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THE ML 42 WARWICK EARTHQUAKE OF 23 SEPTEMBER 2000
1. SUMMARY

On 23 September 2000, many residents of Warwick were awoken by an earthquake of local magnitude
(ML) 4.2, & 05:25am (04:25 UTC). It wasfdt up to amaximum intensty of about 5 on the European
Macroseismic Scae (EMS) (Griinthal, 1998) in Warwick, Leamington Spaand Stratford-Upon-Avon,
close to the epicentre, and was felt over a total area of about 50,000 kn? (Isoseismd 2). The
earthquake was located about 2 km west of the city of Warwick a a depth of 14.4 km. Thisisthe
largest earthquake to occur in the UK since the 5.1 ML Bishops Castle earthquake of 2 April 1990,
which was located near the Welsh border, about 100 km WNW of Warwick. The well-constrained
focd mechanism for the Warwick earthquake indicates amost pure normd faulting on aNW-dtriking
fault plane, either dipping moderatdly to the NE or tothe SW. The T-axisishorizonta and strikesNE-
SW and the Raxis is verticd. The location and orientation of one of the possble fault planes is
consstent with the dtrike and dip of the SW-dipping Whitnash fault, which lies 5 km eagt of the
earthquake epicentre. However, seismiclinesreved many smilarly oriented buried faultsin theregion,
and so the earthquake could equally have occurred on a buried fault parale to the Whitnash fault.

2. INTRODUCTION

The 4.2 ML Warwick earthquake is the largest earthquake to occur in the mainland UK since the
Bishops Castle earthquake of 2 April 1990 event (5.1 ML), which was located 100 km to the WNW
(Figure1). Thesdzeof the event isnot unexpected in the UK, as magnitude 4.0 ML and larger events
occur about once every two years. Thelast event of smilar Sze wasthe Arran earthquake (4.0 ML),
which occurred on 4 March 1999 (Bott et a, 2002). The Warwick earthquake occurred in an area
where few historic and instrumenta earthquakes have previoudy occurred. Only 7 events have been
ingrumentally located within 20 km of Warwick since 1970. Higoricaly, afew smilar-szed events
have occurred between 40-50 km away (1768, 4.1 ML Tewksbury; 1937, 4.0 ML Walsdl; and 1940,
4.0ML Coalville) (Figure 1). Thelargest recent instrumenta event (May 1994, 3.0 ML) occurred 17
km to the southwest of the Warwick earthquake and was fdt in Stratford-upon-Avon (Figure 1). The
Warwick earthquake occurs a a trangtion zone between a more seismicaly active region to the
northwest and a relatively assismic region to the southeast, which can be observed in both the
ingrumenta and historic earthquake catalogues. This event dso had no aftershocks indicating thet it
could be ahigh stress drop event, with al the stressbeing relieved a once. Faulting possibly occurred
aong a pre-exiging zone of weskness of amilar faulting style and favourably oriented to the current
stress conditions. Other eventsof magnitude greeter than or equal to 4.0 ML in Britain areinvestigated
to determine the existence and expected number of aftershocks and foreshocks.

TheWarwick earthquake wasfelt up to amaximum intensity of about 5 EMSin Warwick, Leamington
Spa and Stratford-Upon-Avon, close to the epicentre. The area of isoseisma 2 EMS was about
50,000 knr?, including Cheadle (85 km to the north), Gloucester (65 km to the souith), Peterborough
%5 km to the esd)) and een a fa a Bulth Wedls (100 km to
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the west). Over 2,400 responses to newspaper questionnaires and through the BGS ‘ Earthquakes
website (http:/Mmww.gsrg.nmh.ac.uk) were received on the felt effects of this earthquake, which were
used to congiruct a macroseismic map for this event (Figures 12 & 13). No significant dameage was
reported for this event.

3. EARTHQUAKE LOCATION

The Warwick earthquake was recorded on BGS selsmograph stations throughout the UK and data
mostly from the Hereford, Swindon and Keyworth networks were used aong with the LOWNET
velocity model to obtain a location. Figure 2 illugtrates the geographic digtribution of gtations with
respect to the epicentre, used for the location. Arriva times at these sations are listed in Table 1.
Location output and magnitude calculations are also provided in Tables 2aand 2b. The LOWNET
velocity model (Table3) wasderived fromthe LI1SPB refraction profile (Bamford et d, 1976, Bamford
et a, 1978; Assumpcao and Bamford, 1978). This velocity modd is a good average UK velocity
model and providesreasonablelocationsfor most UK earthquakes, epicentresfor larger eventslocating
close to where they are most stronglly felt.

Seismograms of the Warwick earthquake as recorded on the Hereford network are shown in Figure 3.
The location of the epicentre is gpproximately 2 km west of the city of Warwick itsdlf. The estimated
error in epicentral location is calculated to be 0.9 km and the depth was computed at 14.4 km £ 7.5
km, indicating a range of between 6.9 and 21.9 km in depth. The depth is not particularly well
congrained, the closest station being 39 km away (station SSW). The loca magnitude, an average
taken from three orthogond pairs of horizontal components from strong motion instrumerts, was 4.2
ML (Table 2b).

Theoverdl location qudity of the hypocentra solution obtained usngHY PO71 (Leeand Lahr, 1975) is
dassfiedas‘far C(B*C),witha‘good datidticd fit for thedata(B) and ‘fair’ azimutha distribution of
gations (C) with an azimutha gap of 95°. Thelocation errors were cal culated rel ocating the event 50
times usng HY PO71 and by randomly perturbing the velocity structure by + 10% and aso the phase
ariva times. A one sandard deviation changein location isquoted for the epicentral and depth errors,
which are estimated to be 0.9 km and 7.5 km, respectively. Table 4 ligs the details of the error
andyss. A plot of the perturbed epicentres reveds an dliptica region approximately 2 km long and
about 1 km wide. Thedirection of eongation is WNW-ESE and reflects the station configuration with
respect to the epicentra location (Figure 2).

There were no aftershocks recorded for this event, which is unusud for events of this szein the UK.
The 1999 Arran earthquake (4.0 ML) had two aftershocks, the Bishops Castle (5.1 ML) had six, and
the 1984 Lleyn Peninsulaevent (5.4 ML) had well over 200. The foreshock and aftershock activity of
moderate-Szed earthquakes in southern Britain isinvestigated in Section 7 of this report.

4. FOCAL MECHANISM

A foca mechanism was computed for the Warwick earthquake using the program FOCMEC (Snoke et
a, 1984). This program can utilise both P-wave first motions, aswell as SV/P amplitude retios. It

Find Draft 12/03/2002 @ 09:27 Page 2



works on a grid-search method to find out which solutions fit the data.and lists all possible solutions.
The user specifies the number of dlowed polarity errors and the increment in degrees for the grid
search. Using dl available data from the UK seismographic network and the UKNET broadband
network operated by AWE, eighteen impulsive P-polaritieswere used, of which two were dilatationa

and eighteen compressiona. One SV/Pamplituderatio for station CWF wasa so added. Theresulting
foca mechanism (Figure 4) is well congtrained with just even possble and smilar solutions with no
polarity errors and a 5°-grid increment. The SV/P amplitude ratio does not provide much additiond

congraint to the solution, but wasincluded herefor completeness. Thefoca mechanism shows amost
pure normal faulting on a NW-gtriking fault plane dipping moderately either to the northesst or to the
southwest. The ‘average’ Raxis is vertica and the Faxis is horizontd and drikes northeast-

southwest. The maximum horizontal stress, or intermediate stress axis, strikes NW, and is consistent
with the regiona compressiond stresses. These are thought to be due to the ridge push force from the
Mid-Atlantic ridge located to the north and west, and from the northward collison of Africainto Europe
to the south.

Since the foca depth (14.4 km) for this event was poorly congrained, foca mechanisms were
determined for a series of fixed depths, to determine if this had a strong influence on the resulting

mechanism. As can be observed (Figure 5), the focal mechanisms for depths between 12 and 18 km
are not Sgnificantly different from that caculated for a depth of 14.4 km (Figure 4), with asmilar or
fewer number of possible solutions. However, for depths of less than 12 km and over 18 km, the
number of possible fault-plane solutions increases, though the focd mechanisms il represent

predominantly normd faulting. Theonly differenceisthat thedip and strike of both focad planesareless
congtrained, because the station polarities mostly plot around the edge of the focal sphere (Figure 5).
The indrumentaly caculated depth of 14.4 km has large potentid errors (£7.5 km), but the
macrosaismic depth (12- 13 km) isin good agreement with thisestimate. Thefoca mechanismsshown
here indicate that this earthquake was a normal faulting event for a depth range of 8 to 22 km.

5. MEASURED GROUND ACCELERATION

Ground accderations for this event were measured on three strong motion instruments. The ground
accderationsare summarised in Table 5, the largest being recorded at Keyworth, in Nottinghamshire, a
distance of 76 km from the epicentre. The measured accel erations were 17.3 mmvsec? on the vertical
component, 16.6 mm/sec? on the north-south component and 20.8 mm/sec” on the east-west
component (Figure 6). A response spectra (pseudo-rel ative vel ocity) was cal culated for sation KEY 2
and indicates that energy in the 5-6 Hz range was excited during this earthquake &t thissite (Figure 7).
Both peak vertical and horizontal accel erations were aso measured from unsaturated vel ocity records
from high and low gain slsmographs and are shown as afunction of distance in Figure 8. Predicted
peek horizonta ground acceerations from severa empirica atenuation relations (PML, 1982;

Ambraseys and Bommer, 1991; Dahle et a, 1990) for an Ms 4.0 event are dso shown. These
relaions are currently used for seismic hazard studiesin the UK and generally overpredict the ground
accderations for the distances shown, as has been observed for other UK earthquakes (e.g the recent
1999 ML 4.0 Arran earthquake, Bott et a, 2002; Musson et al, 1994). However, the predicted
horizontal peak ground accelerations shown here are for a surface-wave magnitude (Ms) 4.0 event,
equivaent to amagnitude 4.4 ML, giventherelationship between M s and ML of Marrow, (1992) and
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o dightly larger thanthe Warwick event. Theempirical atenuation reationswere d so developed from

recordings of events of Ms = 4.0 from both Europe and Californiaand so may not be appropriate for
the UK. However, one would expect the attenuation of peak ground accelerationsfor small eventsto
differ fromthat of eventslarge enough to cause significant damageto structures, dueto the differencein
both the frequency content and the duration of the highest accelerations. The average ratio between

horizontal and vertica accelerations measured for the Warwick earthquakeis 1.53 (the rangeis 0.94-

2.56), though only 18 measurementswith two componentswere determined and these are from stations
at distances between 76 and 800 km (Figure 8).

6. GEOLOGICAL AND STRUCTURAL SETTING

The geology under the Warwick area(BGS, 1984, 1989; Old et d, 1987) comprisesathick sequence
of Carboniferousand Permian rocks, unconformably overlain by Triassic and Jurassic rocks (Figure9).

