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CONTRACTUAL INFORMATION

This report and associated products were produced under the terms of contract number 98.16.21
between Enterprise Oil plc and the Natural Environment Research Council for "The provision of
consultancy services in connection with the Petroleum Infrastructure Programme Group 2."

As part of the terms of the contract, ARK Geophysics Ltd was sub-contracted by the Natural
Environment Research Council to undertake specific aspects of the work. This is covered by
contract GA/98F/61/S1 between the Natural Environment Research Council and ARK Geophysics
Ltd.

ARK Geophysics Ltd: "has provided expertise in potential field geophysics to the oil, gas and mineral
exploration industry since 1986. ARK works principally for international oil exploration companies -
acquiring, processing and interpreting gravity and magnetic data - and has built an excellent reputation for
high quality work and for achieving deadlines. We achieved registration for the international quality
management standard ISO9002 in 1994 and remain the only ISO9000 accredited, potential field service
company. Our emphasis on quality and rapid turn-around is made possible by a strong team of geophysical
staff who are all specialists in potential field methods, and by continuous investment in innovative
software.”

Conditions of use:

- this report and associated products are supplied on the understanding that it is for the
customer's sole use and may not be passed on, or copied, in whole or in part, to a third party.
However, copies of parts of report and associated products may be made for internal use by the
customer and for inclusion in documents required by licensing authorities. The report and associated
products may be shown, but not given, to exploration partners.

NERC Exclusion of Warranty:

- use by the customer of information provided in this report and associated products is at the
customer's own risk. Data from a number of sources have been used in compiling the grids and have
been accepted in good faith as being accurate. Although the compilation has been subject to quality
control to ensure reliability where possible, the Natural Environment Research Council (The
Council) give no warranty, expressed or implied, as to the quality or accuracy of the information
supplied, or to the information's suitability for any use. The Council accept no liability whatever in
respect of loss, damage, injury or other occurrence however caused.

ARK Geophysics Ltd Disclaimer:

Whilst every care has been taken in compiling these data, in no event shall ARK Geophysics
Limited be liable for any consequential damages or for loss of revenue or of anticipated profits, loss
of production, loss of contracts or other similar indirect loss suffered or incurred as a result usage of
these data, regardless of whether or not such loss or damage was caused or contributed to by any
negligence or default of ARK Geophysics Limited or of any of its affiliates, sub-contractors,
employees, servants or agents.
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EXECUTIVE SUMMARY

This study of potential field (ie. gravity and magnetic) data from the Rockall area west of Ireland
was undertaken jointly by the British Geological Survey (BGS) and ARK Geophysics Ltd for the
Rockall Studies Group. The project, number 98/1, forms part of the Petroleum Infrastructure
Programme established by the Petroleum Affairs Division of the Department of the Marine and
Natural Resources on 4th June 1997.

Project activities were divided into three parts:

A:  Data compilation and grid generation - to assemble all the available data, including airborne,
satellite, marine and land sources, and to generate grids from the network-adjusted compilations.

B:  Data presentation - to produce a representative suite of images from grids of the basic gravity
and magnetic anomaly data and from grids derived by further processing.

C: 2D/3D modelling - to generate a representative set of 2D models comprising six lines over the
margins of the Rockall Trough and two longer, regional lines extending across its full width; also, to
create a generalized 3D model in order to estimate the apparent basin thickness and apparent
magnetization over the project area.

Project deliverables were a set of anomaly grid files and CGM plot files of the images derived from
them, together with the 2D and 3D model outputs, supplied in digital form (on CD-ROM or Exabyte
tape). One set of encapsulated paper plots of the images was supplied to PAD.

The images provide a valuable insight into the structural pattern of the region with evidence of
significant, extensive features cutting across the north-easterly trend of the Rockall Trough itself.
There is also an inverse correlation between a number of major anomalies ie. gravity anomaly highs
coinciding with magnetic anomaly lows and vice versa.

Two-dimensional (2D) gravity modelling of basin structure near the shelfbreaks is difficult because
the response is dominated by the combined effects of marked changes in ground level (bathymetry)
and of crustal thinning. There is general agreement with the available seismic interpretations; the
remaining disparities need to be addressed using higher resolution datasets and a more detailed
analysis than was possible in this project. Regional profiles set the context for looking at broader
issues of crustal structure. There was little seismic information from beneath the Tertiary within the
Rockall Trough on the profiles used and significant uncertainty remains in accounting satisfactorily
for the potential field response.

A three-dimensional (3D), full-crustal model was constructed for the whole area. The thickness of
the cover sequence was then optimized to minimize the residual anomalies between calculated and
observed free-air gravity responses. This approach reproduces many of the known features in outline
form and provides a framework for developing more sophisticated models where there is better
data/control. The latest RAPIDS seismic experiments should be especially helpful in refining the
deeper parts of the model. Sections extracted from the 3D model are in qualitative agreement with
the 2D interpretations. The amount of variation allowed in fitting the 3D model was restricted. to
avoid undue amplification of 'noise' overall with the result that short wavelength features are not
reproduced accurately. Differences in magnetization within the upper crust (taken from the base of
the cover sequence derived from the 3D gravity optimization) were calculated separately.
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L1ST OF FIGURES
Front cover: annotated line contours of gravity anomaly data (isostatically-compensated) on a
coloured, shaded-relief image of the reduced-to-pole magnetic anomaly

NOTE: Jigure 1 appears at the beginning of section 1 (Introduction)
all other figures are at the back of the report in annexes A4 and A5

Figure 1 Location map with project area and modelled seismic sections shown in red

Selection of images from the suite of maps generated as digital plot files (in Annex A4)

Map 2 - gravity data point distribution

Map 3 - magnetic data point distribution

Map 4 - free-air gravity anomaly

Map 7a - isostatically-compensated Bouguer gravity anomaly

Map 9a - horizontal gradient of compensated Bouguer gravity anomaly
Map 9¢c - horizontal gradient of gravity potential

Map 10 - residual compensated Bouguer gravity anomaly

Map 12 - total magnetic field anomaly

Map 14b - horizontal gradient of reduced-to-pole magnetic anomaly

Map 16a - residual magnetic anomaly

Map 18 - horizontal gradient of pseudo-gravity anomaly

Map 19 *#* - Euler deconvolution solutions from magnetic data

Map 20 - gravity anomaly line contours on shaded relief image of magnetic anomaly
Map 22a - apparent basin thickness from a 3D gravity model

Map 22b - apparent basement surface relief from a 3D gravity model

Map 23 - apparent magnetization of upper crust from a 3D magnetic model

NB: these figures have been customized for display at A3 scale except for Map 19 which is a direct,
reduction of the 1:1M scale CGM plot file.

Figures illustrating results of 2D modelling with profiles derived from optimized 3D gravity model
(in Annex AS5):

Regional lines crossing the Rockall Trough.

Line GSR96-116
Line WI-32

Lines restricted to the margin of the Rockall Trough:

Line WRM96-107
Line DGER96-25
Line DGER96-37
Line GSR96-118
Line GSR96-108
Line GSR96-204
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Figure 1 Location map with project area and modelled seismic sections shown in red
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1. INTRODUCTION
1.1 Background

The Petroleum Infrastructure Programme (PIP), established by the Petroleum Affairs Division
(PAD) of the Department of the Marine and Natural Resources on 4th June 1997, was conceived as
a means of promoting hydrocarbon exploration in Ireland and its designated continental shelf. This
report refers to work undertaken for the Rockall Studies Group (RSG), a component of PIP with
funding initially from sixteen oil companies. The RSG, as represented by its Sub-surface Technical
Committee, is interested in the deeper geological aspects of the Irish Rockall area and it was
recognized at an early stage that potential field (ie. gravity and magnetic) data could contribute to
these investigations.

Following an invitation to tender from RSG, a contract (number 98.16.21 with Enterprise Qil plc)
was awarded jointly to the British Geological Survey (BGS) and ARK Geophysics Ltd, bringing
together proposals submitted independently by ARK and BGS. For administrative convenience
BGS was named as the main contractor, with ARK acting under sub-contract (ARK project
number: PIP98045) to BGS. The study is referred to as RSG Project 98/1: "Compilation,
presentation and interpretation of gravity and magnetic data in the Irish Rockall Trough".

The study was extended well beyond the area of immediate interest so as to provide a better sense
of the regional context and the relation between the southern Rockall Trough and adjoining
features such as Porcupine Basin, the Irish mainland and the Rockall Plateau. Maps/images were
produced using a UTM projection with the central meridian at 15°W (ie. zone 28) in the area 250-
1000 km easting and 5650-6350 km northing (approximately 19°W to 7°W and 51°N to 57.2°N).
A general location map is provided as figure 1.

A separate project, RSG 97/3, was concerned with establishing a structural nomenclature for the
Irish Atlantic margin (Naylor and Shannon, 1999). The agreed terminology is followed in this
report expect for the use of Rockall "Trough' instead of Rockall 'Basin' (as the former had already
been used in the production of the final maps). The structural element map produced as part of this
work should be used as the reference for the geological setting of the geophysical maps also. A
number of key seismic sections interpreted as part of Project 97/3 to investigate the nature and
extent of the known basins provided the starting point for the 2D modelling of gravity and
magnetic anomaly profiles.

1.2 Project organisation and outputs
There were three distinct, but related aspects to the work programme:

Data compilation

e assemble, merge and network-adjust the land, marine and airborne data available in 'x,y,z'
format for the ground surface relief (mainly bathymetry) and the gravity and magnetic fields;

e generate digital grids from these adjusted data, including information from the public domain
(such as free-air gravity values derived from satellite altimetry) as necessary to complete the
coverage, including a margin of about 100 km for the working grids (to reduce edge effects
when applying subsequent filtering operators).
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Data processing and visualisation

e transform the basic grids as necessary to derive additional parameters which further enhance
particular aspects of the data eg. isostatically-compensated Bouguer gravity anomalies,
horizontal gradients, residual anomalies, pseudo-gravity anomalies etc.

* generate a representative suite of images for reproduction at a scale of 1:1M using colour and
shading effects to display the data to best effect and to maximize the structural information
conveyed.

Integrated modelling of gravity and magnetic anomalies

* 2D modelling along six selected profiles with seismic interpretations over the margins of the
Rockall Trough;

¢ 2D modelling of two regional profiles with seismic interpretations crossing the Rockall
Trough;

* 3D modelling of the full area to provide an estimate of 'apparent basin' thicknesses and of
upper crustal magnetization.

Data compilation and the 2D modelling of the six shorter profiles were undertaken by ARK, with
the remainder of the products being the responsibility of BGS.

The specified outputs of the project as supplied to all members were:

1. grids of the bathymetry, free-air gravity and total field magnetic anomaly data together with
any derived grids used in producing the images - distributed in ASCII x,y,z format;

2. plot files of the representative suite of images and 2D and 3D models in CGM, JPG and
Postscript formats;

3. 2D model profiles and 3D model outputs as CGM and Postscript plot files

4. hard copy of the final report.

Digital data were supplied on Exabyte 8mm cartridge tape or CD-ROM as requested. The
distributed digital products are itemized in annexes as follows:

* maps/images (Annex Al)
o grids (annexes A2and A3)
e digital plot/data files (Annex A3)

In addition, a set of encapsulated printed maps was produced for PAD.

This report describes the processing techniques applied, the images produced and the modelling
results. A selection of customized images is provided at reduced scale to illustrate the main
features in the study area (Annex A4); Map 19 is a direct, scaled-down copy of the 1:1M map to
show the style of layout/presentation adopted in the digital CGM files. Profiles resulting from both
2D and 3D modelling are provided in Annex AS5.

1.3 Geological setting

Apart from some specific areas such as the Slyne, Erris and Porcupine basins in which more
extensive exploration, including drilling, has taken place, most of the region remains poorly
understood. In particular, the nature of the Mesozoic history of the Rockall Trough (and Rockall
Plateau) is the subject of conjecture and inference from a very limited amount of hard information.
This position is improving slowly with the acquisition of more deep seismic data of better quality
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(cf. the results from RSG Project 97/11 should be especially interesting in adding to these) but
conventional seismic surveys tend to suffer from the adverse effects of lavas and sills within the
Palacogene and Cretaceous successions. The potential field data provide further insights into the
structural framework but, as noted by Musgrove and Mitchener (1996), it can be misleading to
attribute gravity/magnetic anomalies directly to basement geometry unless other constraints are
available.

The Rockall Trough enters the project area from the north at a point just to the south of the Anton
Dohrn Seamount (Fig.1). It continues on a south-westerly trend between Rockall Bank, which lies
on the eastern margin of the Rockall Plateau (comprising the Hatton Basin and the Rockall and
Hatton highs), and the UK/Irish continental shelf to the east. The Hebrides Terrace Seamount
Centre lies on the eastern margin of the trough, distinguishing it from the more centrally located
Rosemary Bank and Anton Dohrn seamounts; it may also be younger in origin - Palacocene rather
than Cretaceous in age. All three seamounts rise more than 1000 m above the local seabed.

The floor of the Rockall Trough slopes steadily down from about 2000 m to 4000 m to the south-
west and generally steepens more rapidly at its eastern margin. The margins of the trough are of
particular interest for hydrocarbons exploration as they comprise a series of rotated fault blocks in
which Mesozoic sedimentary rocks have been preserved.

The southern limit of the Rockall Trough is taken to be marked by the Charlie-Gibbs Fracture
Zone, with the linear magnetic anomalies characteristic of oceanic crust being seen over the
Porcupine Abyssal Plain beyond this. It is assumed here that the Rockall Trough itself is underlain
by highly attenuated and intruded continental crust. On the northern side of the Charlie-Gibbs
Fracture Zone, the Barra Volcanic Ridge System has been identified from seismic data, showing a
direct correlation between strongly reflective seismic basement highs and positive magnetic
anomalies. Megson (1986) and Bentley and Scrutton (1986) attribute these features to Cretaceous
igneous activity during the early stages of development of the Charlie-Gibbs Fracture Zone.

