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Introduction
Natural analogue systems 
demonstrating the ability 
of bentonite to support the 
weight of waste containers, 
and to resist deformation 
induced by their load, have 
been little studied until 
recently. Alexander et al. 
(2017) reported preliminary 
results on the bentonite 
deformation study at the Kato 
Moni site in Cyprus (Figure 1). 
At Kato Moni micro-scale 
shear fractures have been 
observed that can be seen 
throughout the sampled cores. The presence of multi-directional S- and C-type 
shears suggests they originate from loading by the overlying limestone (an 
analogue of the loading by concrete waste containers), rather than gravitational 
tectonics due to the local topography. Furthermore, it appears that the more 
homogenous massive bentonite behaves differently compared to the 
pellet-type bentonite. If this is the case, the bentonite installation method 
(large bentonite blocks, slurries or pellets) could have implications on the 
bentonite mechanical behaviour. Here, some results from Kato Moni study 
are presented and a scheme for further types of natural analogue sites to 
investigate bentonite deformation and various bentonite textures is provided.

DRILLHOLES KM1 and KM2:
• Pattern of faulting indicates lateral shear along the bedding planes
• In most cases, the sense of shear is unclear, but, there is evidence of some multi-directional shear in the bentonite.

DRILLHOLE KM3:
• Topmost KM3 samples are fine grained and “pulverised”
• With depth, pelletised micro-textures become more common (potentially representing a primary pelletised mudstone 

fabric or lapilli tuff). 
• Towards the bottom of the borehole the fracturing in the bentonite displays well-developed shear fabrics, that are 

typified by well-defined “herring-bone”-like S- and C-type shear fabrics.

CHALLENGES
• Shear displacement has been observed, but overall direction is unclear
• Textural differences in thick (tens of meters) deposit would require more samples to have full 3D understanding of the 

deformation in the deposit
• Lapilli/pellet textures are observed, but their origin is unclear
• The effect of Na-bentonite is difficult to assess due to limited amount of samples

POTENTIAL
•Shearing seem to be dependent on the internal textures in bentonite
•Potential exists to investigate bentonite deformation via natural analogues including several 

different bentonite types that correspond to EBS bentonite alternatives (blocks, pellets, granules 
etc.)

WAY FORWARD
• FURTHER INVESTIGATIONS AT KATO MONI SITE1

• BENTONITE DEFORMATION ANALOGUE CAN BE EXTENDED TO COVER ALSO BENTONITE-
AGGREGATE MIXTURES (Figure 2)  NEW SITES SUGGESTED2
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ESExample of pellet texture from Kato Moni:

NATURAL ANALOGUE STUDY SITE SELECTION BASED ON REPOSITORY EBS DESIGN

Further definition of natural analogue by selecting corresponding 
thoroughly/partially smectitized pyroclastic rock (bentonite):

Colour code: 
RED = homogenous material, GREEN= pelletal, BLUE= heterogenous

Figure 2. Natural analogues for texturally and compositionally different bentonites 
including deformation behaviour.

Proposed novel type of analogues and some new sites2

Some altered (argillised) tuffs and other pyroclastic rocks have similar textures to 
bentonite EBS types. Potential sites exist throughout the world, since textural 
variation is a very common feature in bentonites depending on their depositional 
environment and distance from the volcanic source (see e.g. Grim & Güven 1978). 
Examples for potential localities include sites in: Italy (Pietracaprina et al. 1987) for 
faulted lapilli tuff bentonite, Japan (e.g. Takagi et al. 2005) for faulted distal bentonites 
and Greece (Christidis & Huff 2009) for faulted proximal bentonites. 

EBS bentonite materials will homogenise to a certain extent during saturation. 
However, some density differences will prevail. In addition to the potential for studying 
natural analogues of bentonite in a faulting scenario, the effect of density variations 
in texturally- and chemically-different bentonites (i.e. Ca- versus Na-bentonites), on 
the cation-exchange and physical properties, can also be studied. 

Natural analogues for various bentonite textures provides a way to make more 
case specific investigations with higher degree of analogy.

Conclusions
Proposed new natural analogue sites should be selected based on the EBS properties 
relevant to the repository design. Recognition of textural variation in natural bentonites 
provide a unique change to understand the long-term behaviour of EBS bentonites 
by providing physically similar analogues to backfills with variable compositions. 
In fault settings, the self-healing ability of these different bentonite types could be 
investigated. In addition to deformation under load or shear,  geochemical aspects 
can also be studied in relation to bentonite textures, especially density variation and 
their effects on bentonite alteration.
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Suggested further studies at Kato Moni1

The present investigation was limited to 3 drill holes of relatively shallow depth in 
relation to the overall thickness of the deposit. Further useful information could be 
obtained by:
● Drilling deeper and potentially through a fault zone (analogous to bentonite 
recovery after faulting); 
● Uncertainty reduction by additional sampling (oriented coring and methods 
preserving in situ geomechanical fabrics) to have a better understanding of the 3-D 
shear directions as well as overall structure of the deposit; 
● Application of additional investigation methods (e.g. X-ray CT imaging) aimed at 
3D description of fabrics, preferentially supported by comparison with studies of 
samples of engineered bentonites (blocks and pellets) which would strengthen the 
analogue, and; 
● Additional sampling of Na-bentonite (texture differences and their relation to 
chemical variation).

Way forward

Figure 1. 3D topography of Kato Moni site showing 
a simplified geology and some main textural 
variations in drillholes KM1, KM2 and KM3 (key: 
yellow= some clear shearing features, red= very 
clear shearing and pellet type textures, green= 
“pulverised” bentonite).

Understanding bentonite deformation – 
challenges and potential


