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S U M M A R Y
20 magnetotelluric (MT) soundings were collected on the Isle of Skye, Scotland to provide
a high-resolution three-dimensional (3-D) electrical resistivity model of a volcanic province
within the framework of a project jointly interpreting gravity, seismic, geological and MT
data. The full 3-D inversion of the MT data jointly interpreted with gravity data reveals upper
crustal structure. The main features of the model are interpreted in conjunction with previous
geological mapping and borehole data. Our model extends to 13 km depth, several kilometres
below the top of the Lewisian basement. The top of the Lewisian basement is at approximately
7–8 km depth and the topography of its surface was controlled by Precambrian rifting, during
which a 4.5 km thick sequence of Torridonian sediments was deposited. The Mesozoic sedi-
ments above, which can reach up to 2.2 km thick, have small-scale depocentres and are covered
by up to 600 m of Tertiary lava flows. The interpretation of the resistivity model shows that 3-D
MT inversion is an appropriate tool to image sedimentary structures beneath extrusive basalt
units, where conventional seismic reflection methods may fail.

Key words: 3-D inversion, gravity, magnetotellurics, rifted margin.

1 I N T RO D U C T I O N

Volcanic rifted margins represent up to 90 per cent of existing con-
tinental margins (Menzies et al. 2002). In many cases such margins
are also intimately associated with flood basalts generating large
volumes of volcanic cover over sediment and basement structures
that developed prior to these eruptions. This volcanic cover and
associated intrusions makes it very difficult to investigate the sub-
surface in such regions, often referred to as the ‘subbasalt imag-
ing problem’ (e.g. Fliedner & White 2001; Jerram 2002; Single &
Jerram 2004; Kumar et al. 2004; Martini et al. 2005). A better un-
derstanding of the subbasalt architecture is important because the
pre-existing lithospheric structures in such regions are thought to
play an important role in the location and intensity of magmatism
in the volcanic rifted margins and flood basalt provinces (Ziegler &
Cloetingh 2004). Also, such structures will define the location of
sedimentary basins beneath the basalts which may have potential
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hydrocarbon reserves. Additionally, the intrusion of igneous ma-
terial, and through flux of magma, potentially play a role in the
thermal evolution of the sedimentary basin (Hinz et al. 1993), and
can control the maturation of the sediments with implications for
their resource potential (England et al. 1993). Given the importance
of a better understanding of the subbasalt architecture and contin-
ued interest in exploration in offshore volcanic rifted margins, new
approaches must be taken to probe the subvolcanic structure. One
possible method of investigating the subsurface is by using magne-
totellurics (MT). Full three-dimensional (3-D) inversion of MT data,
although not commonly applied, has shown great potential for the
characterisation of complex geological structures at different scales
(Hautot et al. 1999, 2000). In this contribution, we consider the use
of MT in the investigation of flood basalts, subbasalt basins and
associated volcanic rifted margins. We have collected new MT data
from the Isle of Skye, in the Sea of the Hebrides Basin, NW Scotland,
which is an onshore example of flood basalt cover over sedimentary
and basement structures. We show that 3-D MT inversion can pro-
vide a geological image of these complex structures hidden by thick
basaltic cover. Additionally, the MT data also provide information
about structures and features within the basalts. Small-scale features
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3-D MT imaging of igneous province 1419

in the resistivity model are interpreted by combining the MT results
with gravity data, and it is shown that the combination of MT and
gravity data is an important tool in subbasalt imaging.

2 G E O L O G I C A L S E T T I N G

The Isle of Skye, NW Scotland, is part of the British Palaeogene
Igneous Province associated with the opening of the North Atlantic
and the development of the much larger North Atlantic Igneous
Province (NAIP). Onset of the NAIP around 62–61 Ma (Pearson
et al. 1996; Hamilton et al. 1998) was widespread across West-
ern Greenland, Eastern Greenland, and the British Tertiary and
erupted over a number of sedimentary basins and basement settings
(Jerram & Widdowson 2005). The Isle of Skye is situated in one

