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ARTICLE INFO ABSTRACT

Keywords: Stresses in plate interiors vary in magnitude and orientations on various scales, implying that shear and normal
Stress stresses on faults may vary regionally. The effects of intraplate regional stress variations are analysed using a
Slip tendency recent compilation of in-situ stress to calculate slip and dilation tendencies of United Kingdom onshore faults.
FD;E?OH tendency The tendencies are normalised to maximum possible values. Stress in UK can be characterised by a strike slip
Intraplate stress field with variable orientations of maximum horizontal stress, Sy. Throughout southern UK, Sy is orien-
Seismic hazard tated NW, giving rise to very low slip and dilation tendencies on NE striking Caledonian faults. North and E to
ESE striking faults have very high slip tendencies, and intermediate dilation tendencies. At a major boundary in
stress orientation (the Highland Boundary Fault in Scotland), Sy changes abruptly to a northerly trend. Steeply
dipping Caledonian faults in northern UK such as the Great Glen Fault have very high slip tendencies and in-
termediate dilation tendencies. Faults with low dips (e.g. the Moine Thrust) have intermediate slip and dilation
tendencies. The dramatic change in slip tendencies on steeply dipping Caledonian faults from southern to
northern UK illustrates some of the profound consequences of regional scale stress variations. These conclusions
are robust to reasonable uncertainties, but the coarse results of this study indicate that more detailed knowledge
of stress and fault geometry is necessary for applications such as pump-storage schemes, nuclear power plants,

radioactive waste disposal, mining, and carbon sequestration, as well as for seismic hazard analysis.

1. Introduction

The interiors of plates are regions in which stress states vary over
different scales (Heidbach et al., 2018; Sandiford et al., 2004; Townend
and Zoback, 2000; Zoback and Zoback, 1989). The variability in scales
of heterogeneity indicates that several different sources of stress are
involved (Lund Snee and Zoback, 2020); among these may be gravita-
tional potential energy and glacial rebound, in addition to stresses
related to plate tectonics such as plate boundary forces and mantle drag
(Levandowski et al., 2018).

Continental plate interiors are also commonly characterised by
complex networks of faults on which within-plate stress states exert
tractions. The relationship between the stress state and fault geometry
can be expressed by slip and dilation tendencies (Moeck et al., 2009;
Morris et al., 1996). Given variable stresses and networks of faults that
may have evolved over many tectonic events, slip and dilation ten-
dencies may be expected to have complex patterns, especially because
fault cores link and widen with fault slip on intraplate faults (Mckay
et al., 2021). These patterns are important in many engineering geology

applications such as reservoirs, pump-storage schemes, nuclear power
plant construction, radioactive waste disposal, mining, and geological
carbon storage (e.g. Williams et al., 2018; Wiprut and Zoback, 2002),
and for seismic hazard, which can be appreciable since intracontinental
stress magnitudes can be large (e.g. Hillis et al., 2008; Tuttle et al.,
2002). Slip and dilation tendencies are also recommended for Capable
Fault Studies (e.g., ONR, 2018).

The UK exemplifies both heterogeneous intracontinental stresses and
a complex fault structure (Musson, 2007). Onshore UK stresses may
reflect the varying influences of the effects of the Alpine collision
(Hudson and Cooling, 1988), stresses related to the Mid-Atlantic ridge
(Stewart and Firth, 2000), post-glacial rebound stresses (Main et al.,
1999; Muir-Wood, 2000) and the influence of hot upper mantle
(Arrowsmith et al., 2005; Bott and Bott, 2004). These stresses interact
with a geological framework in the UK consisting of Archean to Paleo-
zoic basement overlain by Mesozoic-Recent sedimentary rocks
(Woodcock and Strachan, 2012). The Caledonian and Variscan orog-
enies have had the most widespread effects in the basement, creating
dominantly NE and E to SE striking faults respectively. The Caledonian
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orogeny (including the Grampian and Acadian events) dominantly
affected the northern and western UK, while the effects of the Variscan
orogen are most clearly expressed in the SW. Distal effects of the Pyr-
enean and Alpine orogenies are manifested in southern UK (Connolly
et al., 2024), and evidence of extension related to the mid-Atlantic ridge
and rifting in the North Sea is widespread.

