Baltica grades laterally into the two-layer
Palaeozoic (Variscan) crust, due to the disap-
pearance of the high velocity lowest layer
(Vp~7.1 km/s).

300

ANALYSIS OF RESOLUTION
AND UNCERTAINTIES

Uncertainties for the final models of the crustal structure
forthe LT 2,LT 4and LT 5 profiles are due to a combination
of several factors. Some amount of subjectivity cannot be
avoided as the arrival times of phases are picked manually af-
ter correlation of phases in seismograms. However, the very
dense “continuous” system of recordings at the LT-2, LT-4
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Fig. 8. Previous models of the structure for the LT-2 (with SW extens

and LT-5 profiles (100 or 200 m geophone spacing), gives an
opportunity for phase correlation from trace to trace. Here the
uncertainties are much lower than in the “point” recording
system, where spacing of recorders is a few times larger than
the wavelength (1 to 5 km geophone spacing). The subjectiv-
ity of correlation is smallest for first arrivals, but later phases
provide important constraints that should not be ignored, even
though their arrival times are subject to larger uncertainty than
the first arrivals. We are confident that the picking accuracy
was usually about [1.05 s for refracted phases (first arrivals),
and about [0.1 s for reflected phases. Errors due to uncer-
tainty in phase correlations cannot be estimated quantita-
tively, but the accuracy of the correlations increases with in-
creasing quality and quantity of data. In the case of the LT-2,
LT-4 and LT-5 profiles, velocity and depth uncertainties of
2-D models derived by forward modelling are of the order of
+0.1 km/s and £1 km. However, for areas with complicated
structure the accuracy could be worse, i.e., £0.2 km/s and
+2 km for velocity and depth, respectively (Janik et al., 2002;
Grad et al., 2003).

All three “new” 2-D models of the crust for LT-2, LT-4 and
LT-5 profiles show some differences compared to “old”
cross-sections obtained 20-30 years ago (Figs. 8 and 9;
Guterch et al., 1976, 1983). The biggest difference relates to

ion along profile M-7), LT-4 and LT-5 profiles (Guterch et al., 1986)

the TESZ structure, while for the EEC and Variscan crust the
velocity models are almost the same. In all “old” models the
depths of the Moho boundary in the TTZ are significantly
greater than in “new” models. This results from overestimated
effective velocities for the crust (by about 0.2-0.3 km/s). Re-
cordings were made starting from a distance of 50-90 km from
the shot point and the uppermost crustal structure was taken
from shallower refraction investigations (Skorupa, 1976). Ac-
cording to these investigations, the consolidated basement at
about 10 km depth was characterized by a velocity about of
6.1 kmy/s. It was only investigations in the 1990’s that showed
that this basement has a velocity of 5.8 km/s only, and veloci-
ties lower than 6.1 km/s are observed down to 18-20 km depth
(Guterch et al., 1994; Grad et al., 1999).

SUMMARY AND CONCLUSION

In “new” velocity models for the reinterpreted LT-2, LT-4
and LT-5 profiles (Fig. 4), the total thickness of the crust
changes from 30-35 km beneath the Palaecozoic Platform
(SW parts of profiles), to 3540 km beneath the TESZ, and to
42—44 km beneath the EEC (NE parts of profiles). High ve-
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Fig. 9. New models of crustal structure for the LT-2, LT-4 and LT-5 profiles

locities (8.3—8.4 km/s) in the uppermost mantle lithosphere
were only found beneath the TTZ and Palaeozoic Platform
area. Similar velocities were also found in this area beneath
the TTZ and P4 profiles (Grad et al., 1999, 2003) and P1 pro-
file (Jensen et al., 1999). In the TTZ lithosphere a reflector lo-
cated about 15 km below the Moho was found on all profiles
(see also Grad et al., 2002a). Both old and new crustal models
derived along the LT 2, LT 4 and LT 5 profiles show gener-

ally the same strong structural variations from the Palacozoic
Platform in the south-west, across the TESZ region, on to the
EEC to the north-east.
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