The Carboniferous and Permian rocks are sedimentary, varying from deltaic cod measures of the
Warwick codfield, to subaerid red sandstones, marls, and fluviatilerocks. The Triassic Sratigraphy is
smilar but becomes brackish up section eventudly resulting in marine conditions towards the upper
Triassc and into the Jurassic. The Carboniferous lower and middle Coa Measures unconformably
overlie the Cambrian Merevae Shales.

The geologic record around Warwick revea s severd periodsof deformation (BGS, 1984, 1989; Old et
al, 1987; Chadwick and Evans, 1995). Basement rocks, benesth the Carboniferous cover strata, are
not well understood, though it islikely that mgor fault lines were developed or reactivated during the
Cdedonian tectonic events of the early Devonian. Carboniferous times were marked by extensona

basin devel opment, manifest in the Warwick areaas sequences of upper- Carboniferous podt-rift srata

Basin inverson occurred after depogtion of the Enville Group (the end- Carboniferous Variscan

events) with localised fault reversas and associated folding.  Subsequent regiond erosion led to

development of the sub-Triassc unconformity. Triasscthrough early Cretaceoustimesweremarked by
renewed extensiond basin formation. Subsequent to this, the mgjor structura eventsarelikely to have
been related to Cenozoic basin inversion, though hard evidence of thisislacking in the Warwick area.

The Knowle basin and aso the Worcester basin further to the west were both formed as aresult of
roughly E-W directed Permo- Triassi ¢ extension (Andy Chadwick, BGS, written communication, 2000).

The magor Permo-Triassc basin-bounding faults lie within the hanging-wal blocks of underlying
Variscan thrusts and were probably formed by reactivation of these older structures (Chadwick and
Evans, 1995). A series of Permo-Triassc and younger, N-S and NW-SE-driking normd faults
crosscut the region. Some of these are associated with the Meriden fault, which lies to the west of
Warwick and marks the eastern boundary of the Knowle basin and the western edge of the
Warwickshire codfield.

Thestructura development of the region appearsto have been influenced by basement structura trends
that have been periodicaly reactivated through the geol ogic record and under different tectonic regimes.
Some N-S basement structurd trends in the region are thought to date back to the Precambrian
(Pharoah et d 1987) and were thus a so reactivated during Variscan times. Faulting continued into the
Jurassic and Cretaceous, resulting in afew NW- SE- oriented faultswhich aso cut lower Jurassic rocks,
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such as the Whitnash and Princethorpe faults (Figure 9).

The preliminary instrumental location of the Warwick earthquake places it just west of the W-dipping
Warwick fault (Figure 9) which aong with other parald faults form part of a series of Permo-Triassic
and younger, steeply-dipping norma faults, with either goproximate N-S or NW-SE strike. The depth
of the Warwick earthqueke of 14.4 km is not particularly well constrained because the closest
selsmograph station to record the earthquake was 40 km away. Location errors are of the order of 1
km horizontaly and 7.5 km in depth, indicating that the proximity to the Warwick fault does not
necessarily indicate it as the source sructure. The preliminary focal mechanism indicates dmost pure
norma faulting on a NW-SE oriented plane, dipping either to the NE or to the SW. The style and
orientation of the focal mechanism (Figure 4) is more consistent with the NW-trending W-dipping
Whitnash fault that lies about 5km to the east of the earthquake epicentre. Equaly likely, the Warwick
earthquake may have occurred on an unidentified buried fault. Seismic linesfrom the Worcester basin
(Chadwick and Evans, 1995) reved many such buried faults. The minimum compressive stress
direction derived from the focal mechanism is conggent with the regional minimum horizontal sress
being oriented NE-SW as determined from borehole breakouts and from other focad mechanisms
(Brereton and Evans 1987; Marrow and Walker, 1988; Ritchie and Walker, 1991; Marrow and Henni,
1994). The maximum horizontal stress (intermediate stress axis) is oriented NW-SE and is consistent
with the regional NW-SE compresson which is thought to result from the ridge- push force from the
mid-Atlantic ridge to the north and west and the northward-collision of Africainto Europeto the south.

7. INSTRUMENTAL SEISMICITY AND ANALYSISOF DEPENDENT EVENTS

The area around Warwick has experienced few earthquakes, though historically, smilar-szed events
have occurred some 50 km from this event (Figure 1 and Section 8). There have only been 7 events
within 20 km of the Warwick earthquakein thelast 30 yearsof instrumental monitoring, thelargest, with
a magnitude of 3.0 ML, occurred 17 km to the SW (Figure 1) near Stratford-Upon-Avon. When
andyzing the instrumenta record, the uniformity of seilsmographic coverage for the UK must be taken
into account, since the station distribution has been gradualy developed over a period of 30 years.

Southern Britain has not experienced uniform seismographic coverage with time over the instrumenta

period (Snce 1970). Inthe 1970s, only the network around Edinburgh (LOWNET) was operationd,
and so during this period, only events of about magnitude 3.0 ML and over would have been uniformly
detected under average noise conditions. However, an event of this Sze would amost certainly have
been felt and thus recorded in the catalogue. Snce about 1980, earthquakes of 2.5 ML and larger
should have been uniformly detected in southern Britain, because of theingtalation of additiond stations
in England and Waes. From 1995, earthquakes as smdl as magnitude 1.5 ML should have been

uniformly detected (under average noise conditions), dueto afurther expansion of the network. Figure
10illugtrates higtorical and instrumenta events of magnitude 3.0 ML and over prior to 1980, and events
of magnitude 2.0 ML and over since 1980. Seismic activity ismuch higher to the north and west of the
Warwick event , and lower to the south and east. A plot of only instrumenta earthquakes of magnitude
1.5 ML and larger since 1995 (Figure 11) aso illugtrates the same generd pattern, though many of the
events in the Midlands are coa-mining related and not tectonic in origin.
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The Warwick earthquake therefore appearsto belocated at aboundary between the more seismically
active region to the north and west and aless active region to the south and east. Thischangein seiamic
activity could be related to southernmost edge of the last large glacid ice sheet to cover Britain (about
18,000 years before present) and so related to post-glacid relaxation. It might dso berdated to a
change in the basement structurd grain with faults to the south not being favourably oriented to the
current stress conditions, or it could reflect some other change in the nature of the basement, the
asaismic region defined by the LondonBrabant platform. Another dternative explandtion is thet it
marksthe edge of aregion of hot mantleto the north, which lies benegth the mgority of the British Ides,
and has only been observed in recent tomographic studies (Goes and Govers, 2000; Marquering and
Sneider, 1996). The effectsof an € evated mantle temperature beneath the UK onitsuplift history and
on itsrelation to seismicity in the UK are discussed in Bott and Bott (2002).

The Warwick earthquake did not have any foreshocks or aftershocks and occurs in aregion of low
saigmicity. Other eventsin the UK instrumental catalogue of Smilar Sze are investigated to determine
typica foreshock and aftershock activity. Thehistorica record isdifficult to analyzein thismanner snce
amall aftershocks may not have been felt and thus not reported. Theinstrumenta record, however, can
provide additiond evidence of dependent eventsthat aretoo smdl to befdt. Table6 summarizesal the
ingrumenta events in the UK of magnitude 4.0 ML and larger, in terms of their dependent event
activity. The definition used herefor aforeshock isany event occurring in the same region in the week
prior to the mainshock, and an aftershock is an event occurring in the same region during the year
following the mainshock. Two-thirds of the events have foreshock or aftershock activity or both. The
average maximum aftershock magnitude (ML) is 1.5 units below that of the mainshock magnitude,
though the difference in magnitudes varies from 0.2 to 3.6 units. Three of the earthquakes without
dependent event activity occurred in the early to mid 1970s when few seismographic insrumentswere
operationa. Theseeventsmay have had small dependent eventsthat were not large enoughto befet or
detected, much the same as events in the historicd catalogue.

Therefore, we can conclude that, despite such asmall data set, the Warwick earthquake is unusud in
not having any aftershock activity compared to other UK earthquakes of smilar size or larger. One
explanation for this could be that the earthquake occurred along a pre-existing normd fault of favorable
orientation to the current stress conditionsresulting in complete stressrelief. However, it isthought that
aftershocks result from both dynamic and datic stress changes caused by the mainshock to the
surrounding rocks, and that these stress changes can trigger events on nearby faults that are close to
falure. Thus another explanation for the lack of aftershocksis that the Warwick earthquake did not
causethe necessary changesin the surrounding stressfield to trigger other events, or there areno nearby
faultsthet are dloseto falure.

8. HISTORICAL SEISMICITY

Higtoricdly, Warwick itself has not experienced any earthquakes of this size but the surrounding regions
appear to be more seigmicaly active. The largest higtorica events within 100 km occurred on 6
October 1863 and 17 December 1896 near Hereford with estimated magnitudes of 5.2 and 5.3 ML
respectively (Figure 1). The 1863 Hereford earthquake wasfelt across most of England and Walesand
into northern France indicating that it was quitelarge (Smilar to thefdt areaof the 1984 Lleyn Peninsula
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event), though no sgnificant damage was reported (Musson, 1994). The maximum intensity isonly 5
EMS. The 1896 Hereford earthquake, however, wasaso fet over asmilar area, but caused extensive
damage to chimneys in Hereford itsdlf, with the worst damage occurring in villages just to the east of
Hereford (Musson, 1994). A maximum intensity of 6 EMS has been assigned to thisevent. Thisevent
aso0 had severd subgtantia foreshocks (two of magnitude 4.1 ML) some hours prior to the main event,
and afew weak aftershocks. The 1863 event isthought to have been deep, owingtoitslargefdt area
and lack of high intendties, whereas the 1896 event is thought to occur a a Smilar depth to the
Warwick event.

The closest historical earthquake to Warwick (about 25 km to the north) was the 31 January 1888
Birmingham event with amagnitudeof 3.2 ML. Severd smilar-szed eventsto the Warwick earthquake
are reported in the historica record about 40 to 50 km from Warwick. Theseinclude; the 4.1 ML

earthquake at Tewksbury on 21 December 1768, about 45 km to the SW; the 4.0 ML (instrumental

magnitude) Wasd| earthquake on 9 July 1937, 40 km to the NW; and the 4.0 ML Coalville earthquake
on 14 July 1940, about 50 km to the NNE (Figure 1). Musson (1994) believes the magnitude of the
1937 Wasd earthquake to be much lower (~3.0 ML) based on macroseismic evidence and suggests
that this might have been ashdlow collgpse event producing large surface waves. Thiswould explain
the high insrumenta magnitude but very smdll fdlt areg, which iscommonly observed for shdlow mining-
induced events (Musson, 1994). The event near Codlville could dso bemining related but not muchis
known about this event.