Previous work in UK by Healy and Hicks (2022) analysed slip ten-
dency and fracture susceptibility for the Porthtowan fault zone in
southwestern UK and in the South Wales coalfield, and introduced a
probabilistic method to include uncertainty in their analysis. Their re-
sults are consistent with observed patterns of seismicity and focal
mechanisms. Despite the importance of the relationship between in-situ
stress and faults, a systematic examination of slip and dilation ten-
dencies of faults for the whole UK does not seem to have been published,
unlike some countries such as Germany (Rockel et al., 2022) and Japan
(Yukutake et al., 2015) and large intraplate regions e.g. southeastern
Australia (Dyksterhuis and Miiller, 2008). The aim of this study is to
combine the latest knowledge of in-situ stresses with a fault map to
assess how variations in stress may affect the slip and dilation tendencies
on faults throughout onshore UK. Uncertainties are explored through a
simple heuristic approach. Given the sparse knowledge of the stress field
over the vast majority of UK, and the basic nature of UK-wide fault data,
this can only be a preliminary and crude analysis.

2. Data and methods
2.1. UK stress field

The most comprehensive and recent analysis of the UK stress field is
given in Kingdon et al. (2022). This report is an update of the worldwide
compilation of in situ stress measurements in the World Stress Map 2016
(WSM2016) (Heidbach et al., 2018), increasing the amount of data from
377 to 474 and correcting some locations and quality assignments. Only
A-C quality data were used, meaning that the orientation of the
maximum horizontal stress Sy is accurate to +25° (Rajabi et al., 2025),
and these were interpolated onto a 0.1° grid (Ziegler and Heidbach,
2019) (Fig. 1).

To calculate the slip and dilation tendencies, the orientations of the
principal stresses and their relative magnitudes are required. Relative
magnitudes of stresses are given by Bishop’s ratio (e.g. Lisle and Orife,
2002)

02 — 03

01 — 03

Where 67> 02> o3 are the magnitudes of the principal stresses with
compression positive. Values of ® from 20 measurements in UK from
WSM2016 are variable. The average is 0.445 (Fig. 2), and there are no
geographical trends. Baptie (2010) found values of 0.44-0.5 for England
and 0.9-0.97 for Scotland. The 0.445 value assumed here is within the
range estimated by Gamboa et al. (2019) and Williams et al. (2018). The
latter authors found that ® varied slightly with depth between 0.342 at
1 km and 0.551 at 10 km in the Irish Sea Basin.

In Kingdon et al. (2022), 59 % of the data were strike slip solutions,
with 24 % normal and 17 % reverse. In the Irish Sea Basin, all stress
types were strike slip. A strike slip stress type was inferred by Chadwick
et al. (1996) for UK; it is the most common focal mechanism for British
earthquakes studied by Baptie (2010), and it is also inferred by Healy
and Hicks (2022). No regional trends for stress type can be identified,
and in some cases, different stress types are recorded at the same loca-
tion. A strike slip stress type has been assumed here, with horizontal
maximum and minimum principal stresses, and Sy at the interpolated
azimuth from Kingdon et al. (2022).
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Fig. 1. Azimuth of the maximum horizontal stress Sy in UK (red bars) from
Kingdon et al. (2022). Values have been interpolated onto a 0.1° grid. (For
interpretation of the references to colour in this figure legend, the reader is
referred to the Web version of this article.)
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Fig. 2. Histogram of Bishop’s ratio ® from 19 determinations in the WSM 2016
database in the UK ((Heidbach et al., 2018).
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2.2. Fault database

The national dataset of UK faults at 1:625000 (https://www.bgs.ac.
uk/datasets/bgs-geology/) maps 2741 faults with 37264 vertices spaced
from 2 m to 16 km, an average segment length of 912 m and an average
of 14 vertices/fault. Faults identified as thrusts were assigned a dip of
30°: otherwise, they were treated as vertical, and the sensitivity of the
analysis to these assumptions is tested.