Figure 1. (a) Major structural elements around the Sea of Hebrides, NW
Scotland, highlighting major rifted fault structures (reactivated from existing
basement structure) and location of sedimentary basins (adapted from Stein
& Blundell 1990). The box outlines the study area. (b) Shaded topographic
relief map of northern Skye with location of the MT sites (numbered dots)
and the gravity profile (black line).

such basin, the Sea of the Hebrides Basin (Fig. 1), and contains ex-
tensive exposures of flood volcanics overlying sediments and base-
ment with good access, making it ideal for an MT study (Figs 1
and 2). Additionally, the area has been well documented in terms
of its structure (e.g. Stein & Blundell 1990; Durham 2003), burial
and uplift history (e.g. England et al. 1993), and its volcanic history
and architecture (e.g. Williamson & Bell 1994; Single & Jerram
2004). The geological context of the Isle of Skye is complex. The
continental crust underwent several lithospheric extension episodes
before the Late Cretaceous rifting opening of the NW Atlantic, in-
cluding in the pre-Cambrian (Torridonian) and lower Palaeozoic,
and there were episodes of Triassic rifting, Jurassic subsidence
and Late Cretaceous uplift (Stein & Blundell 1990; England et al.
1993).

The Sea of Hebrides basin was controlled by NNE–SSW faults
and it was suggested that these faults are reactivated Precam-
brian structures (Stein & Blundell 1990) (Fig. 1a). The oldest
formation is the Lewisian gneiss complex over which a thick se-
quence of Precambrian sediments was deposited in large fault-
bounded basins (Torridonian). Successive sedimentary sequences
in the Palaoezoic and Mesozoic were deposited in response to
extension and reactivation of the major faults, resulting in a num-
ber of subbasins around the Inner and Outer Hebrides, with sed-
iments of varying thicknesses, up to 3 s Two Way Traveltime
(equivalent to ≈9 km thick, Blundell, private communication, 2007)
thickening towards the down-thrown side of the basin bounding
faults (Stein & Blundell 1990). In the study area, the northwest-
ern Isle of Skye, thick basaltic lava flows of Tertiary age cover
Mesozoic sedimentary basins (Fig. 2). The sedimentary basins de-
veloped during rifting episodes and were subsequently deformed
tectonically and intruded by sills close to the contact between
basalts and the sediments (England et al. 1993; Williamson & Bell
1994). The sediments are only observed at outcrops at a few lo-
cations along the coast; otherwise, they are entirely covered by
basalt. They were deposited successively in fluvial (Trias), ma-
rine (Bajocian) and lagoonal (Bathonian) environments (Harris
1992).

Figure 2. Simplified geological map of the Isle of Skye outlining the distri-
bution of the main geological units.
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1420 S. Hautot et al.

Figure 3. The MT impedance tensor at sites 2–7. Both the amplitude and phase of the diagonal (left, circles: xx; squares: yy) and off-diagonal (right, circles:
xy; squares: yx) terms are shown. Amplitudes are expressed in apparent resistivity units (ohm m), and the error bars are one standard deviation. Note the change
in vertical scale between the diagonal (linear) and off-diagonal (logarithmic) apparent resistivity terms, since the amplitudes of Zxx and Zyy are close to 0 at
many sites and periods. The solid line is the impedance predicted by the best-fitting 3-D model. See Fig. 1(b) for the site locations.

3 M A G N E T O T E L L U R I C S O U N D I N G S

3.1 Survey and data processing

We carried out 20 MT soundings (Fig. 1) with the Short Period Au-
tomatic Magnetotelluric (SPAM) Mark III data acquisition system

(Ritter et al. 1998) with Metronix broadband coils. The horizontal
electric and magnetic field time-series were recorded in two fre-
quency modes: the high frequency bands (2048-8 Hz) and the longer
period bands (128-2048 s). The electric potentials were measured
between two non-polarizable Cl2 − PbCl2 electrodes with a typi-
cal separation of 50 m. Electric and magnetic fields were recorded
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3-D MT imaging of igneous province 1421

Figure 4. As for Fig. 3 for sites 8–13.

in the magnetic north, x, and east, y, directions. The station spac-
ing varies between 1 and 3 km. It is a minimum along a roughly
east–west gravity profile (Fig. 1) allowing an integrated geophysi-
cal interpretation. The other stations have a larger spacing and are
distributed over the area for 3-D MT modelling. We deployed two
stations simultaneously in order to allow cross remote-referencing
for the computation of robust MT impedances.