9. MACROSEISMIC STUDY

Initial reports suggested that the Warwick earthquake had been felt over awide part of the Midlands
and surrounding area, and into Wales. A macrossismic survey was completed using the BGS
methodol ogy described in Musson and Henni (1999). Questionnaireswere placed in many regiond and
local newspapersgiving extensve coverage over thefelt area. Additiondly, an éectronic questionnaire
was made available on the main BGS web site, and on the BBC news site from which 400 e-mailed
responses were received, the most for any UK earthquake so far.

The total number of usable replies was 2,460, of which 2,299 were positive and 161 were negetive.
From the larger settlements sufficient replies were received to dlow the assgnment of intengties, but
many small hamlets and isolated farms contributed Sngle questionnaires, from which it was more difficult
to establishreliable values. Thetota number of placesfrom which replieswere received was 283 (after
amagamating replies from very close settlements less than 2 km apart). The large number of replies
received is partly afunction of the strength of shaking in the most affected area, but isa so influenced by
the fact that the shock occurred in the heart of the English Midlands, awell-populated area.

The highest intensity experienced was 5 EMS, which was observed quite widdly over an areaaround
and south of Coventry, and east of Stratford-Upon-Avon (Figures 12 and 13). Inthisarea, therewere
many intensty 4 and 5 observations, and some borderline cases. Intensity 5 EMS was generdly

digtinguished by anincreased number of reports of objectsthrown down, agreater level of darm, anda
greater tendency for the sheking to be described as strong. Objectsthrown down included alargevase
of flowers, booksthrown from shelves, toolsfrom hooks and aclock thrown off awall. 1nanumber of
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casesdarmswere set off, and in one case at Claybrooke the automatic fuel cut-outinacar (desgnedto
operatein case of acollison to stop engine fires) wastriggered. Thislast occurrenceis something of a
novelty in macrosaismics (such devices being quite recent in manufacture) but evidence of quite strong
shaking. Insome places(e.g. Daventry) the shock was perceptible out of doors, though thetime of day
that the event occurred (05:25 BST) meant that few potentia observerswereoutside. There were no
reports of people running outside in fright, though some people did go and investigate. Animals (pets,
cage birds, horses) were darmed in many cases. A very common report was the creaking of house
joids.

No seriousdamagewasreported. Thefollowing excerptsfrom the macrosei smic survey give someidea
of the types of minor damage that occurred:

Coventry South East - “... cement pointing fell out of roof - not there day before ...”
Daventry - “... some plagter fel off ceiling above front door ...”

Kenilworth - “...cracked cast iron downpipe at therear of thehouse ... celling cracksenlarged
... oneor two new cracksin internd plaster ...”

Nuneaton East - “... plagter fel fromwall ... damagetowindow pane ... thewindow cracked

Rugby North East - “... ridgetiles shifted ...”
Rugby South West - “... some broken chinaand afalen roof tile ...”

The most distant reports were from Hay-on-Wye and Builth Wellsin the west, some 120 km away,
Witnesham (near Ipswich) to the east, a distance of just under 200 km, Wakefidld to the north, at
around 150 km away and Winchester to the south, at about 150 km away. Thetotd felt areaisover
51,300 kn? (Isoseismal 2), as shown in Table 7.

The digribution of intengity points and isoseigmds is shown in Figure 12, with an inst map of the
epicentral area shown as Figure 13. 1sosaismals can be drawn for intensity 5, 4, 3and 2 EMS. Asis
usud, not many places can be assigned an unqudified intengty 2 observation. But the scarcity of

reportsfrom heavily populated areas such as South Y orkshire and the Thames Valley indicatesthat the
intengity was generaly 2 in these areas. The isoseigmads show an elongetion in the NE-SW azimuth,
especidly those for intensty 3 and 4. The areas within each isosaismal (rounded to the nearest 100
k) are shown in Table 7.

Macroseismic parameters were ca culated according to the procedures described in Musson (1996).
Themeagnitudewas ca culated to be 4.1 ML from both the3 and 4 isossismal. The macroseismic depth
isaround 12-13 km. These vaues (for both magnitude and depth) are within the error margins of the
insrumenta determinations, showing that both methods of calculation are in good agreement.
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10. CONCLUSIONS AND DISCUSSION

TheWarwick earthquake with amagnitude of 4.2 ML, wasthe largest earthquake in the UK sincethe
1990 Bishop's Castle earthquake (5.1 ML). It occurred in aregion that has not experienced many
local earthquakes, though severd smilar-sized historica earthquakes have occurred in the surrounding
regions, 40-50 km away. This earthquake appearsto lie a a trangtion zone between asaamicdly
active region to the north and west (Midlands and Welsh borderlands), and aless active region to the
south and east. This trandtion is evident in both the ingrumenta and the higtoricd record. In the
Midlands to the north, severa earthquakes appear to be associated with coa-mining, however more
detailed sudies (for example, Lovell et d, 1997) reved that some of the events were aso of tectonic
origin, since they occurred at greater depths than typical coa-mining related activity and had no mid-
week pegk of activity. Thistrangition zone might reflect the southern extent of thelast large glacid ice-
sheet or could be related to some other phenomena, such as a change in the structura grain of the
basement or the edge of aregion underlain by hot mantle.

The Warwick earthquake did not have any foreshocks or aftershocks, which could indicate complete
sressrelease dong the fault, being favorably oriented with respect to the current stress conditions. An
investigationinto theforeshock and aftershock activity for eventswith magnitudes =4.0 ML in southern
Britainindicatesthat thisisunusua. About two thirds of the events have at least one aftershock and the
other three eventswith no aftershocksdl occurred inthe early to mid 1970swhen few insrumentswere
recordinginthearea. Small events, such asonessmilar in Szeto the aftershocks of the Bishops Castle
event (the largest had a magnitude of 1.5 ML), could have been missed at this time, not being large
enough to be recorded or reported as felt. One of the large historical earthquakes around Hereford
(1896, 5.3 ML) had sgnificant foreshock and some weak aftershock activity reported. Another
explanation for thelack of aftershock activity could bethat the earthquake did not produce large enough
gress changes in the surrounding rocks to trigger any events on nearby faults that might be close to
failure, or that there were no faults nearby closeto falure.

The Warwick earthquake occurred close to the Warwick and the Whitnash faults, two Permo-Triassic
or younger faults associated with the Meriden fault which marks the eastern edge of the Knowle basin
that liesto thewest of Warwick. The Meriden fault occursaong astructural weskness, which appears
to have been reactivated throughout geologic history under different tectonic environments. Thefocd

mechanismindicatesnorma faulting on aNW-trending fault plane, @ther dippingtotheNE or SW. The
SW dipping planeis conggtent with the strike and dip of the Whitnash fault, 3 km east of the epicentre.
The epicentral location iswell constrained, but the depth is not, and could be between 6.9 and 21.9 km
(1 d). The calculated depth of 14.4 km, however, appears reasonable and is aso consistent with

macroseigmicaly-determined source parameters.  This earthquake, however, cannot be definitively

associated with the Whitnash fault, snce many similarly oriented buried faults may exist such asthose
reveded on saismiclinesin the nearby Worcester basin. Thisearthquake could easily have occurred on
aburied fault.

The T-axis determined from the foca mechaniam is oriented NE-SW, congstent with horizontal
minimum stresses determined from borehol e breakouts (Brereton and Evans 1987) and other UK focd
mechanisms (Brian Baptie, unpublished work; Ritchie and Walker, 1991; Marrow and Henni, 1994;
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Marrow and Walker, 1988). The P-axisisverticd, but the maximum horizontal sress (theintermediate
gressof thisfoca mechanism) iscongstent with NW-directed compresson. Thisregiond compresson
is dso evident in borehole breakouts (Brereton and Evans 1987) and other foca mechanisms and
resultsfrom the SE-directed ridge- push force at the Mid- Atlantic ridge and from the NW-ward callison
of Africa into Europe (Ritchie and Walker, 1991). This earthquake appears to be a result of
reactivation of an older SW-dipping fault that is favourably oriented under the current stressfield.

The earthquake was fdlt over alarge area (~50,000 kn?) and a macroseismic map was constructed
from the responsesto the macroseismic survey. Themacrosaismic epicentreisabout 10kmtothe ENE
from the instrumenta one, but this may be affected by underlying geologic deposts, the source
mechanism, and possbly directivity of dipaong thefault plane. ThereisaNE-SW dongation observed
in the isoseismd lines, which might result from the radiation pattern of this earthquake. The fault is
normd faulting with the P-wave nodal planes (therefore shear-wave maximum) aong thefocd planes.
Thiswould result in larger shear-wave amplitudes in the NE-SW direction.

Recorded ground accelerations from the Warwick earthquake are less than the predicted empirica
relations used for UK seismic hazard studies, at least for distances greater than 76 km. Thishasbeen
observed for other UK earthquakes (Musson et a, 1994; Bott et a, 2002). Three 3-component setsof
ground accel erationswere recorded for this earthquake on the BGS strong motion accelerometers, the
maximum horizontal acceleration being 20.8 mmvsec” a adistance of 76 km. 1n addition, horizontal and
vertical pesk ground acceerations were measured from al unsaturated velocity instruments by
differentiation and removd of the instrument response. These provide abasis from which anempirica
attenuation relation for the UK might be determined in thefuture. The average ratio between horizontal
to vertical ground motions was found to be about 1.5, at distances greater than 76 km.
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TABLE 1
INPUT DATA FOR THE HYPO71 LOCATION PROGRAM

HEAD
RESET TEST( 3)= 0. 500

SSW 5158. 00N 98 9. 01E 291
CWF 5244. 31N 9841. 54E 203
HAE 52 2. 21N 9727. 40E 260
KEY 5252. 67N 9855. 46E 59
KEY25252. 74N 9855. 38E 76
SKP 5143. 31N 9911. 42E 212
KTG 5219. 58N 9935. 89E 83
SWN 5130. 82N 9811. 96E 192
HLM 5231. 10N 97 7. 16E 429
KUF 5237. 02N 9936. 56E 38
MCH 5159. 84N 97 0. 10E 219
HBL252 3. 05N 9657. 81E 437
SSP 5225. 06N 9653. 29E 428
HEA 5121. 50N 9844. 17E 100
HGH 5138. 27N 9711. 66E 223
KBI 5315. 26N 9828. 33E 272
WOL 5118. 77N 9846. 63E 158
HTR 52 4. 71N 9643. 93E 337
SWK 51 8.90N 9745. 17E 266
LLW 5250. 95N 9620. 10E 213
SCK 5252. 78N10045. 04E 61
MW 5410. 56N 98 7.86E 427
BHM 5112. 78N10110. 44E 100