2.3. Slip and dilation tendency

Morris et al. (1996) defined the Slip Tendency Ts as:
Ts=1/0, 1

where 7 is shear stress and o, is normal stress. Subsequently Lisle and
Srivastava (2004) defined a normalised slip tendency T’g as:

Tg=Ts/max Ts =1 /o, tan 6 2

where @ is the angle of internal friction, which for many rocks can be
approximated as 30°, as used initially in this study. Lisle and Srivastava
(2004) showed how T’s can be expressed entirely in terms of the
orientation of the fault with respect to the principal stresses, the ratio
between the principal stresses ® and the angle of friction 6, by assuming
that the state of stress was such that failure occurs on the optimally
orientated fault, for which T’g = 1.
The dilation tendency Tp is defined (e.g. Moeck et al., 2009) as:

TD:((F]*O'H)/(O]*O':;) 3

Thus defined, Tp varies from O to 1 for fractures with normal stresses
of 67 and o3 respectively. However, this measure has limited use for
stress analysis, since it requires estimates of the magnitudes of the
principal stresses, which are rarely determined. To normalise the dila-
tion tendency, the most favourable orientation of fracture is taken to be
dilating (by assuming o3 = 0), allowing the normalised dilation tendency
T’p to be calculated as a function only of fracture orientation, stress
orientation, and Bishop’s ratio. This simplification of the problem is
analogous to the step taken by Lisle and Srivastava (2004) for normal-
ising slip tendency, when they assumed that a failure criterion was met
for the most favourably orientated fault.

The principal stress orientations on each fault segment were taken as
the nearest values from the 0.1° grid from Kingdon et al. (2022). These
were used to calculate the normalised slip and dilation tendencies on
every fault segment. An advantage of defining normalised slip and
dilation tendencies as above is that they are independent of the pore
fluid pressure, which is generally poorly known. These measures are
therefore not criteria for shear or dilatant reactivation. For convenience
all slip and dilation tendencies referred to hereafter will be the nor-
malised values.

3. Results
3.1. Stress field

The interpolated stress field (Fig. 1) shows that the stress field in UK
is markedly heterogenous. South of the Highland Boundary Fault in
Scotland, in all of England, Wales, Northern Ireland, the Southern Up-
lands and the Midland valley, Sy is orientated at about 325°. At the
Highland Boundary Fault there is an abrupt change to a N trend, which
rotates progressively clockwise to become NE towards northern
Scotland.

3.2. Slip and dilation tendencies

Figs. 3 and 4 show the normalised slip and dilation tendencies for all
faults from the database. There are some striking patterns, which can be
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divided into 6 groups for the purpose of describing the results. In the
strike slip stress field of UK, vertical planes at 30° to Sy will have
maximum slip tendencies; vertical planes in the direction of Sy will have
maximum dilation tendencies.

1. The Moine Thrust Zone and Outer Isles Thrusts in NW Scotland.

These and related faults strike NNE and dip to the ESE. Although they
have a low angle to Sy, their 30° dip means that they have low-
intermediate slip tendencies, but intermediate to high dilation
tendencies.

2. The Great Glen and Highland Boundary Faults in northern Scotland.

As well as the Great Glen and Highland Boundary Faults, this group
includes the Helmsdale, Strathglass, Ericht-Laidon, and the Tyndrum
Faults. These faults strike generally NE and make an angle of about 30°
to the N trending Sy. They are therefore in an ideal orientation for
reactivation and have very high slip tendencies. Their dilation ten-
dencies are variable and depend sensitively on strike: more northerly
strikes have high normalised dilation tendencies, while more easterly
strikes have low dilation tendencies.

3. NE striking faults south of the Highland Boundary Fault.

These faults are strongly expressed in the Southern Uplands (exam-
ples include the Southern Uplands, Leadhills, Fardingmullah, and
Orloch Bridge Faults) and Northern Ireland but also occur sporadically
in northern England. In Wales, examples include the Carreg Cennen
Disturbance-Church Stretton fault, the Swansea Valley and Neath Dis-
turbances, the Menai Straights Fault System, and the Welsh borderland
fault system. In contrast to the previous group of faults, which have
similar strikes, these faults have very low slip and dilation tendencies,
because they are approximately perpendicular to Sg.

4. N striking faults in the England and Wales.

There are many N striking faults throughout England and Wales,
including for example the Frankby and Woodchurch Faults, which are
within a high-density area of such faults in northeastern England. Parts
of the Pennine and Dent Faults that lie on the edge of the Carboniferous
fault blocks of northern England are included. The group extends to the S
to include the Malvern Fault. These faults are at the optimal orientation
to Sy and show maximum values of slip tendencies, and high dilation
tendencies.

