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eotectonic-structural units based on Karabanov

L
A% 1-1‘

pal

Boundaries of neotectonic structures

—  1storder

— 2nd order
\ e Ath order
Ballic-Belarus Syneclise

- Easl-Baltic Graben System

I:I Lithuanian-Estonian Monocling
1 - Mazovian Deprassion, 2 - Gdansk Depression, 3 - Odra Depression

Central-European Zone of Uplift

I:l Lusatian-Sudetic Block

["] south-poiish - Podolian High

D Hely Cross Block

Ij Carpathian Foredeep
D Carpathians

Central-European Subsidence Zone

Areas subsided since the Early Oligoce

Areas uplifted since the Early Oligocene
Pomerian Deprassion

m Central-European High

- West-Baltic Step

Fragments of the Alpine arogen,
initially subsided, then uplifted

&%
]_| Areas initially subsided, then uplifted
=



Unités el éléments teclonigues et néotectoniques de la Pologne

1 — structures anticlinales plus Importantes dans la couverturo du Zechstein et du Mésozoique
ains!l que dbme sallfdres, 3 — dislocations néogénes, éopleistocines et mésopieistocénes probas=
bles, 3 = cavités constatées et probables Uées aux mouvements néotectoniques, ¢ =— terrains
néogénes 4 plissement, 5 — endroits de tremblements de terre, § — anticlinorium siléslen —
principales unibés tectonigues de la Pologne (d'aprés 5. Sokolowski et J. Enosko)
Ruehle 1969
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Isoamplitudes des mouvements néotectonigues en Pologne

1 — ispamplitudes indiquées tous les 50 m sur le terrain de la couverture de plate-forme du

Zechstein et du Mésozoigque sur la Basse-Plaine de Pologne, 2 — izoamplitudes indiguées tous

lez S0 m sur lg tércain de P'orogéne hercynlen des Montagnes de Ste Crolx et des Sudébes,

1 — lspamplitudes indiguées tous les 500 m sur le terrain de 1'orogéne alpin des Carpates et

de ["avant-fosge ocarpatigue, 4 — princlpaux chafriages carpaklgues, § — principales failles
gur le terrain de I'anticlinorium silésien

Ruehle 1969




Amplitudes of Quaternary tectonic
movements in the Polish Lowland:

m
150

—

s CQuaternary tectonic grabens
m—— and tectonically-controlled
water reservoirs

Tectonic structures reactivated during
Pleistocene ice sheet advances
. . MAIN anticlines in Zechstein
and Mesozoic strata and
salt diapirs

- ‘ glacial erosional depressions
related to reactivated
basement faults

tectonic grabens reactivated
in the Quaternary

Kuyavian Swell uplifted in the
Pleistocene

glacial-induced frontal
bulge, associated with the
Pomerania phase of the
Weichselian

Palasogene and Neogene
grabens in the Polish Lowland,
of maximum of subsidence in
Miocene time, and reactivated
in the Quaternary

Carpathian frontal thrust




Recent tectonic tendencies inferred
from remote sensing data:

uplift
stability

subsidence

young faults active in Neogene-Quaternary
a times; basement faults reactivated during
Quatemary glaciations; Necgene faults or faults
1 ) P reactivated in Neogene times; inferred
..... i Sk i ) Al ' Necgene and early-middle Quaternary faults

elevations uphfted in the Neogens
— =) _\:._.__ ‘:’:\' and Quatermary

o .,'\ e e
Li A R — Miocene grabes
—

/

B f v - recenl tendencies of Quaternary vertical
\ __f maovement (+/-)
. #ef =  Carpathian frontal thrust
- \4
e

areas showing increased seismic actiity

mapped and inferred axes of
= nectectonically-controlled depressions

zones of folded Neogene strata
(outside Carpathians)




Recent vertical crustal movemants
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Kowalczyk (2006)
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Photolineaments in Poland

Satellite lineaments in Poland and surrounding countries
Graniczny 2005




Graniczny & Mizerski
2003

strefy lineamentow
8 opisane w tekscie

zone of ineaments

described in the text

inne lineamenty platforma wschodnioguropejska platiorma paleczoiczna Karpaty
other lineaments Fast European Platform Paleozoic Platform | Garpathians

LINEAMENTS IN POLAND




Guterch & Lewandowska-Marciniak 2002
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The earthquake epicenters for the Czech Republic, Poland, Slovakia, and adjacent arcas (SCHENKOVA et al, 1999, SCHENK et al. 2000)




|24

@ of unknown
intensity

b |
Teiss -Tornguist
Bl Yo
m deep-zeated
ﬁaﬂgﬂm sversed
=y i n
desap-seated faulls

EI anomakous cresl

em“ak& —— Odra Fault
SWarms

===~ Gudelic Margnal Fault

0 50 100 km

TT T carpathians

e, Pieniny Klippen Belt

|16 [20

|24

Historical seismicity in Poland

Mortimer 2002
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All earthquakes recorded in Poland since the 15th century, in the MSK intensity scale

Black circles — reliable d rey circles — uncertain, data o 3
?Etﬁer'cﬁ ﬁ Lewandowska-Marciniak ‘02