4.000 0.000
5.900 2.520
6.450 7.550
7.000 18.870
8. 000 34. 150

10. 80. 105. 1.73 4 1 1 1111
SSW1PU 000923042352. 81
OWF | PU 000923042355. 21 62. 00ES 2
HAE | PU 000923042357. 29
KEY | PU 000923042358. 86
KEY2EP 4 000923042358. 88
SKP EP 2 000923042359. 25
KTG EP 3 000923042359. 33
SWN EP 4 0009230424 0. 29 10. 78ES 2
HLM I PU 0009230424 0.55
KUF | PU 0009230424 0. 65
MCH | PU 0009230424 1.92 13. 60ES 2
HBL2EP 4 0009230424 2. 25
SSP I PU 0009230424 2.70 14. 95ES 2
HEA | PU4 000923042402. 68
HGH I PU 0009230424 3.31
KBl | PUL 0009230424 3. 68
WOL | PU4 000923042403. 49
HTR I PU 0009230424 4. 23
SWK | PUL 0009230424 7. 45
LLW 1 PD4 000923042410. 20



SCK | PU4 000923042413. 00

MW | PU4 000923042417. 19

BHM | PD4 000923042420. 86
10



Dat e

Oigintime :

Epi centre
Gid ref

Dept h

Quality

Statistics

Magni t ude
Magni t ude
STN DI ST
SSW 38.6
CW 55.0
HAE  69.3
KEY 75.7
KTG 82.6
SKP  83.0
SWN 86.3
HLM 90.4
KUF 91.1
MCH 100. 2
HBL2 100.8
SSP 103.5

OUTPUT FILE FROM HYPO71 LOCATION PROGRAM

Cc B*C

NO DM GAP M RM5 ERH ERZ
14 39 951 0.21
4.2 M

23/ 9/00

4:23:45. 83
52-16.83 deg N

426.570 East /

14. 42 kns

TABLE 2a

1-36.63 deg W
264.821 North

1.0

No valid coda readi ngs

AZM Al N

205
22
247
29
86
138
189
287
66
252
255
278

104
99
97
96
96
96
67
67
67
67
67
67

P- RES P-WI
0.02 3.20
-0.06 2.14
-0.19 1.06
0.40 1.87
-0.20 0.47
-0.34 0.86
0.21 0.00
-0.12 0.62
-0.11 1.19
-0.14 0.20
0.10 0.00
0.16 0.06

S- RES

-0.

-0.

1.5
(from 6 readings)

17

.29

32

. 20

S-Wr

1.06

0.10

0.03

TABLE 2b
INDIVIDUAL MAGNITUDES CALCULATED FOR EACH STATION

STATION

KEY2
KEY2
SWN
SWN
HBL2
HBL2

N s
PNPFP, OO M
FEREERRER

(

52.2805 /

MAGNITUDE

-1. 6105 )



TABLE 3

DEPTH / CRUSTAL VELOCITY MODEL USED IN THE WARWICK EARTHQUAKE

LOCATION
Depth totop P-wave velocity Vp/Vs
of layer (km) (km/sec)
0.00 4.00 1.73
2.52 5.90
7.55 6.45
18.87 7.00

34.15 8.00



TABLE 4
ERROR DIAGNOSTICS: 50 PERTURBED HYPOCENTRES

The initial epicentre, using a trial depth of 10.00 km
was 4:23:45.83  426.57 kmE, 264.82 km N Depth 14.42 km

Subsequent epicentres.....

Oigintime knE kN Depth Epi centre Dept h
change(km) change(km
4:23:45. 47 426. 25 264. 99 0.32 0. 36 -14.10
4:23:45.59 426. 68 264. 54 17. 44 0. 30 3.02
4:23:45. 85 425. 62 265. 60 7.24 1.22 -7.18
4:23:45.91 425.79  265.43 0. 26 0.99 -14.16
4:23:45.42 426.68 264.88 17.36 0.13 2.94
4:23:45.87 426.28 265.06 14.17 0. 37 -0.25
4:23:45.72 427.02 268. 88 15. 09 4.09 0. 67
4:23:45.12 426. 52 264. 36 22.67 0. 47 8.25
4:23:45. 65 426. 59 265. 10 10. 64 0. 28 -3.78
4:23:45. 66 426. 39 265. 28 5.31 0. 50 -9.11
4:23:45. 67 426. 03 265. 19 2.27 0. 65 -12. 15
4:23:45.51  426.57 265.04 15.38 0.22 0. 96
4:23:45.32 426.48 264.64 19.39 0.21 4.97
4:23:45.87 425.89 265.04 20.15 0.72 5.73
4:23:45.51 427. 47 264. 47 7.75 0. 96 -6.67
4:23:45. 94 427.02 265. 08 7. 66 0.52 -6.76
4:23:45. 77 426. 68 265.12 11. 24 0.32 -3.18
4:23:45. 39 425. 65 263. 67 2.98 1. 47 -11. 44
4:23:45. 33 426.71 264. 82 16. 29 0.14 1.87
4:23:45.72 425. 89 265. 02 1.58 0.71 -12. 84
4:23:45.81 426.41 266.92 10.89 2.10 -3.53
4:23:45.62 426.75 264.84 13.68 0.18 -0.74
4:23:45. 82 426. 83 264. 77 11. 15 0. 27 -3.27
4:23:46. 30 425. 99 264. 86 10. 00 0. 58 -4.42
4:23:45. 87 425. 88 265. 02 0.77 0.72 -13.65
4:23:45. 94 426. 52 264. 69 10. 00 0.14 -4.42
4:23:45. 45 426. 63 264. 99 16. 39 0.18 1.97
4:23:46.09 426.06 265.11 10.00 0.59 -4.42
4:23:46. 12 427. 55 263. 95 19.73 1.31 5.31
4:23:45.78 426.35  265.08 6. 56 0. 34 -7.86
4:23:44. 81 426. 52 264. 21 23.27 0.61 8. 85
4:23:45.11 426. 77 265. 03 18. 29 0.29 3.87
4:23:45. 87 427. 82 264. 31 10. 13 1.35 -4.29
4:23:45. 87 426. 13 265. 32 0.55 0. 66 -13. 87
4:23:45.71 426. 75 264. 58 13. 27 0. 30 -1.15
4:23:45.53 425.89 265.10 1.59 0.74 -12.83
4:23:44.69 426.54 264.30 25.27 0.52 10. 85
4:23:44.63 427.19 263.97 24.65 1.05 10. 23
4:23:45. 49 426.73 265.01 16. 11 0.24 1.69
4:23:45. 84 426. 01 265. 06 10. 00 0.61 -4.42
4:23:44. 31 425. 49 264. 43 14. 88 1.15 0. 46
4:23:45. 80 425. 48 265. 26 1.20 1.18 -13. 22
4:23:45. 36 426. 35 264. 84 0. 30 0.22 -14.12
4:23:45.54  426.53  265. 34 8.83 0.52 -5.59
4:23:44.97 425.99 265.36 17.58 0.79 3.16
4:23:46.00 426.43 264.89 11.79 0. 16 -2.63
4:23:44. 91 426. 51 264. 75 20.21 0. 09 5.79
4:23:45. 61 425.76 265. 23 0.72 0.91 -13.70
4:23:45.76 426. 43 265.21 9.38 0.41 -5.04
4:23:45.91 426. 90 264.73 9.91 0.34 -4.51

Epi centre standard deviation = 0.93 km



Dept h standard deviation = 7.53 km



TABLES

PEAK GROUND ACCELERATIONS MEASURED ON STRONG MOTION
INSTRUMENTSFOR THE WARWICK EARTHQUAKE

N-SHORIZONTAL | E-W HORIZONTAL
VERTICAL ACCELERATION ACCELERATION
STATION DISTANCE (KM) | ACCELERATION (mm/secz) (mm/secz)
(mm/sec?)
KEY?2 76 17.2 16.6 20.8
SWN 87 7.1 55 6.6
HBL2 101 5.0 7.1 55
TABLE 6

DEPENDENT EVENTSFOR UK EARTHQUAKES OF MAGNITUDE = 4.0 ML
(1970-DATE)

Date L ocation Magnitude | Depth Number of Number of Magnitude
(ML) (km) | Foreshocks8 | Aftershocks* | of largest
ASor FS
9/8/1970 Kirby Stephen 4.1 20.9 - - -
7/3/1972 Todmorden 4.0 6.0 - - -
25/2/1974 Newport 4.1 0.1 1 1 3.9 (FS)
6/8/1974 Kintail 4.4 22.0 7 18 4.0 (FS)
3/11/1976 Widnes 4.5 2.0 - - -
26/12/1979 Longtown 4.7 4.5 - 75 3.8
(2AS's)
19/7/1984 Lleyn Peninsula 5.4 20.7 - 82 4.3 (AS)
29/9/1986 Oban 4.1 23.3 2 8 1.7 (FS)
2/4/1990 Bishops Castle 5.1 14.1 - 6 15 (AS)
15/2/1994 Norwich 4.0 7.3 - 1 2.8 (AS)
4/3/1999 Arran 4.0 19.0 - 2 1.6 (AS)
23/9/2000 Warwick 4.2 13.1 - - -

§ Within the week preceding the event
* Within 1 year following the event




TABLE 7

MACROSEISMIC RESULTS

| soseismal Area (knr)
(EMS
2 51,300
3 14,900
4 4,700
5 700

Macrosaismic magnitude 41 (A3), 4.1 (A (instrumentd 4.2 ML)

Macroseismic depth (km) 12-13 (instrumental 14.4 km)

Maximum intengity (Inax) 5 EMS (Warwick, Royd Leamington Spaand
Stratford-Upon-Avon)
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Placename Grid East|Grid North |Intensity| Longitude | Latitude