5. NNW to NW striking faults.

These occur in the Southern Uplands, Northern Ireland, NE England,
Wales and SW England, where examples include the Porthtowan fault,
the Sticklepath-Lustleigh Fault and the Cambeek Cawsand Fault Zone. A
few examples can be found in eastern and southern England and Scot-
land. They have low slip tendencies in southern UK because they are
sub-parallel to Sy. Where they occur with Caledonian faults, such as in
South Wales and the Southern Uplands, they are perpendicular to these
faults, which they abut, and both groups of faults have low slip ten-
dencies because they are parallel to principal planes of stress. These
faults have intermediate to high slip tendencies N of the Highland
Boundary Fault. They have maximum dilation tendencies in southern
UK, but low dilation tendencies N of the Highland Boundary Fault.

6. E to ESE striking faults of England and Wales
Theses faults occur throughout England and Wales, including the

Stublick Fault, the Dent Fault and the Flanborough Head Fault, and most
of the faults in southeastern England. The Benton Fault in Wales, and the
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Fig. 3. Normalised slip tendency calculated on fault segments from the nearest interpolated stress determination. The background to this figure and Figs. 4, 5 and 7 is
hill-shaded SRTM15+ topography and bathymetry (Tozer et al., 2019). OSGB36/British National Grid coordinate reference system.
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Fig. 4. Normalised dilation tendency calculated on fault segments from the nearest interpolated stress determination.
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Sticklepath-Lustliegh Fault Zone and the Rusey Fault in southwestern
England, are other examples. Because of their acute angle to Sy, they
have very high slip tendencies. A subset of faults in this group is Variscan
thrusts, such as the Port Eynon fault in South Wales, some faults of the
Bristol-Mendip Foreland Thrust Belt, the Lizard thrust, and the Start-
Perranporth line (the Carrick Thrust) in southwestern England. They
have low to intermediate slip tendencies and intermediate to high
dilation tendencies.

3.3. Summary

A generalised map of the above results is shown in Fig. 5, while Fig. 6
shows the slip and dilation tendencies on stereoplots. A striking result is
the change from very low values of slip tendency on NE striking faults
south of the Highland Boundary Fault, to very high values on similar
orientated faults to the N. This can be mostly attributed to the change in
azimuth of Sy across the Highland Boundary Fault (Fig. 1), but there is
also a slight change in the orientation of these Caledonian faults.
Together these factors cause the angle between the faults and Sy to
reduce from about 90° to the optimum value for high slip tendencies.
Results for dilation tendency are generally comparable with slip ten-
dencies, although the Caledonian faults have lower dilation tendencies
N of the Highland Boundary Fault. Similarly, E to ENE and N striking
fault dilation tendencies are generally somewhat lower than their slip
tendencies. By contrast, NW striking faults such as the Sticklepath-
Lustleigh Fault have much higher dilation than slip tendencies in
southern UK: this relationship reverses N of the Highland Boundary
Fault.

4. Discussion

The fault database imposes limitations on the detail possible in this
study. The calculated slip and dilation tendencies are subject to four
other sources of uncertainty: the in-situ stress, the distances between the
interpolated stress locations and the fault segments, fault dips, and the
angle of internal friction.

Generalised
Slip Tendencies
\ High

"\ Intermediate

~ Flanbourough
7 Head Fautt

Malvern Fault

Lizard Thrust
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4.1. The fault database

The fault database is constrained by the nominal scale of mapping
(1:625 000) which inevitably leads to simplifications and omissions.
These only allow the regional scale of analysis as attempted here. There
is a notable paucity of mapped faults in the southeast of England. Aldiss
(2013) has commented that for the London region, faults are
under-represented because of past mapping methods, uniformity of
bedrock units, widespread Quaternary and anthropogenic deposits and
urban development. Some of these factors probably apply over a larger
region.

4.2. In situ stress

The 474 stress measurements used to generate the interpolated field
are reasonably well distributed in Wales and central England, but sparse
in southern England, Scotland and Northern Ireland (Kingdon et al.,
2022). Nevertheless, there is a clear division of the UK stress field: En-
gland, Wales, Northern Ireland and Scotland to the south of the High-
land Boundary Fault, have a very homogenous stress field with Sy
trending NW, agreeing with previous analyses (e.g. Baptie, 2010). The
interpolation of Carafa and Barba (2013) shows slightly more variation
because of a different interpolation algorithm, but is based on the more
limited data of the 2008 version of the world stress map.