The structural elements map from project RSG 97/3 summarizes the main features known within
the area, and published results from the seismic experiments describe the current state of
knowledge on deep crustal structure and overall basin geometry. It is assumed that the reader is
familiar with the general geological context: descriptions of the Rockall Trough given in the BGS
Interpreters' Supplements, volumes 10S and 11S are not repeated here though an extended
bibliography has been retained (Annex A6). Specific points relating to the information contained in
the gravity and magnetic images and the results of the modelling are discussed in the relevant
sections below.
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2. DATA SOURCES, COMPILATION AND GRIDDING

The aim for this phase of the project was to collate all available datasets of gravity and magnetic
data from the PAD database, BGS database, Hydrographic Office, DMA, DIAS, GSI and
proprietary surveys that members of the study group had supplied for the sole use of the project.

Data for Ireland as provided by DIAS (gravity) and GSI (magnetic) were made available on the
basis that they could be used only in compiling the working grids and for the production of images.
That is, they were not to be included in any of the output grids supplied to the group members, nor
were they to be used in the 3D modelling (see also Annex A3). Any members wishing to access the
onshore data should contact DIAS and GSI directly.

The data are derived from a wide variety of sources with significant differences in acquisition
parameters and quality and there is a general tendency for the coverage to become more sparse in
an east to west direction. It is important to bear these factors in mind when assessing the final grids
and the changes in anomaly characteristics across any image derived from them. Changes in either
the density of survey coverage or in bathymetry can have a marked influence on the frequency
content of the images which needs to be recognized as such.

2.1 Data sources

The following data were made available to the project (quantities refer to the those falling within
the area of the final grids ie. excluding the working margin)

Gravity data:

Existing line data from the PAD database held by ARK 61045 km
Supplied line data from the BGS, Hydrographic Office and DMA 165588 km
Extra line data obtained from Aran, HGS, Mobil, Enterprise and LCT surveys 22653 km
Line data supplied by the BGS in the area north-east of Ireland 5443 km
Land gravity stations covering Northern Ireland 11257
Land gravity stations covering Eire (DIAS) 23257
Sandwell satellite gravity data (version 7.2) (gridded dataset)
Marine magnetic data:

Aran marine data 211 km
HGS marine data 3913 km
LCT marine data 3918 km
Existing data from the PAD database held by ARK 16342 km
Data supplied from the BGS 13485 km
Data as supplied from Mobil 6460 km
Aeromagnetic data:

Huntings aeromagnetic data 9922 km
Faireys aeromagnetic data 13949 km
Northern Ireland aeromagetic data 11264 km
Combined dataset of acromagnetic data 47337 km
SSL aeromagnetic data (Irish waters only) . 14193 km
GSC aeromagnetic compilation (gridded dataset)
GSI aeromagnetic compilation (gridded dataset)
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2.2 Locations

All point location information was transformed into the UTM co-ordinate system adopted for the
project, that is, with the central meridian at 15°W and referred to the Hayford 1909 (also known as
the International 1924) spheroid. The navigation data were checked and edited as required. Note
that the distance between points varied widely between surveys.

2.3 Bathymetry

Bathymetry data were converted into ARKive format and were visually inspected utilising the
ARK proprietary interactive graphics package. Data spikes, dropouts, positive marine values and
other spurious values were either set to null individually or the lines including them were removed
from the dataset.

Mis-ties in the corrected bathymetry data as calculated at line intersections gave an initial root-
mean square (RMS) error of 108.9 m. These were minimized by a procedure consisting of optimal
DC shifts, followed by constrained linear ramps and piecewise datum adjustments. The final RMS
error was 25.3 m, with 97% of mis-ties less than 10 m. Adjusted values at line intersection points
were then used to create the levelled bathymetry by fitting an Akima spline under tension through
the differences to form a new surface.

Adjusted marine bathymetry data were merged with the coastline (set to a value of zero) and
elevation data from the land gravity stations. Data were then gridded at a node interval of 2 km
using continuous curvature splines under tension.

Nodes from a second grid derived from the digitised contours of the GEBC097 compilation were
spliced in to complete the coverage over the full project area where the available marine survey
data were thin or non-existent.

The final grid was sub-sampled to a node spacing of 1 km.

2.4 Gravity data

Marine gravity data were edited, adjusted and levelled using similar procedures as for the
bathymetry. Their distribution is illustrated in Map 2 (Annex A4) Mis-ties for the corrected free-air
gravity data at line intersections were reduced from an initial RMS error of 7.03 mGal to a final
value of 1.22 mGal with 96% of mis-ties better than 1 mGal. Levelled marine free-air gravity data
were then combined with land station data (as Bouguer anomaly values at 2.67 Mg/m®) and
gridded at a node interval of 2 km. A grid computed from the free-air gravity data as derived from
satellite altimetry (Sandwell, 1992, Carlowicz, 1995) was used to complete the coverage to the
west.

Densities of 2.2 Mg/m® and 2.75 Mg/m> were adopted for calculating offshore Bouguer correction
values using a 3D method (ie. including terrain effects). These densities are considered appropriate
for resolving features over the shelf and deeper water areas respectively (see discussion in reports
accompanying BGS Image Atlas volumes 9, 10 or 11). The corrections were then added to the
free-air gravity anomaly data to give Bouguer gravity anomaly values at the respective densities.
Bouguer anomaly values on land, calculated for a density 2.67 Mg/m®, were then merged with the
offshore data for gridding at a node spacing of 2 km.
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The satellite data were corrected and gridded independently and the two grids spliced together,
using the satellite gravity where the marine survey coverage was poor.

The final grids were sub-sampled to a node spacing of 1 km.

2.5 Magnetic data

Magnetic point data (see Map 3, Annex A4, for their distribution) were edited to remove spikes,
dropouts, and other spurious values. The marine dataset was then upwardly continued to 450 m to
match the height adopted for the aeromagnetic data.

Mis-ties in the combined marine and airborne magnetic anomaly dataset were reduced from initial
RMS errors of 23.01 nT to 12.57 nT (with 96% of mis-ties better than 10 nT) prior to generating a
grid at a node spacing of 2.4 km from the levelled dataset.

Separate grids were assembled from The Arctic and North Atlantic Oceans Magnetic Compilation
(GAMMAAS: Geological Survey of Canada): and a magnetic compilation for the Irish mainland
from PAD/Geology Survey of Ireland. These were spliced together with the levelled marine +
airborne magnetic anomaly in such a way as to retain the maximum anomaly resolution.

The final grid was sub-sampled to a node spacing of 1.2 km.

2.6 Data quality

The process of gridding inevitably tends to smooth out the higher frequency signals present in the
along-track data as these are much more closely spaced than the distance between lines. Even in a
high resolution survey, with line separations of only a few hundred metres, some high frequency
signal will be lost by gridding although grid nodes close to valid data points will be reliable.

For this project the individual datasets had quite different specifications and for the area as a whole
it was appropriate to adopt a grid node interval of 2 km, making allowance for the more sparsely
covered areas. The result of this is that any anomaly with a wavelength of less than approximately
4 km will suffer from under-sampling, with the consequent possibility of aliasing. For the purposes
of further processing, all the final grids were sub-sampled to a node interval of 1 km and, for
presentation, interpolated again to 0.5 km. This reduction in grid node interval clearly adds nothing
to the information content as such.

In the case of the satellite gravity data there is a further loss of resolution, first because the
altimetry data themselves are effectively averaged over an area of about 7x4 km and, second, as a
result of the processing needed to extract the free-air anomaly values as such. Comparison of
satellite and marine gravity data indicates that the former tend to distort the shape of anomalies
somewhat and are limited to resolving wavelengths of no less than about 15 km.

The externally sourced magnetic grids have another level of uncertainty attached in terms of
understanding the processing procedures followed. In particular, the Geological Survey of
Canada's data are part of a much larger compilation.and the processing will not necessarily have
been best suited to this area, bearing in mind the additional data available for this project.
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3. GRID PROCESSING

The basic working grids were subject to a variety of additional smoothing and filtering operations
using in-house BGS software, both to improve the appearance of the images produced from them
and to generate additional parameters for display. Most of these operations involve Fourier
transformations (ie. working in the frequency domain) with the exception of simple functions such
as horizontal gradients. Grid augmentation of >20% was applied to the working grids to minimize
any distortion as a result of edge effects when using Fourier operators.

The problems associated with gridding gravity and magnetic datasets are well documented. Along-
track information is closely sampled whereas line separations are often large in relation to the
required anomaly resolution. Thus, the effects of data sampling are sometimes seen in the images
as linear trends (including 'bull's eyes' and 'string-of pearls' anomaly characteristics) which coincide
directly with ships' tracks or flight lines. A balance has to be reached between over-smoothing
features of interest as against leaving too much 'noise' in the output or mis-representing anomalies
as a result of under-sampling (ie. aliasing). The approach adopted here has been to retain as much
'signal' as possible, accepting that some noise effects will remain but without degrading the overall
appearance unduly. Increasing water depths are equivalent to raising the observation surface and
they similarly lead to an attenuation of high frequency content in the anomaly pattern - this should
be distinguished from the loss of character resulting from wider line separations.

A particular problem encountered with the original gravity anomaly grids arose from the
systematic change in data quality and anomaly resolution from the more detailed land data in the
east to the satellite data in the west. The latter show a dimpling effect with a wavelength of 10-
20 km which is considered to be an artefact of the procedure by which they are derived from the
satellite altimetry. Also, where the marine survey coverage becomes sparser, the anomaly
resolution decreases overall and individual, line specific effects are more apparent. Land survey
data tend to exhibit higher frequency noise characteristics which can reflect variations in
superficial geology as well as survey quality.

In order to accommodate the different smoothing requirements across the gravity anomaly grids as
a whole, whilst avoiding any abrupt changes in filter characteristics at survey boundaries, a
variable upward continuation procedure was adopted. This technique involved generating an
equivalent source distribution to reproduce the grid values as compiled initially followed by
calculation of the gravity values at a new observation surface above this. The output observation
surface was varied from a height of 300 m over Ireland, increasing steadily from 500 m to 1 km
westwards across the continental shelf and then to 2 km in the area covered by satellite data (ie.
from near the shelfbreak). These 'continued' grids were taken as the starting point for all further
processing.

The original total field magnetic anomaly grid was re-sampled from 1.2 km to 1 km node spacing
for consistency with the other datasets. Residual high frequency noise in the working grid was
removed by applying a light smoothing filter within the EarthVision package (Dynamic Graphics).
The reduced-to-pole magnetic field (calculated for a contemporary field inclination of 68.7° and
declination 13°W), as used for most of the magnetic anomaly images has, in effect, been subject to
further smoothing by application of the transformation filter.

A list of the grids used in creating the images and supplied to Group members, together with a
brief description of what they represent is provided in Annex A2. The rationale behind the use of
these grids is also discussed below in relation to the images themselves.
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4. IMAGE PROCESSING
4.1 Data display

All images and maps were generated by the BGS proprietary COLMAP97 colour image production
system. However, the composition facility 'zcmp' within the ZEH plotting software was utilized in
order to add the location map and the ARK and RSG logos to the legends for the final outputs in-
house. As noted in Annex A3, this caused some difficulties subsequently when distributing the
CGM plot files to group members because the 'zecmp' utility was less widely used than expected.

The processed data grids have been displayed mainly in the form of coloured, shaded-relief
images. Colour is assigned initially on the basis of anomaly amplitude, with these basic colours
then being modulated to simulate shading effects proportional to the local field gradients. The
effect is equivalent to treating the anomalies as a topographic surface, illuminated for a specific
sun angle. Shading is particularly useful for enhancing the subtle trends contained within the
anomaly gradients and allows different trends to be emphasized by changing the direction of
"illumination’.

In most cases, colours have been assigned in a non-linear way, approximating an equal-area
distribution over the image as a whole. This helps to discriminate the small variations in regions of
slacker gradients which would otherwise be lost with a linear colour scale. Some adjustments to
the actual equal-area values were made to avoid the tendency to generate relatively large,
concentrated blocks of colour at the extremes of the scale.

Line contours are invaluable for quantifying the colour range and for conveying the 'true' anomaly
gradients in so far as they are based on a linear scale where practical. Note, however, that to
minimize problems caused by the large dynamic range and variable frequency distribution of the
magnetic anomalies, a stepped linear scaling (rather than automatic contour thinning) has been
used on some maps ie. the line contour interval is fixed over specific sections of the range, but
increases at higher anomaly values. This helps in resolving the line contour information and in
maintaining visibility of the underlying colours, accepting that the representation of gradients
varies between the different sections.

Of necessity, a selective approach has been adopted to limit the number of maps designed for
'hard-copy' output but the grid files themselves can be used as input to commercial imaging
software (eg. ER Mapper) which allows interactive on-screen viewing of changes in the display
parameters. The illumination direction varies between images, recognizing that no one direction is
ideal for highlighting all the trends which can be seen. Similarly, different colour scales are
included to illustrate the advantages of varying these parameters.

The maps have been designed for plotting at a scale of 1:1M. There is some advantage in standing
back from the hardcopy output to get a better perspective; it can also be useful to compare
hardcopy with the more compressed images as viewed on screen which sometimes show
'lineaments' more clearly.

The descriptions that follow are intended as a guide to the type of information that can be
extracted from the images but they do not cover all the features of potential interest. It is assumed
that reference will be made to the relevant images in order to appreciate specific points made in
the comments on the different maps. Those images included as part of the selection in Annex A4
are indicated by an asterisk in the headings.
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4.2 Description of images
Map 1: (*) Bathymetry/topography image with 2D modelled profile locations

This image has been produced as a colour-filled contour image. Figure 1 illustrates the form of the
data but in a somewhat different style from Map 1 itself. Shaded relief is not very helpful where
there are large areas with long slopes and/or little variation compared to the overall range in value
and in this case it serves only to emphasize 'noisy' aspects of the grid.

Apart from relation to aspects of the underlying geological structure, bathymetry data are used
explicitly in both 2D and 3D modelling and they are also needed for calculating the Bouguer
anomalies and isostatic corrections. Thus, any errors in the bathymetry will be propagated into the
processed data and their interpretation.