Abingdon 451.000 [ 198.000 F -1.262 51.678 | 2 1 1 1 011 1 1 01 0 1 1 10]o0
Alcester 409.000 | 257.000 4 -1.868 | 52.211 | 19 0| 14 1410 [3] 13 11 [0 3 8 8 14 11]0
Alvechurch 402.000 | 273.000 34 -1.971 52.355 | 4 0f 3 31011 2 2 (0] 1 3 2 4 100
Alvescot 428.000 | 206.000 F -1.594 | 51.752 | 2 0f 1 110 1] 1 1101 2 2 1]0]0
Ampthill 503.000 | 238.000 F -0.498 | 52.030 | 1 0] 1 1 {0[0] 0 0 [Of 1 1 1 1]0]0
Anstey 455.000 | 309.000 F -1.186 | 52.676 | 2 0] 1 0ol1]11] 2 2 10]0 0 0 2 {ofo
Ansty 440.000 | 284.000 F -1.411 52.452 | 2 0 2 2 01]0 0 0O [O0]1 1 1 1 ]10f0
Ardley 453.000 | 226.000 F -1.229 51.930 | 2 0 1 1 0]0 1 1 0OfO0 0 0 1 ]10f0
Ash Green 434.000 | 285.000 4 -1.500 52.462 | 6 0 5 4 011 4 3 [0]0 3 3 6 ]0]|0
Ashby-de-la-Zouch 436.000 | 314.000 3 -1.467 | 52.722 | 4 0| 2 1 {0[1] 3 3100 3 3 4 10]0
Aslacton 616.000 | 289.000 1 1.179 52.456 | 1 110 0OJ]O0O]1] o0 0 |01 1 1 1]0]0
Astwood Bank 403.000 | 262.000 3 -1.956 | 52.256 | 7 0f 5 510]2] 5 5 0] 1 5 5 6 [ofo
Atherstone 431.000 | 298.000 4 -1.542 | 52.579 | 9 0f 6 5102 3 2 0] 4 3 5 8 [ofo
Avening 388.000 | 198.000 1 -2.174 1 51.680 | 1 170 0OloO]O]| o 0 |0]O 1 1 1]0]0
Aylesbury 484.000 | 208.000 1 -0.783 51.764 1 1 1] 0 011 0 0O [O0]1 0 1 0O |0]o0
Badby 457.000 | 260.000 4 -1.165 52.235 | 17 0] 14 14 10| 3] 14 9 111 10 10 11 (o]0
Badsey 407.000 | 243.000 F -1.898 | 52.085| 1 0f 1 1 {0]0] 1 0 |0]O 0 0 0 [ofo
Balsall Common 424.000 [ 279.000 34 -1.647 52.408 | 10 1 4 3 1 6 5 5 0] 2 5 3 5 1]0]0
Banbury 445.000 | 240.000 4-5 -1.344 | 52.056 | 40 4] 36 3310 | 4] 22 153 8 18 15 3110]0
Barby 455.000 | 271.000 4-5 -1.193 | 52.334 | 6 0| 4 3100 4 3 (0|1 0 2 3 [ofo
Barrow upon Soar 456.000 [ 317.000 4 -1.170 52.747 | 8 0] 7 6 [1]0] 7 4 [1]0 4 4 7 ]0]0
Bath 375.000 | 165.000 F -2.359 | 51.383 | 1 0] 1 1 {0f[0] 0 0 [Of 1 1 1 1]0]0
Bedworth 436.000 | 287.000 4 -1.470 52479 ] 8 0 8 5 1 0] 10 51411 3 6 6 o]0
Birmingham - Bourneville 404.000 | 281.000 34 -1.941 52.427 | 6 0 6 6 0]0 6 6 |0|O0 2 2 6 [0]0
Birmingham - Bromford 413.000 | 290.000 3 -1.808 | 52.507 | 9 41 2 0 [0]6] 2 00|83 3 2 5 10]0
Birmingham - Fordbridge 417.000 | 287.000 34 -1.750 | 52.480| 3 0] 3 3 Jojo]1 1 [o]1 1 1 3 ]o]o
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Placename Grid East|Grid North |Intensity [ Longitude | Latitude
Birmingham - Handsworth 404.000 | 290.000 1 -1.941 52.508 | 1 1 1 0[0] 1 1 10]0 0 0 0 [ofo
Birmingham - King's Norton | 405.000 | 279.000 34 -1.926 52409 | 7 1 4 4 10]2] 3 2 10| 2 2 4 5 ]0]0
Birmingham - Moseley 408.000 | 283.000 34 -1.882 52.445 | 7 0 5 4 1 1 7 5 110 4 3 6 [1]0
Birmingham - Olton 414.000 | 282.000 4 -1.794 52.435| 8 0 6 5 1 0 3 1 110 2 2 3 ]0]o0
Birmingham - Ridgacre 402.000 | 285.000 3 -1.971 52.463 | 3 0f o 0 [0]3] 2 2 10]0 2 2 3 ]0]0
Birmingham - Shirley 413.000 | 280.000 4 -1.809 | 52.417 | 30 41 14 1212 |6|17 13 13] 3 12 13 19 (o] o
Birmingham - Warley Woods | 401.000 | 286.000 1 -1.985 | 52.472 | 1 110 0OlJO]1] o0 0 [Of 1 1 1 1 ]10fo0
Birmingham - Yardley 413.000 | 286.000 34 -1.809 52471 9 1 4 3 10]12]| 5 5 10| 2 7 6 7 ]0]0
Bishop's Itchington 441.000 | 257.000 5 -1.400 | 52.209 | 10 11 7 210|128 2 [0 1 1 3 8 [1]o0
Bishop's Tachbrook 433.000 | 259.000 4-5 -1.517 52.228 | 4 0] 4 1 0f(0] 2 1T (0] 1 0 0 4 ]1ofo
Blaby 457.000 | 297.000 F -1.159 52.567 | 2 0 1 1 0]0 1 1 0OfO0 1 1 2 10]o0
Bladon 440.000 | 214.000 4 -1.420 51.823 | 4 0 4 4 00 4 3 [0]0 2 1 4 [o]o
Bleasby 471.000 | 350.000 F -0.941 53.042 | 1 0f 1 1 {0[0] 0 00| 1 1 1 1 ]1o0fo0
Blockley 418.000 | 232.000 4 -1.738 | 51.986 | 11 0f 9 9 [0]1] 6 2 10|83 8 10 11 ]10fo0
Bodicote 447.000 | 238.000 4 -1.315 | 52.038 | 10 0f 9 710111 9 7 |01 6 1 9 [ofo
Boston 532.000 | 344.000 1 -0.034 | 52.977 | 1 170 0Of0]1] 0 0 [Of 1 1 1 1]0]0
Bourton-on-the-Water 418.000 [ 219.000 F -1.739 51.869 | 2 0f 2 0[2]0] 1 0 11]1 2 2 2 {ofo
Brackley 459.000 [ 237.000 34 -1.140 52.028 | 4 0 4 4 01]0 2 2 0] 2 4 2 4 {ofo
Bracknell 484.000 | 170.000 F -0.792 51.422 1 0 1 1 01]0 0 0O f[O0]1 1 1 1 10]o0
Braunston/Welton 456.000 | 265.000 4 -1.179 52.280 | 16 0| 13 1110 1]13 10 10| 1 5 3 14 (0] 0
Bristol 361.000 [ 171.000 2 -2.561 51.436 | 3 210 0 J]O]|3[1 1102 1 1 3100
Broadway 409.000 | 237.000 4 -1.869 | 52.031 | 7 0| 7 6 |1]0]| 4 2 11]2 3 1 7 ]1o]o0
Bromsgrove 396.000 | 270.000 3 -2.059 | 52.328| 5 111 1 10[3] 4 3 (0|1 2 1 3 ]0]0
Buckingham 470.000 | 235.000 34 -0.980 | 52.009 | 4 0f 3 3 (0]1] 3 3100 2 2 4 ]10]0
Builth Wells 313.000 | 246.000 F -3.270 | 52.105 | 1 0f 1 1 1]0]0[ 0 0 [Of 1 1 0 0 [ofo
Bulkington 440.000 | 287.000 -1.411 52.479 | 12 0] 10 8 0] 2 5 4 10| 2 5 7 1M (o]0
Burbage 443.000 | 293.000 -1.366 | 52.533 | 32 3|26 231 1|5 27 22 10| 4 11 8 0|0
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Burton Joyce 465.000 | 344.000 3 -1.032 52989 | 5 0] 5 510]0( 1 1 10] 4 5 4 0]o0
Burton Latimer 488.000 | 277.000 34 -0.707 | 52.384 | 11 010 10101110 6 |1]0 7 5 1{0
Byfield 450.000 | 252.000 4 -1.269 52.164 | 14 0] 11 M0 2]10 9 112 5 6 12 (o] o0
Calverton 461.000 | 349.000 F -1.090 53.034 0 0 0 011 0 01]0|0 1 0 1 10]o0
Cambridge 552.000 | 256.000 F 0.223 52.181 1 0 0 011 1 1 01 0 1 1 10]o0
Castle Donnington 444.000 | 327.000 3 -1.347 52.838 | 10 1 7 4 311 5 5 0] 2 4 4 8 (o]0
Castle Douglas 277.000 | 562.000 1 -3.920 | 54.937 | 1 110 0Of0]1] 0 0 |0]1 0 0 0 ]o]o
Charlbury 436.000 | 219.000 F -1.477 | 51.868| 3 11 2 2101110 0]]0]2 1 0 2 ]10]0
Cheltenham Centre 395.000 | 221.000 3 -2.073 | 51.887 | 5 0f 3 31010 2 2 10]3 3 2 5 ]0]0
Cheltenham East 397.000 | 222.000 3 -2.044 | 51.896 | 4 0f 3 3 (0]1] 3 2 1)1 2 2 4 Jofo
Cheltenham South 396.000 | 220.000 34 -2.058 | 51.878 | 6 0] 4 11311 4 2 12]0 4 4 6 ]0]0
Cheltenham West 393.000 | 224.000 3 -2.102 51914 | 5 0 3 1 210 3 1 210 2 2 51]0]o0
Chippenham 391.000 | 175.000 F -2.130 | 51.473 | 1 0] 1 0O [0]O0] 1 1 10[0 0 0 1 ]1ofo0
Chipping Campden 415.000 [ 239.000 4 -1.781 52.049 | 8 0 6 6 |0|2| 7 6 [0]1 2 4 8 |o]o
Chipping Norton 431.000 | 227.000 4 -1.549 | 51.940| 7 0] 6 4 12111 3 1101 4 3 6 |0]|0
Churchover 451.000 | 279.000 4 -1.250 | 52.406 | 11 0f 8 6 |1]13]| 8 6 |0]3 4 2 10 {ofo
Claveron 421.000 | 265.000 4 -1.692 | 52.282 | 10 11 7 5(10]2] 8 2 10]2 3 1 8 [1]o0
Claybrooke 449.000 | 288.000 4-5 -1.278 | 52.487 | 3 0f 2 11011 2 2 10]0 0 0 2 {ofo
Clifton 455.000 | 334.000 -1.182 | 52.900 | 2 0f 1 11011 0 0]]0]2 2 1 2 ]0]0
Clifton-upon-Dunsmore 454.000 | 277.000 -1.206 52.388 | 3 0 1 0 011 3 3 [0]0 0 0 3 |0]0
Coleshill 420.000 | 289.000 -1.705 | 52.498 | 7 11 4 4 10]12| 3 2 10]3 4 2 5 10]0
Condicote 415.000 | 228.000 34 -1.782 |1 51950 | 3 0f 3 3 [10]0] 2 2 10]1 1 2 3100
Corley 430.000 | 286.000 34 -1.558 | 52.471| 4 0| 4 3100 4 2 11]0 3 3 4 l1ofo
Cossington 460.000 | 314.000 F -1.112 | 52.720 | 2 0] 2 2 10]0]| 2 1 10[0 0 0 3 ]0]0
Costick 458.000 | 326.000 F -1.139 | 52.828 | 2 0f 2 1 110 2 1 11[0 1 1 2 [{ofo
Coventry Centre 434.000 | 279.000 5 -1.500 | 52.408 | 97 2] 65 44 | 3 |25] 65 44 1 0]15 43 25 61]5]|0
Coventry East 437.000 [ 279.000 4 -1.456 52.407 | 29 1117 121019 18 14 10] 7 16 11 23 [1]0
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Coventry North 433.000 | 283.000 5 -1.514 | 52.444 | 63 2] 45 34| 4 115]| 40 24 1 3] 8 25 25 46 [2] 0
Coventry North East 436.000 | 281.000 5 -1.471 52.425 | 67 2] 46 3114 |10]| 44 3010]9 25 23 53 ]1]0
Coventry South East 435.000 | 277.000 5 -1.486 52.390 | 89 0] 64 47 | 5 [17] 63 39 13|18 40 30 6511]0
Coventry West 430.000 | 278.000 4-5 -1.559 52.399 | 30 3118 14 1 2 [10] o 1312]5 13 8 23 (0] o0
Cropthorne 399.000 [ 245.000 4 -2.015 | 52.103 | 7 1 01| 2 0] 2 3 2 6 [ofo
Croughton 454.000 | 233.000 F -1.213 | 51.992 0 0O|lO0f o 0] 1 1 1 1 ]1o0fo0
Crowle 393.000 | 255.000 4 -2.102 | 52193 | 5 0 0|1 3 112]0 2 0 5 [ofo
Daglingworth 399.000 | 205.000 F -2.014 | 51.743 | 1 0 01 1 01]0 1 0 1 ]10fo0
Daventry 457.000 | 263.000 5 -1.165 | 52.262 | 43 1] 39 3311141 31 201 0] 2 12 9 32 11]0
Deddington 446.000 | 232.000 F -1.330 | 51.984 | 2 1 1 11011 1 1 ]1]0]1 1 0 2 {ofo
Deenethorpe 496.000 | 292.000 F -0.585 52.517 | 1 0] 1 1 00| 1 0]11]0 1 1 1 ]0fo0
Derby North 436.000 [ 339.000 3 -1.464 52.947 | 4 0 4 2 210 1 1 0f 2 2 2 4 {ofo
Derby West 432.000 [ 333.000 3 -1.524 52.893 | 4 1 3 3 011 2 1 112 3 3 3 ]0]0
Desford 449.000 | 304.000 4 -1.276 | 52.631 | 6 0| 6 2 |3]0] 5 3120 5 3 6 |00
Dorridge 417.000 | 276.000 4 -1.750 | 52.381 | 35 21 20 151 2 [13] 26 151 1] 4 12 16 31 o]0
Droitwich 389.000 | 263.000 3 -2.161 52.265| 6 0| 5 5100 3 3 10]1 3 3 5 10]0
Earl Shilton 446.000 | 297.000 4 -1.321 52.569 | 8 0f 4 4 10|14 8 7 0] 0 5 3 5 ]0]0
East Haddon 465.000 | 267.000 F -1.047 | 52.297 | 2 0f 1 1 1010( 1 110]0 0 0 2 {ofo
Elston 476.000 | 348.000 F -0.867 53.024 1 0 1 0 1 0 1 1 0OfO0 0 1 1 ]10f0
Ely 554.000 | 280.000 F 0.264 52.396 1 0 1 1 01]0 0 0O f[O0]1 1 1 1 10]o0
Enstone 438.000 | 224.000 F -1.447 51.913 | 2 0 2 2 0]0 0 0O f[O0]1 0 1 2 ]1o]o0
Ettington 427.000 | 249.000 5 -1.605 | 52.138 | 8 0] 7 3 1011] 7 6 [Of 1 1 1 7 ]10]o0
Evesham 403.000 | 245.000 4 -1.956 | 52.103 | 7 0] 5 5102 7 4 [ofo0 2 4 4 lofo
Fenny Compton 441.000 | 252.000 4-5 -1.401 52.164 | 7 0| 7 510]0]| 5 5101 2 3 6 |1]0
Fenny Drayton 438.000 | 297.000 4 -1.439 52.569 | 3 0] 2 2 101 2 1 10]0 2 0 3 [ofo
Filkins 422.000 | 207.000 -1.681 51.761 | 1 170 0Ofo0o]1] o0 0 [Of 1 0 0 0 [ofo
Fiskerton 472.000 | 351.000 F -0.926 53.051 1 0 1 1 01]0 1 1 0OfO0 0 0 0O |0]o0
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Fleckney 464.000 | 294.000 34 -1.056 | 52.540 | 3 0f 2 1 111 3 3 10]0 1 2 3 [ofo
Frome 375.000 | 145.000 F -2.358 | 51.203 | 1 0] 1 1 10[10( 1 1 10[0 0 0 1]0]0
Gaddesby 469.000 | 313.000 F -0.979 | 52.710 | 1 0] 1 1 10[0]( 1 1 10[0 1 0 1 ]0fo0
Glasbury 316.000 | 240.000 F -3.225 | 52.052 | 1 0] o0 0 [0]1 1 0]0]O0 0 1 1 ]1o0fo0
Gloucester North East 386.000 | 220.000 4 -2.203 51.878 | 9 0 6 4 12 |13]| 4 1 3|2 2 3 8 [0]0
Gloucester South 384.000 | 215.000 3 -2.232 | 51.833 | 4 0f 3 3 (01| 4 4 100 3 3 4 l1ofo
Grandborough 449.000 | 266.000 4 -1.282 152290 | 5 0] 3 21112 4 3 10]0 3 2 4 lofo
Great Oakley 487.000 | 286.000 F -0.719 | 52.465 | 1 0] 1 11010 0 0]]0]0 0 0 1 ]10fo0
Great Wolford 425.000 | 235.000 F -1.636 | 52.012 | 1 0] 1 0 [0]0] 1 1 10[0 0 1 1]0]0
Groby 452.000 | 307.000 4 -1.231 52.658 | 10 1 6 511]14] 6 510|383 5 5 9 [1]o0
Hagley 390.000 | 279.000 3 -2.147 | 52.409 210 0[0]5] 3 2 1)1 3 3 4 ]1ofo
Halford 426.000 | 245.000 4-5 -1.620 | 52.102 0] 3 2 10]|0| 2 2 10]0 0 1 2 11]0
Hampton in Arden 420.000 [ 281.000 4 -1.706 52.426 2| 4 3 112] 6 3 [0] 2 4 4 6 |0]o0
Hampton on the Hill 425.000 | 262.000 5 -1.634 | 52.255 | 36 2| 27 201 1|6 | 27 1510] 6 9 11 27 (o]0
Hannington 481.000 | 271.000 1 -0.811 52.331 | 1 1 0 0 [0]1 0 0 |0]1 0 0 0 ]o]o
Harbury 438.000 | 260.000 4 -1.443 | 52.236 | 11 0] 7 4 10]3] 8 5101 4 5 9 |00
Harby 488.000 | 371.000 F -0.682 | 53.228 | 1 0f o 0 [0]1 1 1 10[0 0 0 1]0]0
Harpole 469.000 | 261.000 F -0.989 | 52.242 | 2 0f 2 210101 1 1 10(1 0 0 1]0]0
Harvington 407.000 | 249.000 F -1.898 | 52.139| 3 0] 3 3 [0]0] 2 1 11[1 1 2 3 ]0]0
Haselbech 470.000 | 277.000 F -0.971 52.386 | 1 0] o0 0O[0]0] O 0]0]O0 1 0 1 ]1o0fo0
Hathern 450.000 | 322.000 F -1.258 | 52.793 | 2 0] 1 1101 2 2 10]0 0 0 2 ]10]0
Helmdon 459.000 | 243.000 3 -1.139 | 52.082| 3 0] 3 3 [0]0] 1 0]0]2 3 3 3 ]0]0
Hereford 360.000 | 240.000 F -2.583 | 52.057 | 2 0] 1 1100 2 1 10[0 1 2 2 ]1o]o0
High Wycombe 485.000 | 191.000 F -0.772 | 51611 | 7 6] 0 00|71 1 1106 2 2 3 ]0]0
Histon 544.000 | 263.000 F 0.109 52.246 | 1 0f o 0[0]2] 1 1 10[0 1 1 1]0]0
Hockley Heath 414.000 | 272.000 34 -1.794 | 52.346 | 4 0f 4 4 10]|10(| 4 2 10]0 0 1 4 Jofo
Holmes Chapel 376.000 | 367.000 1 -2.359 | 53.199 | 1 1 0 0 [0]1 0 0 [0]1 0 0 0 ]Jojo
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Placename Grid East|Grid North |Intensity [ Longitude | Latitude
Hook Norton 436.000 | 235.000 4 -1.475 | 52.012 | 14 0f13 1210 (1] 9 8 0] 2 4 3 14 {2]o0
