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ABSTRACT

The deepcrustal magngc structure of Britairhas notpreviouslybeendescribedn a uniform

manner. We provide anew assessment of the deep criastmagnetic bodies responsible for the long
wavelengthmagnetic featuresThe study area contains deep crustal relics of the destructi@ady
Palaeozoioceanic lithospheralongthe ThorTornquistSutureand primarilythe lapetus 8ture
separating Bdilca and Avalonia from the Laurentian terran&gectral decomposition is applied to a
merged onshore and offshore magnetic anomaly data Bleitty idealisedbasementbodies are
compared with aepresentation of the subsurface obtained &yoarse8Dinversionof the data

The centrabreaseparating Laurentia and Avalonia, is largely characteriseoh lmpsence dfigh
susceptibities throughout the whole crustal volum&Ve find that theidealisedbasement bodies

are largely consistent with relatiwehigh susceptibilitzones at depths in exces§10 km Thezones
of higherrelative suscepibility are referenced to the tectoniterrane framework of the areand
possible geological explanations for the contramtsreviewed In the north, the Lauretian terranes
are diverse, comprising crust firgieated in the Archaean (Hebridederrane), Palaeoproterozoic
(Rhinns Terrane), MesoproterozaigMidland Valley Terrane), Neoproterozoic (sdbuthern Upland
rocks) and OrdoviciatMagnetic anomaliefurther record the assembly of the Gondwanan (Eastern
Avalonian) part of the country through Neoproterozoic and Ordovician (Tornquist) arc magmatism
and accretion. The convergence zones between Laurentia, Avalonia and Baltica have all left a
magnetic imprintas has Variscan convergence to the south.

1.INTRODUCTION

The tectonic framework of Britaiand Irelandwvas presented in the map produced Bharaohet al.
(1996).The map definesecognised major structures, divisions and slivisionsat the crustal scale
Here we use as a reference the tEsranes and 2 sukerranes shown across the study ar@®0 x
1250 km)in Figurel. Table 1 provides details of the codes usEle study area, defined by available
airborneand marinemagneticsuney data,sits within thewider tectonic framevork of western
Europe. This more extensive settiisgliscussed by Pranh (1999) and more recently by Lyngsie
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al. (2006).The most significant terrane boundaries are those associated with destructianpf
Palaeozoioceanic lithosphere such as the ThirnquistSuture separating Baltica and Avalonia
and the lapetusuture separating Baltica and Avalopnfieom the Laurentian terranes to the NW. The
triple junction between these thre®rdovician palaewortinentsis inferred to lie beneath the North
Sea, to the east of the study aréag. Sopeet al. 1992;Lyngsieet al.2006). Within the studyraa,
the Laurentian and Avalonian terranage separated by the lapetus Sutufene (Soperet al. 1992)
whichis concealed beneath th€arboniferous SolwalMorthumberland Basin and inferred to dip
northwards beneath th&outrern Upland Terrane (SUT, Fiyy. Accretion of Avalonia and related
terranes was completeih early Rlaeozoic timeThe orogenic Variscdront(the northern margin

of the Variscide Rhenohercynian ZooeVRZ)yepresents a later displacement superimposed on the
original accretionary mosaic.

TABLE 1

The main method of characterising the magnetic chternof the deep crust across Britdias
traditionallybeen through 2.5D profilenodelling. The modelling has typically used both magnetic
and gravity anomalyariations alongsidstructural information provided bgutcrop mapping and
(where available) results from boreholes and seismic survigyes joint modelling of magnetic and
gravity variations is then further controlled by judgements of the geologézbnico A ®S® Wi SNNJI vy
frameworkalong the profile This understandinguides thegeometries of the polygons of
juxtaposed geophysical pperties. The framework is required to reduicderentambiguities of
non-uniquenessThese methods ha/been widely applied to theKaeromagnetiand landbased
gravitydata within3 large and overlappingegionalareas of Soutlieast England, Southern Scotland
& Northern England and Northern ScotlafBlisbyet al.2006; Kimbelét al. 2006; Rollin, 2009
respectively. Further examples are provided by Trewin & Rollin (2002) who summarise escateal
geophysical models acrosso8and.

An example of existing combined magnetic and gravity profile modelling acrobkliielean area
(identified in Figure &nd traversing 3 terrangss shown in Figure.Zhe Outer Hebrides (the island
chain in the west) is dominated by Archaear &roterozoic gneisses (Lewisian) which are of
comparable age to rocks forming the Caledonian foreland to the east. The two are separated by a
sediment filled Mesozoic bas(the Minch) The Outer Isles Thrust (OIT), anlfazone, indicated in
Figure 2 has been active since the Proterozoic. Goodenough et al. (2013) discuss shear zones and
the ages of possible terrane accretion events across the &igare 2a shows the existing magnetic
data across a rectangularea defined by a 200 km profile discusdmtlow. The image uses a
histogramequalised colour rargyfrom 1045 nThright red) to-1054 nT{dark blue).

The 2.5D crustadcale profile model shown in Figure iBltaken from the regional geophysical guide
of Northern Scotland (Rollin 2009). In thatidy a large number of profiles of both magnetic and
gravity data have been used to derive crustesle models of the joint distribution of susceptibility
and density. Profile 5 (Fortrose) extends into the Hebridean area as the-Bn@-iy. 2a,b) and
continues further to the &beyond the Great Glen Fault (§®o provide a profile length of about

200 km.Only the upper 8 km of the cros®ction is shown since the basement susceptibilities
indicated are uniform to lower crustal depths. The observed andefied magnetic data along the
profile are showrnn the upper section of Figuréb2Some of the modelled deviations are necessarily
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caused by the requirement to jointly fit the observed gravity data using density variations within the
same set of construet polygons.

The highest wavenumber contributioirsthe magnetic dataerive from neassurface structures in
the footwalls of the Outer Isles Thrust (OIT) &émelMoine Thrust Zone (MTZ) on the mainland.
These features appear in the model as zones otamrd basement susceptibilities which are
required to model the long wavelength magnetic behaviour. The westerst zone, associated

with Lewisian basement in the vicinity of the OIT, has locally high values of@@A®B S| while the
mainland area in té vicinity of the MTZ is associated with much higher values of 0.040 8ie
anomalies in thenodel are generated by a combination of variations in the depth to the magnetic
basemem and lateral variations in the basemesiisceptibilitiesThe depthsd magnetic basement
along the profile range from zero ¢atrface) to about 6 km.