The electric and magnetic field time-series were transformed into
the frequency domain. The 2 × 2 MT impedance tensor Z relating

the horizontal electric (Ex, Ey) to the horizontal magnetic (Bx, By)
fields was determined using the robust remote reference method of
Chave & Thompson (1989). The impedance tensors at the 20 sites
are shown in Figs 3–6. Electric noise from power lines seriously
affected the high frequency band MT impedance tensors (>128 Hz,
not shown in Figs 3–6), and therefore they will not be considered
further. However, the data in the longer period bands are of very
good quality, leading to precise MT impedances with small error
bars for periods up to 256 s. The data at the longest periods did
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1422 S. Hautot et al.

Figure 5. As for Fig. 3 for sites 14–19.

not always provide good transfer functions because of the limited
recording time (20–24 hr).

3.2 Modelling

We calculated the maximum electrical direction (MED) at each site
and each period. The MED is the rotation angle of the E field or B
field axis that maximizes or minimizes the impedance tensor (Counil

et al. 1986). In a 2-D geometry the MED corresponds to the strike
of the structure or to the direction perpendicular to it, depending
on the nature of the medium underneath. The MED for five sites,
representative of the whole data set are shown as a function of period
in Fig. 7(a). While a N30◦–70◦ trend dominates at periods >2 s,
there is no dominant trend at shorter periods indicating a full 3-D
structure. Maps of the MED at periods of 0.125 s (Fig. 7b) and 12 s
(Fig. 7c) show its spatial variation. The regional trend is visible at
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3-D MT imaging of igneous province 1423

Figure 6. As for Fig. 3 for sites 20–21.

longer periods (Fig. 7c), but shallow structures locally change the
MED at shorter periods (Fig. 7b), principally in the northern and
southeastern areas.

We applied full tensor 3-D MT inversion using the approach of
Hautot et al. (1999, 2000). The method is based on the minimiza-
tion of the misfit between the data and the model response using a
non-linear steepest gradient method. The forward problem is solved
at each iteration with the 3-D finite difference algorithm proposed
by Mackie et al. (1993). Here, we used a new version of their code
(modified by Booker & Handong, private communication, 1999),
that uses two polarized tangential fields on vertical edges tangential
and normal to a source magnetic field, respectively. The boundary
condition on the base of the model is the impedance of a homoge-
neous halfspace.

The 3-D model is parametrized by 11 blocks in the x direction,
9 blocks in the y direction (see horizontal grid in Fig. 8) and 12
layers in the vertical, z, direction. The starting model had an average
horizontal layered earth over a half space (resistivities: 150, 10 and
150 ohm m; layer thicknesses: 600 and 1950 m) obtained from a 1-D
analysis of the determinant average of the MT tensor (Ranganayaki
1984). After a number of iterations, the sizes of the blocks were
adjusted by trial and error and the inversion was run again until a
minimum misfit was reached. The final volume is 24.8 (x) × 19.3
(y) × 13.3 (z) km. For numerical reasons, we interpolated the data
onto a set of 15 periods (256, 128, 64, 32, 16, 8, 4, 2, 1, 0.5, 0.25,
0.125, 0.0625, 0.03125 and 0.015625 s) for the inversion. The four
complex elements of the impedance tensor at each site are inverted
providing 2400 degrees of freedom. The model parameters are the
resistivities of the blocks of the 3-D model. In areas of poor data
coverage, some blocks have been amalgamated in order to reduce
the number of parameters (Fig. 8). Layers 10 and 11 were found to
have nearly identical resistivities and have also been combined. The
final number of model parameters is 990.