Hornton 440.000 | 243.000 5 -1.416 | 52.083 0 02| 8 6 |0] 1 6 3 3]0
Irthlingborough 496.000 | 268.000 F -0.592 | 52.301 1 0]12] 1 1 101 0 1 1 ]0fo0
Keele 381.000 | 345.000 1 -2.283 | 53.002 | 1 0 0|1 0 00| 1 1 1 1 ]1o0fo0
Kenilworth 429.000 | 272.000 5 -1.574 | 52.345 | 89 2| 60 43 11| 0| 64 51 [1]0 42 34 72 (210
Kennington 452.000 | 202.000 1 -1.247 51.714 | 1 1 0 0Of[0]1 1] 0 [0]O 0 17100
Keyworth 462.000 | 331.000 4 -1.079 | 52.873 | 13 0] 12 1210 |1 7 3 12]5 5 10]0f0
Kidderminster 382.000 | 277.000 F -2.265 | 52.390 0] 1 11011 0 0 ]0]0 1 2 [1]o0
Kidlington 449.000 | 214.000 4 -1.289 | 51.822 0] 6 6 |00 2 2 10]2 3 5 ]0]0
Kineton 433.000 | 253.000 5 -1.517 | 52.174 | 25 019 16|10 | 5|19 11]10] 3 10 7 18 (4]0
Kingham 426.000 | 224.000 4 -1.622 | 51.913 | 4 0] 2 2102 3 2 10]1 1 1 3 ]0]0
Kingsclere 477.000 | 184.000 1 -0.889 | 51.549 | 3 310 0[0]3] 0 0]]0]3 1 1 1 ]0fo0
Kirtlington 452.000 | 219.000 F -1.245 | 51.867 | 3 0] 2 1101 2 2 10]0 0 0 2 ]10]0
Lambley 463.000 | 345.000 F -1.061 52.998 | 1 0] 1 1 1010[ 1 0|1]0 0 0 0 [ofo
Leamington Spa North 432.000 | 268.000 5 -1.531 52.309 | 115 2|91 57 | 1 |117| 87 51 [ 1]20 40 44 94 [2]0
Leamington Spa South 433.000 | 264.000 4 -1.516 | 52.273 | 52 41 44 3311161 40 29 11] 6 14 18 39 (o]0
Leek Wooton 429.000 | 269.000 4 -1.575 | 52.318| 6 0f 6 6 |0|0| 5 3 10]0 3 1 6 [ofo
Lees 426.000 | 337.000 F -1.613 | 52.929 | 1 0] 1 1 1010( 1 1 10[0 0 0 1]0]0
Leicester Centre 459.000 [ 301.000 34 -1.129 52.603 | 4 2] 2 2 10]2] 0 0]10]2 1 1 3 ]0]0
Leicester East 463.000 | 303.000 2-3 -1.069 | 52.621| 3 11 2 2 10| 1| 2 2 10| 1 2 2 3 100
Leicester North West 456.000 | 306.000 34 -1.172 | 52.648 | 13 319 71114 7 5 11] 4 5 6 1210/ 0
Leicester West 454.000 [ 303.000 3 -1.202 52.622 | 5 3 1 1 0] 4 1 1 of 4 2 0 4 100
Lincoln 495.000 | 368.000 F -0.578 | 53.200 | 1 0] 1 11010 0 0 ]0]0 0 0 0 [ofo
Littleworth 389.000 | 250.000 F -2.161 52,148 | 2 0] 2 2 10]0]| 2 1 10[0 0 1 1 ]10fo0
Long Eaton 448.000 | 333.000 F -1.286 | 52.892| 3 0f 3 2 11]10| 3 1 12[0 2 1 3 [ofo
Long ltchington 442.000 | 264.000 5 -1.384 | 52.272 | 29 0 22 1710 | 3|19 12 10] 4 9 8 241210
Long Lawford 447.000 | 276.000 4 -1.309 | 52.380| 6 0] 6 6 1]0|0| 4 0] 1 0 1 4 ]1o0fo0
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Placename Grid East|Grid North |Intensity [ Longitude | Latitude
Loughborough 453.000 | 319.000 4 -1.214 | 52.766 | 16 011 9214113 11 [2[0 10 10 16 {ofo
Lowdham 467.000 | 347.000 F -1.001 53.016 0 2 2 0|1 2 [0]O0 0 2 0]0
Luddington 417.000 | 252.000 4 -1.751 52.166 0 3 1 1 1 01]10]0 2 0 0|0
Lutterworth 454.000 | 284.000 4 -1.205 52.451 | 13 0 9 5 313](10 9 [0] 2 6 6 10 (0] 0
Mansfield 455.000 | 360.000 F -1.178 | 53.134 0f 1 1 {0]0] 1 1 10[0 0 0 1]0]0
Market Bosworth 440.000 | 303.000 F -1.409 | 52.623 0] 1 1 1]0]0]| 0 0|0]O0 1 0 1 ]1o0fo0
Market Harborough East 475.000 | 284.000 F -0.896 | 52.448 0f 1 1 10[2] 2 110]0 2 0 0|0
Market Harborough South 472.000 | 286.000 4 -0.940 | 52.467 | 15 0| 10 91111114 1310]0 6 4 13 12]0
Market Harborough West 472.000 | 288.000 4 -0.940 52.485 1 7 71012]| 4 4 (0] 3 5 3 0]o0
Markfield 449.000 | 310.000 F -1.275 | 52.685 0f 1 1 1010( 1 110]0 1 0 1]0]0
Marlow 486.000 [ 183.000 1 -0.760 51.539 | 15 151 0 0 01]15] 0 010|114 10 10 10 (0] 0
Matlock 430.000 | 360.000 F -1.552 53.136 1 0 0 0 011 0 0O f[O0]1 0 0 1 10]o0
Mears-Ashby 486.000 | 267.000 F -0.739 | 52.294 | 2 0f 1 1 10]0| 0 00| 1 1 1 2 100
Melton Mowbray 475.000 | 319.000 F -0.888 | 52.763 | 1 0] 1 1 {0[0] 0 0|0]O0 1 0 1 ]1o0fo0
Mickleton 416.000 | 243.000 4 -1.766 | 52.085 | 7 0f 6 412111 6 4 10(1 3 1 5 10]0
Middle Barton 444.000 | 226.000 4 -1.360 | 51.930| 8 0f 6 3 (1]11] 5 4 101 3 6 8 [1]o0
Middleton 482.000 | 290.000 F -0.792 | 52.501 | 3 0f 3 1 110[ 0 0 |0] 2 2 2 3 [ofo
Middleton Cheney 450.000 | 242.000 4 -1.270 | 52.074 | 9 115 4 10|41 4 2 [0 1 4 6 8 [ofo
Milcombe 442.000 [ 235.000 4 -1.388 52.011 | 10 0 7 7 0] 2 9 7 (0] 1 7 6 10 (0] 0
Milton Keynes 485.000 | 242.000 3 -0.760 52.069 | 3 1 2 1 1 1 1 1 0f 1 3 3 3 |0]0
Mollington 444.000 | 247.000 4-5 -1.357 52.119 | 11 0 8 7 0]3 7 6 [0] 2 4 4 9 ]2]0
Monmouth 350.000 | 208.000 ? -2.725 | 51.768 | 1 110 0OlJO0O]1] o0 00| 1 1 1 1 ]1o0fo0
Mountsorrel 459.000 | 314.000 4 -1.126 | 52.720 | 7 0| 5 311 11] 7 6 0] 0 3 3 7 [1]o0
Mowsley 465.000 | 289.000 F -1.042 | 52.495| 2 1 1 1 {0]0] 1 1 10[0 0 0 1 ]10fo0
Muston 483.000 | 338.000 F -0.765 | 52.933 | 2 0f 2 1 110f 1 1 ]0]1 1 1 1]0]0
Napton on the Hill 446.000 | 261.000 4 -1.326 | 52.245| 5 11 3 2 10|1]| 4 4 {01 2 1 4 Jofo
Narborough 454.000 [ 297.000 3 -1.203 52.568 | 7 2 3 3 0] 4 3 3 [0]2 4 4 6 [0]0
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Placename Grid East|Grid North |Intensity [ Longitude | Latitude
New Maldem 521.000 | 168.000 F -0.260 | 51.398 | 1 0f 1 11010 0 0 |0]O 1 1 1]0]0
Newark-on-Trent 483.000 | 352.000 F -0.761 53.058 | 2 0f 2 2 10]0] 0 0]10]0 1 0 2 {ofo
Newbold on Stour 424.000 | 247.000 F -1.649 52120 | 3 0 3 3 01]0 2 2 101 3 2 3 ]0]o0
Newton Burgoland 437.000 | 309.000 F -1.453 52.677 1 0 1 1 010 1 1 0OfO0 0 0 1 ]10f0
Northampton North East 478.000 | 264.000 4 -0.857 52.268 | 7 0] 4 4 1012| 6 5 [0]0 5 2 511]0
Northampton West 473.000 | 261.000 3 -0.931 52.242 | 6 0] 4 4 o2 2 2 10| 3 4 5 5 10]0
Nottingham North 458.000 | 345.000 3 -1.136 | 52.999 | 5 0| 4 2 211] 2 1 11]2 1 0 3 ]0]0
Nottingham North East 459.000 | 342.000 3 -1.121 52.972 | 5 0] 3 1 121] 2 1 11]0 3 1 4 l1ofo
Nottingham North North West | 454.000 | 346.000 F -1.195 | 53.008 | 1 0f o 0Of0]1] 0 0 [Of 1 1 0 1]0]0
Nottingham West 450.000 | 336.000 F -1.256 | 52.919 | 2 0f 2 0[2]0] 2 02]0 1 0 1]0]0
Nuneaton East 437.000 [ 291.000 5 -1.455 52.515 | 52 2| 43 34138 39 29 12| 8 23 22 42 (210
Nuneaton North West 435.000 | 293.000 4 -1.484 52.533 | 14 0] 13 8 3 (1 9 4 11 2 5 4 9 ]0]o0
Nuneaton South 436.000 | 290.000 34 -1.470 | 52.506 1] 2 2 00| 2 1 10]5 5 5 5 [(ofo
Oakham 486.000 | 309.000 F -0.728 | 52.672 0| 2 1 110 2 2 10]0 1 1 2 ]1o0]o0
Odiham 474.000 | 151.000 F -0.940 | 51.253 0f 1 1 1010[ 1 110]0 0 1 1 ]1ofo0
Offchurch 437.000 | 267.000 5 -1.457 | 52.299 | 13 0| 9 510|137 6 |0]0 4 3 10]0f0
Ollerton 465.000 | 367.000 F -1.027 | 53.196 | 1 0f 1 0O[1]0] 0 0 |0]O 0 0 1]0]0
Oundle 506.000 | 297.000 3 -0.436 | 52.560 | 4 0f 4 4 10]|0| 3 3100 3 3 3 [ofo
Overstone 481.000 | 265.000 4 -0.813 | 52.277 | 5 0f 4 4 10]|10( 3 1 11]2 2 0 5 ]0]0
Oxford Centre 453.000 | 208.000 F -1.232 51.768 | 3 2 0 0 0] 2 1 1 0] 2 0 0 1 10]o0
Oxford South 454.000 | 204.000 1 -1.218 | 51.732| 3 3]0 0[0]3] 0 0 0] 3 0 0 1]0]0
Oxford West 447.000 | 206.000 F -1.319 | 51.750 | 3 1 1 110 12] 1 1101 0 2 3 [ofo
Pebworth 416.000 | 247.000 4 -1.766 | 52.121 | 4 0| 3 31011 4 3100 1 2 3 [ofo
Peterborough 517.000 [ 301.000 34 -0.273 | 52.594 | 7 0| 5 510]1] 5 3 12]0 1 3 5 10]0
Priors Marston 448.000 | 257.000 4 -1.297 52.209 | 9 3 6 4 11]13] 5 5 10| 2 4 3 7 ]11]0
Purley-on-Thames 467.000 | 175.000 -1.035 | 51.470 | 1 0f o 0 [0]1 1 110]0 1 1 1]0]0
Radcliffe on Trent 465.000 | 337.000 -1.033 52.926 | 4 0 3 2 1 1 3 1 110 1 0 3 ]0]o0
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Placename Grid East|Grid North |Intensity [ Longitude | Latitude
Redditch West 403.000 | 266.000 34 -1.956 | 52.292 | 13 1109 7 1213] 8 7 0] 4 6 3 9 [ofo
Repton 430.000 | 326.000 1 -1.555 | 52.830 | 1 170 0Ofo0]1] 0 0 [Of 1 0 0 1]0]0
Retford 478.000 | 382.000 F -0.829 53.329 1 0 1 1 01]0 0 0 [0]O 1 1 1 ]10f0
Ringstead 499.000 | 275.000 F -0.546 52.364 1 0 1 1 01]0 0 0101 1 1 1 ]10f0
Rotherby 468.000 | 317.000 F -0.993 | 52.746 | 1 0f 1 1 10[0[ 1 1100 1 1 1]0]0
Rothley 458.000 | 312.000 4 -1.142 | 52.702 | 5 0| 3 3 10]11] 3 2 10| 1 2 1 4 lofo
Rothwell 481.000 | 282.000 34 -0.809 | 52.430 | 4 0f 3 31011 4 3 11]0 2 2 4 100
Rowington 422.000 | 269.000 4 -1.677 | 52.318| 9 0| 8 8 10]|1] 5 5 0] 1 3 4 8 |0]o0
Royston 531.000 | 242.000 F -0.089 | 52.060 | 3 210 010]|3]| 1 1 10| 2 2 3 3 [ofo
Rugby North East 452.000 | 276.000 5 -1.236 | 52.379 | 28 0 22 1510 ([ 6] 21 1623 11 10 2511]0
Rugby South East 452.000 [ 273.000 4 -1.236 52.352 | 10 0 5 4 0] 4 6 5 10| 2 4 9 11]0
Rugby South West 448.000 | 273.000 5 -1.295 52.353 | 40 11 32 1910 | 5| 27 2112 2 10 17 3011]0
Sapcote 451.000 [ 293.000 F -1.248 52.532 | 2 1 1 0 1 1 1 1 01 1 1 0|o0
Sheffield 432.000 | 386.000 2 -1.519 | 53.370 0] 1 Ool1]0]| 1 1 10[0 0 0 0lo0
Shepshed 446.000 | 320.000 F -1.318 | 52.775 0| 2 2 00| 2 2 10]0 1 1 0|0
Shipstoun on Stour 426.000 | 240.000 4 -1.621 52.057 | 19 0| 15 1212 | 4] 14 10 [0f 2 10 9 16 |10f0
Shrewsbury 351.000 [ 311.000 1 -2.725 | 52.694 | 1 170 0Of0]1] 0 0 [Of 1 0 0 1]0]0
Slawston 476.000 | 294.000 4-5 -0.879 | 52.538 | 5 0f 4 4 10|11 4 2 10]0 2 2 4 11fo0
Sleaford 507.000 | 346.000 F -0.405 53.000 1 0 1 0 1 0 0 0 [0]O 0 1 1 ]10f0
South Kilworth 459.000 | 280.000 F -1.132 52.414 | 2 0 1 1 0]0 2 2 [0]0 0 1 3 |0]0
Southmoor 440.000 | 198.000 F -1.421 51.679 | 1 0f 1 Ol1]0]f 1 1100 1 1 1]0]0
St lves 530.000 | 273.000 F -0.092 | 52.339 | 1 0f 1 1 {0]0] 1 110]0 1 1 1]0]0
Stoneleigh 435.000 | 273.000 4 -1.486 | 52.354 | 17 0| 17 130012 9 |1]3 6 6 14 [of o
Stratford upon Avon East 423.000 | 255.000 4 -1.663 | 52.192 | 33 1] 25 152 | 6] 26 180 4 13 14 30 (o]0
Stratford upon Avon West 419.000 | 256.000 5 -1.722 52.201 | 85 2| 62 411110 64 42 10] 6 32 39 70 (3]0
Stretton-on-Dunsmore 442.000 | 271.000 4 -1.384 52.335 | 11 0f 9 51012 0] 2 3 10 {ofo
Stretton-under-Fosse 446.000 | 281.000 4 -1.323 52.425 | 4 0 31110 0] 2 1 3 ]0]0
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Placename Grid East|Grid North |Intensity [ Longitude | Latitude
Stroud 384.000 | 205.000 F -2.232 | 51.743 | 2 170 0[0]2] 1 0]1]0 1 0 2 [{ofo
Stubton 486.000 | 349.000 F -0.717 | 53.031 | 1 0f 1 1100 0 0]0]O 0 0 0 [ofo
Sutton Coalfield 413.000 [ 295.000 3 -1.808 52.552 | 4 2 1 1 0]3 1 0 112 1 2 3 ]0]0
Syston 463.000 | 312.000 4 -1.068 52.702 | 8 1 3 3 0]3 6 6 |01 2 1 7 ]lo0]o0
Tadmarton 440.000 [ 239.000 4 -1.417 52.048 | 9 0 9 8 0]0 6 5 0] 2 3 5 8 |o]o
Tamworth 421.000 | 305.000 F -1.690 | 52.642 | 2 0| 2 2 0|0 2 110]0 2 1 111]0
Taunton 324.000 | 124.000 ? -3.083 | 51.010| 2 110 0lJ]0]2]| o0 0 |0]2 1 1 1 ]1ofo0
Tewksbury 392.000 | 236.000 F -2.117 | 52.022 | 2 0f 1 110 1] 2 1 11[0 1 1 1 ]10fo0
Thorpe by Water 489.000 | 296.000 F -0.687 | 52.554 | 1 0f o 0 [0]1 1 1 10[0 1 1 1]0]0
Thorpe Satchville 473.000 | 312.000 F -0.920 | 52.700 | 1 0f 1 0O [1]0] 1 0]0]O 1 0 1]0]0
Todenham 425.000 [ 233.000 3 -1.636 51.994 | 4 0 1 1 0]3 3 2 (0] 1 4 4 4 ]1ofo
Toot Baldon 458.000 | 201.000 1 -1.161 51.704 | 2 2 0 0 0] 2 0 0 [0] 2 0 0 0OJ]o]o
Towcester 468.000 | 251.000 3 -1.006 52153 | 7 1 5 3 212 6 3 [3]1 6 4 51]0]0
Turkdean 411.000 | 217.000 F -1.840 | 51.851 | 1 0] o0 0 [0]1 1 0|0]O0 1 1 1 ]1o0fo0
Tysoe 435.000 | 246.000 4 -1.489 | 52.111 | 15 0] 13 1722111211 8 |1]2 7 7 141210
Wakefield 432.000 | 416.000 F -1.516 | 53.639 0] 1 11010 0]]0]0 1 0 1]0]0
Walsall 400.000 | 297.000 1 -2.000 | 52.570 210 0[0]2] 0 0]]0]2 1 1 1]0]0
Warwick 429.000 | 265.000 5 -1.575 | 52.282 | 102 8 [ 79 43 | 3 [18] 73 46 | 4115 33 31 79 12]0
Wedmore 344.000 | 148.000 1 -2.802 51.228 1 1] 0 011 0 0O [O0]1 0 0|0
Weedon 464.000 | 258.000 4 -1.063 52.216 | 6 0 5 5 01]0 5 4 100 1 0|0
Wellesbourne 427.000 | 254.000 4 -1.605 52.183 | 25 2119 17 1 1 6|17 101 1] 3 11 11 21100
Wendover 484.000 [ 208.000 1 -0.783 51.764 1 1 0 0 011 0 0O [O0]1 0 1 17100
West Bridgford 458.000 | 337.000 34 -1.137 | 52.927 | 8 0] 3 310]14] 5 4 10|38 6 4 3 ]0]0
Whissendene 483.000 | 314.000 F -0.771 52.717 | 1 0] o 0[0]0O0] O 0]]0]0 0 0 0 ]o]o
Whitchurch 355.000 | 334.000 F -2.669 | 52.901 | 1 0f o 0 [0]1 1 1 10[0 1 1 1]0]0
Whitwick 444.000 | 316.000 F -1.348 | 52.739 | 2 1 1 1 1010( 1 1 10(1 0 0 1]0]0
Wigston 460.000 | 298.000 F -1.115 | 52.576 | 2 0f 1 1101 2 1 10[0 1 1 1 ]0fo0
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Placename Grid East|Grid North |Intensity [ Longitude | Latitude