Thepurpose of the present study is to provide extendedmappinginvestigation of the deepest

magnetic contrastsvithin the crust and their associations with tectomécranes.Magnetic

modelling is inherently ambiguous and requires guidance and informed constraints to arrive at a

plausible understanding of the observatio#gnbiguity indepth resolution is particularly

problematic.The deepcrustal magnetic structurefdhe study area has not begmeviouslyassessed

in a uniform mannerin order to provide thisassessmenive use thecompilation ofaeromagnetic

and marine magnetic datsampled ashown in Figure 3a and the derived magnetic anomaly field

grid (500 m cekize) shown in Figure 3h is evidenthat magnetic anomalies exist at all scales and

across all terranes. One of the standard issues associated with assessments of such datales the

and highly variable superpositiaf the differing wavelength andmplitude contributions associated

with shallow and deeper sourcds.SNB ¢S NB TSN (12 Waz2dz2NDSaQ a NBIA
4dza OSLIGAOATAGASEAD 9ljdz-rfte& GKS NBIA2yaE oHisSSy ws
order to simplify the asessment of deep (basement) magnetic soureause a technique referred

to as matched bangbassspectral filtering In the simplest case, it may be assumed that the

observed field is the sum of the regiorfahsement) field, a residual (shallow) fielcdeannoise

component. The more general modeakes into account the shape of the observed spectrum and

allows for a general multayercase Thederived lower halfspace data is compared with more
conventionalfiltering operations includingpward continugion.

The constraints on the depth extent of deefagnetic sources have been discussed by Kimbell and
Stone (1995)On the basis of xenolith samples, Wasilweslal. (1979) and Wasilewski Blayhew
(1992) concluded that the Moho typically forms a magnetic boundary, with magnetic minerals being
largely absent in the upper mantle. This interpretation has been questioned by dteat§2013,
2014), who identified ferromagnetic minerals (moshamonly magnetite) in mantle xenoliths,
although their measured magnetizations would only produce smallrast# of around 0.02 to 0.03
A/m (Ferréet al.2013) which is equivalent to susceptibility contrasts of less than 0.00H08I
comparison, modeltig of midcrustal magnetic sources responsible for lamgvelength magnetic
anomalies oveBritaintypically requiresnagnetisations equivalent to susceptibilities of 0.02 to 0.04
Sl(Kimbell & Stone 1995; Kimbell@uirk 1999). Highly magnetic zones comtdur within the upper
mantle as the result of its hydration to serpentinite. For example, Bladtedy. (2005) correlated

long wavelength magnetic anomalies over the Cascadia convergent margin with a wedge of
serpentinized mantle above the subductiomeoand below the Curie temperature for magnetite (c.
580°C)In Britain with a typical crustal thickness of about 30 km and heat flow-6050W/m3, the
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uppermost part of the mantle may lie below the Curie temperatitewever, the tops of the

magnetic bbcks identified by the present study all lie within the crust, and these blocks are unlikely
to be continuous with serpentimed upper mantle at depth, so it is considered reasonable to regard
the Moho as the limit for their baseBor this study we havmade theassunption that the major

deep sources of magnetic anomalies beneath the UKyanieally magnetised in the direction of the
Earth's present magnetic field. This is on the basis of the tendentyrfigfived remanent
magnetisationgo cancel eaclother out in large and complex rock volumes and because of the
increasing importance of shalived viscous remanent magnetisation at greater depths (Kimbell &
Stone 1995).

A wide range of magnetic soureglge detection methods have been developed ssessVA RS f A aSRQ
body edges, their depths and possible geometrical (structural) signa@esserally using these

simplified methodsthe spatial locatiorfedges)f the assumedsimplegeometrysources is more

accurate than secondagarameters such agepth, dip, strike and structural indefe.g.Nabighianet

al., 2005. The magnetic anomalyataused for this study (Figapare of variable quality anthe

derived gridis subject to variable interpolatioiThis suggests a requirementiise onlytechniques

which employ firstorder spatial derivatives rather than higherder termswhich introduce

additional noiseAlthough we haveonsidereda widerange of approximate gribasedprocedures

we use he tilt-derivative Millar and Singh, 1994br locating contact edges.

The analyses undertaken delineate a series of deep, positively magnetised zones across the study
area.We refer to these as idealised basement bodiasorder to confirm and refinghe definition of

the idealised bodies and thedssociated depths we carry out@gely unconstrained, 3D inversion

of the data set. Although the comparison of the 2D plan view bodiegtendontinuous 3D

distribution of susceptibility values is not simple, the assessment allows the majority of the
basement anomalies to be identified as deep (ex@0 km) sources.

Thebasement bodiesassociated with areas of highezlative suscepibility, provide a useful
summary map and aneferenced tathe tectonicterrane framework discussed abavienhe identifiad
sources of the longvavelength magnetic anomalies over Laurentian (northern) and Eastern
Avalonian (southern) Britain inevitably reflect the detaitomplexprocesses involved across the
early Palaeozoiconvergence zones betwedhe Ordovician palaeocontinents blurentia, Avalonia
and Baltica.

2MATERIALS AND METH®D

2.1Data

The baseline aeromagnetic data for the (li€gely onshorejvere acquired between 1955 and 126
The fying height was about 305 and flight line spacingas typically 2 kniBeamish &Vhite,
2011).The aeromagnetidata have been merged wiii) a compilation of existing marirgurvey
magnetic data setfNorth Sea, English Channel and SW Approaares (ii) existing data from
eastern Irelando provide alargelyconsistent and comprehensive magnetitcomalydata set
coveringlatitudes from 49.7° to 61.1° and longitudes fré@° to 3.0°This defines a survey extent
of 700 x 1250 km as shown in Figure84d.:1.5M map of thenajority of thedata is givenn British
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Geological Survey (1998)he merged data set comprises 1,223,792 data poirfiedata are shown
in Figure B using an equakrea colour imageThe data shown are Total Magnetic Intensity (TMI)
anomalies reducedto-pole (TMIRTP)

Asindicated in Figure 3ahe spatial sampling of the merged data isiahle particularly in the
vicinity of the edges of thehigher resolution UK aeromagnesarveys The typical maximum grid
resolution (using a quartewavelength sampling criterion) thaan bejustified using the baseline
data is 500 x 500 nThis gridparametrisatiorwas applied to the merged data set using a minimum
curvature algorithm with interpolation through data gaps. Thierpolation procedure produces
someatrtefacts in the highwavenumbercomponents of the data but is adequate for the longer
wavelength components considered here. Two zones with no data coverage, in the NE and SE
corners of the study area amnitted from the analysis.

The shape of magnetic anomalies varies asation of geomagnetic latitude. F&fKdata, it is

useful to transform the data g reductiortto-pole or RTP (Blakel995), generatingnomalies

that peak over the source locatiomhe analyses conducted are based on RTP tremsf magnetic
anomaly dataSomeigneous unit@ind cultural noise sources may provide anomalies witharent
magnetisation directions that violate the assumption. Structures providing normally and reversely
magnetised fields should be adequately represehireterms of their source location.