Stress states to the N of the Highland Boundary Fault are less well
constrained by the data and more heterogenous: the trend of Sy rotates
clockwise with increasing latitude. The value for Bishop’s ratio may also
be different here (Baptie, 2010). The cause of the change in the stress
field across the Highland Boundary Fault is not known. High values of
post-glacial rebound in Scotland may indicate that stresses related to
this factor are more important (Baptie, 2010). Post-glacial stress changes
are thoroughly discussed by Stewart and Firth (2000), who conclude
that the roles of tectonic stress and glacial rebound stresses cannot be
distinguished. The change in orientation of Sy is apparently very abrupt
at the Highland Boundary Fault (Fig. 1), perhaps implying that crustal
structure plays a role. Such abrupt changes in intracontinental stress
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Fig. 5. Generalised synthesis of results a) Normalised slip tendency b) Normalised dilation tendency.
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field are known elsewhere, where they have been attributed to shallow
sources of stress, such as density variations in the upper crust (Lund Snee
and Zoback, 2020). This explanation appears to contrast with one based
on the role of lithospheric thickness variations in controlling intraplate
seismicity and strength (Bonadio et al., 2025).

To evaluate the effect of uncertainty in the orientation of Sy, slip and
dilation tendencies were also calculated on every fault segment for Sy
perturbed by + 20° (Table 1). This value was selected because it is the
uncertainty in B quality stress determinations in WSM2016 (Rajabi
et al., 2025).

The calculated slip and dilation tendencies are sensitive to the azi-
muth of Sy. Variations of +20° cause average differences of 0.3 and 0.2
in slip and dilation tendencies respectively. Nevertheless, the overall
patterns of slip tendency and dilation tendency, and the profound dif-
ferences in T’g and AT’p in faults from the N to the S of UK, persist when
Su azimuths are perturbed.

Bishop’s ratio is not well constrained by the in-situ stress data.
However, variations in the ratio have a minor effect on the calculated
slip and dilation tendencies. Table 2 shows statistics of the absolute
difference between the slip and dilation tendencies calculated for every
segment using the average value of the ratio (0.445) and those calcu-
lated using values of 0.345 and 0.545 (differing by + 0.1 from the
average values). The average absolute difference is only on the order of
0.01, or 1 % of the range of possible @ values.

4.3. Distance to interpolated stress location

The distance from a fault segment to the nearest interpolated stress
location varies from 121 m to 115 km, with an average of 15 km (Fig. 7).
Three areas have particularly large values: The Shetland Isles, northern
Scotland, and the eastern part of Northern Ireland. Slip and dilation
tendency results for these areas should be treated with caution due to the
large distance from interpolated stress measurements.

4.4. Effect of variations in fault dip

The sensitivity of slip and dilation tendencies to fault dip was ana-
lysed by comparing these quantities calculated for dips of 10° and 20°
less than the values assumed initially (30° for thrusts and 90° for all
other faults) (Table 3).

Average differences from the reference values reach 0.1017, or about
10 %, for dips that are 20° less than assumed: the results are not very
sensitive to reasonable uncertainties in dip, which can also be inferred
from Fig. 6.

4.5. Effect of varying angle of internal friction

The angle of internal friction @ was varied from the reference value of
30° to a lower value of 20° and a higher value of 40°. Table 4 shows the
absolute differences of slip and dilation tendencies for these cases
compared to those calculated from the reference value.

These variations in 6 change the average slip and dilation tendencies
by up to 6 %. Again, the results are robust, given conventional estimates

Table 1

Effect of varying the azimuth of Sy on the slip and dilation tendency of fault
segments. AT’s, AT’p: absolute value of the difference between the slip and
dilation tendencies based on Sy from Kingdon et al. (2022), and the tendencies
calculated for perturbed orientations of Sy.