Winchcombe 403.000 | 229.000 4 -1.956 | 51.959 | 5 0f 4 3 (1]11] 3 1 ]12]1 4 1 5 ]0]0
Winchester 448.000 | 129.000 F -1.315 | 51.058 | 1 0f 1 0O [1]0] 1 110]0 0 1 1 ]1]0
Winwick 463.000 | 272.000 4 -1.075 52.342 | 5 1 3 3 0] 2 4 2 111 2 1 2 10]o0
Witnesham 618.000 [ 251.000 F 1.184 52.114 1 0 0 0 0|1 1 0 [0]O 1 1 1 10]o0
Witney 435.000 | 210.000 F -1.493 | 51.787 | 3 1] 2 2 10| 1 1 0 [1]1 1 1 1 ]1ofo0
Wolverhampton 390.000 | 295.000 ? -2.148 | 52.552 | 1 0| o 0OlJO0O]1] o0 0 0] 1 0 0 0 ]1]0
Wolvey 443.000 | 288.000 34 -1.367 | 52.488| 5 11 4 4 10111 3 3 10]2 1 1 4 lofo
Woodmancote 397.000 | 226.000 4 -2.044 151932 9 0| 6 5(1112] 7 4 121 6 1 7 ]10]0
Woodstock 445.000 | 217.000 -1.347 | 51.849 | 2 0f 1 0 [1]1] 2 2 0|0 2 1 2 [{ofo
Woodwalton 521.000 | 280.000 -0.221 52.404 | 1 0f 1 1 1010( 1 110]0 1 0 1]0]0
Wooten Wawen 415.000 | 263.000 34 -1.780 52.265| 9 1 7 7 0] 2 5 5 10| 2 6 6 9 ]o0]o0
Worcester North 385.000 | 259.000 3 -2.220 52.229 | 4 0 1 1 013 2 1 11 2 3 2 4 {ofo
Worcester North East 387.000 | 255.000 -2.190 | 52.193 | 4 0] 3 3 (0]1] 4 2 11]0 2 0 3 ]0]0
2460{2299(161]|1754({303|1334|117]|501|1643/407({1142(94]420|1005|592|320(890(1026{712|935|157/196(1958(59| 0
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Figure 1. Historical and Instrumental seismicity within100 km of the Warwick earthquake.