2.2Processing Technigues

Spatial derivatives have a wektablished role in the interpretation of potential field datarmo
magneticsurveys. There exists a range of processing procedures and filters, largely telating
vertical and horizontal derivatives and their combinations that perform as enhanced mapping
functions when applied to the bastata sets (Blakely 1995;2003. Here we consider methods
developed for gridded magnetic data sets.

In the approximatemethods discussed here, the structural index (i.e. the geometrical form of the
body) has to be considered eitherfititly or explicitly (Reid &hurston2014) particularly when
estimating secondary parameters such as depth. The plethora of methods thabbauealeveloped

to estimate both primary and secondary body parameters may be considered to be attributable to
the (i) the nature of the underlying assumptions, (ii) the noise level of the different dataBets
obtain an estimate of thever highly magetic bodiesassociated with théong-wavelength

(basement) field we here use the tiderivative(TDRYMiller & Singh 1994) to obtain estimates of
body edge location®rior to the application of such procedures, the data are spectrally decomposed
to isolte the deep(est) component of the magnetic field respgras discussed in the next section
Theintention is to provide a summary of the deepest magnetic contrasts within the crust and their
associations with tectonic terranes.

The edgedetection procedure is applied to the longest wavelength features of the data set, across
all sources, and is approximafehe associatedepth-estimation procedures currently in ug8alem

et al., 2005, 200ypically assume that the idealiseddies arespatiallyisolated andocally2-
dimensional and that the contact has an infinite depth extent. The former assumption may have
limited applicability in relation to deeper basement sources as may be judged from the example
crosssectional model oFigure 2b. Flanagan and Bain (204!8bnote depth errors as high as 40%
when the assumption of infinite depth extent is made. When considering assessments- ad mid
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deep-crustal sources, the practical depth extent of potential sources is also resthgtéhe
(assumed) limit of 30 knin order to evaluate the idealised edgletectionmappingresults, they are
compared with a volumetric crustakale 3D inversiomodelof the complete dataet. This allows
both the magnitudes and the depth distributiasf the idealised sources to be assessed.

2.2.1 Matched bandpass spectral filters

In order to examine the longer wavelength components in the data we use a technigue referred to
as matched bangbass spectral filtering that extends the original procedutescribed by Spector &
Grant (1970) and Syberg (1972). Here we follow the procedures described by Phillips T2@01).
general model takes into account the shape of the observed spectrum and allows for a general
multilayer case and considers the effecfssources at a number of distinspectral/depthlevels.

The physical significance of the number of layand their thicknessegemains questionable given

the equivalence inherent in suchnaodelling procedure (Pederse®91).

Using a graphical proceduyrthe plot of the logarithm of energy against wavenumber is used to
establish a number of straigiihe segments (a matched filter model) whose slopes are then
optimised to minimise the residual spectrum between that observed and that calculated from the
model layes. The layered modé&rminates in a magnetic ha#fpace that provides a linear

spectrum at all wavenumber3he halispace estimate is effectively formed by a pass filtering
operation.Here we assume that that this hapace forms an estiate of magnetic basementlhis
optimised halfspace magnetic data set forms the basis of the magnetic basement structural model
considered hereThe depths obtained by the analysis are treated as approximate and the procedure
is essentially used to obtathe distribution of magnetic source bodies respomsitor the longest
wavelengths.

2.2.2 Upward Continuatiorfilters

The procedure of upward continuation is a specific form of wavelength filtering and is essentially
used to calculate the potential field of a data set at an altitude greater than that of the measured
height. In the Fourier domain, upward continuation ifi@ged by a simple exponential transform
(Blakely 1995, equation 12.8) that reduces the high wavenumber content of the data set and also
reduces spatial resolution. The procedure operates by Fourier transforming the measured data,
multiplying by the exponetial transform and then inverse Fourier transforming the product. The
transform is a specific form of lopass filtering operation. The exponential transform is considered
F YOt SIFYQ F2N¥ 2F FTAE{GSNAY3I &Ay OSuatoiiwasids@®RdzOS & | €
a form of regional/residual separation in the large scale study of Lyataie(2006) and multscale
(sequentiallupward continuations have been used as a means of depth to source estimatiomiFedi
al. 2012) Here upward continuatin is used only as a means of kpass filtering.

2.2.3The Tilt Derivative (TDR)

Structuraledgeinformation in the data i€xamined here using the Tilt Derivative (TDR) as described

by Miller & Singh (1994). The tilt derivative or tilt angle is defiretha arctangent of the ratio of a

vertical to a combined (total) horizontal derivative K S | YLJX A 1 dzRS NI y3SkAha NBai
(or 90° t0-90°) by virtue of the arctan functigisuch that theTDR acts as an Automatic Gain Control

(AGC)ifter when applied to the observations. The Ti2Bpondsequallyto both shallow and deep

sourcesWhen considering thenagnetic basement (deep) respomssas here, the TDR is a simplified

and highly effective edge mapping function.
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Existing modelling of the TDB&sponse to isolated magnetic bodies (e.g. Fairhetaal. 2004;
Verduzceet al.2004; Cooper & Cowan 2006; Saletral. 2007) indicate that the TDR is positive
when over the source, it passes through zero when over (or near) the edge of the sourcethehere
vertical derivative is zero and the horizontal derivative is a maximum, and is negative outside the
source regionThe sources considered (e.g. basemstaps blocks and dykes) are effectively
normally magnetised.

2.2.43D magnetic inversion

In order to obtain a more rigorousssessment of the subsurface distribution of magnetic sources we
have undertaken 3D inversion afdownsampledversion of the data set shown in Figure 3the
inversion method used was originally developed by Li anéridrg (1996) and is referred to as
MAG3D(or UBGGIF) The algorithm assumes that the measured magnetic field is pratiaoly by
induced magnetization antthat no remanent magnetizatinis present. The subsurfadestribution

is represented by a large mber of rectangular cells of constant susceptibility, and the final solution
is obtained by finding a model that reproduces the data adequately and at the same time minimizes
a model objective function penalizing the structural complexity of the m¢itielmodel is inherently
smooth) A depthor distanceweighting function ispplied to counteract the decayf sensitivity

with depth. The most informative results are obtainadhen the model can beonstrained by
structural,geologicabr existing informatiore.g.on the true range of suscejpilities (e.g. Spicer et
al.,2011).Such constraints are more difficult to apply when a crustal model on the scale of the
present study area is consideredere, following a series of assessments, we present a 3D
suscepibility model that is best described as exploratory rather than definitive.