Bathymetry is especially important in respect to the gravity data as the low density of sea water
means that it can generate large anomalies: as a guide, a change of 100 m in the water column is
equivalent to about 5 mGal (for a density contrast of 1.2 Mg/m® with the adjacent sediments).
These anomalies are seen directly in the free-air anomaly maps as no topographic corrections are
included at this stage. In fact, the influence of a large body of water, such as that within the Rockall
Trough, is much less than might be expected because the reduced mass near the surface is offset to
a first approximation by thinning of the crust at depth. This relates to Airy's hypothesis of isostasy
whereby the crust is considered to 'float' on the underlying mantle so that the loading at a level
beneath the deepest part of the crust is constant laterally. Nevertheless, significant effects can be
seen, more especially over localized features such as seamounts and where rapid changes in water
depth occur eg. crossing the shelfbreak.

Bouguer gravity anomaly values are corrected for bathymetry by allowing for the difference in
density between the water and the underlying sediments: on land, this becomes the difference
between the rock forming the topography and the surrounding air - a mass excess rather the deficit
off shore. Note also that off shore the observation surface remains constant (ie. at sea level)
whereas on land it usually follows the ground relief. The bathymetry is also used in estimating
crustal thicknesses by assuming an Airy isostatic model in which sea water is the only significant
loading factor. This, in turn, forms the basis for calculating the isostatically-compensated Bouguer
gravity anomaly values.

The control on bathymetry is generally good over the continental shelf where the relatively low
relief means that few artefacts would be expected at the mapping scale of 1:1M. However, there is
some doubt about the reliability of the data over the Porcupine High where the available marine
survey lines were more widely separated. The final grid here was based on the marine data
although the GEBCO97 contouring is somewhat different. Some errors are also to be expected over
the shelfbreak where the gradients are especially steep along parts of the eastern margin of the
Rockall Trough and where major canyons, both transverse and longitudinal to the slope are known
to occur. The reliability of the GEBCO97 data in the more remote western half of the project area is
thought to be relatively good, given the more limited coverage.

Care is needed when processing the bathymetry data to avoid artefacts in the form of 'overshoots'
generated by the gridding algorithm. Ground relief is inherently a less smoothly varying function
than a potential field and problems occur, for example, where flat-bottomed valleys have steep

sides. Some interactive grid editing was done to remove the more obvious examples of this near
the shelfbreak north of Porcupine Bank.
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It can be seen that the shorter profiles selected for 2D modelling lie over the margins of the
Rockall Trough where the changes in bathymetry are most severe.

Map 2: (*) Location map of digital data points taken from marine gravity survey tracks

The individual points from gravity survey data subject to network adjustment are indicated as
crosses: in many cases these merge to appear as lines when plotted at 1:1M scale but in some cases
the sampling is more sparse.

The land data from Ireland are not shown for reasons of confidentiality. Satellite data points have
also been excluded because the close network of tracks along which values have been calculated
gives a misleading impression of the information content. The tracks themselves form closely
intersecting sets which trend approximately NNW-SSE and SSW-NNE.

It can be seen that the available marine survey coverage becomes rather sparse in the western half
of the project area and the line selected for splicing in the satellite grid lies close to or inside the
shelfbreak along the Irish margin of the Rockall Trough. Additional detailed surveys, not available
for this compilation, do exist but these would probably not greatly improve the appearance of
images over the Rockall Trough/Plateau at the regional scale used for this project. In principle,
better results are achievable by controlling the satellite grid with the existing marine lines but there
were no means for doing this efficiently.

Map 3: (*) Location map of digital data points taken from magnetic survey tracks

As in Map 2, only the point data, adjusted as part of this compilation, are displayed. Values
imported from existing grid compilations (eg. over Ireland and the western third of the project
area) are excluded because they give no indication of the distribution of the data from which they
were derived. The Canadian grid is supplied at node interval 5 km and the original data have been
subject to a variety of adjustment and filtering processes in achieving the final product. In some
areas, including the Rockall Plateau, directional filtering was applied. When looked at in greater
detail this is seen to have exaggerated the degree of correlation along SW-NE trends within the
Rockall region.

The magnetic survey coverage is better than that for the gravity data allowing the line along which
the Canadian compilation grid was spliced in to be placed west of 15°W. Thus, much of the
Rockall Trough lies within the area of the survey data set.

Map 4: (*) Free-air gravity anomaly image (Bouguer anomaly values on land)
[in full colour; shaded-relief illumination from the west]

Illumination from the west brings out most of the anomaly trends to be seen in this dataset,
including those cross-cutting the Rockall Trough. With the vertical exaggeration used, the long
'shadows' cast by some of the larger anomalies results in loss of detail but this is offset by the
ability to see the smaller features elsewhere.

As noted above, the free-air anomaly grid has been smoothed by a variable continuation process.
This retains more of the high frequency signal to the east, although the Bouguer gravity anomalies
over land have also been attenuated somewhat to emphasize regional features such as the SW-NE
Caledonoid trend. The published 1:1.5M gravity anomaly map covering Britain, Ireland and
adjacent areas (BGS, 1997) shows a little more of the detail. Distinctive gravity anomaly lows
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occur along the west coast over the Donegal and Galway granites whereas the anomaly low further
south is associated with the thick Devonian sequence of the Munster Basin.

The amplitude range of the gravity anomalies increases markedly beyond the Irish inner shelf
region with a combination of shallow, dense basement rocks and igneous centres being responsible
for the anomaly highs. Most of the known basins are associated with gravity anomaly lows as
would be expected, although their impact is often relatively subdued in the images at this scale of
presentation. Thus, the North Celtic Sea Basin, North Porcupine Basin, Slyne Basin and Malin
Basin can be identified to some extent. The Main Porcupine Basin has a more dramatic appearance
with a central gravity anomaly high separating deep flanking anomaly lows. This geometry bears
little relation to the sedimentary structure to a depth of about 8 km and is only superficially linked
to the Porcupine Median Volcanic Ridge or bathymetry: without the seismic evidence it would be
difficult to reach the correct model from the gravity data alone. Gravity anomaly values in the
Seabight Basin also remain relatively high despite the continuation of a thick sedimentary
sequence, indicating the presence of highly attenuated or dense underlying crust.

Further west, the influence of changes in bathymetry on the free-air gravity anomalies is clearly
seen in the strong gradients over the sheltbreak. Shelf margins often show a characteristic free-air
gravity anomaly signature. This is an expression of the interaction between changes in bathymetry,
sediment and crustal thicknesses which, in turn, reflect changes in the nature of the crust and the
sedimentation processes as the margin developed. Temperature is an important influence on crustal
rigidity and the degree of isostatic balance maintained: thus, in the initial phases of rifting an Airy
model with zero elastic thickness is often appropriate whereas with subsequent cooling, and the
displacement of sea water by sediment, the additional loading may not result in a proportionate
change in local crustal thickness. The influence of magmatism and associated underplating
represents a further level of complication in the case of the north-east Atlantic margin.

The simplest signature for a passive margin has a free-air gravity anomaly high on its shelf side
and an anomaly low on the oceanic side, with an overall amplitude of perhaps 200 mGal. (Note
that, for present purposes, the highly-attenuated continental crust under the Rockall Trough is
equated with oceanic-type crust.) However, in this part of the Rockall Trough, both margins show
free-air gravity anomalies with somewhat lower amplitudes (closer to 100 mGal) together with
evidence of secondary gravity anomaly ridges within the trough itself. This pattern is similar to
that predicted with a weak crustal rheology on both sides of the margin (Watts, 1995). Another
possible influence on the longer wavelength gravity anomaly pattern is suggested from the
interpretation of data from the RAPIDS seismic experiment. O'Reilly et al. (1996) describe
evidence for serpentinization of the upper mantle beneath the Rockall Trough where sea water has
penetrated along fractures though the attenuated crust. The inference is that, as with the Porcupine
Seabight Basin, the gravity anomaly pattern within the trough is not simply an expression of
sedimentary basins and basement highs.

A distinctive free-air gravity anomaly high near the south-western end of the Rockall Trough (in
Quadrant 100) is associated with somewhat shallower waters. This is an area of igneous activity
with intrusions and the Barra Volcanic Ridge System nearby. The latter are linked with magnetic
anomaly highs whereas they tend to correlate with local troughs rather than ridges in the gravity
anomaly field. As noted below, there appears to be a more widespread inverse correlation between
gravity and magnetic anomalies within the Rockall Trough.

The Charlie-Gibbs Fracture Zone does not show as a prominent feature at this scale. The change
from continental to oceanic crust does not inevitably mean a large contrast in physical properties
such as bulk density and the discontinuity in anomaly pattern is best seen when viewing a larger
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area. Similarly, there is more evidence of the putative Clare Lineament in the additional coverage
provided by the full working grids.

The Rockall High is thought to comprise continental crust of near normal thickness, consistent
with the shallow water depths. High gravity anomaly values are linked to basic intrusions and
shallow basement with only a thin sedimentary cover sequence. Further north-west, anomaly
values reduce again into the Hatton Basin where thicker sediments can be identified in seismic
data.

Map 5a: Horizontal gradient of free-air gravity anomaly (Bouguer anomaly on land)
[in full colour; shaded-relief illumination from the north-west]

Horizontal gradients reach a local maximum over linear discontinuities such as faults and the
upper margins of more localized anomalous bodies such as dense basic igneous centres or
sedimentary basins of relatively low density. The value used here is the magnitude of the
horizontal gradient so there is no sense of direction into or away from an anomaly high/low. Note
that a feature such as a gravity anomaly ridge will now be represented by maxima over both flanks
in the horizontal gradient image, with a minimum (of zero) along the ridge line itself (cf. Map 4).
Note also the difference from a vertical derivative map which retains more of the character of the
original field (ref. Map 6).

The horizontal gradient image brings out more detail of the anomaly structure, enhancing the
subtle features partly revealed by applying shaded relief to the original image. This also
emphasizes the additional resolution available with the better data coverage in the east, for
example in comparing the response over the Rockall High with that from the inner Irish shelf.

Map 5b: Horizontal gradient of free-air gravity anomaly (Bouguer anomaly on land)
[in blue-red colour; shaded-relief illumination from the north-east]

This image is based on the same grid as Map 5a but uses a different colour scale and the
illumination direction is changed to bring out other trends. Detail in the amplitude variations in the
gradient is not usually especially informative and reducing the amount of colour variation focuses
attention more on the structural details, even if at first sight the image appears to have less visual
impact.

Map 6: Residual free-air gravity anomaly from 10 km upwardly continued field
[in full colour; shaded-relief illumination from the west]

There is a variety of techniques for generating residual anomaly maps, the aim being to remove the
longer wavelength, background variations assumed to originate from deeper sources and so to
highlight the nearer-surface features. Vertical derivatives serve this purpose. They are often very
effective where the data are of high quality though, otherwise, they can appear noisy. High-pass or
band-pass filters, based perhaps on an analysis of power spectra, can be used for focussing on
specific features. The removal of a low-order trend surface, generated either as orthogonal
polynomials or by any standard grid smoothing package, is another alternative.

The approach adopted here is to smooth the field by upward continuation and to subtract the result
from the original field: the output is similar to a smoothed first vertical derivative, taken over a
finite distance. The subtracted field becomes smoother as the continuation distance is increased
and so the residual retains more of the original anomaly. Conversely, taking a small continuation
distance leaves only the higher frequency (ie. shorter wavelength) anomalies in the residual. A
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value of 10 km was adopted here, to give an intermediate degree of filtering and avoid over-
emphasis on the higher frequencies which are not well specified with this dataset.

Map 7a: (*) Isostatically-compensated Bouguer gravity anomaly (at 2.75 Mg/m’)
[in full colour; shaded-relief illumination from the north-west]

The Bouguer correction is almost invariably applied to land-based gravity data in order to reduce
to strong correlation with local topography seen in the free-air anomaly data. In marine gravity
surveys the problem is less acute in that the observation surface now remains fixed, at sea level,
and the seabed relief is more distant. The Bouguer correction works well in shelf areas where relief
on the sea floor is usually of relatively small amplitude, cut into the more recent sediments.

Where deeper water occurs, more particularly beyond the shelfbreak, Bouguer anomaly maps
usually show a strong inverse correlation with bathymetry. This follows from the fact that the sea
water effect (as allowed for in the Bouguer correction) is partially compensated at depth by crustal
thinning. In oceanic areas this means that the free-air anomaly itself (ie. not the Bouguer corrected
value) is close to zero where isostatic balance is achieved. Thus, a further correction has been
applied, removing the gravity effect attributable to changes in the depth to the Mohorovi¢ié
Discontinuity (Moho) based on a modified Airy-root model of isostatic compensation for relief on
the ground surface (ie. at seabed in off-shore areas). Note that this compensation only takes
account of the effect of a ground surface varying relative to sea level: it does not make any
allowance for the change in loading between areas with deep basins as against basement highs.

In assigning a density to the Bouguer correction the value appropriate to the formation into which
the relief is cut is usually applied. This is, typically, 2.2 Mg/m® for the UK continental shelf.
However, in areas such as the Rockall Trough, the main body of water is effectively replacing
basement with a density of perhaps 2.75 Mg/m® rather than Cenozoic sediments. This difference in
density has a noticeable affect on the ability to resolve specific features in the anomaly pattern
such as basins near the shelfbreak, more especially when a further correction has been applied to
compensate for the predicted changes in crustal thickness across the margins.

The contribution from the base of the crust has been calculated assuming an elastic thickness of
5 km whereas for true Airy isostatic compensation this thickness is 0 km. By assigning some
rigidity to the crust the loading effects are distributed more widely and the resulting model for the
Moho has a smoother form. This was used in part in recognition of known departures from the
Airy isostatic response as deduced from deep seismic experiments over the UK and Irish shelves.
A standard crustal thickness of 30 km (ie. for ground level at 0 km) was assumed, with a density
contrast of 0.4 Mg/m® across the base of the crust. The sea-water replacement density for
calculating the change in load was set at 2.5 Mg/m3 rather than the Bouguer reduction density.
Again, this was done to make some allowance for the fact that the crustal thickness is not simply a
reflection of the ground surface relief, the implication here being that some of the load is offset at
deeper levels within the aesthenosphere. (Note that grids with the same reduction and
compensation densities are included as part of the digital data set.)

