
Time succession of Cenozoic stress fields in the
northern part of the Bohemian Massif
Jiří Adamovič1, Miroslav Coubal2
1 Institute of Geology AS CR, v.v.i., Rozvojová 269, 16502 Praha 6, Czech Republic, adamovic@gli.cas.cz
2 Institute of Rock Structure and Mechanics AS CR, v.v.i., V Holešovičkách 41, 182 09 Praha 8, Czech Republic

Methods. The presented succession of regional tectonic stress fields in the northern part of the Bohemian Massif, Czech Republic, is based on a detailed 
field mapping of faults, offsets of faults and dykes of Tertiary volcanic rocks, and on documentation of kinematic indicators on fault planes. In the last 

two decades, paleostress analyses were made for the Lusatian Fault (Coubal 1990), the southern marginal fault of the Eger Graben (Coubal and Klein 
1992, Coubal and Adamovič 1995 unpublished), and the northern marginal fault of the Eger Graben (Adamovič 2000 unpublished). Time refinement of the 

regional stress scale was permitted by paleostress analyses on faults in the Tertiary Most Basin (Coubal and Adamovič 2000) and the analysis of 
geometries of post-Cretaceous intrusive bodies in northern Bohemia (Adamovič and Coubal 1999).
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CONCLUSIONS
The study of cross-cutting relations among faults in North Bohemia, intrusive geometries and deformations of radiometrically dated volcanic bodies, combined with paleostress analysis on major 

faults, permitted to refine the stress field scale for this region. Recent observations especially helped to characterize the effects of the Mid to Late Miocene compressional phases (gamma, 
delta) and to quantify their effects in particular fault zones. The magnitude of strike-slip movements under these phases was previously underestimated. On some faults (e.g., Lusatian Fault) it
exceeded that of earlier dip-slip movements. Similar structures and kinematic histories of the two marginal fault zones of the Eger Graben support their common evolution not only during the 

tensional beta phase but also during the compressional gamma/delta phases.
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alpha 1 (ductile)
Sub-Hercynian phase, Santonian to Campanian

• a paired system of deformation bands (1 to 102

metres alongstrike length) dipping NE and SW in 
Late Cretaceous sediments,

• later developed set of large anticlines (104 to 105 m 
axial length) trending E–W, stretching across the 
whole region: Děčín, Kozly near Česká Lípa, Nová 

Paka, Litice anticlines. 

alpha 2 (brittle)
Laramide phase, Maastrichtian to Mid Eocene

Faults. Large-scale reverse movement on NE-dipping faults. Lusatian Fault: net 
dip-slip displacement by as much as 2000 m in the Paleocene. 

Volcanics. Dykes of basaltic rocks – polzenites – striking parallel to the 
maximum principal stress in the foreland of the growing Lusatian Fault:

Zeughausgang (71 Ma), Hamr dyke system (65–50 Ma).

beta 1-3
Mid Eocene to Mid Miocene

Faults. Large-scale normal movements on faults striking NE-SW and E-W, leading to the formation of the 
Eger Graben between the Krušné hory Fault (Erzgebirgsbruch) and the České středohoří Fault 

(Mittelgebirgsbruch). The earliest sediments, the Late Eocene Staré Sedlo Fm., were deposited under E-W 
tensional field. As suggested by basin-fill geometries, most of the graben subsidence (300-600 m in total) can 
be attributed to the Early to Mid Miocene NW-SE tensional field. Other major normal faults associated with 

this phase are the Česká Kamenice Fault and Velenice Fault.
Volcanics. Peak volcanic activity in the Oligocene, alkaline volcanism associated with the Ohře (Eger) Rift. 
Intrusive geometries of K-Ar dated volcanic rocks permitted to put time constraints on three consecutive 

stress fields (see on the right).

gamma
Mid to Late Miocene

Faults. Left-handed strike-slip movements on subequatorial faults, also offsetting the course of the graben 
shoulders. As documented by dyke offsets, total displacement on faults of the Lusatian Fault Zone in the 

Elbsandsteingebirge exceeded 2 km. Folding of Cretaceous sediments in the Česká Lípa area.
Volcanics. Subdued volcanic activity: only a few bodies in North Bohemia can be dated to the period of 

gamma/delta compression.

delta 1-3
Late Miocene to ?Pliocene

Faults.

1. Reactivation of subequatorial faults as right-
handed strike-slips. In a zone 14-20 km SW of 
the Lusatian Fault, the largest displacements 

exceeded those related to phase gamma, 
producing a step-like pattern of graben 

shoulder faults. 

2. With further stress re-orientation, 
movements of the same sense occurred on 
faults NW-SE in the central part of the 

graben. 

3. Somewhat younger left-handed strike-slips on 
NE-SW faults were detected all over North 
Bohemia, offsetting subequatorial faults and 
basaltic dykes. Reverse movements occurred 
on some subequatorial faults. Large polished 

surfaces in phonolitic (Vrátenská hora, 
Maršovický vrch) and tephritic bodies (Ralsko) 
were also induced by this N-S compressional 

field.
Phase delta is probably responsible for major 

uplift of the Krušné hory Mts. (Erzgebirge).

71-50 Ma

50-42 Ma

85-71 Ma

Strikes of the youngest dykes suggest a NNW–SSE maximum principal stress 
(Buková Hill 48.7 Ma).

42-34 Ma

34-24 Ma

24-16 Ma

post-Miocene deformations
Epsilon. Tensional phase responsible for normal 

movements on the Krušné hory Fault and Lusatian Fault. 
In the Most Basin, Pliocene epsilon 1 (NW-SE tension) 

can be distinguished from Early to Mid Pleistocene 
epsilon 2 (NNE-SSW tension).

Present stress field. Since Mid-Pleistocene times, the 
crust is subjected to NW-SE compression.

16-11 Ma

1
1
 -

6
  

 M
a

gamma/delta superposition
Two compressional phases, gamma and delta, are only closely 

separated in time. Their mutual superposition has been a matter 
of dispute. Our present concept is based on superposition of 

striated surfaces in young volcanics (Česká Lípa area) and 
cross-cutting relations among faults. From dyke offsets on 
subequatorial faults, it is clear that younger bodies were 

subjected to NNW-SSE compression only, while older (e.g., 
polzenite) dykes were subjected to a combined effect of E-W 

and NNW-SSE compression (Doksy area, Krásná Lípa area).

Striated plane of a normal 
fault, Turonian sandstone, 
phase beta3, Děčín

Transpressive fault with 
coarse striae, Turonian sand-
stone, phase gamma, Turnov

Shear fault with fine 
striae, phonolite of 
Maršovický vrch Hill, phase 
delta3, Dubá


