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Abstract: A mini review of the topic of deformation bands is presented in the paper. The concept 
of deformation bands is defined and their impact on the flow of fluids in porous sedimentary rocks 
is determined. Deformation bands are mm-thick low-displacement deformation zones which have 
intensified cohesion and lower permeability compared with ordinary fractures. This term was in-
troduced in 1968 in material science, ten years later it appeared in the geological context. This mi-
crostructures can occur as barriers or migration pathways for hydrocarbons. Their role depends ma-
inly on microstructural features, and they are also considered in reservoir modeling. The occurrence 
of deformation bands in Poland is also outlined and discussed - they have been described in Western 
Outer Carpathians (Magura and Silesia nappes).
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1. Introduction

Deformation bands are mm-thick low-displacement 
deformation zones that tend to have intensified cohe-
sion and lower permeability compared with ordinary 
fractures [1]. They mostly occur in porous sand-
stones [2] but have also been observed in chalk [3] and 
carbonates [4, 5]. These structures should be consid-
ered when looking into cores from clastic reservoirs 
due to their potential role as barriers or pathways to 
fluid flow [6–25]. In this paper, the author discusses 
the term deformation band and the influence of this 
specific kind of microstructure on petroleum engi-
neering.

2. Deformation bands –  
characteristics 
and classification

The term “deformation bands” was introduced in 
1968 by [26] in material science; in the geological 
context, it was first applied in 1978 [27, 28]. Since 
then, some researchers have studied the occurrence 
of this microscructure in many regions of the world, 
e.g. United States of America, Norway, Italy [29–33]. 
They also occur in Poland, especially in the Carpathi-
ans [34–36].

Below are the key features of deformation bands 
within the context of sediment deformation and porous 
rock, as outlined in [1].

	 I.	 Deformation bands are predominantly found in 
clastic rocks, particularly in porous sandstones. 
The development and progression of these bands 
are connected to the rotation and translation of 
grains, necessitating a  specific level of porosity. 
Insufficient porosity will favor the formation of 
tension fractures, stylolites, and slip or shear sur-
faces instead (refer to Fig. 1).

	 II.	 A deformation band is distinct from a slip surface.
	III.	 Deformation bands typically manifest as individu-

al bands, band zones, or faulted bands.
	IV.	 Even in instances where these bands extend for 

hundreds of meters, single bands seldom exhibit 
offsets exceeding a few centimeters.

There are also some differences between defor-
mation bands and ordinary fractures. At first, they are 
thicker and present smaller offsets than slip surfaces of 
comparable length. Also, deformation bands increase 
cohesion, whilst cohesion decreases across ordinary 
fractures. What is more, they also show a reduction in 
porosity and permeability, whereas tension fractures 
and slip surface exhibit an increase of these parame-
ters. The differences between deformation bands and 
“classical” fractures may influence fluid flow and have 
an impact on hydrocarbon and groundwater reservoirs, 
where deformation bands are likely to occur.

In terms of kinematics, deformation bands can be 
categorized into three types: dilation bands, shear bands, 
and compaction bands (refer to Fig. 1). The majority of 
deformation bands documented in the literature are iden-
tified as shear bands which are often characterized by com-
paction, commonly referred to as compaction shear bands.

Fig. 1. Kinematic classification of deformation bands and their relationship to fractures in porous  
and non-porous rocks. T–thickness, D–displacement [2]
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3. The influence of  
deformation bands  
on fluid flow

A  visible reduction in permeability can be observed 
in most deformation bands, even by several orders of 
magnitude. However, the impact of these bands on fluid 
flow remains uncertain.

In the case of single-phase flow, such as oil mov-
ing through oil-saturated rock or water flowing in 
water-saturated rock, the key factors influencing Darcy 
flow are the permeability and thickness of deformation 
bands. Matthäi et al. [37] made numerical analyses in 
their paper of the impact of deformation bands on the 
reduction of permeability and fluid flow. The authors 
concluded that the influence of the bands on the reduc-
tion of these parameters is very small. Walsh et al. [38] 
considered that deformation bands only have significant 
effects on effective permeability when the ratio PDB/PM 
(deformation band permeability to matrix permeability) 
is less than 10−3. Fossen and Bale [10] suggested the ratio 
as 10−4 and less. Nonetheless, Harper and Moftah [39] 
believed that zones of deformation bands were respon-
sible for the reduction of productivity in some wells (the 
reduction of permeability in some fractures was even 
about 10%). Sample et al. [21] described the relationship 
between deformation bands and petroleum migration 
in the Monterey Formation. Sternlof et al. [40] in turn 
discussed the anisotropy of permeability – deformation 
bands parallel to the strike of a  fault show higher val-
ues than those with a perpendicular strike, where fluids 
are more likely to encounter bands. The occurrence of 
deformation bands contributes to changes in the res-
ervoir parameters of rocks; hence they are taken into 
account in reservoir modeling  [41]. The influence of 
deformation bands on the flow of fluids through rock is 
illustrated in Figures 2 and 3. 