Su+20° Sy-20°

AT’s AT’ AT’s AT’
Average 0.3053 0.1867 0.2931 0.1977
Maximum 0.9109 0.3506 0.9111 0.3503
Minimum 0.0000 0.0000 0.0000 0.0000
Standard Deviation 0.2099 0.1122 0.2009 0.1135
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Table 2

Effect of varying Bishop’s ratio ® on the slip and dilation tendency of fault
segments. AT’s, AT’p: absolute value of the difference between the reference slip
and dilation tendency statistics calculated for ® = 0.445 and those calculated for
the indicated values of ®.

@ = 0.345 ® = 0.545

AT’s AT’p AT’g AT’p
Average 0.0098 0.0116 0.0112 0.0116
Maximum 0.0900 0.0776 0.1034 0.0774
Minimum 0.0000 0.0000 0.0000 0.0000
Standard Deviation 0.0161 0.0246 0.0200 0.0246

Table 3

Effect of varying fault dip on the slip and dilation tendency of fault segments.
AT’s, AT’p: absolute value of the difference between the slip and dilation ten-
dency statistics for dips of 30° for thrusts and 90° for all other faults, and those
calculated for dips of 10° and 20° less.

Dip-10° Dip-20°
AT AT’p AT AT’
Average 0.0403 0.0144 0.1017 0.0429
Maximum 0.2576 0.0743 0.4489 0.1223
Minimum 0.0000 0.0000 0.0000 0.0000
Standard Deviation 0.0479 0.0136 0.0950 0.0239

Table 4

Effect of varying the angle of internal friction on the slip and dilation tendency of
fault segments. AT’s, AT p: absolute value of the difference between the refer-
ence slip and dilation tendency statistics (¢ = 30°) and those calculated for 0 =
20° and 40°.

0=20 0 =40

AT’ AT’ AT’ AT’
Average 0.0550 0.0019 0.0619 0.0019
Maximum 0.1143 0.0091 0.1279 0.0091
Minimum 0.0000 0.0000 0.0000 0.0000
Standard Deviation 0.0308 0.0021 0.0331 0.0021

and reasonable uncertainties in this parameter. These values may need
to be lowered if the “weak fault in strong crust” model is applicable (e.g.
Copley, 2018).

4.6. Implications for seismic hazard

Although UK is considered as a “low seismicity” area (Mosca et al.,
2022), there is nevertheless a significant seismic record dating back to
7th Century AD (Musson, 1997), including some notable natural and
induced seismic events, which have caused damage and injury (Foulger
et al., 2018). Some natural seismicity in the UK is the result of reac-
tivation of structures (Musson, 2012). Larger magnitude induced UK
seismic events can also be attributed to reactivation (Clarke et al., 2014;
Davies et al., 2013). Chadwick et al. (1996) have defined seismotectonic
zones for UK: For example, in southern UK, seismicity is associated with
distributed reactivation of Variscan and Caledonian faults, and in
northern UK seismicity is associated with major NE striking faults and
fault intersections with the Moine Thrust. Interactions between blocks
may be important in controlling seismicity (Chadwick et al., 1996;
Musson and Sargeant, 2007). These studies provide a background and a
rationale for analysing slip and dilation tendencies of UK faults in the
context of seismicity.

As an intraplate area with low levels of seismicity and no observed
surface fault breaks from natural earthquakes, locations of earthquakes
in UK are mostly not accurate enough to attribute them to specific faults
(Musson, 1997). Few moment tensors have been produced for UK
earthquakes (Baptie, 2010), adding to the difficulty of attributing
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specific earthquakes to geological examples. As an example, Fig. 8 shows
seismicity and slip tendency from the BGS catalogue in the Menai
straights/Llyn peninsula area, a notable concentration of seismicity in
north Wales, and the area of highest seismic hazard in UK (Baptie,
2021). The longest faults strike NE, parallel to the Menai Straights Fault
System. Although some epicentres are on or close to these faults, there is
no marked alignment of epicentres with the faults, which have low slip
tendencies. By contrast, N and ESE striking faults in the area have very
high slip tendencies (Fig. 8). The high density of events on the Llyn
peninsula (around events 4 and 5 inFig. 8) relate to the Llyn earthquake
of 1984. Aftershocks of this event define a sub-vertical plane striking
ESE (Baptie, 2010; Lisle, 1992; Marrow and Walker, 1988; Trodd et al.,
1985), which would have a very high slip tendency. Events 10 and 19
both have sub-vertical N striking planes, potentially reactivated in the

Interpolated distance
to stressm
Band 1 (Gray)

100,000

Fig. 7. Distance (m) from nearest interpolated stress determination (as seen
in Fig. 1).
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NW trending Sy stress field (cf. Blenkinsop et al., 1986).