Earthquake epicenters in Poland in the 20th century, in the MSK intensity scale

Black circles — rchabic data, %“E)Lc:lrc]es uncertain data L.
Guterch ewandowska-Marciniak 2002
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Baltic Sea
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Cieotectonic crustal scheme based on the DSS studies (after GUTERCH and GRAD 1996) and
earthquake epicenters recorded in Poland since the 15th century
I = depth to the Moho discontinuity in Kilometres; 2 — the TTZ: 3 - boundanies of crustal blocks; 4 - Haoly Cross
Mountains main fault; 5 — ransverse fractures in the TTZ; 6 - anomalous zone in crustal structure in the TTZ in SE
Poland. For the TTZ arei, depths of the laver with velocity Vp < 7.4 km s are given in parentheses; Sw M -
Swigtokrzyskie Mis, (Holy Cross Mis.); 7 - eanthquake epicenters; & — seismic events induced by mining
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am  Tendencles of Quatemary vertical movements [m]

Laramian and Neogene faults reactivated in the Late Neogene
and Quaternary; as well as Quaternary




Cuaternary tectonls grabens

Meogens grabens reactivated n the QUATEIRATY

Mesozolc grabens showing maximum of subsidencs
in Miocens times, and reactivated in the Quaternary

Laramian and Neogens faults, reactivated In PHocene
and Quaternary imes, as well a5 Quaternary Faults
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Dusterops of the Pre-Tertiary rocks
4 at the subquaternary surfiuce

Extent of the Middle Mipcens
deposts of Pamfedyda

Lipper Oligocene - Middle Miogene
Prasaitoids

fandts active during
Terthary

faults reactivided
i CRatermiry

Late-Alpine thrust
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FAULT ZONES ACTIVE IN NEOGENE AND QUATERNARY TIMES
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Earthquakes in Lower Silesia 1964-2000 Badura & Przybylski 2000
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Sketch map of geological structure of the Polish Sudetes
Faults active in the Tertiary and Quaternary: | - faults with undetermined sense of throw; 2 - faults with confirmed
sense of throw: ubk - Karkonosze Marginal Fault, uR — Rebiszdw Fault, wl - Jerzmanowa Fault, rR-M — Rozioki-
Mokrzesaiw Graben, uStez — Streelin Fault, uBG — Biata Gluchotaska Fault, rP-K — Paczkdw-Kedzicrzyn Graben; 3 -
new geodynamic profiles; 4 - peodynamic network points; § - isolines of recent vertical crustal movements according
w0 WYRZYKOWSKI (1985); 6 — geodynamic polygons: A — “Sniegnik Massif”, B - “Paczkow Graben™, C - “Stolowe

He el Cacon & Dyjor 2002
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Type of motion inferred from GPS data




o LESTHI

o LG

o= Raatraing besd (uplil) " ; s Earhguakes
= Fiedaaning bend (subsidencs] A ] 4 i TR 2 ShiF  Budstic Margisal Faull
' ; MOFZ Middle Odra Fault Zone

N o E R \\: g
e ok ' 2N Quaternary

Stress field pattern in Lower Silesia

N







1.0 km 3.0 km 5.0 km 7.0 km




POLAND

Location of major Miocene faults in Upper Silesia, reactivated in Quaternary times
(after Lewandowski, 2007)




Tokarski & Rauch

% — 1996
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Tectonic sketch of Upper Silesia Coal Basin (after Kotas, 1987, modified) with location
of joint measurement stations in coal mines and in surficial exposures
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average annual rate of motion in mm/yr
@ <5 5<)<3 3< <1 <P <1 +1 <+3 +3<f<+5 @45

PSinSAR measurement points in Upper Silesia (based on Graniczny et al., 2005)










FAULT ZONES:

| - Kock - Leczna; Il - Wieprz River valley;,
Il - northern margin of the Lublin Upland,;
IV - Bystrzyca River valley; V - Wiodawka;
VI - Kaplonosy (Henkiel, 1983, 1984
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- Sobianowice Graben
b

Henkiel 1983




Geological map

of Roztocze area,
showing location
of main fault zones

Buraczynski 2001
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TERTIARY
= | mudsiones & lcams [Sarnatian)
Eﬁ reef, defritical limeastones; imy sandstonas
Uppar Badsnian)
E:.;E_ delritical imeslones, sands & limy Sandsicoes
of tha escarpment zone of Roztocza (Uppar Badensan)
m glaucontic sands & sandsiones [Eocene)

Brzezinska-Waojcik & Superson 2004

CRETACEOUS Fraes. gom 0, koictin
merls and merly cpokas (Sotlom Uppar Mesasinchlian)

- marly apokas and mars {Top Lowar Meastichlian)

[ zaizes ana marty gezes {Bctiom Lower Massirichiian)

9V opokas & gaizes (Upper Camganan)

i paizes (Lewer Camparian)

~———= sirafigraphic boundanas.