3 RESULTS

The results discussed here use the IRMIP data in grid formt 500 m(e.g. Fig. 3band along profile
Al QO & &aK2sd@nd8h CA IdzNB

3.1 Matched bandpass filtering

The optimisatiorof the matched banepassprocedureto fit the observed radial spectrumequired
the definition of 4 layers above an undgrig halfspace. The spectrdepths associated with each
layer were 40 (MAG4) 1609m (MAG3) 5018m (MAG2)and 16,630m (MAGJ), as shown in
Table 2 Thespectraldepth of the underlying halépacewas estimated as 35,250 (MAGO) The
latter depth is clearly unphysical and we regard it as an artefact. A sirpledmodel is unlikely to
be a valid assumption acreshe entire study area. The longest wavelen@t. > ® km)
contributions to the spectrum are also likely to be influenced by ¢hagaging artefacts (e.g. Fig. 3).
The spectral dpths obtained are therefore not used; we only uke matchedfiltering procedure to
obtain an estimate of the deeprustal field. For interpretation wenly use this filter to obtain the
geometries (not depth) of the deep bodiekhe matchedilter estimates are compared witthe
geometries obtainedby a range of diérent filters andfound to be equivalent.

Spectral decomposition was accomplished usifignerbandpass filters to provide the magnetic
variations associated with each layer. The initial raface layer apparent depth is close to the
grid sampling interval 300 m and, as expected, largely comprises naitie some leakage from
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the underlying layer. The main focus of the analysis is the magnetic response from the underlying
half-space (here termed MAGO).

TABLE 2

The resultobtained are illustratedn Figure4 using equahrea colour scaling of the filtered
magnetic field variationdefinedin Table 2In Figureda, MAG3contains some residual sampling
noisewhen examined in detaillTheimagesequence shows the expectedogressivebehaviour of
increasing wavength with increasingpectraldepth. Figuresta and4b (MAG3 and MAG2)
summarise the main character of nesurfacemagneticvariations. The intense localisation of
featuresin northern Britain (north of the Southern Upland Terra8&JTis very evidengs is the
response of the Antrim lavas of Northern Irelarfeiguredb (MAG2) shows more evidence of the
lower amplitude magnetic fabric particulsirwithin Avalonia (south of the SUT)is likely that
MAGL1 (Fig4c) represents a wavelength traition baween the shallonmagnetic features and the
basement magnetic response representad-igure4d by MAGO. Thbasement magnetic response
observed indicates a series of magnetic bodies across Laurentia (to the north of the SUT) and a series
of bodies within tle core of Avaloniawith a clear boundary (anomaly edgeymed by the Variscan
Front (VI

3.2 Lowpass ilter comparisons
3.2.1 Along profile

A comparison of thdalf-spaceMAGOresponse withthat obtained usingther, alternative, lowpass
filter operators was undertakeunsing the data along profile-A €hown in Figurel and 3. The
profile traverses allhe major terranes and i$328.5 km in length. Figureshows theoriginal TMF
RTP data (with infill) and tHdAGO data (in red) along the profilehe MAGO response isolates a
series of longewavelength featureslefined by9 major positive excursions atiteir associated
minima. The MAGO response is compared with two upwamdtinued filter responses at
continuation levels of 10 km and 20 km. Botitheseoperators provide a more conservative (s
peaked) lowpass filtering of the datdinally a Gausan regional filter with a standard deviation
(equivalent to a filter cupoint) of 60 km is showrThis filterwas found to provide response that is
very similar to the MAGfesponse

The ability of the lowpass filtering operators to adequately represeleepseated basement

features is partially a function of the amplitude levels and locatiorengghort wavelength features
encountered The majority of long wavelength featureentified in the MAGO respong€ig. 5

appear to berepresentative of thdeatures in theunderlying TMHRTP data. A departure from this

occurs in the vicinity of the Moe Thrust Zone (MTZ). Figurst@ws a more detailedssessment of

the TMIRTP data and the MAGO response across a profile distance from 200 to 700 km.l¢eneral

the MAGO data provide adequate characterisation of the long wavelength peaks and troughs as can
be seen in the case of the isolated anomaly associated with Great Glen Fault (GGF). In the case of the
variations to the north of and across the Moine Thrdehe (MTZ), the extraction of a

NBLINSASY Gl GADPS WwWolaSYSyid FASERQ YIF&@ 068 dzyNBFf Aal

3.2.2 Maps (TDR)
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The zero value of the tilerivative (TDR) is used here for the edge detection of source bodies. The
TDR function gives equal weight to all amplituded enay therefore amplify noise. The variation of
the TDR source edge estimates derived from a subset of the different filters considered above in
relation to the profile data are shown for the complete data seFigure 7Here the source

locationso ¢ 5 @ obtained from the MAGO datare shown with infill. These are then compared
with the equivalent edges (TD#0) obtained by upwaratontinuation (10 km) and by a Gaussian
regional filter (60 km cupoint). It is evident that ethe large scale all thregata setsprovide largely
consistentestimates of the deep source bodies. At the more detailed scale, the latter two data sets
appear to contribute some additional and shorter wavelength featug#sce the filtering
parametersconnected with the latter tw procedures arsomewhat arbitrarythe optimised MAGO
response is preferred when assessing the source body edge locaftembodies identified by this
analysis are referred to as the MAGDRresponse andire defined for TDR >&& shown in Figure 7.

3.3 Upwardcontinuation comparisons

It is possible to further isolate longavelength components of the data by increasing the level of
upward continuation beyond th20 km limit considered abov&/e have assessed upward
continuation levels from 20 km ta2D km and the resulting fields from 3 of these levels (20 km, 80
km and 120 km) are shown in Figurdr8Figures 8b and 8the TDR=0 contoiftheoretically

outlining a source bodys shown for reference (white dotted line). For upward continuation kevel
greater than about 60 knthe anomaly pattern stabilises to that shown in Figures 8b and Be.
results shown in Figures 8b and 8c represent the simplest description of theslzalgeextent of
positively magnetised zones in the data set and they bidarm a distinct northern (Laurentian)
and southern (Avalonian) zonatioBeparating the two is the extensive low centred on the Southern
Upland and Leinstetakesman terranes (SUT and LLT, Figure 1) and encompassing the lapetus
Suture Zone.

Using the TDR=0 contours shown in Figure 8c, the southern zonation is simpler to relate to the
existing terrane framework. The northern linoift the Avalonian zoneartially tracks the southern
margin of the Leinstetakesman terrane (LLT, Figure 1) befoossing the Variscan Front (VF) and
entering the VR2Mariscide Rhenohercynian Zqmaa orogenic overprint) to the south. The eastern
limit of the Avalonian body also partially tracks the eastern limit of the CSB (Caledonianghefi$o
Britain, Fig. 1)

In the north, the central Laurentian anomaly has a western margin within the Highland Terrane (HT,
Fig. 1) which then abuts the terrane boundary associated with the MTZ before forming a distinct
western limb (labelled L in Fig. 8fhis longwavelengthfeature appears associated with the
geometricallyacute southern margin of the Hebridean Terrane (HT, Fighk)southern extent of

the central Laurentian anomahas an BV attitude and obliquely crosses a sequence of terranes
beforetrending northward to display a partial association witie easternboundary of theCHGT
(Central Highland&rampian Terrane).

