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INTRODUCTION 
The formation of striations occurs as a result of 
abrasive processes whereby asperities within 
basal particles move across erodible surfaces, 
leaving remnant scours (Iverson, 1990; Iverson, 
1991; Benn & Evans, 2010). The creation of 
striae occurs through discontinuous movements 
of particulate matter resulting from a build-up of 
elastic strain within asperities. This results in 
repeated failure events that coincide to produce 
a scour lineation (Drewry, 1986). 

The differentiated morphology of striae has 
led Chamberlin (1888) and Iverson (1991) to 
allocate specific types that illustrate altered 
creation conditions due to changing clast 
incisions. The creation of striae is dependent 
upon basal abrasion (Atkinson, 1984; 
Hindmarsh, 1996) and therefore the abrasion 
models of both Boulton (1974) and Hallet 
(1979) are relevant regarding striation creation. 
It has also been observed that basal debris 
supply (Iverson, 1993), concentration (Hallet, 
1979) and lithology (Boulton, 1979) also 
contribute to striation formation. 

CREATION 
Striations are remnant scour forms that are 
produced by the incision of particulate matter 
into rock surfaces (Figure 1). The creation of 
these is related to the extent of glacial abrasion 
(Iverson, 1990; Iverson, 1991). Striae are 
spatially classified as microscale erosional 
features (Bennett & Glasser, 2009; Benn & 
Evans, 2010). These have typical dimensions of 

< 1m and are regularly located superimposed 
upon larger erosional landforms (Rastas & 
Seppala, 1981). The creation of striations 
through alteration in abrasion rates is seen to be 
dependent upon the rate of basal sliding (Budd 
et al., 1979) and concentration of basal debris 
(Hallet, 1979); bed material induced frictional 
drag can been seen to retard abrasion efficiency 
and in turn influence striae creation (Hallet, 
1981; Figure 2). 
 

 
Figure 1. Continuously striated bedrock illustrating the extent 
of incision during former ice coverage (Bennett & Glasser, 
2009). 
 



 G.T.H. JENKINS & T. HOLT  
 

 

Proceedings of the Shropshire Geological Society, 17, 17−21 18 © 2012 Shropshire Geological Society
 

Figure 2. Schematic illustration of basal debris concentration 
and ice sliding velocity illustrating a sliding velocity decrease 
with high debris loads (Bennett & Glasser, 2009). 
 

Figure 3. Schematic diagram of striation creation through 
protruding particle asperities moving across erodible surfaces 
(Benn & Evans, 2010). 
 
The creation of striations results from abrasive 
processes (Iverson, 1990) whereby asperities 
projecting from abrading particles are moved 
across erodible surfaces thereby creating areas 
of concentrated scour (Figure 3). Drewry (1986) 
examined striation creation and established that 
the striating process consists of discontinuous 
movements resulting from a build-up of elastic 
strain within the asperity leading edge resulting 
in repeated failure events and brittle fracture 
(Benn & Evans, 2010). 

Drewry (1986) also established that the depth 
and width of striae are determined by asperity 
form and particle loading against the erodible 
surface. The creation of striations as illustrated 
by Benn & Evans (2010) is also seen to reflect 
the rotational nature of the abrading bed clast 
whereby asperities are cleared by rotation from 
the abraded substrate and are replaced by a new 
asperity on which comminution has not yet 
occurred (Benn & Evans, 2010). Differentiated 
striation morphologies illustrate altered creation 
conditions and have been considered by 
Chamberlin (1888) and Iverson (1991) who 

attributed type numbers to specific striation 
morphologies (Figure 4). 

Type A striae become both deeper and wider 
with distance down-glacier until ending 
immediately, inferring creation whereby the 
abrading clast ploughed forward until reaching a 
threshold where the clast no longer has the 
potential to striate (Bennett & Glasser, 2009). 

Type B striae exhibit maximum depth and 
width at their centre-most position with scour 
becoming progressively deeper and wider 
nearing the centre point, and inverse following 
this. This type of striae indicates creation 
conditions of clast deceleration until reaching 
the maximum depth whereby the particle then 
accelerates (Glasser & Bennett, 2004). 

Type C striae start abruptly becoming 
gradually narrower and shallower down-glacier 
and are created through low ploughing angles of 
the abrading clast (Glasser & Bennett, 2004). It 
is apparent therefore that the morphology of 
striations indicates altered basal clast conditions 
upon creation. 
 