The initial root-mean-square (rms) misfit of 55 was reduced to
3.9 for the best-fitting model. The rms misfit calculated for the
off-diagonal terms only is close (3.2) to the total rms misfit (3.9),
indicating that the four components of the MT tensor are approxi-
mately equally well modelled. The agreement between the data and
the model responses for all sites is shown in Figs 3–6. The final
3-D resistivity distribution is shown in Fig. 8. Each panel shows the

resistivity distribution in a layer of the model. In the top four lay-
ers (from the surface to 550 m), the resistivity distribution is quite
heterogeneous, with large very resistive features separated by more
conductive structures. Below, and down to 2.8 km depth, the layers
are more conductive, containing small even more conductive bod-
ies (resistivity <5 ohm m). Layers 10+11 (2.8–7.3 km depth) are
substantially more resistive than those above. Below 7.3 km depth
(layer 12), conductive features limit the eastern and western edges
of the otherwise quite resistive medium.

Possible distortion of the electromagnetic field by the adjacent
(electrically conductive) sea water (the coast effect) was a posteri-
ori tested numerically following the approach of Menvielle et al.
(1982). A digital 2 × 2 km topography and bathymetry map (ETOP
2001) was used to generate a heterogeneous thin sheet (HTS) of
variable conductance (Fig. 9). The sea-side conductance was set to
sea water conductivity (0.3 S m−1) times the water depth. The land
side conductance is small everywhere, so was assumed constant and
equal to 1 s. The HTS topped a four layer 1-D model (from the sur-
face, resistivities of 300, 50, 1000, 200 ohm m, thicknesses of 0.55,
2.25, 5.5m with the final layer a half-space) derived from the 3-D
MT model. The electromagnetic field was computed at 1 Hz using
the approach proposed by Vasseur & Weidelt (1977). At 1 Hz, the
induction length Z/ω (where Z is the impedance tensor magnitude
and ω is angular frequency) is 3-4 km. As expected (e.g. Menvielle
et al. 1982), the inland horizontal magnetic field does not suffer from
the coast effect. The horizontal electric field (Fig. 9) is marginally
affected, particularly near the coastline. At frequencies higher than
1 Hz, the same calculation was carried out with a restricted water
column height in order to satisfy the thin-sheet assumption. This is
justified by a maximum water depth of 10–20 m at distances from
the shore of up to 1 km, the induction length at 10 Hz. Again, the
coast effect is found to be negligible. Thus, except for small (10–
15 per cent) distortion at site 13, the nearest to the coast, all stations
are unaffected at the frequencies of this survey.

3.3 Sensitivity analysis

As the result of the restricted number of periods used for the inver-
sion and the choice of 3-D parametrization of the surveyed area,
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1424 S. Hautot et al.

Figure 7. Maximum electrical direction (MED). (a) MED at five sites dis-
tributed over the surveyed area as a function of period. Sites 5 (grey circles),
17 (black circles), 2 (white circles), 19 (black squares), and 10 (grey squares).
(b) MED at each site at period T = 0.125 s. The width of the pie wedge is
one standard deviation. (c) Same as B at period T = 12 s.

the misfit obtained for the best-fitting model is not an absolute
mimimum, but is some compromise between all sites, periods and
data quality. Therefore, the parameters of the model may not be
equally constrained by the data. The sensitivity of the data to the
final model was tested with an analysis based on changing one pa-
rameter of the model while leaving the others constant and cal-
culating the corresponding change in the misfit. Depending on its
resolution, changing the resistivity in one block of the 3-D model
may decrease or increase the misfit at all sites, but also may de-
crease the misfit at some sites and increase it at others. For ev-
ery change in a model parameter, we used the following functions
to decide whether that change is acceptable or not (Hautot et al.

2000):

(�rmsm)2 = 1

Ns

Ns∑

ls=1

[
χ2

ls(m) − χ 2
ls(0)

]

N95
, (1)

(�rms+)2 = 1

Ns

Nsp∑

ls=1

{[
χ2

ls(m) − χ 2
ls(0)

] ≥ 0
}

N95
, (2)

(�rms−)2 = 1

Ns

Nsm∑

ls=1

{[
χ2

ls(0) − χ 2
ls(m)

]
> 0

}

N95
, (3)

ε+ = �rms+/rms0, ε− = �rms−/rms0,

εm = �rmsm/rms0, (4)

where χ2 is the misfit estimator, N s is the total number of sites and
N sp(N sm) the number of sites where the misfit increases (decreases).
(0) denotes the best-fitting model and (m) the modified model. N 95

is the theoretical χ2 misfit per site at the 95 per cent confidence
level. Thus ε− (ε+) measures the fractional decrease (increase) in
misfit per site, relative to the total number of sites. εm describes the
total relative increase or decrease in misfit for all sites.