It is worth noting that the images shown in Figure 8 are egueh histogram normalisations of each
data set.With increasing upward continuatiodistance we incragse the sourceeceiver separation

and anomaly amplitudes reduce accordingdging the data resolved along the profile B2 a K2 g y
Figure 8, we note thahe full range of the original data is 1568 nT. This compares with data ranges
of 173 nT Fig. 8a20 km level), 76 nTF{g. 8b80 km level) and 60 nFig 8c,120 km level).
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3.4 3D inversion

The original TMI (not TMRTP) data werapward continued to a height of 1700 m, whjgiven a
survey elevation of 300 m, provides aquivdent sensor elevation of 2 km. The procedure was
applied in order to reduce the short wavelength noise which would detract from the inversion
assessment. These data were then gridded cellsize of 5 kmdeneratingl41 x 251 celler 35391
observation}in order to provide a practical assessment of grosstalistructure across thstudy
area.An image of the reduced data set is shown in Figur&Bamodel for thecore study area was
discretised using horizontal cell sizes of 5 km and vertical zedl sf 2.5 km to a depth of 30 km.
The core study area is thus characterised by 420,000 Beltkling cells are then added to the 3D
core volume to allow for the influence of variations beyond the study area. Paddisgrctike
vertical direction belowB0 km are not strictly required in this caddore localised anomaly
assessmentbenefit from much better control using a regional model extending beyond the study
area (e.gLi and Oldenburg 1998, Goodwin et al., 2015).

The construction of an inverse me using MAG3D proceeds usiagange of controls, constraints

and knowledge of the data errors (the desired misfit between model and observed responses). The
latter is particularly significarib orderto avoid modelling noise. We have explored a range of
inversion models on the basis that there is a high degree of uncertainty in the reference models and
constraints that can be applied to this large and crustal scale proMépresent a final mael of
susceptibilities that displaysommonbehaviour acresthe range of models investigateBoth
depth-weighting and radiatlistance weightingGoodwin et al., 2015) have been considered.

We have adopted a uniform and highly optimistic data error of 2 nT for the data set. We find that
bounding he model susceptilities in variouganges (low and highfjrom zero to 1 Sl provides

equally valid inversion models and suggest that, in practice, the procedure can only provide relative,
rather than absolute, assessments of susceptibility valaethis particular prok@m. Here we

choose a inversiormodelobtained using distance weighting that providedadequate fit to the

data with a resulting absolute median misfit value of 0.63 nT. Of the 35140 data points only 878 (2%
of the data) have misfits in excess of 5 rfie &bsolute values of the model misfits are shown, using

a linear colour scale fro +2 to-2 nT, in Figure 9b. Portions of the spajiitér in the image ardikely

to be due to spatial aliasimgsulting from the 5 km data sampling used. Elsewhere asefi

spatially extensive absolute misfits (the misfit used is the observed data minus that predicted by the
inversion model) can be observed particularly across the SUT (Southern Upland Terrain) and
extending southwardsto onshore northern England. Tremisfits arenoweverlargely within the

error assignment of +2 nT.

The unconstrained inversion modaiovides magnetic susceptibility vas ranging from 0.00017 to

0.215 Siwith a median value of 0.011 SI. Model cells (voxels) within the NE ate\8%/  ddingrs: Q
have been omittedThe continuous volumetric susceptibility model i§icult to displayin a planar
viewLy 2NRSNJ 2 O2YLINB (GKS ARSItAaSR RSSL) 62R@
MAGO data (Fig. 7) with the results of Bersion, the 3D model has been simplified to provide
summary planar informatiorit should again be noted that the idealised bodies are associated with

an assessment of the upper surfacessolatedbodies of enhanced susceptibilityorizontal depth
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dicesthrough the model were summed and normalised (to obtain average susceptiblitiids)

the depth ranges .0, 1620 and 2830 km.These are shown using a common logarithmic colour
scale inFigure 10 with an overlay of tidAGOTDRidealised bodiesThe upper crustal distribution
(Fig. 10ajs characterised by an extensive area of lower values (< 0.Gid#lly towardshe east

and slightly elevatedalues (<0.02 Sl) in the we€inshore moderately elevatedralues > 0.02 Sl are
observed in assodian with the Charnwood Terrane (CT, Fig. 1), the Midland Valley Terrane (MVT,
Fig. llandacross the Laurentian Foreland in the noffine model identifies the largest upper
crustal suscgtibilities across the geometricatgcute southern margin of the Hedean Terrane,
previously noted and labelled in FiguBb. Elsewhere it can noted that a significant numbéthe
idealised bodies are associated with lapper crustakusceptibilities (€.01 Slimplying a deeper
seated, higher susceptibilisource.

At mid-crustal depths (Fig. 10khe broad amplitude level of the susceptibility distribution is found

to increase. The largest matustal amplitude anomaly to the south of the Laurentian foreland is the
Snowdoncentred anomalylabelled Sn Fig. 10l At mid-crustal depths we observe the highest
consistency between the outlines of the idealised bodies and areas of enhanced shiitepthe
outlines of theanomaly within the Midland Valley Terra@dVT, Fig. 1) and the anomaly associated
with the Chanwood TerrangCT, Fig. 1gre particularly weldefined in the 3D model. Both of these
idealised bodies are also associated with enhanced susceptibilities at all crustal levels (Figs. 10a,b,c).
We also note a number of idealised bodies in the east (lprgi$hore)show no association with
enhanced susceptibilities in the 3Bodel either at shallow (Fig. 10a) or rudustal depths (Fig.

10b). These bodies are in fact associated withme of the smallesamplitude responses in the

MAGO respoge (discusselhter, see Fig. J1At lowercrustal depths (Fig. 10c) the broad amplitude
level of the susceptibility distribution again increasgésiumber of the idealised bodies exhibit more
extensive and higher elevated susceptibilities in excess of ~0.035 Slo$hraticeable increasein
lower crustal values takplace within the idealised bodies spatially correlated witle Great Glen
Fault(GGF, Fig. 1) and the Charnwood Terrane.