Fig. 2. Linear flow through a porous and homogeneous rock 
medium (sandstone) with permeability (k) (after [10])

Figure 2 depicts a  linear flow system character-
ized by a consistent cross-sectional area (A) and a finite 
length (L). The medium possesses uniform permeabil-

ity (k) and is saturated with an incompressible fluid of 
constant viscosity (m). Due to the incompressibility of 
the fluid, the flow rate (q) remains constant at all points 
within the system.

Fig. 3. Linear flow through a porous and heterogeneous rock 
medium (sandstone) composed of segments (deformation 

bands and surrounding rock) with distinct permeabilities (kn)  
(after [10])

At Figure 3 a  linear flow system comprising uni-
form segments arranged sequentially is illustrated. Each 
segment is characterized by a permeability that may vary 
from others, and the points where permeability changes 
occur are identified as (l0, l1, l2, ..., ln). The average per-
meability, denoted as (kA), for a series of linear segments 
with distinct permeabilities is determined by dividing the 
length of each homogeneous segment by its permeability 
and summing these values for all segments. Subsequently, 
this sum is divided by the total length of the system (L).

Fig. 4. A scheme showing the typical collocation of 
deformation bands in the destruction zone around the fault 

(after [10])
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Figure 4 shows the collocation of deformation 
bands in the immediate vicinity of the damage zone 
surrounding the fault. The permeability measured par-
allel to the fault, denoted as (k‖), is higher than the per-
meability measured perpendicular to the fault, denoted 
as (k⊥), owing to the orientation of the deformation 
bands in relation to the fault.

4. The occurrence of 
deformation bands 
in Poland

To date, several places where deformation bands occur in 
Poland have been described. First, Aleksandrowski [42] 
described deformation bands in the Magura nappe near 
the Babia Góra Mountain region. Świerczewska and 
Tokarski [34, 43] and Tokarski et al. [44] described defor-
mation bands in the Eocene strata of the Magura nappe 
in the Western Outer Carpathians near Tylmanowa and 
Gruszowiec. Nescieruk et al. [45] described structures 
called “step lineation” after [42] in the Krakowiec clays 
of the Sarmatian strata of the Carpathian Foredeep in the 
Sieniawa area. The occurrence of deformation bands in 

the Otryt facies of the Krosno sandstones of the Silesian 
nappe (Eastern Outer Carpathians) was reported by [35], 
as well as in the High Bieszczady part of the same tectonic 
unit  (Figs. 5 and 6), in the valleys of Wołosaty, Dwernik 
and Solinka streams and in Połonina Wetlińska, Połoni-
na Caryńska and Tarnica ranges [36, 46–50]. The Kros-
no sandstones constitute a regional layer of hydrocarbon 
reservoir rocks here.

Fig. 5. Krosno sandstone with deformation bands – outcrop near 
Dwernik village, deformation bands visible as “steps” on the rock

Fig. 6. Microphotographs showing the deformation bands (yellow arrows) in Krosno sandstone in a polarizing microscope:  
a) – parallel nicols; b) – cathodoluminescence (orange – calcite, blue – feldspar); c) – crossed nicols

a) b)

c)
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5. Conclusions

Deformation bands are microstructures commonly found 
in sedimentary rocks (mainly sandstones, but also chalk 
and carbonates). They may act as barriers or privileged 
migration routes for fluids (e.g. hydrocarbons, water) in 
rocks. However, to significantly influence the petrophys-
ical parameters of the rock, the ratio of their permeabil-
ity to the permeability of the host rock should be at least 

1:1000. This does not mean that deformation bands have 
no effect on the flow of fluids in rocks. Instead, their role 
mainly depends on microstructural features, and they are 
also considered in reservoir modeling.

Funding: This research was funded by the AGH Uni-
versity of Krakow subsidy No. 16.16.190.779 (Faculty of 
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