The concept of the critically stressed crust (Townend and Zoback,
2000) may apply to the relation between seismicity and structure in the
UK. In intraplate regions, faulting may prevent pore fluid pressures
rising above hydrostatic, as suggested by measurements in UK and in
Europe, U.S.A. and Russia (Table 1 in Townend and Zoback, 2000). The
occurrence of induced seismicity is another hallmark of critically
stressed crust: 17 instances of human-induced earthquakes are known in
UK, from mining, enhanced geothermal systems, fracking, construction
and conventional oil and gas operations (Foulger et al., 2018). Critically
stressed crust should fail preferentially on faults with high slip ten-
dencies. However, a relation between seismicity and faults may not be
evident at the coarse scale of Figs. 3 and 4, which are simplified repre-
sentations of the UK fault network, and do not have much information
about faults at depth. Another factor that may complicate the relation-
ship between seismicity and stress is the possibility of seismicity in
damage zones (e.g. Ault et al., 2015; Powers and Jordan, 2010), which
may be important in assessing hazard for underground storage and
geothermal energy (Peacock et al., 2025).

Because of the caveats mentioned above, the maps shown in Figs. 3
and 4 are of limited direct use in seismic hazard, especially for specific
sites, which will need more detailed characterisation of both the stress
field and fault geometry than in this preliminary analysis (ONR, 2018).
More sophisticated, probabilistic, methods such as those of Healy and
Hicks (2022) are also necessary for detailed studies. The maps show
patterns which can be applied to other faults that are mapped in greater
detail, as they show how the slip and dilation tendencies vary regionally.
It is interesting to note that an enhanced slip tendency analysis is
possible in Germany (Rockel et al., 2022) because of more detailed
knowledge of the stress field, including its variation with depth and
accounting for pore fluid pressure, and because three-dimensional fault
geometries are known in some detail for major faults. There are regional
(>100 km) scale variations in stress orientations in Germany compara-
ble to the scale of those observed in UK.

5. Conclusions

Heterogeneous intraplate stresses affect a typically complex conti-
nental fault infrastructure in UK. Throughout England, Wales, Northern
Ireland and southern Scotland, Sy is orientated NW. In these areas, NE
striking faults are perpendicular to Sy and have very low slip and dila-
tion tendencies; N and E to ESE faults at moderate angles to Sy have very
high slip tendencies, and intermediate dilation tendencies. At and N of a
major change in the intraplate stress field at the Highland Boundary
Fault, Sy trends N, turning to NE in the far north of Scotland. Steeply
dipping NE striking faults such as the Great Glen Fault have very high
slip tendencies and intermediate dilation tendencies. Gently dipping NE
striking faults such as the Moine Thrust have intermediate slip and
dilation tendencies. These and other patterns of slip and dilation ten-
dencies are markedly different from southern to northern UK.

Stress measurements are distributed unevenly across UK, giving rise
to uncertainties in the orientation of Sy and Bishop’s ratio. Distances
from faults to interpolated stress measurements are many kilometres in
Northern Ireland, N and NE Scotland. Few fault geometries are well
known below surface, and there is also uncertainty in the coefficient of
friction. Analysis of these uncertainties suggests that the results are
sufficiently robust to conclude that variation of in-situ stress within the
UK causes major changes in slip and dilation tendency across UK
onshore faults. These deficiencies in knowledge about stress and fault
geometry need to be addressed urgently as use of the subsurface for
underground storage, and nuclear plant construction and waste
disposal, are becoming increasing priorities.

Data statement

A database of the calculated slip and dilation tendencies is available
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Fig. 8. Detail of the Menai Straights/Llyn peninsula area, show slip tendencies on faults, and all epicentres extracted from the BGS seismicity catalogue (htt
ps://www.earthquakes.bgs.ac.uk/earthquakes/dataSearch.html), scaled by ML. Focal mechanism solutions and labels from Baptie (2010) plotted using Obspy

(https://docs.obspy.org/) (Beyreuther et al., 2010).

at: https://github.com/tblenkinsop/Slip-and-Dilation-Tendencies.
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