This image at the higher reduction density should be compared with the free-air anomaly (Map 4)
and the compensated Bouguer anomaly at the lower density (Map 8) to appreciate the effects of
changing the reduction parameters. As the Moho contribution originates at depth its gravity effect
is relatively smooth and the result is to modulate the datum to which the Bouguer anomalies are
referred. The adjustment in levels is obvious as a change in colour balance between the three maps.
In this case the higher Bouguer reduction density is under-compensated, leaving a positive bias to
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the anomaly values over the deeper waters in the western half of the map. In effect, we are defining
a regional background field which is then used to generate a specific type of residual anomaly map.

Map 7b: Isostatically-compensated Bouguer gravity anomaly (at 2.75 Mg/m’)
[in full colour; shaded-relief illumination from the north-east]

The change in anomaly datum over the trough allows the shading to bring out more continuity in
some of the linecament trends and the difference with illumination direction is more marked in
comparison with the free-air anomaly images. This image emphasizes a number of distinctive
features cutting across the trough along (north-)north-west trends. It also gives a more obvious
sense of the Charlie-Gibbs Fracture Zone and Clare Lineament.

The occurrence of large isostatic gravity anomalies within the Rockall Trough itself is perhaps
surprising and there is no evidence at this time that they relate directly to the upper, sedimentary
part of the sequence: their possible origin is discussed further in the context of the 3D modelling
results (Section 6).

Map 8: Isostatically-compensated Bouguer gravity anomaly (at 2.20 Mg/m®)
[in full colour; shaded-relief illumination from the north by east]

As discussed in relation to Map 7a, the reduction density of 2.2 Mg/m? is expected to give the best
representation of anomalies over the shelf areas. The same crustal root model was applied as in
maps 7a and 7b: thus, with the load correction density now being higher than the Bouguer
reduction density there is over-compensation for the deeper waters, leaving the adjusted anomaly
values with a negative bias here. This allows the Bouguer correction to account for local variations
in water depth relative to the sedimentary cover whilst accepting that this probably under-
represents the effective mass deficit within the Rockall Trough.

The main interest of these images lies in the qualitative differences in anomaly pattern over the
margins of the Rockall Trough rather than in the anomaly values as such. As an example, compare
the response off the western flank of the Porcupine High in quadrants 74, 75, 82 and 83, where a
more prominent ridge/trough anomaly pattern is seen with the higher Bouguer reduction density. If
this geometry is not reflected in the geological structure there may be problems with the
bathymetry data, or the crustal thinning could be displaced relative to the shelfbreak.

It is also noticeable that there is a more distinct change in compensated anomaly value across the
Charlie-Gibbs Fracture Zone when the same reduction and load densities (at both 2.2 Mg/m® and
2.75 Mg/m®) are used. The change in value over the Porcupine Abyssal Plain is less obvious with
the intermediate load density adopted for maps 7 and 8

Map 9a: (*) Horizontal gradient of isostatically-compensated Bouguer gravity anomaly
[in full colour; shaded-relief illumination from the north-west]

The overall appearance of the image of horizontal gradients is less obviously affected by the
isostatic compensation procedure (cf. Map 5a) but, in detail, it can be seen that significant
differences are present, more especially near the shelfbreak (compare, for example, the data in
quadrants 5, 11,12,18,19). This becomes important in assessing specific features such as the Erris
High/Basin system. Apart from resolving more detail, the compensated data also provide a check
on data quality as they will tend to exaggerate any inconsistencies between the gravity and
bathymetric datasets.
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Map 9b: Horizontal gradient of isostatically-compensated Bouguer gravity anomaly
[in blue-red colour; shaded-relief illumination from the north-east]

The amplitude information has been limited by reducing the number of colours. This is designed to
give more focus to the structural content. Use of the orthogonal illumination direction relative to
Map 9a has the effect of suppressing north-easterly trending features. Note, also, that some of the
more diffuse lineaments with longer wavelengths which may be recognized in the basic anomaly
images are less obvious in the gradient maps.

Map 9c: (*) Horizontal gradient of isostatically-compensated gravity potential
[in full colour; shaded-relief illumination from the west by north]

The gravity potential is not widely used in this type of study but it can provide additional insight in
the longer wavelength aspects of the data. The acceleration due to gravity, the parameter measured
in gravity surveys (and from which the free-air and Bouguer anomalies etc. are derived) is the
vertical derivative of the gravity potential. Thus, by integrating the anomaly field, an estimate of
the variation in the originating potential can be obtained. This is also closely linked with the geoid.
There are also similarities with the approach used in Map 18 for looking at deeper structure in the
magnetic anomaly data.

The image shows the horizontal gradient of the potential, as calculated by integrating the
compensated Bouguer gravity anomaly (at 2.75 Mg/m®). As before, the gradient highs (ie. red
colours) will tend to demarcate discontinuities and the margins of anomalous masses, but looking
more at the deeper-seated trends; gradients close to zero (ie. blue colours) occur near anomaly
turning points such as ridge/trough axes and where the field varies only slowly. As with maps 9a
and 9b, it is helpful to compare this image with Map 7a in order to appreciate the shift in anomaly
location relative to the source.

Map 10: 10 km continuation residual of Bouguer anomaly (isostatically-compensated)
[in full colour; shaded-relief illumination from the north by east]

The procedure for generating this residual is the same as that used for Map 6 and the overall
appearance of the maps is similar - as would be expected given that the Bouguer and isostatic
correction terms are dominated by the longer wavelengths components. Differences are seen in
detail, more especially near the shelfbreaks.

Map 11: Euler deconvolution solutions from isostatically-compensated gravity data

Deconvolution techniques provide one approach to determining the location of the source of any
particular anomaly, including its depth. They depend upon a specific mathematical formulation
which approximates the true nature of the sources as found in reality: the extent to which the
approximation is valid determines the reliability of the outcome. Some further details regarding the
Euler deconvolution as used here are given in Annex A7.

The parameters adopted in calculating the solutions for this map were designed to look at the
larger-scale features, using a 20 km window to help suppress the effects of noise. No attempt was
made to focus the solutions more specifically by, for example, only accepting points close to a
local maximum in the anomaly gradient: the less well constrained solutions can help in
maintaining the continuity of trends in plan view, even if the depths are poorly constrained. Each
solution is represented by a line, colour-coded according to depth. The line is oriented to be
orthogonal to the local horizontal gradient with a length proportional to the magnitude of the total
anomaly gradient at that point.
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Solution depths are not considered to be reliable in absolute terms although the relative values (ie.
shallower/deeper) are indicative. Thus, the Porcupine Basin and the Rockall Trough do contain
most of the deeper solutions. The somewhat disjointed nature of the overall pattern is probably a
reflection of the interference between cross-cutting north-east and north-north-west trends as much
as any problem with the field data themselves. Nevertheless, solutions do appear to be in sharper
focus in the east where the gravity anomaly field is better defined.

The Charlie-Gibbs Fracture Zone appears to be associated with a band of more diffuse solutions,
whereas some more specific sets can be linked to features such as the Erris High, the western
margin of the Slyne Basin and other basins near the margin of the Porcupine High. Shallower
solutions occur over the Rockall High with an increase in depth towards the Hatton Basin.
Shallower solutions observed within the Rockall Trough can be attributed to structure affecting the
Tertiary sediments.

Map 12: Total magnetic field anomaly (as compiled at 450 m)
[in full colour; shaded-relief illumination from the north-west]

The magnetic anomaly pattern often shows more character than the gravity field because of the
larger range in magnetization as compared to density, and because the magnetic sources are
intrinsically dipolar rather than monopolar. These factors are important in understanding the
magnetic anomaly pattern in that a single source gives rise to an anomaly with both positive and
negative components. Whereas the gravitational force can be considered as always directed
towards the centre of the earth, the inclination of the external magnetic field varies systematically
between -90° and +90° and the total field direction may deviate locally in the vicinity of strongly
magnetic rocks. In relatively high, northern latitudes the positive component of the anomaly is
usually the more concentrated and of higher amplitude, with a more diffuse negative response
around it, especially to the north (NB: the response also depends on the dip of the source body).
This assumes that the magnetization is predominantly induced by the earth's present-day magnetic
field according the magnetic susceptibility of the rocks present.

Some rocks such as Tertiary intrusives and volcanics, can retain a strong remanent magnetization
locked into the crystal structure at a time when the earth's magnetic field was oriented in a
different direction. The observed anomaly represents the vector addition of any induced and
remanent components of magnetization. Tertiary igneous centres provide a good example of the
differences between the gravity and magnetic responses. Almost invariably the bigger, basic
bodies give rise to large gravity anomaly highs which are approximately circular in form.

Typically, late Cretaceous - Palacogene centres were formed when the earth's magnetic field was
reversed relative to the present day but at a similar palaeo-latitude: in such cases, and where their
remanent magnetization is significantly larger than the induced effect, the result is a predominantly
negative observed anomaly. The situation is often complicated by separate phases of activity
occurring over a period when the earth's field changed between normal and reversed directions.
Also, basaltic lavas associated with the centres can provide an additional, strong response. Where
these occur in shelf areas at relatively shallow depths, Tertiary lavas are often characterized by a
noisy magnetic anomaly pattern with a negative bias (eg. around the Faeroe Islands) from short
wavelength, high amplitude variations. In deeper waters, or where buried beneath thick
sedimentary cover, the basalt signature is smoothed and becomes difficult to distinguish from
sources in the basement. The effects of induced magnetization usually predominate in the latter.

The total magnetic field anomaly data for the Irish Rockall area have been compiled at an effective
observation surface of 450 m above sea level. Taken together with data distribution factors and the
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gridding and processing procedure, this has had the effect of smoothing out some of the higher
frequencies, as seen in Map 12, more especially over land and shelf areas to the east.

South-west - north-east Caledonoid trends are clearly visible but, as with the gravity anomaly
images, there is also evidence of significant cross-cutting structure. A number of examples of an
inverse correlation between gravity and magnetic anomaly responses occur. Thus, over the
Porcupine Basin, there is a deep, extensive magnetic low coincident with the large gravity
anomaly high: a similar relation holds for anomalies in the centre of Quadrant 100 (cf. maps 20
and 21). Features such as the Charlie-Gibbs Fracture Zone are expressed more by changes in
anomaly trend across them rather than by direct association.

The distinctive magnetic anomaly high within the Rockall Trough near the centre of Quadrant 76,
linked to a compressional structure seen to affect the Tertiary sequence in the seismic data, has no
associated gravity expression. It marks the north-east limit of a number of stronger magnetic
anomalies seen within the trough whereas further north-east, excepting the Hebrides Terrace
Seamount, the anomalies tend to be more subdued. There is evidence that the magnetic anomaly in
Quadrant 76 lies close to the line of a major discontinuity extending north-west through the deep
magnetic anomaly low in Quadrant 93 and south-eastwards through the North Porcupine Basin.
Other lineaments of this type appear to be present but it is useful to view a larger area than that
covered by the current project when assessing their reality.

Map 13: (*) Reduced-to-pole magnetic anomaly (as compiled at 450 m)
[in full colour; shaded-relief illumination from the north-east]

Reduced-to-the-pole values were calculated assuming induced magnetization only and so the
response over some Tertiary sources (igneous centres, lavas etc) may be distorted unless their
magnetization direction is simply reversed relative to the present-day field. Superficially, the
resulting image is similar to the total field response (Map 12), bearing in mind that some of the
change reflects the difference in illumination direction. With a polar (ie. inclination 90°) inducing
field, the maxima tend to increase in amplitude and migrate northwards, with some modification
of the flanking gradients. In general, the anomalies now appear in slightly sharper focus. For
example, the magnetic anomaly high in the Quadrant 44 has a clearer along-axis trend linking it
directly to the southern section of the Porcupine Median Volcanic Ridge. The response along the
eastern margin of the Rockall Trough also shows a more continuous zone of steepened gradients.

It is not always easy to recognize igneous centres on the basis of their magnetic character alone as
sources within the basement can also give rise to large anomalies. The reversed polarity over the
Hebrides Terrace Seamount and the Blackstones Bank igneous centre is a good indicator but with
the localized positive anomalies elsewhere the source is more ambiguous. The 'Brendan Centre'
does not stand out especially and it seems to comprise a number of discrete components. Other
anomalies can be associated with known structure. For example, there is an extended magnetic
anomaly high over a section of the Erris High on the boundary of quadrants 11 and 12, with larger
anomalies on the south-east margin of the Erris Trough.

Map 14a: Horizontal gradient derived from reduced-to-pole magnetic anomaly
[in full colour; shaded-relief illumination from the north-west]

The horizontal gradients highlight shallower structure and the variety of trends present within the
data. Gradients are noticeably slacker in the more northerly section of the Rockall Trough and over
south-west Ireland and the Celtic Sea areas. South of the central magnetic anomaly high in
Quadrant 76, a broad, arcuate belt of shorter wavelength, higher amplitude gradient anomalies
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sweeps west-east across the trough, taking a more north-easterly heading over the Irish shelf and
mainland. The relatively few north-south trends seen are mainly restricted to the south of this zone.

A distinct change in anomaly character over the Rockall Plateau in the north-west of the image is
linked to data quality. The marked loss of high frequency character and complexity across
Quadrant 93 and west of Quadrant 94 is expected from the coarser nature of the original grid
spliced in from the Canadian compilation to the west. There is an inherent filtering effect further
south where the water is deeper (ie. the magnetic sources are further from the observation surface)
which partly masks the change in data distribution.

Map 14b:(*) Horizontal gradient derived from reduced-to-pole magnetic anomaly
[in blue-red colour; shaded-relief illumination from the north-east]

As used in earlier images, the more limited blue-red colour scale gives a different emphasis to the
data and the perception of anomaly patterns. The strongest gradients are clearly concentrated along
the western margin and north-east corner of the image, with some isolated examples elsewhere.