We used the average relative data amplitude error (3 per cent) as
a threshold for εm and ε+. Once this was exceeded, the parameter
value was deemed unacceptable. The sensitivity to each block of
the best-fitting model was tested in this way by increasing then de-
creasing its resistivity value until the threshold for εm and/or ε+ was
reached. The results are shown in Fig. 10 as the ratio between the
initial resistivity value and the resistivity value corresponding to the
threshold, which provides the acceptable resistivity range for each
parameter. Thus, when the ratio is close to 1, the parameter is well
constrained by the data while a large ratio indicates a poorly con-
strained parameter. It is necessary to refer to the resistivity model
(Fig. 8) to better understand the sensitivity analysis results. Electro-
magnetic induction is more sensitive to conductive materials than
to resistive materials. Thus, when the resistivity in a block is large,
increasing its value might not affect the misfit (large ratio in Fig. 10,
top) while decreasing it might significantly affect the misfit and thus
might not be acceptable (small ratio in Fig. 10, bottom). The result
in layer 10 + 11 (z = 2.8–7.3 km depth) provides an example. This
layer is homogeneously resistive, and the absolute resistivity value
is rather well constrained in the centre part of the layer. However,
the upper limit of the resistivity value is poorly constrained in the
northern and southern parts of the modelled area. This means that,
there, the structure is resistive without a well defined upper value
but cannot be conductive, as indicated by the small ratio values in
Fig. 10, bottom.

A parameter is definitely not constrained when the ratio for both
upper and lower limits is large. This is the case near the edges of
the model in the uppermost layers (1–4) where the resistivity de-
stribution is constrained by the electromagnetic field at (shorter)
periods that attenuate rapidly both laterally and vertically. In con-
trast, long-period data integrate information over a large volume.
The sensitivity analysis for layer 12 (7.3–13.3 km depth, Fig. 10)
indicates poorly constrained resistivity values. However, this result
was obtained by changing successively the resistivity value in each
individual block, a change which represents a very local effect in
this depth range. To test if the resistivity variation in layer 12 is
reasonably constrained, the resistivity value in the whole layer was
set to its average value (70 ohm m). The misfit at all sites increased
dramatically (εm = 66 per cent). Similar results were obtained when
the resistivity of each block was set to its value in the layer above
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3-D MT imaging of igneous province 1425

Figure 8. Resistivity maps for layers 1 to 12 of the best-fitting 3-D model (layers 10 and 11, 2800–7300 km depth, are combined; see text). The top left panel
shows the site numbers and grid used. The dashed lines indicate the blocks that have been amalgamated during the inversion. Site locations are shown by crosses
in subsequent panels.

(layer 10 + 11; εm = 195 per cent) or to a low value (10 ohm m;
εm = 62 per cent). This means that the heterogeneity in layer 12 is
required by the data.

Overall, it can be concluded from the sensitivity analysis that
our best-fitting model is well constrained by the data, but must
be interpreted carefully. It is reasonable to interpret local struc-
tures within the area covered by the sites down to 2.8 km depth
(layer 9), but only the regional trend at the surface array scale below
this.