 

Figure 4. Type A, Type B and Type C glacial striations as 
described by Chamberlin (1888) and Iverson (1991) in both 
plan and longitudinal cross-section view. 
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A number of theories concerning the creation of 
striae by glacial abrasion have been proposed 
(Atkinson, 1984; Cuffey & Alley, 1996; 
Hindmarsh, 1996). There are two principal 
theories for the mechanics of basal abrasion, 
these being proposed by Boulton (1974) and by 
Hallet (1979). Both have predicted abrasion 
parameters from relationships of wear, whereby: 
 

                    Ȧ = α* Cd vp N 
 

The abrasion rate (Ȧ) is calculated from an 
empirical factor relating to rock hardness (α*), 
the concentration of basal particles (Cd), the 
velocity at which the particles travel (vp), and 
the normal stress pushing the particulate 
material into the erodible bed (N) (Paterson, 
1999; Benn & Evans, 2010). 

Boulton (1974) proposed that contact 
pressure between basal particles and the bed 
over which they lie is related to effective normal 
pressure whereby normal pressure from the 
overlying ice weight and basal water pressure, 
acting in opposition through buoyancy, both 
contribute (Krabbendam & Glasser, 2011). 

Hallet (1979) proposed that the contact 
pressure between the basal particulate matter 
and the bed it overlies is related to the rate at 
which ice flows towards its bed, thereby forcing 
the particle into contact with the bed (Glasser & 
Bennett, 2004). 

Aforementioned abrasion models and 
therefore striae creation will be dependent upon 
the basal thermal regime whereby increased 
basal temperatures result in enhanced potential 
for abrasion (Hall & Glasser, 2003; Sugden, 
1978; Figure 5). 

 

Figure 5. Schematic cross-section of an ice sheet illustrating 
locations where abrasion and therefore striae creation occur 
(Bennett & Glasser, 2009). 
 
 

The creation of glacial striae has been observed 
to be influenced by the lithology of both the 
abrading clast and the material which abrasion 
occurs across (Drewry, 1986). Igneous and 
metamorphic lithologies abrading sedimentary 
facies have been observed to be the most 
efficient process regarding striae creation and 
abrasion (Boulton, 1979). 

For continuous abrasion and striae creation to 
occur, basal debris renewal is required. This 
involves the replacing of asperities where 
comminution has occurred by more angular 
material (Gomez & Small, 1985; Iverson, 1993). 

The creation and location of striae can be 
thus be used to infer former ice extent and basal 
thermal regimes, and can be used together with 
other geomorphological evidence (Edwards, 
1975; Sharp et al., 1989). 

STRIATIONS IN SHROPSHIRE 
Palaeoglaciological investigations of Shropshire 
have suggested that additional research is 
required to understand both the extent and 
dynamics of Devensian ice masses within the 
county (Cook, 2012), for which the recording of 
striae distribution and overall geomorphology 
will be necessary prerequisites. 

The distribution of glacial erosional features 
including glacially smoothed landforms was 
established by Brown (1971) for parts of south-
west Shropshire (Figure 6). This was used to 
infer direction of ice movement. Similar 
research was undertaken further north by Shaw 
(1972) whereby glacial striae were incorporated 
into environmental reconstructions for the 
northern half of Shropshire. 

The presence of glacial erosional striae may 
indicate evidence towards a previous basal 
thermal regime (Glasser & Hambrey, 2001), 
thus affecting process glaciological parameters 
such as the likelihood of englacial thrusting 
(Cook, 2012) and hence basal till interpretation. 

The presence of erosional striae however 
need to be considered in relation to bedrock 
lithology with respect to erodibility (Boulton, 
1979). 
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Figure 6. Glacial erosional features for south-west Shropshire 
including the localities of Minsterley and Westbury (Brown, 
1971). 

CONCLUSIONS 
It is apparent that the creation of striae occurs 
through abrasive processes (Iverson, 1990) 
whereby asperities in abrading clasts are moved 
across an erodible surface (Benn & Evans, 
2010). Elastic strain within the tip of the 
abrading material results in repeated failure 
along a single plain as observed by Drewry 
(1986). The creation of striae occurs through 
rotational movement of the abrading clast 
whereby the asperity of the abrading particle is 
continuously renewed, ensuring consistent 
abrasion (Drewry, 1986). Altered basal particle 
incision results in differentiated striae 
morphology (Bennett & Glasser, 2009; Iverson, 
1991; Chamberlin, 1888) and can be used to 
infer preceding ice extent and basal thermal 
conditions (Sharp et al., 1989). 

Striation creation is related to the presence of 
basal abrasion. Models to quantify the extent of 
this have been introduced by both Boulton 
(1974) and Hallet (1979). However, the thermal 
basal regime preconditions the location of 
abrasion occurrence (Sugden, 1978). 

It has also been observed that the creation of 
glacial striae is influenced by bedrock lithology 
(Boulton, 1979) with igneous and metamorphic 
lithologies being less susceptible to abrasion. 

It is therefore considered that the 
investigation of striae distribution in 
conjunction with palaeoglaciological studies 

will provide greater insight into former ice 
dynamics for Shropshire. 
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