Map 15: Reduced-to-pole magnetic anomaly upwardly continued by 2.5 km
[in full colour; shaded-relief illumination from the north-west by west]

Upward continuation of the data by 2.5 km has the effect of smoothing the magnetic anomalies,
acting as a form of low-pass filter. This emphasizes the deeper, underlying trends including the
persistence of Caledonoid trends over the length of the Rockall Trough. The easterly offset in the
eastern margin of the Rockall Trough around the around the northern end of the Porcupine High is
paralleled by a magnetic anomaly ridge separating the North and Main Porcupine basins. The
extension of this latter ridge to the west leads to a prominent magnetic high of unknown origin.
There is no associated gravity anomaly high to suggest it represents an igneous centre and the
absence of any obvious negative magnetic component is consistent with an older source within the
basement. The north-easterly trends also seen in this area may, in fact, be more significant in terms
of structural relationships.

Map 16a: (*) Residual RTP magnetic anomaly from 2.5 km upwardly-continued field
[in full colour; shaded-relief illumination from the north-north-west]

Upward continuation of the data by 2.5 km rather than 10 km (as when calculating the gravity
anomaly residuals) raises the threshold of the high-pass filtering effect, recognizing the higher
frequency content of the magnetic data.

The extra resolution of the anomaly pattern helps in isolating specific features such as the southern
end of the Porcupine Median Volcanic Ridge and detail associated with the Hebrides Terrace
Seamount and the Erris High. It also emphasizes those areas with little magnetic variation in
contrast to others of more intense activity such as the east-west trending belt passing through the
northern end of the Porcupine High.

Map 16b: Residual RTP magnetic anomaly from 2.5 km upwardly-continued field
[in grey scale; shaded-relief illumination from the west by south]

While colour overlays are useful in conveying amplitude information they can distract from the
finer structural detail within the shaded-relief presentation itself. The limited blue-red colour
adopted for some of the images of horizontal gradients partly addresses this issue, but grey-scaled
images go one step further. This type of display also provides a useful check on data quality and
the change in frequency content over the image as a whole.
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Map 17: Magnitude of analytic signal from 1 km upwardly continued magnetic field
[in full colour; shaded-relief illumination from the west-north-west]

The analytic signal (as referred to in the literature in recent years in techniques for estimating
source depths) is a vector quantity defining the full anomaly gradient including both horizontal and
vertical components. The value displayed here is its magnitude. Vertical derivatives are more
susceptible to noise in the source data and the ability to define gradients reliably depends on
factors such as the gridding interval, degree of smoothing applied and on the original data
distribution.

For shallower sources the analytic signal is at a maximum over the edges of the causative bodies
but with increasing depth (relative to width) or loss of high frequency signal content, the form of
the original anomaly is retained. The shape of the analytic signal anomaly itself is a measure of the
source depth.

As with the horizontal gradient images, it should be remembered that by using anomaly
magnitudes any sense of the relative highs and lows in the original magnetic anomaly pattern has
been lost: all gradients are plotted as positive values.

Map 18: (*) Horizontal gradient of magnetic pseudo-gravity transformation
[in full colour; shaded-relief illumination from the north-north-east]

The pseudo-gravity transformation simulates the response that would be expected if the sources of
the magnetic anomaly variation were replaced by an equivalent density distribution. This results in
a simpler form of calculated field which, of itself, is not usually of great interest. However, the
horizontal gradients of this field can provide a good indication of the edges of sources, more
particularly, those of deeper origin (ie. with longer wavelength characteristics).

A good example of the effectiveness of this procedure is provided by the gradient anomaly ridge
offset by about 30 km north-west of the 1000 m bathymetry contour on the eastern margin of the
Rockall Trough between quadrants 75 and 11. This ridge is now a more clearly defined feature
which shows a strong correlation with the flank of the gravity anomaly high (cf. maps 4 or 7a and
9c). The horizontal gradients of the standard gravity/magnetic anomaly are less continuous
because of their higher frequency content (eg. maps 9a and 14a).

Map 19: (*) Euler deconvolution solutions from magnetic RTP anomaly data

The procedure for calculating and displaying Euler solutions from the magnetic data was the same
as that followed for Map 11 (see, also, Annex A7 for further details). Some adjustments were
made to the parameters used, in particular to the structural index and the solution rejection criteria.

The resulting pattern of solutions is less coherent than might be hoped but the information is still
considered to be useful as a guide to relative source depths and in suggesting some correlations
which are less obvious in the images themselves.

Map 20: () Reduced-to-pole magnetic image with gravity anomaly line contours
[in full colour; shaded-relief illumination from the west]

There are several ways of combining the gravity and magnetic datasets in order to show the degree
of correlation between the anomaly patterns directly. Composite parameters such as the normalized
sum or product of the two grids give a clear indication of where the anomaly maxima/minima
coincide but low-intermediate values can arise from a variety of combinations. Another approach
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is to overlay the amplitude information as colour from one grid draped over the relief derived from
the other. This is effective providing the anomaly patterns are not too complex.

The technique preferred here is to overlay the line contours from one grid onto the coloured,
shaded-relief image of the other. The line contours are annotated but as a further aid to
distinguishing relative anomaly values a change from solid to dotted lines is made near the mean
value of the dataset (ie. with lower values as dotted lines). With this style of presentation it is
possible to match specific features unambiguously between the two datasets, which is not always
the case when using other methods.

The degree to which an inverse correlation holds between a significant number of gravity and
magnetic anomaly responses within the deeper water areas is now seen to be high. Similarly, the
distinctive magnetic anomaly high on the boundary between quadrants 74 and 75 coincides with a
reduction in gravity anomaly value. Other magnetic anomaly highs along the eastern margin of the
Rockall High are effectively lost within the free-air gravity anomaly gradient over the shelfbreak
and emerge only weakly in the isostatically-compensated images.

Map 21: Isostatically-compensated gravity image with RTP anomaly line contours
[in full colour; shaded-relief illumination from the west]

Line contours give a different impression of the anomaly pattern compared to the image display: as
they are based on an equal interval rather than equal area distribution they tend to preserve the
gradient information better than the image itself. Thus, it is worth comparing maps 20 and 21, in
which the assignments of the anomaly fields to image and line contours are reversed, to check on
the representation of specific features as well as on the overall sense of how the fields relate.
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5. RESULTS OF 2D MODELLING
5.1 Background

A total of eight lines was selected for modelling. Six of these were restricted to the shelf margins
whereas the other two regional lines provide continuous sections across the Rockall Trough. The
starting point for the models was the seismic interpretations produced as part of the Structural
Nomenclature Project 97/3 (see Naylor and Shannon, 1999, for further details of the seismic data
and their sources). These extended, typically, into Lower Palacozoic or basement rocks on the shelf
but picks were restricted to higher levels (Tertiary or Cretaceous) within the Rockall Trough itself.

The modelling was split between BGS (regional lines) and ARK Geophysics Ltd (shelf margin
lines). As each organization used its own software, the procedures adopted and the style of
presentation of the results differs somewhat. While agreement was reached on the general
approach it was thought useful to retain the alternative styles as an indication of their influence on
the models produced.

5.1 Methodology

Modelling of potential field data in two dimensions (2D) assumes that the structures are oriented at
right-angles to the line of section and that they extend for a large distance (relative to their depth)
along strike. The effect of strike-limited bodies can also be calculated reliably if they are centred
on the profile. The geology is represented by polygons which define units of specified density and
magnetization and a complex model can be constructed in this way. Both gravity and magnetic
effects can be calculated simultaneously, within a few seconds, and adjustments to the model are
usually made on an interactive basis. Optimization procedures are available for automatically
adjusting the model to minimize differences between the calculated and observed fields but
forward modelling is usually preferred to maintain more control over the changes made.

Free-air gravity and total field magnetic anomaly values were used as the observed data against
which the models were tested. This meant that the ground surface and sea water had to be included
as part of the model for calculating the gravity response. Bouguer anomalies have the advantage of
reducing the influence of off-line sources near the profile but they give a rather false view of the
anomalies in deep water areas and it is useful to have the option to check for and adjust possible
errors in the bathymetry.

All the interpreted seismic time sections were depth converted for potential field modelling by
ARK Geophysics Lrd using simple 'mean' velocities. The resulting models were then extended in
depth to beyond the Moho so as to include the effects of crustal thinning directly. No regional
fields as such have been removed from the gravity data on the assumption that all the observed
lateral variations are attributable to sources which can be represented directly in the model: any
contributions from within the aesthenosphere and below are accommodated in setting the base
level.

It should be noted that potential field methods are best applied to identifying and delimiting steeply
dipping bodies, that is, where strong lateral variations occur: the contributions of sub-horizontal
units can only be resolved near their margins and feather-edges will rarely be detected. Thus, it is
not usually possible to infer the thickness of extensive, horizontally-bedded sediments with any

21



BGS Technical Report WK/99/12/C PIP/RSG Project 98/1 - Gravity and magnetic data Version 1.1: 6/11/99

certainty nor to indicate how properties vary with depth within them. The ambiguities are greatly
reduced near basin margins and over basement structures.

5.2 Data limitations

It is generally considered best practice to model potential field data along profiles coincident with
survey lines rather than relying on values derived from grids. This ensures that the higher
frequencies are retained in the profile and that problems associated with interpolating across poorly
controlled areas are avoided. However, individual lines may be subject to noise, navigation error,
instrumental drift, datum shifts etc. whereas gridded data can give a more representative view
providing the data coverage is reasonable. In order to utilize the seismic interpretations made
available for this project it was necessary to rely on potential field values derived from the grids,
except in the case of one line for which gravity data were taken from an adjacent track.

The magnetic data inevitably suffer from the limitations of gridding and in the area covered by
these models the available data were relatively sparse, with line spacings typically greater than
10km. The loss of high frequency components is similar to that seen in the satellite gravity data
with the result that the effect of smaller bodies, such as sills within the sedimentary section, will
not be recorded in the extracted profile data. Thus, only large scale, basement features have been
modelled magnetically.

Apart from limiting the resolution of the anomalies in plan view, the loss of high frequencies leads
to a tendency to overestimate source depths. This follows from the fact that it is the anomaly
gradients which constrain the depth interpretation: only shallow sources can generate the steeper
gradients. In principle, slacker gradients may arise from a more gradual variation near surface
rather than from a deep body. If the true anomaly gradients are not reproduced in the 'observed'
dataset this ambiguity is extended.

5.3 Physical properties

There is little direct evidence on which to assign physical property values, that is density and
magnetization, within the project area. Over much of the ground it is not clear what units are
actually present at depth and most ideas rely on an interpretation of the available seismic data.
Various attempts have been made to establish a relation between seismic velocity and formation
density and the Nafe-Drake curve and Gardner's formula were used here as a guide for sedimentary
rocks. The latter is defined as:

density (Mg/m®) = velocity”® (m/s) x 0.3095

Estimates of interval velocities generalized from the seismic sections suggested the following
values (pers. comm. D. Naylor):

UNIT VELOCITY m/s
Tertiary 1800 - 2500
Upper Cretaceous 2000 - 2500
Lower Cretaceous 2500 - 3500

Jurassic " 3500 - 4500
Permo-Triassic 4300 - 5000
pre-Permian >5500
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The velocities adopted for depth-converting the digitized interpretations of the seismic sections
and the equivalent densities for these units are given in the table below. The colour coding
approximates that adopted for the plots of the models for the six shorter profiles. Somewhat
different colour schemes were used for the regional models and 3D sections.

Unit Colour Velocity Density (Mg/m3) Mag. susc (SI)
Water 1490 1.03 0
Tertiary - Neogene 1800 2.10-2.14 0
Tertiary-Palaeogene 2100 2.15-2.22 0
Cretaceous - 3000 2.13-2.29 0
Jurassic 4000 2.32-2.50 0
Permo-Triassic 4750 2.44 -2.55 0
Upper Palaeozoic 5000 2.59 - 2.68 0
Basement/upper crust 5500 2.67-2.78 0.002 - 0.057
Lower crust n/a 2.83 -2.87 0.005-0.039
Mantle n/a 3.03 -3.20 0

Physical properties used for modelling profiles along margin of Rockall Trough

The magnetic response is assumed to arise mainly from the underlying basement and to be
predominantly induced in origin. Remanent magnetization can be significant within the Tertiary
lavas and is often reversed, giving characteristic, negative magnetic anomalies. These are more
easily recognized as such by a noisy pattern of short wavelength, high amplitude anomalies when
the lavas are at shallow depth. Sills tend to show a more muted response, either because of their
more isolated mode of occurrence or because they are less strongly magnetic. They can sometimes
be identified in high resolution data, more especially when they are faulted or steeply dipping and
lie at shallower depths. A number of the igneous centres within and bordering the Rockall Trough
also appear to have reversely-magnetized components, as for example the Hebrides Terrace
Seamount and Blackstones Bank igneous centres in the north. However, there is no clear evidence
in the magnetic anomaly data of a contribution from Palacogene lavas elsewhere along the margins
of the Irish Rockall Trough and they have not been included within the models.

5.4 Shelf margin models

Gravity and magnetic modelling was undertaken by ARK Geophysics Ltd along the six profiles
crossing the margins of the Rockall Trough: five lines are located to the east, with one line on the
western flank of the trough. The relevant seismic lines are:

WRM96-107
DGER96-25
DGER96-37
GSR96-108
GSR96-118
GSR96-204

The models retain the seismic line numbers.
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Modelling was undertaken using ARK’s proprietary software, ARKFIELD, which allows the user
to observe the model simultaneously in depth in relation to the potential field profiles and in time
as superimposed on the seismic data. The time-depth conversion was based on the generalized
velocity information referred to above.