——"= real and presumed fauls

¥ 4+ awes of the man anticlinas

S | inpEr Witz River dreinage basin




Brzezinska-Wojcik 2002
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Geological cross-section of the Zwierzyniec Downfaulted Trough (E<F) (compiled after: Kurkowskr 1994, Poprerskr 1994,

Buraczydiskl 1996, Cimsiimiskl et al. 1996), BrzezifiskaWolclk & Suberson 2004
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A~ Carpathian thrust

| - Carpathians, Il - Carpathian ¥ ", £ G

Foredeep, lll - Sudetes, IV - o T o 50 100 km . 200t ___L_.L
Polish Lowland ‘ asirskl X
e faults

i: ! extent of terrestrial Miocene strata

NEOGENE STRATA IN POLAND

{j extent of marine Miocene strata

Tectonic grabens filled with Palasogene and Neogene



Gotowala &
Hatuszczak
2002 E

B
T .

|I:I S 100

B o

[ 158 200 km

4]

B T I

Area of study and location of the major structural components. Notations are: 1) master faults of the Kleszcxdw CGiraben: 2) regional
fault zones after Dadlez (1997), Riihle et al. (1978): 3) Tertiary grabens system afier gravity data (Dabrowski, 1980); 4) Szczecin-Mogilno-
Lodz-Miechow Depression area. Abbreviations are: T'TL — Teisseyre- Tornquist Line after Posaryski (1986); HCF — Holy Cross Fault; DLF
-~ Dolsk Fault; BOGF — Belchatdw-Opoceno-Grdjec Fault; BRF — Brzeg-Kluczbork Fault; DEPR - depression.




Gieodogical map of the Kheszowdw Graben asea withoal Cemorede and Cretneeows stmtn. | lithestraty grdic units afer Righles et al
FOTE, modifed amd supplemented). Motstions are: 1) Late Jurassic — Poctlandian (13pl 2) Late Jurassic — Kimmeridgian (13kmk %) Lot
lurassis — Oxfordian (13002 45 Middle harassic {12); 5) Barly Jurassic {11); 6) Triassic (T 71 Permian — Zechstein {P); Bl 13) Mhuales of the
Kleszcadw Graben; 16) fncls after Bilsde et al (1978} Abbrevaabions are: AL — Lelkinsko Anticline.  goiowatn & Haluszorak 2002
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Ber & Ryka 1998 v 20 km

Simplified map of linear tectonic elements derived from the remote sensing geophysical analysis

{ — principal unconfornity zones, 2 — other unconformity lines
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Rose diagram

E showing glacial morphalineaments
- {crevasse landforms) orlentation
' crevasse : dead-ice Englacial (after Morawski, 20030)
fillings .3 moraines kames photolineaments

(after Doklor et al, 1995)

linear landform axis )
(after Morawski, 2003b) . cross-section
@ boreholes

Englacial kame fields and glacial topolineaments in Mazury Lakeland
{after Morawski, 2007)



E | ' ' ' F
W KAMES NE

BARCZEWKO SZYNOWO RADOSTY , . DERC LEKITY JEZIORANY

200
m a.s.l.

= .

" Pleistocene: [ il [ Miocene | hypothetical faults I, block (festoon) instability
outwash sediments

Geological cross-section through the Jeziorany region (after Morawski, 2007)
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Comparison of the Sye.
directions with intraplate mo-
tion vectors

The pgreen itrajectories ndicate
general stress divections for the ar-
eas lacking stress partitioning or
for the deeper level in the case of
stress partitioning. In the latter
case orange trajectonies are added,
showing Sy, directions for the
upper level. For comparison the
World Stress Map data are shown
in the background

Red
arrows show directions of the
intraplate motions (after Hefty,
1998); length of each amow is
proportional to  the wvelociny
one-sigma error ellipse is attached
to each arrow. Yellow arrows
show hypothetical strike-slip mo-
tions along the TTZ and the
Sudetic Boundary Fault (SBF)
that might b responsible for dis-
crepancy  between directions of
S and the intraplate motions.

after Jarosinski (2006)
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Distribution of stress regime data from hydro-fracturing tests
(small circles) and from natural earthquake focal mechanism (greatest
circles) and mining-induced tremors (intermediate size of circles)

Stress regimes: TF - thrust faulting, $S - strike-slip faulting, NF - normal
faulting: arrows indicate mean direction of SHmax; Be - Belchatéw mine
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faults and grabens active in the Quaternary




CONCLUSIONS

| e size of throw of Quaternary faults changes from 40-50 m and >100 m in
the Sudetes and the Lublin Upland, to several - several tens of metres in the
Carpathians.

* The average rate of faulting during Quaternary times has been 0.02 to 0.05
mm/yr, what enables one to include these structures into the domains of
inactive (D) or low-activity (C) faults. A similar conclusion can be drawn from
the results of repeated precise levellings and GPS campaigns.

* Episodes of increased intensity of faulting took place in the early Quaternary,
in the Mazovian (Holsteinian) Interglacial, and during or shortly after the
Odranian (Drenthe) glacial stage. Some of the faults have also been active in
‘Holocene times. -

o

*The seismic activity is often related to strike-slip faults, which in the
Carpathians trend ENE-WSW and NE-SW, whereas outside the Carpathians
they are orientated parallel to the margin of the Easteuropean Platform and the
Sudetic Marginal Fault.