The MAGETDR higher susceptibiliigealisedoasementbodies are identified iespective of their
amplitude anddepth but have beewbtainedby a spectral decomposition appligd the whole data
set. We have already notesbme of the limitations of the approach in the presence of large
amplitude slort wavelength contributions (e.grig. 6).An exactcorrespondence between #se
bodies and the 3D continuous modslanunlikely autcome. One of the main findingsd the
investigation is thérigher level of asociation between the isolatebpdygeometries and enhanced
3D asusceptibilitiesat depths in excess of 10 km

4 DISCUSSION

The zeo contour of the TDR function has beesed to define the magnetic body edges associated
with the deep magnetic response defined by MAGO. The TDR interval from zero to 90° is then used
to define the exteih of the more highly magnetic bodies. The TDR structural outline of deep crustal
magnetic bodies obtained for the MAGlata set is shown in Figuredalising grey infillA large

number of the magnetic zones hapeeviouslybeen discussed in the literaturalthough not all in a

deep crustal context. We have identifi@@ of the zones and provide namesymmentsand

references that assist wittheir interpretationin a wider contextFigure 1a shows the codes
associatedvith the features. fie image usea backgroundof the MAGO response (Fidgd) to

Pagel2of 37



indicate the variation of the low value magnetic field that separates the positively magnetised
bodies. Tabl® summarises the names amddes and provides brief comments on each of the
bodies Threeof the zoneglS§ SNS antV) are associated with magnetic lows.

TABLE 3

The TDR response, ustmldefine the bodiesn Figure 1a, embodies an automatic gain function by
virtue of the arctaigentfunction. This means that all bodies, irrespective of response aag#itare
identified and located. The TDR function therefore equalises the contributions of small amplitude
sourcesln order to reintroduce the amplitude of the sources we take only the MAGO data within
the positive zone of the TDR resporasel regrid these da to generatethe field variations

assaiated with the bodies. Figurelb shows the resulting magnetic fielsing a linear scalé@he
largest magnetic field variations 250 nT) are observed at a series of localities largely within
Laurentia(i.e. to the north of the SUT). The largest amplitdigigture is observed to the NW of
Shetland and is associated with a localised high susceptibility zone occupying the upper crustal
volume (Fig. 10). A similar but larger scale upper crustal zone veageatsved by the 3D model (Fig.
10) and is associated with the Inner Hebridkt)area.Within Avalonia, the Snowdecentred
anomaly in North Wales and tt#outh Central Englan&CEanomaly display the largest
amplitudes.

4.1 Sources ofong-wavelength magnetic anomalies over northern (Laurentian) Britain

Srong magnetic anomalies over the central and southern parts of the Lewisian Gneiss Complex in
the Ullapool area (U, Figld) are known tooccur over Archaean gralite facies units (Powell 1970;
Bottet al.1972). Piper (1992) described an increase in magnetisation associated with
Palaeoproterozoic (Laxfordian) reworking, but the values quoted (mean volume susceptibilities of
the order 0f0.001S) suggest that thenost magnetic parts of the complex have not been sampled
(much higher magnetic susceptibilities are reported by Cetid. (1997) and Rollin (2000 There is

a spatial correlation between Laxfordian amphibolite facies shear zones and relative magastic |
over the complex. A substantial increase in rock magnetisation across the transition from
amphibolite to granulite facies gneisses has also been reported in northern Norway (&leden
1991), southern India (Pipet al.2003) and West Greenland (istgardet al. 2006), and is

compatible with magnetic property data from lowestal xenoliths (Wasilewski Blayhew 1982,
1992).

It is thus likely that the oldest (Archaean) basement beneaitthern Britain is relatively magnetic,
and this also appliet® younger magmatic rocks that were accreted during Palaeoproterozoic
orogenesis. The mafic rocks of the South Harris Complex are highly magnetic (Westbrook 1974), and
are inferred to be part of a Palaeoproterozoic arc dated at c. 1890 Ma (Masa2004). The arc
magmatic rocks of th€WITRhinns Terrané-ig. ) are associated with strong magnetic anomalies
over Stanton Banks and the southern Inner Hebrid#3 énd IH in Figld). These have typical
crystallisation ages of 1781800 Ma (Marcantoni@t al. 1988; Dalyet al. 1991; Scanloet al. 2003;
Ritchieet al.2013). They form part of a belt of Palaeoproterozoicratated rocks associated with
the formation of the Columbiéor Nuna) supercontinent (Zhaat al. 2004; Rogers &antosh 2002,
2009). To the west this includes the major Julianehab batholith within the Ketilidean orogen of
southern Greenland (Garda al.2002) and the plutonic suites of the Cape Harrison Donmatihg
laterally equivalent Makkovik Orogen of Labrador (Ktml. 1997). To the east, Palaeoproterozoic
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magnetic plutonic rocks of the Transscandinavian Igneous Belt are responsible for conspicuous
magnetic anomalies in thBvecofennian Orogen (Mansfi€l§95 Ebbing et al. 2092Given this
continuity, it appears likely that similar rocks may occur beneath the Dalradédasediments of

the northern part of the Grampian Terrag€HGT, Fig. Iyhere is evidence to support thisgranite
inheritance (Diken &Bowes 1991) and from sedimentary provenance studies (Betrdds2013).
Magnetic evidence for such an extension incltitkeconspicuous anomaly along the Great Glen
Fault (which may include contributions from both Lewisian @wdITRhinns basementsirces) and
an anomaly extending offshore from the Lossiemouth area (Rollin ZB¥%nd L respectively in
Figure 1a).

The Midland Valley Terrane is underpinned by an Ordovician arc complex formed at very different
(Laurentian) latitudes (Bluck 2013),cai is possible that long wavelength magnetic anomalies in
this area and offshore Stonehavavi{ and ST in Figurdd) reflect this (althouglshallowUpper
Palaeozoic volcanic rocks are also responsible for magnetic anomalies in the area).

4.2 Sources dbng-wavelength magnetic anomalies over southern (Eastern Avalonian) Britain

Longwavelength magnetic anomalies over southern Britain have been linked to a Neoproterozoic
(Eastern Avalonian) crystalline basement formed atrttaggin of Gondwana (Kimbell@uirk 1999;
Kimbellet al. 2006). Again, the magnetic anomalies appear to be linked teatieddine magmatic
rocks, and analogues have been identified in the Newfoundland téffeAvalonia) area (Haworth &
Lefort 1979)The South Central England (SCE) magnetic anomaly can be modelled as Precambrian
magnetic basement which becomes buried southwards by reetigent Variscan thrusting (Busby

et al. 2006). This Precambrian basement is part of Avalonian basement of the didiéarocraton
and may represent the oldest basement fragment in the aléhas been suggested that the long
wavelength Galloway and Berwickshire magnetic anomalies over southern Scotland (GirafigBE
11a) are associated with fragments of Avalon@gstalline basement thrust beneath the Southern
Uplands accretionary min (Kimbell &tone 1995), and a similar explanation may extend to the
source of the Virginia anomaleneath Ireland (V in Figld). This accretion preceded final oceanic
closure #ong the NHErending lapetus Suture just to the south of these fragméifisin Fig. 1a). A
relative magnetic low over the suture is interpreted to be due to less magnetic metasedimentary
rocks sandwiched between the crystalline basement blockisaércorvergence zone (Kimbell &

Stone 1995; Kimbell Quirk 1999). A longvavelength, NWrending magnetic low beneath the
Southern North Se¢SNS, Fig. Blmay be associated with the Tornquist convergence zone in an
analogous fashianThe NWtrending Furnes#\orfolk and Derby St lves magnetic amalies (FN

and DSI in Figla) appear to be caused by the products of Ordovician arc magmatism associated
with the southwestward subduction of the Tornquist Ocean (Pharabhl. 1993). Finally, there is a
distinct magnetic boundary along the Variscan front in southern Britain indicative of the burial of
magnetic basement of the Midlands Microcraton beneath less magnetic rocks carried by northward
verging Variscan thrusts (BusbyS&nith 2001).