ARKFIELD applies an automatic adjustment, usually as a constant or in some cases as a linear
slope, to provide a best fit between the observed and calculated fields. This is reported as the
model offset and is apparent in the difference between scales on the left and right side vertical
axes. Ideally, all the final models for the area would have the same offset but the datum was
allowed to float given that the profiles are quite widely separated and that control on the physical
properties and depths to the Moho in the models is relatively poor. The offset between magnetic
values is more diagnostic in that the background susceptibility is zero with no contribution
expected from below the Moho. The shortness of the profiles also makes it more difficult to
establish a consistent reference level although all models have been extended well beyond the
limits of the seismic lines to take some account of the adjoining geology. Generally, it is possible
to consider any body with a strike of greater than 10 km to be 2D in nature within the accuracy in
the observed data. Note that it is particularly difficult to set the level of the magnetic anomaly
datum reliably, allowing for the effects of sources in the surrounding area, when dealing with short
profiles.

Residual anomalies between the observed and calculated fields were minimized mainly by
adjusting those areas with the least seismic control, that is, especially in the properties and
structure of the basement. However, it was almost invariably necessary to make some alteration to
the seismically derived part of the models. This is not surprising given the approximations
involved in the depth conversion and uncertainties in some of the picks. A fit to within 3 mGal or
50 nT has been considered reasonable in the circumstances. Due to the more complex nature of the
magnetic field and the greater number of unknowns, it is not uncommon for the magnetic response
to diverge more than the gravity model. Some additional bodies have been introduced at depth to
help account for residual magnetic anomalies but for the most part the calculated anomalies reflect
the response that would be given from sources directly associated with the mapped basement
surface.

The figures included in Annex A5 of this report show the upper 10 km of the models at a variable
scale and vertical exaggeration factor as necessary to fit them onto an A4 page. The results from
3D gravity modelling are also illustrated for direct comparison (though not at the scale). Larger-
scale plots at 1:100k are included as CGM files as part of the digital data set (cf. Annex A3). These
show the density and magnetic susceptibility contributions to the response separately (and
combined at 1:200k) over the complete depth range.

LINE WRM96-107

This is the only section on the western margin of the Rockall Trough. It shows a near complete
sequence of sediments within the Rondn Basin, bounded by shallow basement underpinning the
Rockall High to the west; a relatively narrow ridge to the east separates this basin from the thicker
Tertiary sequence in the Rockall Trough itself.

Whereas the seismic interpretation showed only Neogene sediments over the Rockall High, the
modelling suggests that a slightly thicker sedimentary section is present. A layer of Cretaceous
sediments has been added to the model to allow for this although the gravity modelling of itself
cannot discriminate between Tertiary and Cretaceous (or older) sediments in this type of situation.
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In the eastern section of the line, the seismic interpretation did not identify the basement surface as
such beneath the Rockall Trough. The final model suggests that basement underlies Cretaceous
and Jurassic sediments although the presence of block faulted Permo-Triassic rocks is not
precluded here. Similarly, the overall thickness of the sedimentary sequence is poorly constrained
and might be expected to be somewhat greater than depicted within the Rockall Trough (see, for
example, the RAPIDS sections): this could be accommodated in the gravity model by using a
higher density for the lower crust and mantle or by thinning the crust.

Tertiary lavas are known to occur around Rockall Island and a large basic intrusion probably
accounts for the large gravity anomaly high seen here, with the granite of Rockall Island itself
representing a minor, differentiated component. Metamorphic rocks have also been found on the
Rockall High and the magnetic anomaly pattern suggests that lavas may be less widespread to the
south. The magnetic anomaly high that correlates with the Ladra High flanking the Mesozoic basin
seen in this section has an elongate form. The absence of a corresponding gravity anomaly high
suggests the presence of a basement structure capped by a sedimentary sequence - a view
supported by the relatively low densities required in the model at the ridge. Residual magnetic
anomalies in the final model imply some offset in source geometry relative to the ridge, consistent
with the sedimentary cover being thicker. The basement may be displaced or change in magnetic
character across an eastward-dipping fault, related to the Ladra High and bounding the Rockall
Trough. Alternatively, the discrepancy may reflect aliasing of the magnetic anomaly itself as the
survey line spacing is about 15 km in this area.

A significant feature has been included at depth within the basement below the Rockall High to
help account for the observed magnetic anomaly. It can be seen that this does not reproduce the
steeper gradients flanking the anomaly, indicating that the some contribution must also arise from
shallower levels. The smaller magnetic anomaly high near 75000 m along the profile is also not
fully reproduced by the relief shown on the magnetic basement surface. Adding relief to fit the
magnetic response would tend to increase the gravity anomaly residuals suggesting that the
basement does in fact show more lateral variation in its properties, possibly related to faulting.

LINE DGER96-25

This line is complementary to line WRM96-107 in that it lies on the opposite, south-eastern
margin of the Rockall Trough. It is dominated by the influence of a basement ridge - the Erris
High - surrounded by a relatively continuous sedimentary sequence. Other than under the Erris
High no basement had been interpreted in the original section.

Both gravity and magnetic profiles show strong similarities with line WRM96-107 suggesting that
the overall structural framework is similar. Note that for this line the observed gravity data are
taken directly from an adjacent line, projected onto the correct location, rather than from the grid:
in practice, there is little difference between the two.

The final model has a relatively low density for the basement rocks under the Erris High and,
again, the observed magnetic anomaly is not reproduced in detail by setting the magnetic basement
at this level. A broader, somewhat deeper magnetic source would provide a better fit, allowing the
possibility of more sedimentary cover (or a different style of basement) over the ridge itself.

The thick sedimentary section of the Erris Basin to the east accounts for the gravity anomaly quite

well at this scale although there is a difference in the calculated gradient which would need to be
explained, together with the need to add to the magnetic anomaly, in a more detailed appraisal.
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The model shows Cretaceous directly overlying basement within the Rockall Trough, indicating
what is close to the minimum thickness of sedimentary section that would be expected.

LINE DGER96-37

This section is located about 80 km south from line DGER96-25 where the Erris High structure is
more deeply buried, beneath perhaps 4 km of sedimentary rocks, accounting for the absence of any
associated gravity anomaly high. However, the magnetic signature remains similar, albeit broader
and with reduced amplitude, supporting the view that the magnetic anomaly reflects a more
fundamental change in the nature of the basement across the margin of the Rockall Trough. The
model shows magnetic basement extending westwards to what might be a shallow-angled
extension of faulting associated with the Erris High. Alternatively, it may be stepped down across a
series of more steeply-dipping faults west of the ridge.

In terms of variations from the original seismic interpretation, it was necessary to 'transfer' the
upper Palaeozoic sequence from the area of the Erris High eastwards into the Erris Basin.
Retaining the Palacozoic layer within the central zone results in a large mis-fit in the gravity
anomaly response which is difficult to offset at other levels. It was also necessary to increase the
depth to basement to the west by including Permo-Triassic strata explicitly within the Rockall
Trough (with the current levels for the lower crustal interfaces). There is no obvious reason
geologically for the apparent deepening of the basement relative to line DGER96-25. It seems
more likely that Jurassic, and perhaps Permo-Triassic, strata are present beneath the latter also (and
line WRM96-107), implying the need for some adjustment to the representation of the lower crust
beneath the Rockall Trough on these lines.

The basement is shown as being sub-divided into a number of blocks apart from those used to
account for the variations seen in the magnetic data. These are indicative of possible lateral
changes in depth or properties but with little clear evidence to justify them. The need to increase
calculated magnetic anomaly values at the eastern end of the line suggests that further variations
are needed within the basement here and that the Palacozoic units may wedge out, allowing the
basement surface to be set at a higher level.

LINE GSR96-118

This line lies on the northern margin of the Porcupine High and shows the familiar stepped form of
free-air anomaly profile, exaggerated somewhat here by the steeper continental slope near 20000 m
distance. A discrepancy between the observed and calculated gravity anomaly gradients in this area
is probably linked to the bathymetry in the sense that the satellite gravity data do not resolve the
detail fully at this wavelength whereas the model does show the correct water depths. (There is a
case for matching the frequency content more closely by extracting the seabed profile from the
bathymetry grid rather than taking the seismic picks.) The large density contrast at the seabed,
combined with its relatively shallow depth, makes the model particularly sensitive at these levels.

The main change from the seismic interpretation has been the addition of Palaeozoic formations in
the central and eastern sections of the line. This is, in fact, an indication of the difficulty in
defining this type of layered geometry from the potential field data: much of the gravity anomaly
can be taken up by increasing the thickness of the crust instead. The divergence in the gravity
profiles at the northern end of the line may also arise from variation within the lower crust.
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The observed magnetic anomaly is not properly explained by the form of the basement in the
current model as based on the seismic interpretation. Adding magnetic rocks at depth helps to
improve the fit in terms of the long wavelength aspects but clearly fails to reproduce the detail.
Some magnetic material is needed at higher levels to explain the steeper anomaly gradients. The
magnetic anomaly maps (eg. Map 12) shows that the anomaly near 30000 m distance is a local
feature lying along the north-western flank of the Fursa Basin and its source probably extends into
the zone modelled as being Palacozoic. This suggests that the modelled crust needs to be
thickened, thus reducing the calculated gravity anomaly and allowing the basement, including a
more magnetic component, to be restored to higher levels beneath the margin of the Fursa Basin.

LINE GSR96-108

Few adjustments were made to the input model for this line on the western margin of the
Porcupine High in order to produce a reasonable fit between the observed and the calculated
anomalies, other than at the eastern end of the profile. The strong gradient in the magnetic anomaly
data lies on the flank of a large local anomaly as can be seen in the images (eg. Map 12). This
anomaly has been attributed to the Donn Igneous Centre although the associated gravity anomaly is
less pronounced than might be expected (ie. in comparison with the known centres further north
along the shelf, such as Geikie). It lies at the northern end of a gravity anomaly ridge whereas a
similar (but not necessarily related) magnetic anomaly occurs 50-60 km along the magnetic
anomaly strike to the north-east, in a regional of lower, nondescript gravity anomaly. This variation
suggests that the magnetic anomaly may originate within the basement rocks themselves rather
than from a more recent intrusion.

The final model includes a strongly magnetised body extending to a shallow level within the
sedimentary pile beyond the eastern end of the seismic line. It appears as if its flank needs to
extend further west in order to increase the anomaly levels. However, this causes an unwanted
increase in the calculated gravity anomaly values. In fact, some distortion will occur in the
magnetic response by not allowing for the limited strike length of this body, the calculated values
for an extended source being too low.

As with line GSR96-118, the calculated gravity anomaly gradient is steeper than the observed
response over the continental slope. Again, while this is provisionally attributed to smoothing of
the bathymetric signature in the observed gravity anomaly data, mis-representation of the basin
margin in the model may be a contributory factor.

Density variations have been included between the fault blocks within the PAdraig Basin to
improve the fit of the gravity anomalies, although their effect is relatively minor. There is no
evidence of significant lateral variation within the basement. In particular, the magnetic anomaly
data do not show the basin margin response seen in the previous lines.

The depth to basement over the Porcupine High is significantly greater than might be expected,
given its geological setting as a platform area and the high background level of the gravity anomaly
(cf. Bouguer gravity anomaly values calculated at a reduction density of 2.2 Mg/m® as shown in
Map 8). The effects of crustal thinning related to Porcupine Basin and the Rockall Trough account
for much of the gravity anomaly but these cannot be quantified with sufficient reliability to
determine how much of the anomaly remains to be assigned to sedimentary cover. The indications
from published sources relating to this area are that there is only a veneer of Upper Palaeozoic /
Mesozoic rocks overlying a meta-sedimentary basement, possibly intruded by granites as well as
more basic bodies.
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LINE GSR96-204

The original seismic interpretation required little alteration in fitting the general form of the
observed anomalies for this most southerly of the profiles, 85 km beyond line GSR96-108. It is
difficult to know how far to go with the model in terms of matching the detail of anomaly gradients
more closely. As noted previously, the steep gradient near the bottom of the continental slope
appears not to be resolved fully by the satellite gravity data. However, there is evidence of a more
localized feature within the basement near 200000 m distance in that the response from the
basement swell is broader than that observed in the magnetic anomaly. Similarly, the observed
magnetic anomalies east of the North Brona Basin show a higher frequency content than those
calculated, suggesting that the Upper Palaeozoic units in the model should thin more rapidly onto
the Porcupine High, thus raising the level of the basement surface. The magnetic anomalies
probably relate mainly to changes in depth to the basement across faults but there may also be
changes in magnetic properties between the blocks.

The North Brona Basin itself is associated with the lowest magnetic anomaly values along the
profile whereas the gravity anomaly is more subdued and not easily isolated from shelf edge effect.
Note that a large automatic offset has been applied in order to match the magnetic anomaly levels
indicating that the broader context of the setting here has not been addressed.

5.5 Regional models

The BGS interpretations of the two regional lines crossing the full width of the Rockall Trough are
intended to give a better indication of the overall geological context and also to illustrate the nature
of the potential field response at a broader scale. They are not reliable in any detailed, quantitative
sense of defining formation depths and should be used as a qualitative guide to structural
relationships. Full-scale plots are supplied at 1:500k and at 1:750k as digital CGM files (cf. Annex
A3) and the results are reproduced at A3 size in this report (cf. Annex AS5).

As before, the upper layers within the models were taken directly from the interpreted seismic
sections after depth conversion. The underlying layers rely mainly on published ideas of crustal
structure deduced from deep seismic experiments, together with the basic principle of maintaining
a degree of isostatic balance. There is no representation of a mid-crustal layer as would be
expected beneath the shelf areas and a single interface is used to separate upper and lower units.
The vertical distribution of density through the crust is poorly constrained at best and in this case
the main concern was to represent the changes in magnetization as simply as possible. A mid-
crustal layer of intermediate density (~2.85 Mg/m®) can be considered to lic between a depth of
about 10 km and the lower crust.

Physical property values are similar to those used in the shorter profiles except that densities in the
Tertiary and Cretaceous were set somewhat higher when this appeared to help in balancing the
models overall. The models were taken to a depth of 40 km and the background density set to
2.97 Mg/m®, representing an 'average' density through the model to this level. This background
density is arbitrary in the sense that it follows from the form of the model as it is set up initially. A
starting model including a mid-crustal layer or different mean densities for the sedimentary cover
would use a slightly different background density.
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Magnetic properties are represented by susceptibility and, independently, by remanent
magnetization (ie. with the direction of the vector also specified); background values of
magnetization, both induced and remanent, are zero.