4 I N T E R P R E TAT I O N O F T H E 3 - D
R E S I S T I V I T Y M O D E L

Seismic data and geological information from one borehole
in the northern part of the resistivity model (Pentex Oil data,
private communication) and information on the Skye lava field

(Single & Jerram 2004) suggest that the resistivity decrease at
∼550 m corresponds to the contact between the volcanic series
and the sedimentary formations, with the Mesozoic sedimentary
structures below (depths 550–2800 m). Within the Mesozoic
series, with an average resistivity of ∼30 ohm m, there are small-
scale structures, both more resistive and more conductive, whose
resistivity values are resolved (Fig. 10). The more resistive
features (resistivity >100 ohm m) suggest either a thickening
of the volcanic series or the presence of igneous sills intruded
within the sediments. A similar resistivity contrast between
intruded igneous material and sediments was observed in the Afar
volcanic province (Hautot et al. 2006). Alternatively, in the deeper
layers (depth >1400 m), the resistive features can reasonably be
interpreted as lying below the Mesozoic series, giving an indica-
tion of the topography of its base. With the resistivity parameter
only, it is difficult to put a structural interpretation on the conductive
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1426 S. Hautot et al.

Figure 9. (a) The integrated conductivity model (in Siemens) for the coast
effect calculation. The inducing magnetic source field is here in the E–W
direction. (b) and (c): The difference between the electric field anywhere and
the electric field in the centre of the site array (white circles) divided by the
latter (so that the fraction is dimensionless). Hence, this factor represents the
fractional coast effect anomalous electric field (AEF) in the N–S direction
(b) and E–W direction (c) with respect to the centre of the site array. The
AEF induced by a N–S magnetic source field (not presented here) showed a
similar pattern.

features (resistivity <100 ohm m), so they will be discussed in the
following section in conjunction with the gravity data. Neverthe-
less, the heterogeneous resistivity distribution agrees well with a
fluviatile to lagoonal environment (Harris 1992). A massive ma-
rine series would result in a more homogeneous structure. No clear
structural trend appears, except in layer 9, where the small-scale
features, alternatively resistive and conductive, seem preferentially
oriented along a NE–SW trend that agrees with the rifting extension
direction (O’Neill & England 1994). The thickness of layer 10 + 11
(2.8–7.3 km depth) is in agreement with the thick Precambrian Tor-
ridonian sandstones succession that deposited during an uplifting
phase of the Lewisian basement (Stewart 1982; O’Neill & England
1994). Thus, the deeper layer could be associated with the Lewisian
basement. If so, our model would provide the first image of the con-
tact between the Torridanian succession and the Lewisian basement
that cannot be observed anywhere on the island. The heterogeneous
resistivity distribution observed below 7.3 km is compatible with
the inhomogeneous structure of the sheared and folded Lewisian
units (Mason & Brewer 2004), and the ∼NS trend of the resistivity
contrast, between a resistive medium in the centre and conductive
features on the western and eastern edges of the survey area, agrees
with the NNE–SSW faults that controlled the formation of the Sea
of Hebrides basin (Fig. 1).

5 I N T E G R AT E D G E O P H Y S I C A L
A N A LY S I S

Between 2001 and 2003, 237 gravity stations were recorded within
the survey area as part of the SIMBA project on integrated geo-
science approaches to sub-basalt imaging (Williamson et al. 2002).
The survey network spacing was designed in order to target the base
of the basalt, and the average distance between stations was 250 m.
The gravity values were earth-tide, latitude, free air, Bouguer and
terrain corrected and each year’s data set was tied to a common
base station, giving Bouguer anomaly values with an accuracy of
0.2–0.25 mGal. They were then combined with British Geological
Survey (BGS) gravity data, 14 stations with an approximate spacing
of 2 km, to extend the gravity data set to an area matching that of the
MT data and allow modelling of the regional gradient and deeper
structure. BGS regional gravity stations in the Scottish highlands
were established along roads and tracks, where available, and using
helicopter transport in inaccessible areas. The BGS surveying of this
region was mainly completed during the 1970s, and the corrections
applied as above. The data processing is further described in the
SIMBA project final report.