5 CONCLUSIONS

The studyhas provided a coherent assessment of the deep crustanetic bodies responsible for
the long wavelength magnetic featuredserved across Britain and eastern Irelafikde simplest
description of the longvavelength magnetic features is obtained througtward-continuation

Pagel4 of 37



filtering of the data toelevationsabove 50 km. At these levels, two large scale positively magnetised
zones are observed in association with Laurentia in the north and with Avalonia in the Ebath.
lateral boundaries of the southeone show an approximate and partial coincidence with terrane
boundaries. The observed soutfestern limb associated with the northern zone was subsequently
modelled as a largscale upper crustdeature associated with the Southern Inner Hebrides area

Spectral decomposition of the data hagarly revealed some intenseighramplitude, shallow
featuresto the NW of the Southern Upland Terrane. Some of these features prove problematic
when attempting to extract deeper basement informatidrne spatial fan of the basement (lower
half-space) magnetic fielfMAGO)extracted by spectral decomposition was found to provide a
simplified anomalyistributionthat could be associated with@neptual nodel ofidealised deep
seated, magnetisedasementbodies.The MAGO data set providea simplified and idealised
assessment of deep source besliacross the whole study area in map form.

In order tofurther assesshe definition of the idealised bodies and their associated depths we have
carried out an unprejudiak(largely unconstraigd) 3D inversion of the dat8oth the idealised body
analysis and the inversion modelling assume norrralignetisedmaterial. The susceptibilities
returned by the inversion are probably best considered as relative rather than absthe

inversion is carried out at a coarse scale but is sufficieastess deep and shallow contributions at
the crustal scaleA large central area of the 3D mogdséparating Laurentia and Avalonis
characterised byelativelylow values of susceibility (<0.020 Skhroughout the whole crustal

volume

The 3D model of subsurface susceptibilities obtained is an inherently smooth and continuous
distribution so the comparisowith the idealisecbasement featuregan only beachievedn an
approximatemanner by isolating higher susceptibility zones within the 3D model spatesshe
valid model regionve find that the MAGODR basement bodies are largely consistent with
relatively highsusceptibilityzones(e.g. > 0.0075 S&t depths in excessf 10 km within the 3D
model The 3D modallsoidentifies threelocalised high susceptibility zosieccupying theupper
crustal volume (0 to 10 km). The two main bodiesur to the west of Shetland and, more
extensively, across the Inner Hebridega.

At each stage of the analysi$ig high susceptibity bodies deteted have been compared with the
tectonic framework of Britain using existing definitions of the crustal terramesitably a number

of the magnetic zones identifiedave beerpreviouslydisaissed in the literature, although not all in

a specific deep crustal context. A lexicon of the bodies is provided, based on existing referbeces.
long-wavelength magnetic anomalies over Britain provide an insight into the way the different
basement elerents have been assembled into their preselaty configuration. In the north is the
Archaean magnetic basement of Laurentia onto which have been accreted magnetic rocks of
PalaeoproterozoicGWITRhims Terrang, Ordovician (Midland Valley Terrane) and Neb@rozoic
(subSouthern Upland) origin. Magnetic anomalies record the assembly of the Gondwanan (Eastern
Avalonian) part of the country through Neoproterozoic and Ordovician (Tornquist) arc magmatism
and accretion. The convergence zones between Laureftialonia and Baltica hawd! left a

magnetic imprint, as has Variscan convergence to the south.
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Tablel. The 15 terranes and 2 subterranes that define the tectonic framewadskitsin and eastern Ireland.

LABEL | Terrane Age of crustal
formation

BsT Bellewstown Sulterrane ?0rdovician

CHGT | Central Highland$errane(Grampian Terrane) Proterozoic

CSB Caledonides of Southern Britain Neoproterozoic

SUT Southern Uplands Terrane Ordovician

CT Charnwood Terrane Neoproterozoic

CWIT | Colonsay W Islay- Inishtrahull TerrandéRhinns Terrane) Palaeoproterozoic

GsT Grangegeeth Suterrane ?0rdovician

HT Hebridean Terrane Archaean

LLT LeinsterLakesman Terrane Ordovician

MVT | Midland Valley Terrane ?Mesoproterozoic

NAT North Armorican Composite Terrane (east) ArchaeanProterozoic

NHT Northern Highlands Terrane Archaean

NT Normannian Terrane Neoproterozoic

RMT | RosslareMonian Terranes Neoproterozoic
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SNST | Southern North Sederrane ?0rdovician
VRZ Variscide Rhenohercynian Zone Neoproterozoic
WT Wrekin Terrane Neoproterozoic

Table2. Simple statistics of magnetic fields obtained using matched {pasd filters. All values are nT.

Spectral Minimum (nT) | Maximum (nT) | Mean (nT) Standard
depth (m) Deviation (nT)

MAG -3210 2512 -11.8 111.8

MAG4 407 -581 513 0.0 3.0

MAG3 1609 -1976 1690 0.0 26.6

MAG2 5018 -1550 1506 0.0 39.5

MAG1 16,630 -329 628 -0.1 35.9

MAGO 35,250 -265 604 -11.6 79.0

Table3. Summary 080 magnetic features identified in association with the magnetic basement analysis. All
features are positive anomalies with the exception gf38SD an@/ which are associated with magnetic

lows.
Code | Name Possible source
B Birmingham anomaly | Plutonic core of a Neoproterozoic (Charnian) arc @ted. 1990 Bushy
et al.1993)
BE Berwickshire anomaly| Underthrust magnetic basement fragment of Availn origin? (Kimbell
& Stonel995)
CB Culm Basin Mid-crustal magnetic block sandwiched between Variscan thrusts?
Cw Central Wales Probable Precambrian source. Correlation with gravity low suggest
anomaly dense Lower Palaeozoic rocks piessdense magnetic basement.
DSl Derby- St Ives Ordovician intrusive rocks possibly associated with subduction of th
anomaly Tornquist Ocean (Pharaah al. 1993; Allsop 1987). Cornwell\&alker
(1989) suggested a Precambrian basement source.
ESH East Shetland High | Donato &Tully (1982) suggested an association with a granite pluto|
but Hollowayet al.(1991) preferred shallow magnetic basement.
FB Fisher Bank Centre | Part of the Jurassic Fags Volcanic Province (Smith & Ritch893)
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FBC Faroe Bank Channel | Palaeogenégneous centre (Faroe Bank Channel Knoll) plus longer
wavelength feature to the NW associated with a deeper (Palaeoger
basement?) source