LINE GSR96-0116

This line lies near the initial, transverse profile of the RAPIDS wide-angle seismic experiments,
being closest at its north-western end and diverging to the south. The depth to the Moho beneath
the Rockall Trough was interpreted from the RAPIDS line to be about 16 km from sea level with
5-6 km of sedimentary cover. Crustal thicknesses beneath the Rockall High and the Irish shelf
were 30-35 km. As noted above, the mid-crustal structure has been simplified in the models with
the density in the shelf areas kept at 2.78 Mg/m’. To compensate for the relatively low densities at
depth, the base of the crust is set somewhat shallower than would be expected. The layer of
intermediate density, 2.72 Mg/m®, used as a transitional zone above higher values for the
attenuated crust beneath the Rockall Trough, has been extended across the length of the model.

The free-air gravity anomaly profile shows the characteristic signature often seen crossing a
continental margin: a low near the foot of the continental slope and a high developed on the shelf
side. This follows from the different depths at which the sea water and crustal thinning
contributions to the gravity anomaly originate. Free-air anomaly values rise again to near zero
towards the centre of the Rockall Trough, suggesting that the area as a whole is close to isostatic
equilibrium. Any effects arising from lateral variations within the cover sequence are
superimposed on these large amplitude, long wavelength anomalies. It is important to appreciate
that the gravity anomaly lows along the margins of the Rockall Trough are, for the most part,
reflecting broader crustal structure and not the presence of sedimentary basins, although the latter
do make a contribution. In order to identify the response attributable to the basins it is necessary to
have good control on both bathymetry and gravity anomaly values. Structure within the cover
sequence will be distinguished to some extent by its higher frequency content in the anomaly
pattern but crustal thinning aspects will determine background levels and thus the amplitude of the
residual anomalies on which estimates of overall basin thickness depend.

The form of the Moho as modelled is noticeably asymmetric, with the steeper slope on the south-
eastern margin of the Rockall Trough only partly reflecting the seabed profile. Lessening this
gradient would allow for a thicker sedimentary sequence in basins beneath the continental slope
itself but the satellite gravity data are not sufficiently reliable in defining the anomaly here. It was
difficult to fit the observed gravity anomaly in detail without some adjustment to the initial model
over this margin. A wedge of Mesozoic rocks included in the seismic interpretation of the southern
flank of the Macdara Basin near 250 km (profile distance) has in fact been assigned a higher,
'Upper Palaeozoic' density in order to avoid producing a local residual anomaly low whilst
increasing the depth to basement over a wider area.

Juassic / Permo-Triassic rocks are shown schematically as extending across the width of the
Rockall Trough although there is no basis for distinguishing between them, or the Cretaceous. The
Tertiary compressional feature noted in the centre of the trough causes some difficulty in that this
structural high, with its distinctive magnetic anomaly high, corresponds with lower gravity
anomaly values. As this feature is offset slightly from the profile its magnetic anomaly is under-
stated by more than 200 nT and the source must reach shallower depths than shown in the model.
Thinning of the Tertiary here has been compensated by relative thickening of the underlying
Mesozoic layers, but larger-scale structures are needed to account for the high-low-high gravity
anomaly pattern between 100 km and 200 km. The attenuated crust has generally been assigned a
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higher density but the source of the magnetic anomaly high over the compressional feature is
associated with lower densities. This inverse correlation was referred to in discussing the images
and occurs elsewhere to the south-west. Volcanic rocks are a possible explanation, with the
analogy of the Porcupine Median Volcanic Ridge. The amplitude of the gravity anomaly low is
only satisfied by introducing low density material (or a sag) within the upper mantle. This could be
related to current ideas of widespread serpentinization caused by sea water penetrating along
through-crust fractures (eg. O'Reilly, 1996), although the modelled geometry here looks artifical.
The magnetic anomaly low (and gravity anomaly high) to the north-west required a body with
reversed magnetization which, if genuine, implies a Tertiary volcanic origin. Whereas the
compressional structure and its related magnetic anomaly high are local features, the two gravity
anomaly ridges flanking a central low are seen in the images to be of regional significance.

The north-western flank of the Rockall Trough requires more low density material than was
implied by the seismic interpretation. In particular, the Conall Basin has effectively been extended
to the north-west between 45 km and 55 km. An alternative explanation is that granites have been
intruded into the basement in this zone. The thickness of the Conall Basin itself was also modified
to improve the fit of the gravity anomalies. The continuation of Upper Palaeozoic rocks to the
north-west is intended only as indication that there may be some local cover, of whatever age, on
the basement here.

High magnetic anomaly values over the Rockall High are attributed to a combination of basic
intrusions and magnetic units within the basement itself. It is necessary to extend these magnetic
rocks across this margin of the Rockall Trough to account for the observed anomalies. Significant
volumes of magnetic rock are also included in the model on the Irish shelf, though the evidence
that they continue beneath the trough is less clear here.

LINE WI-32

The southern end of the Rockall Trough shows some marked differences in terms of the potential
field anomalies and is notable for the occurrence of the Barra Volcanic Ridge System.

The line crosses the Porcupine High at an oblique angle and so Moho depths appear to increase
less rapidly beneath it. There is also a need to increase the density of the crust to the south-east
from the margin of the Rockall Trough to help account for the rise in gravity anomaly values. The
high magnetization of these rocks is consistent with the source being shallow metamorphic
basement and/or basic intrusions. It is not clear if the combined gravity and magnetic anomaly high
at 745 km represents similar basement or a discrete intrusion but it underlies the Jurassic basin
interpreted from the seismic line. Additional Mesozoic basins are suggested to the south-east of
this in order to explain the variations in gravity anomaly here. It is more difficult to reconcile the
seismic and gravity evidence at 715 km where a structural high lies within a zone of lower gravity
anomaly. The images show no evidence of a local anomaly which might suggest a granite source
and it may be that inversion has preserved a thick Mesozoic sequence locally (the representation in
the model is only diagrammatic, indicating that a unit of lower density is needed to satisfy the
observed gravity anomaly).

The Barra Volcanic Ridge System as picked out from the seismic data is apparently related to
reduced gravity and higher magnetic anomaly values. Lavas can have a density as low as about
2.55 Mg/m™ as used in the model, but some additional low density material is needed to the south-
east. Magnetic data along this line control the gridding and it is surprising that the magnetic
anomaly low expected from the geometry of the lavas at 600 km has not been picked up. Other
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ripples' in the observed gravity anomaly data to the south-east may be genuine indications of
structure affecting the base of the Tertiary sediments although the feature interpreted from the
seismic section at 660 km is not well represented.

The large gravity anomaly high centred near 500 km is part of a prominent, extensive feature seen
clearly in the images and associated with lower magnetic anomaly values. There is no simple
'source’ for this anomaly in the model and it appears to emerge from a combination of factors
including a reduction in water depth from the south-east and crustal thinning from the north-west.
It appears to be a case where the thicker Neogene sediments have effectively replaced the water,
with the extra load being supported by a more rigid crust.
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6. RESULTS FROM 3D MODELLING

The use of fast Fourier transform techniques, combined with the availability of increased
computing power, enables 3D modelling of gravity and magnetic data to be undertaken on a 'real-
time' basis. When combined with effective graphics this provides a powerful facility for testing
geological models against the potential field data. Results presented here have been calculated
using software developed within BGS (GMOD and BMOD) whereby a complex, multi-layered earth
1s represented by a set of grids defining both the interfaces between layers and the variations in
density/ magnetization within each layer. Specified grids can be optimized automatically to
minimize the residuals between the observed and calculated fields.

The primary objective of the modelling was to provide a first-pass interpretation of the gravity data
in terms of the sedimentary cover sequence, and of the magnetic anomaly pattern as attributed to
variation within the upper crust. Some constraints on the models were provided by published
information on crustal structure and basin geometry but the results remain highly speculative
overall.

6.1 Gravity modelling procedure

The gravity model was taken to a depth of 45 km and includes the ground surface, overlain by sea
water as appropriate, a sedimentary cover sequence, upper and lower crustal layers and the upper
mantle. A further sub-division has been introduced within the lower crust to allow for
discrepancies between depths to the base of the crust (as defined by the 'Moho') mapped on the
basis of the available deep seismic surveys and the geometry predicted assuming Airy isostasy.
Note that the former show some significant variations unrelated to the present-day ground surface.
The seismic coverage is very limited and to some extent inconsistent where lines intersect. Thus,
control on Moho depths from both Airy and seismic sources is unreliable and values have been
assigned mainly by informed guesswork. By including both surfaces in the model it is hoped that a
better overall approximation to reality is achieved.

The Airy root depths are calculated for a very simple model which assumes that the Moho
responds only to the change in load represented by the present-day ground surface (ie. bathymetry
in this area). No account is taken of other lateral variations within the crust arising from
sedimentary basins, basic intrusions etc. Nevertheless, the effects of the water are widespread and
would be a significant factor during the development of the Rockall Trough when the crust was
more ductile. Some of the subsequent, local changes will be supported internally by the cooler,
stronger crust.

The depths calculated for the root are not calibrated in absolute terms. As noted above, the
objective was to constrain the overall geometry rather to define a real boundary as such. The root
model was similar to that adopted for compensating the Bouguer anomaly data for imaging
purposes. The load replacement density was set to 2.5 Mg/m®, the contrast across the Moho to
0.4 Mg/m® and the compensation depth to 30 km and the calculation assumed an elastic thickness
for the crust of 1 km. Varying these parameters alters the amplitude of the inferred crustal thinning
across the Rockall Trough and, effectively, the background field to which the contribution
attributable to the cover sequence in the model is referred. The values adopted were thought to
give a reasonable approximation to the expected depth range and they were set so that the
calculated depths were generally deeper than the seismic estimates. Where the original surfaces did
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cross they were, in effect, re-allocated so that the shallower / deeper values were always assigned
to the seismic / Airy grid sets respectively.

The interface separating the upper and lower crust is even less well defined as a specific interface
although a similar division of seismic velocity is not uncommon in the literature. It is included here
more as a means of partitioning the density contrast between the cover sequence and the mantle,
rather than as a representation of a 'real' boundary such as the Conrad discontinuity: its level was
set as a fixed proportion of the thickness of the crust as measured between seabed and the clipped
seismic Moho.

In order to reduce problems in matching the frequency content of the bathymetric and free-air
anomaly grids the observation surface was taken to be at 1 km above sea-level. This has the effect
of suppressing the influence of the shorter wavelength variations in water depth which are not
expressed in the gravity data, in particular where the latter rely on satellite observations.
Otherwise, these differences will be assigned to changes in the optimized basin thicknesses. The
observed anomaly dataset was taken as the original grid smoothed by upward continuation to 2 km.
It was found that the higher frequency content retained to the east by the variably continued grid
(as adopted for the imaging) resulted in an unduly noisy output from the optimization process.
Modelling was undertaken using grids with the original node interval of 2 km.

Initially, the sedimentary layer was assigned a constant thickness of 2 km and a density of
2.45 Mg/m®. The latter is representative of predominantly clastic Permo-Triassic deposits as found
both on the shelf and on-shore UK it also lies near the middle of the range 2.15-2.75 Mg/m® which
might be expected from a sequence with poorly-consolidated Tertiary sediments near surface and
Cretaceous shales buried at depths of 6 km or more within the major rift zones.

Densities for the lower crust and upper mantle were set at 2.97 Mg/m’ and 3.31 Mg/m’
respectively, giving a relatively low contrast (cf. values of as much as 0.5 Mg/m> quoted in some
of the literature). The transitional layer resulting from the inclusion of both estimates of Moho
depth was assigned a density of 3.09 Mg/m® initially. In geological terms, this zone may relate in
some areas to current ideas of underplating as linked with Tertiary igneous activity. The effects of
crustal rigidity in relation to isostasy and crustal loading may also be a factor. No specific
allowance was made in the model for the transition to oceanic crust south-west of the Charlie-
Gibbs Fracture Zone.

The adopted background density (2.982 Mg/m” in this case) can be considered as the mean density
of a notionally representative lithosphere, defined to a depth of 45 km, and is chosen to give the
required datum level as calculated for the starting model relative to the observed anomaly values.
This starting model effectively sets the 'regional' gravity field and the thickness or density of
specified layers are then adjusted to minimize the residuals between the calculated and observed
anomalies. The degree of fit achieved is controlled both by the number of iterations and the low-
pass filter setting on the frequency content of the allowed variations. Thus, although only one
parameter can be optimized at a time, it is possible to partition the residual anomaly between
different layers by suitable choice of these settings - essentially, by restricting the optimization to
the lower frequency components in the early stages. In principle, it is always possible to achieve a
close fit to the observed data but this has to be balanced against the known limitations of the model
and the need to retain a plausible basin geometry, consistent with the available geological control.

The outputs from the modelling inevitably reflect the prejudices of the interpreter to the extent that

these influence the setting of unknown or poorly constrained parameters. In the present case, one
assumption was that the thickness of sediment within the Rockall Trough should be of the order of
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5 km. It was also thought reasonable to distribute some of the residual anomaly throughout the
deeper parts of the model. Thus, modifications were made to the seismic Moho depths, more
especially near the shelf margins, to maintain optimized thicknesses of the cover sequence greater
than the Tertiary sequence interpreted on the 2D seismic profile lines. The density of the
transitional layer was also manipulated by grid editing to help account for some of the larger
gravity anomalies within the Rockall Trough. These changes applied to the starting model. Within
the optimization routine itself, a somewhat arcane processing sequence was followed which
included adjustments to the density of the upper crust from its initial value of 2.78 Mg/m® and
successive opening of the low-pass filter settings in moving the base of the cover sequence.

Results from be 3D modelling are displayed in both map and profile form. The latter is particularly
useful for checking the optimized outputs directly against both the seismic interpretations and the
2D modelling (cf. Annex AS5).