2-D gravity modelling was carried out along the approximately
East-West profile shown in Fig. 1(b). A 2-D resistivity section along
the profile was extracted from the resistivity volume (Fig. 11a) and
used to generate the initial gravity model. The depths to the base
of basalt, the sedimentary sequence and the Torridonian succession
were inferred from the resistivity model (Fig. 11b). Density values
were taken from results of previous work in the area and generally
accepted values (e.g. O’Neill & England 1994). The resistivity sec-
tion shows highly conductive bodies in the sedimentary sequence
that may be indicative of zones of differing porosity and therefore
density. Thus, the sedimentary layer in the gravity model was di-
vided into zones of differing density. Overall, the gravity modelling
was much improved by using the MT model as a guide to varying
densities within the Mesozoic sediments and shallower structure.
The improved gravity match shown in Fig. 11(c) was obtained with
a high-density structure (density 2770 kg m−3), possibly a sill com-
plex, at the base of the basalt at a distance of 30 km along the profile
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3-D MT imaging of igneous province 1427

Figure 10. Results of the sensitivity analysis of the model shown in Fig. 8. The panels show the amount by which the resistivity of each block must be changed,
relative to its value in the best-fitting model, for the parameters ε+ and/or εm to increase by 3 per cent. See text for further details. Top (bottom): results obtained
when the resistivity is increased (decreased); the resistivity ratio is calculated with the best-fitting value in the denominator (numerator) so that the ratio always
exceeds unity.
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1428 S. Hautot et al.

Figure 11. Results of the MT and gravity data integration. (a) Vertical resistivity cross-section extracted from the 3-D resistivity volume (Fig. 8) along the
profile shown in Fig. 1(b). (b) 2-D gravity model derived from the resistivity model along the same profile. Density values are in kg.m−3. (c) Observed (blue)
and calculated (red) Bouguer gravity field values.

of Fig. 11(b), and a slightly modified depth to basalt and sediments.
The flat top surface of the Torridonian sediments has been replaced
by a ridge in the gravity model, inferred from the higher resistivities
(similar to those of the Torridonian sediments) at depths 2–2.8 km

beneath sites 9–16 in the resistivity model. The small-scale conduc-
tive features within the sedimentary sequence are modelled with
low-density values which, combined with their low resistivity, sug-
gest that the sediments have a locally enhanced porosity. In this
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3-D MT imaging of igneous province 1429

fluviatile and lagoonal environment, this could be interpreted as in-
dicating sedimentary depocentres. On the other hand, the shallow
resistive feature beneath site 9 is modelled with a high-density value,
which can be interpreted as a sill intrusion within the sediments.

At increasing depths, the gravity data resolution deteriorates and
the more regionally spaced BGS values are the main gravity control
on the model. The deepening of the top Lewisian basement from
west to east can be justified by a long-wavelength trend in the gravity
profile. However, this gravity trend could be the result of a number of
scenarios: a deepening basement, lateral density variations within
the Torridonian and/or Lewisian basement or even deeper varia-
tions in density or structure. In this case, we have tentatively placed
the Torridanian/Lewisan interface at a depth of approximately 7 km
based on the resistivity boundary, and introduced a slight west to
east slope to account for the regional gravity trend. The MT data
do not have the sensitivity to distinguish between this and the hori-
zontal basement surface of Fig. 11(a). The deeper structure requires
further constraints for accurate gravity modelling; however, in this
case, where the focus is on the shallower basalts and sediments, our
model offers an explanation of the longer wavelength anomalies
within the gravity profile.

6 C O N C L U S I O N

The results of this case study show that 3-D MT inversion is an ap-
propriate tool for the characterization of flood basalt provinces, here
applied in a volcanic margin context on the Isle of Skye. Our resis-
tivity model provides an image of the sedimentary sequence down
to the basement, 13 km deep. The sediments are covered by Tertiary
lava flows, a few hundred metres thick that prevent seismic data in-
terpretation for deep structures in this type of environment (O’Neill
& England 1994). An integrated MT and gravity study is used to
infer the structures respresented by small-scale features in the sedi-
mentary sequence of the 3-D resistivity model. Resistivity variation
can be interpreted in terms of porosity variation as demonstrated
by gravity modelling and geological mapping of facies variations
within the lava sequence (Single & Jerram 2004). This suggests
that the resolution of 3-D MT imaging is sufficiently accurate to
interpret sedimentary bodies in terms of depositional environment
which provides additional benefit in terms of locating higher poros-
ity bodies in the exploration context. Implications are important for
geological and geodynamical studies, but also for resource potential
assessment.
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