Figure 2. Stationsused to locate the 23 September 2000 Warwick earthquake
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Figure3. TheWarwick earthquake asrecorded on the Hereford network
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Figure4. Lower hemisphere projection of the focal M echanism for the Warwick earthquake
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Figure5. Computed focal mechanismsfor the Warwick event at various fixed depths
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Figure 6. Ground accderations from the Warwick earthquake measured on the strong motion instrument KEY2 at 76 km



2,38207

Pseudo Relative Velocity (mmm/sec)

0.N8032

Figure7. Response spectrafor station KEY2 for the Warwick earthquake at 76 km, 5% damping.
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Figure 8. Measured horizontal and vertical peak ground accderationsfor the ML 4.2 Warwick earthquake compared to empirical attenuation
curvesfor aMS4.0 event
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Figure9. Geological sketch map of the Warwick area showing the location of the 23 September 2000
magnitude 4.2 ML, Warwick earthquake.
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Figure 10. Historical and instrumental earthquakes of southeastern Britain showing all ML > 3.0 events
prior to 1980 and all eventsof ML > 2.0 since 1980.
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Figure 11. Instrumental seismicity of southern Britain for magnitudes> 1.5 ML from 1995 to 2001
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Figure 12. Macroseismic map for the Warwick earthquake
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Figure 13. Inset of epicentral region of the macroseismic map of the Warwick earthquake.



