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Gorleben exploration mine
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Occurrence of the Gorleben-Bank in the 
exploration mine


Kühnlenz et al. (2014) 4 
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Stratigraphic position


Bornemann et al. (2008) Stratigraphic table of Zechstein beds (left), detail of z3 (right)







Gorleben-Bank (z3OSM)


Kühnlenz et al. (2014)
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• Isoclinal, tight folds with flat oriented fold axis 
predominate


• Fold hinges are thickened, tension gashes 
occur


• Local development of fracture cleavage
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Deformation structures of the 
Gorleben-Bank: folds


0.5 m 







Deformation structures of the 
Gorleben-Bank: boudins


• Different 
boudin types


• Boudinage
affects whole 
rock 
sequence or 
only single 
zones


• Decoupling 
effect of weak, 
clayey zone III
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Deformation structures of the 
Gorleben-Bank: fractures


a. Fractures in zones V/VI, filled with carnallite
b. Fractures in zones V/VI, filled with halite, note comparatively thick zone I
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2. Polyphase deformation
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Polyphase deformation (1)


1. Folding incl. thickening of fold hinges 
and tension gashes


2. Boudinage (elongation ca. 11%)
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Polyphase deformation (2)
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1. Development of zone I (incl. halite clasts)
2. Development of zone IV (halite, carnallite), due to slickenside in zone III
3. Isoclinal folding
4. Fracturing of folded rock sequence (fractures filled with carnallite)







Polyphase deformation (2)
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1. Development of zone I (halite clasts)
2. Development of zone IV (halite, carnallite), due to slickenside in zone III
3. Isoclinal folding
4. Fracturing of folded rock sequence (fractures filled with carnallite)







Polyphase deformation (2)
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1. Development of zone I (halite clasts)
2. Development of zone IV (halite, carnallite), due to slickenside in zone III
3. Isoclinal folding
4. Fracturing of folded rock sequence (fractures filled with carnallite)







Polyphase deformation (2)
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1. Development of zone I (halite clasts)
2. Development of zone IV (halite, carnallite), due to slickenside in zone III
3. Isoclinal folding
4. Fracturing of folded rock sequence (fractures filled with carnallite)







Field study 1: Halite clasts
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Lower Orangesalz 
(z3OSU) 


Upper Orangesalz 
(z3OSO) 


3 cm


Modified from Kühnlenz et al. (2014)


± Clasts 


± Clasts 


Sample SU2; Outcrop 22, 880 m level


Halite clasts
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Occurrence of halite clasts
a b 


• Outcrop 47, 840 m level:
Elongated halite clasts in zone 
V/VI


• Outcrop 32, 840 m level: 
Halite clasts in zone I


• Influence of the morphology 
of Gorleben-Bank
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• Only few inclusions, almost no substructures inside halite clast
• Opaque seams around clast


SB1 Image width: 4.5 cm 


Microstructures of single crystal halite clasts
 


single crystal 
halite clast


zone V & VI 


Transmitted light, II pol Image width: 0.5 mm SB3 
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• Anhydrite inclusions 
• Grain boundaries with fluid network
• Grains show different amount of inclusions


Image width: 1.9 mm 


Image width: 1.9 mm 


X pol 


II pol 


Image width: 8 mm 


Microstructures of polycrystalline halite 
clasts
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EBSD measurements
single crystal rock salt clasts


Clear halite clasts in zone I are single crystals 21 21
Image width 4 cm 







Image width 4 cm 


• Slight lattice bending
• Misorientation angles < 2 °


EBSD measurements
single crystal rock salt clasts


22 







EBSD measurements
polycrystalline clasts
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Halite grains inside polycrystalline clasts in zones 
V and VI show misorientation angles of 5 - 35°


Image width 4 cm 
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Bromide content
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• Single crystal rock salt clasts:
175 – 202 µg Br/gwhole rock


This is in line with the rock salt surrounding z3OSM (Bäuerle 2000)


• Polycrystalline halite clasts:
115 – 212 µg Br/gwhole rock


Wide range of bromide content 


• Coarse grained rock salt of zone I: 
Low values of ~ 100 µg Br/gwhole rock


Can be attributed to the influence of intrasalinare metamorphic 
brines
This influence was not observed in the clear halite clasts


This is in line with the rock salt surrounding z3OSM (Bäuerle 2000)


Bromide content


3 mm
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Field study 2: Deformation structures in a 
high strain domain
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• Sampling location: Bohrort
1.8, 820 m-level, close to 
transition zone z2-z3


• SW - limb of an isoclinal
syncline


• Gorleben-Bank distinctly 
differs on the two opposite 
walls of the outcrop


• Gorleben-Bank is strongly 
deformed by shearing and 
boudinage


30 Mertineit et al. (2014)







• Distinct differences in 
mineralogical 
composition of z3OSU 
and z3OSO


• Br-content shows wide 
variations, especially in 
z3OSO


• High Br-content in 
stratigraphically not 
clearly classified area 
between Gorleben-
Bank trails → 
asymmetric material 
inflow from SE to NW


31 Mertineit et al. (2014)
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Halite: microfabrics


Mertineit et al. (2014)


• Foliation in 
halite, caused 
by a moderate 
grain-shape 
fabric


• Euhedral
crystals 
replacing 
subhedral halite 
crystals


• Subgrains in 
halite







• Etching of the thin section’s surface using an
unsaturated, ~5.5 molar NaCl-solution (Urai et al., 1987)


• Microstructures (subgrains) become visible


• Differential stress values can be calculated by measuring
the subgrain size (Carter et al., 1993):


mkD −= σ*


D = average subgrain size [µm]
k and m = material properties
σ = differential stress [MPa]


(1)


Halite: subgrain analyses
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• Palaeopiezometry
from subgrain
analyses of halite


• Increase of 
differential stress 
close to competent 
anhydrite layer


34 Mertineit et al. (2014)


Halite







• Bending of 
anhydrite 
fragments close 
to shear zones


• Enrichment of 
opaque/organic 
matter and 
insoluble 
minerals in 
seams


 


Anhydrite: thin Gorleben-Bank layer


Mertineit et al. (2014)
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• Undulatory
extinction in large 
anhydrite crystals 


• Fan-shaped 
anhydrite (relicts of 
gypsum-anhydrite 
transition)


• Deformation 
twinning


• Lobate grain 
boundaries indicate 
bulging 
recrystallization and
GBM
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Anhydrite: thick Gorleben-Bank layer


Mertineit et al. (2014)







• Halite was deformed in the viscous deformation regime
• The major deformation mechanisms in halite are 


solution-precipitation processes and dislocation creep 
with subgrain formation


• Subhedral, subgrain-rich halite crystals are replaced by 
euhedral, subgrain-free halite crystals


• EBSD analyses confirmed the single crystal nature for 
clear rock salt clasts in zone I, slight lattice bending was 
observed


• The bromide content in the single clear halite clasts
indicates no impact of intrasalinare metamorphic brines 
suggesting that these clasts represent older structures 
compared to the coarse rock salt of zone I
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Summary: deformation of halite







• Anhydrite was deformed in the brittle-viscous 
deformation regime


• Solution-precipitation creep and pressure solution are 
the most common deformation mechanisms, 
independent on the layer thickness


• Crystal plastic behavior of anhydrite in thick layers is 
documented by bulging recrystallization, grain boundary 
migration recrystallization, deformation twins and 
undulatory extinction


• Brittle deformation of anhydrite occurred in a younger 
deformation event during salt emplacement 
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Summary: deformation of anhydrite 







Thank you for your attention


Polyhalite crystal in
anhydrite matrix
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