FL Flannan anomaly Evidence for magnetic Caledonian intrusive rocks on the Flannan H
(BGS, unpublished data)

AN Furness Norfolk Alternative explanations: Ordovician arc magmatism (Phaedath.

anomaly 1993, 1995); early Palaeozoic magnetic metasedimentsdiLale
199B); Precambrian basement (Will878) Devonian metamorphism
(Allsop1987)
FVP FortiesVolcanic Jurassic volcanic province (Ritchteal. 1988; Smith & Ritchi#993).
Province

G Galloway anomaly Underthrust magnetic basement fragmenit Avalonian origin? (Kimbe
& Stonel995; Phillipet al.2003). See subsequent discussion by
Waldronet al. (2008, 2014) and Milest al.(2014)

GG Great Glen anomaly | The form of the anomaly requires a magnetic basement high stradd
the line of the Great Glen Fault. This possibly reflects a combinatior
Lewisian and younger (Rhinns age) sources (RaI0A)

IH Inner Hebrides Granulite facies Lewisian basement (includes magneitite gneisses
on Tiree; Coatst al. 1997). Magnetic signatures in this region strong|
affected by Palaeogene igneous rocks.

IRS Irish Sea Magnetic Avaloniatbasement (Kimbell & Quik999)

IS lapetus Suture Magnetic low caused by less magnetic metasedimentary rocks
(originally deposited on Ordovician margins) sandwiched between
magneic basement blocks (Kimbell & Stone 1995; Kimbell & Quirk
1999)

L Lossiemath anomaly | Palaeoprotenzoic magnetic basement (Rol2609)

MNSH | Mid North Sea High | Magnetic granite (Dogger Granitgjobably of late Caledonian age
(Donatoet al.1983)

MV Midland Valley Region contains numerous, shallow Upper Palaeozoic magmetices,
possibly underlain by deeper sources associatatb@cian arc
magmatism (Rolli2009).

RNW Rosslare North Wales| In the North Wales area, shallow magnetic Cambrian strata (Rhinog

anomaly Dolwen formations) overlie a deeper, probaPrecambrian source
(Allen & Jacksoh985; Prattet al. 1995; Howells & Smith997). The
age ofthe Rosslare gneissésnot known, but they have a complex
metamorphic history which predates intrusions dated at 650 Ma
(Winchester & Max.982).
SB Stanton Baks Magnetic, calealkaline Palagoroterozoic rocks of th€ WIT (Rhinns)
anomaly Terrane (Ritchie et al. 2013)
SCE South Central England Deep Variscan basaltic source suggested by Kearey (1991). Precat
magnetic anomaly crystalline basement suggestbég Busbyet al. (1993), Busby & Smith
2001)
SD Strath Dionard Bott et al.(1972) suggested magnetic Scourian gneiss at shallow de
anomaly but this was not supported by a seismétraction experiment (Hall &
Al-Haddadl1979). Alternative explanationse@gaburied magnetic
granite (Powelll970) or the cumulative effect of magnepegmatite
granite veins (Rollia009)
SNS Southern North Sea | Low crustal magnetisation beneath the Southern North Sea (Willian

et al 2002; Kimbelet al 2006)
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ST

Stonehaven anomaly

Coincident with gravity high suggesting a basic mass within the Mid
Valley terrane or within Dalradian roctgust beneath the HBF (Rollin
2009)

SW

South Wales
anomalies

Precambrian sources, typically in the coogéanticlines(e.g. Cornwell &
Cavel986). Some shallow Lower Palaeozoic magnetic units (Skom
Volcanic Group and Fishguard Volcanic Group).

Ullapool area

Magnetic anomalies associated with granulite facies Lewisian gneis
in the central part of the Lewisian Gngi€omplex. Distinct contrast
with the less magnetic amphibolite facies rocks south of the Gruinai
Front (Powelll970; Bottet al. 1972).

Virginia anomaly

Magnetic basement block in the hanging wall of tapetus Suture
Zone (Morris & Max 1995; Kimb&IStone1995; Kimbell & Quirk
1999).

Weardale anomaly

Magnetic low over the North Pennine (Weardale) Granite, implying |
magnetic Avalonian basement extends northwards beneath the Alsf
Block and has been modified (punctured and/or demagnetised) as 4
result of its intrusion (Kimbedt al.2010).

WOS

West of Shetland
anomalies

Clear correlation with structural highs in magnetic Lewisian baseme
(e.g. Ritchiest al.2011)
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Figure 1 The study areé700 x 1250 kmyvith a profile line A Q A R Shhkelled anddaidured
tectonicterranes (see Table 1) with 4 boundaries identified as MTZ (Moine Thrust Zone), GGF (Great
Glen Fault), HBF (Highland Boundary Fault) and VF (Variscan Bigat)efers to British National

Grid coordinates which are used throughout this stutlye yellowbox shows the Hebridean study

area (178 x 105 km) discussed in the text and shown in Fig. 2.
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Figure 2Hebridean study area (178 x 105 km). (a) Location map withGbt@r(Isles Thrustblack
line), Moine Thrust Zone (MTZvhite ling and Great Gleirault (GGFwhite ling identified. The
coast is identified with a black line, and the main offshore @dabelled Minch The lire AB
denotes the location of thexisting interpetation of magnetic structure. ThHeackground image is
an equalareahistogramplot of the TMIRTP datavith a range from1054(blue)to 1045 nT(red).
(b) Northwestern end of Profile 5 studied by Rollin (20The upper panel shows observed and
modelled magnetic fielsresulting from the model susceptibiliti€galues x 18 Sl)shown in the
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Figure 1. Tilederivative (TDR) analysis of the MAGO field. (a) Contours with grey infilk defiRk0

and outline source bodies. These contours overlay the MAGO image shown previousiyidan Fig.

White lines denote teiane boundaries. Labels dendtedies or zones that are identifiexthd

discussedn the text (see Table 3). (b) Contours withygnefill define TDR < 0 and outline zones
between source bodies. The colour image denotes the MAGO magnetic field only associated with the
sources (i.e. TDRO) and is shown using a linear colour scale.
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