Map 22a: (*) Apparent basin thicknesses as derived from a regional 3D full-crustal model

The results of the modelling, displayed as thicknesses in this map, represent an attempt to isolate
the contribution of the cover sequence from the observed gravity anomaly. They are, perhaps,
better thought of as a re-calibrated residual anomaly distribution. There is clearly a gross over-
simplification of the geology in the approach adopted but it provides a regional context in which to
set an appraisal of areas of specific interest. More detailed models can then be developed where
there are data of higher resolution and with better seismic controls.

Previous models of this type for area further north along the Atlantic margin have allowed less
high frequency content into the final maps. In the present case, specific comparisons were made
with the independently-derived 2D models. These indicated that at least a part of the information
emerging from the 3D models was consistent with known geological structure but that features of
interest such as the Erris High remained quite heavily suppressed, with some residual anomaly
unaccounted for. This type of feature, with an anomaly width of about 10 km, is close to the limits
of resolution with the available dataset and a model grid node spacing of 2 km but a significant
improvement in both the match and the geological representation is possible. However, achieving a
good fit here has undesirable consequences elsewhere, in amplifying what is essentially noise, such
that the appearance of the map becomes chaotic.

The present map is a compromise in that it includes some of the higher frequency information
without fully accounting for the residual anomalies; the shaded-relief presentation helps in
revealing these structures but it does emphasize the noisier aspects also. Comparison of the 2D and
3D model sections indicates that this is partly a function of presentation scale. The 3D model does
reasonably well in revealing the basic form of basin/ridge structure seen in the seismic data without
fully recovering the amplitudes - as would be expected.

As noted above, the map is more correctly described as a form of residual gravity anomaly.
However, in comparing the results with maps 6 and 10 it can be seen that some major
readjustments occur as the background crustal model is progressively refined. The Porcupine
Seabight Basin provides a good indication of this in that the axial gravity anomaly high has been
offset to allow 5-6 km of 'apparent basin thickness' to emerge. Gravity anomaly highs within the
Rockall Trough have also been suppressed to some extent whereas areas of thin cover over the
Rockall and Porcupine highs are expanded. The cover sequence is generally thinner near the south-
west end of the Rockall Trough, with a distinct change in character south of a north-west - south-
east trending zone 40-50 km north-east of profile line WI-32. This appears to have some relation to
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the occurrence of the Barra Volcanic Ridge System. There is also evidence of a trough/ridge
geometry on the southern side of the Charlie-Gibbs Fracture Zone.

The shelf margins remain particularly difficult because of sensitivity to errors in gradients in the
bathymetry, the Moho(s) and the observed gravity data themselves. Any short wavelength features
in these areas needs to be viewed critically. A good example of this occurs along the western
margin of the Porcupine High (cf. comments on Map 8 above) where a particularly complex
pattern emerges from the model. Although this representation of the geological structure is not
reliable in itself there are indications of buried Mesozoic fault blocks in the seismic data. Perhaps
the main value of this type of preliminary modelling is that it can bring attention to such areas. By
refining the model subsequently, as better control becomes available in difficult areas, it can then
be used to interpolate/extropolate more effectively elsewhere. The resolution can also be improved
significantly within smaller areas by the use of finer grids and by accounting for the known part of
the sedimentary sequence more rigorously.

There is scope for 're-calibrating' the thicknesses in areas of the map where the model layer density
of 2.45 Mg/m3 is thought to be unrepresentative as a mean value. This might apply to the Clare
Basin, for example, where the expected Carboniferous sequence is likely to have a higher density.
Where a thicker sequence of Tertiary sediments occurs the overall thickness is likely to be
overestimated (ie. the mean density is actually lower). To a first approximation, it is only necessary
to maintain the implied mass (2.45 x thickness) within the layer for the results to be valid. Where
the thicknesses are known then the mean density can be revised accordingly. The Slyne Basin is
less conspicuous than might be expected, possibly for this reason.

Map 22b: (*)Apparent basement surface relief from a regional 3D full-crustal model

This map shows the base of the cover sequence as defined by the optimized model, using a
different illumination direction compared to Map 22a. The most obvious change in balance
between the two maps is beneath the deeper waters near the south-western end of the Rockall
Trough. The Celtic Sea Basin shows the reverse characteristics, with a thick sedimentary sequence
beneath relatively shallow water.

Another area to note is that lying by the western flank of the Porcupine High. The depth map
offsets some of the more extreme variation in thickness (cf.Map 22a), confirming the close relation
between the bathymetry and the model response here

6.2 Magnetic modelling

Magnetic modelling was undertaken using the same basic approach but with some different
constraints and a simpler crustal model. The immediate objective here was to suggest the distribution
of magnetization within the crystalline basement/upper crust.

Previous 2D and 3D model studies had shown the inherent ambiguity in distinguishing magnetic
sources within the basement from igneous rocks (lavas and/or sills) at higher levels within the
Tertiary and Cretaceous sequences in deep-water areas. As the latter were widespread,
magnetizations in the 3D models had been optimized within an upper layer of constant thickness
extending up to the ground surface. Some of the longer wavelength components were assigned to the
underlying crust but the resulting images closely resembled the form of the observed anomaly.
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For this study it was assumed that the influence of the Tertiary lavas was less significant so that the
upper surface of the magnetic layer could reasonably be set at the base of the cover sequence derived
from the gravity inversion. Various alternative forms were tested for the base of this layer. As before,
a layer of constant thickness yielded results similar to the anomaly maps themselves, albeit calibrated
in terms of magnetization. Fixing the base at a constant depth, produces a marked change in balance
across the area as magnetizations have to rise significantly where the layer thins out (eg. beneath the
Rockall Trough) compared to the much greater thicknesses beneath the shelf areas. Taking the base
to the seismic Moho exaggerated the latter effects even more. In producing the final output the upper
magnetized layer was assumed to have a minimum thickness of about 1.5 km. Half of the remaining
difference in thickness between the seismic Moho and the base of the cover sequence was then
added to the depths to give a surface varying in depth between 8 km and 18 km below sea level.

The starting model comprised simply the ground surface, the base of the cover sequence obtained
from the gravity model, the surface as defined in the previous paragraph, and the seismic Moho. The
observation surface was set at 1.5 km above sea level to allow for the loss of some high frequency
components in the compiled grid. Initially, the deepest layer was assigned a magnetization of 1 A/m
and this was optimized to take out a low-order background field. Optimization was then transferred
to the layer representing the upper crust. No other adjustments were made in producing the final
output.

Map 23 (¥} Apparent magnetization in the upper crust from a regional 3D model

The modelling process acts a low-pass or smoothing filter which focusses attention on the broader-
scale features and, as expected, the optimized magnetizations do show some change of emphasis
from the reduced-to-pole anomaly image (Map 13). In particular, there now appears to be a region of
higher magnetization within the Rockall Trough in the northern part of the area, beyond a north-west
- south-east line passing about 30 km north-east of profile GSR96-116. This takes in the Hebrides
Terrace Seamount with its distinctive reversed polarity response (cf. also seen further east over the
Blackstones Bank igneous centre). Areas of strongly negative magnetization generally imply the
presence of Tertiary igneous centres and/or thick sequences of basalt of Palaeocene (/Cretaceous)
age whereas the more positive values (as, for example on the Rockall and Porcupine highs) are as
likely to originate from within the basement itself.

As it is, absolute levels of magnetization cannot be fixed reliably from the magnetic anomaly alone.
Thus, the fact that positive values are shown does not, of itself, mean that the source is normally
magnetized (basement or intrusions), more especially where the anomaly is of relatively short
wavelength: a reduction in magnetization or thickness of reversely polarized basalts is an equally
valid interpretation of some anomalies.

Broad areas of negative magnetization are also characteristic of thick, non-magnetic sedimentary
sequences. Such areas can be regarded as 'windows' revealing information on the background
variation arising from changes at mid-crustal levels (down to the Curie point where rising
temperatures result in the loss of ability to retain magnetization) although they will include some
effects from adjoining magnetic sources.

As noted above, the magnetic response does not of itself distinguish older sources within the
basement from subsequent intrusions. The nature of any associated gravity anomalies, combined
with the form of the anomalies themselves (eg. circular or elongate), can be a guide to the source
but some ambiguity usually remains. No attempt is made here to classify the different anomalies
overall but a few points of general interest are raised.
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It is tempting to assume that the prominent areas of negative magnetization to the south-west of the
Rockall high arise from sources contemporaneous with the major rifting episodes and that they
represent reversely magnetized basic intrusions together with normally magnetized bodies. Thick
lavas could also be present here but there is no evidence of the higher frequency magnetic anomalies
that might be expected over these relatively shallow water depths. However, data coverage in this
area is relatively poor and the anomalies may be heavily aliased and filtered.

The isolated body of high magnetization related to a Tertiary compressional feature in Quadrant 76
is clearly defined and the Porcupine Median Volcanic Ridge also has an expresssion. A set of three
strongly magnetic blocks/bodies which may have a similar origin extends northwards along the
Porcupine High, diminishing in both areal extent and magnitude. The last lies at the end of profile
GSR96-108 and, as noted previously, is probably more closely linked to an anomaly to the north-
east. The anomaly ridge to the east separates the Porcupine and North Porcupine basins and is
associated with faulting.

A more obvious expression of the Charlie-Gibbs Fracture Zone might have been expected although
there is a change in trend to a distinctive negative feature with a south-south-east strike to the south of
it. The Barra Volcanic Ridge System does not stand out especially either, apart from the positive
zones near the centre of profile WI-32.
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7. CONCLUSIONS AND RECOMMENDATIONS

The compiled datasets provide a good basis for an assessment of the regional structures influencing
the Irish Rockall Trough. However, data coverage is not uniform and deteriorates significantly
towards the west, resulting in a loss of information content distinct from the effects of increasing
water depths and the geology itself.

The suite of maps derived from the grids was designed to bring out as much information as possible
using a variety of processing and display techniques although, inevitably, this selection will not meet
all of the users' requirements. The grids themselves are also supplied so that alternative images can be
generated by RSG members' using their own software to meet more specific objectives and to
increase the range of products, for example in terms of illumination directions. The data were gridded
at a node spacing of 2km and map production at scales of larger than about 1:1M is not
recommended in terms of gaining extra resolution.

A variety of structural elements and trends is apparent in the maps but it is important to recognize
that there is no simple correlation between the anomalies as such and the geology. Modelling helps in
understanding the nature of these relationships. As illustrated by the 2D models, the level of detail
that can be resolved from these datasets is rather coarse in comparison with that of interest in
evaluating hydrocarbon prospects. Nevertheless, they are particularly useful for understanding the
regional context in which to set more local studies where higher resolution survey data are available.
In particular, this study is important in helping to establish the contribution to the gravity response
attributable to crustal thinning in areas near the shelfbreak.

A regional 3D model has been constructed which reproduces many of the known geological features,
in a qualitative sense at least, from the gravity data. This should provide a useful starting point for
constructing more detailed models over more specific targets and could be refined as additional
information becomes available, for example, from deep seismic experiments. In principle, it is
preferable to work in a 3D rather than a 2D environment in developing reliable models.

This project has illustrated the value of the potential field data and any likely requirements for
imaging on a regional scale can be met with the suite of grids produced. There is further scope for
refining the 2D and 3D models by a more detailed appraisal of the results in the context of the
available seismic data. The results from the latest RAPIDS deep seismic experiments would provide
an obvious opportunity for developing ideas on the deeper crustal structure.

The resolution of the imaging and modelling techniques could be improved significantly by focussing
the study on areas with better data coverage. A more detailed attempt to address the problems of
modelling potential data along the margin of the Rockall Trough should be of benefit to all group
members.
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Map 1:

Map 2:
Map 3:

Map 4:
Map 5a:

Map 5b:
Map 6:

Map 7a:
Map 7b:
Map 8:

Map 9a:
Map 9b:

Map 9c:
Map 10:

Map 11:
Map 12:
Map 13:
Map 14a:
Map 14b:
Map 15:
Map 16a:
Map 16b:
Map 17:
Map 18:
Map 19:
Map 20:
Map 21:
Map 22a:
Map 22b:

Map 23:

ANNEX Al: LIST OF IMAGES
Bathymetry/topography image with 2D modelled profile locations

Location map of digital data points taken from marine gravity survey tracks
Location map of digital data points taken from magnetic survey tracks

Free-air gravity anomaly image (Bouguer anomaly values on land); illuminated from W
Horizontal gradient of free-air gravity anomaly (Bouguer anomaly on land); illuminated from
NW

Horizontal gradient of free-air gravity anomaly (Bouguer anomaly on land); illuminated from
NE

Residual free-air gravity anomaly from 10 km upwardly continued field; illuminated from W
Isostatically-compensated Bouguer gravity anomaly (at 2.75 Mg/m”); illuminated from NW
Isostatically-compensated Bouguer gravity anomaly (at 2.75 Mg/m”); illuminated from NE
Isostatically-compensated Bouguer gravity anomaly (at 2.20 Mg/m”); illuminated from N by
E

Horizontal gradient of isostatically-compensated Bouguer gravity anomaly; illuminated
from NW

Horizontal gradient of isostatically-compensated Bouguer gravity anomaly; illuminated
from NE

Horizontal gradient of isostatically-compensated gravity potential; illuminated from W by N
10 km continuation residual of Bouguer anomaly (isostatically-compensated); illuminated
from N by E

Euler deconvolution solutions from isostatically-compensated gravity data

Total magnetic field anomaly (as compiled at 450 m); illuminated from NW
Reduced-to-pole magnetic anomaly (as compiled at 450 m); illuminated from NE

Horizontal gradient derived from reduced-to-pole magnetic anomaly; illuminated from NW
Horizontal gradient derived from reduced-to-pole magnetic anomaly; illuminated from NE
Reduced-to-pole magnetic anomaly upwardly continued by 2 km; illuminated from NW by
W

Residual RTP magnetic anomaly from 2.5 km upwardly-continued field; illuminated from
NNW

Residual RTP magnetic anomaly from 2.5 km upwardly-continued field; illuminated from W
by S

Magnitude of analytic signal from 1 km upwardly continued magnetic field; illuminated from
WNW

Horizontal gradient of magnetic pseudo-gravity transformation; illuminated from NNE

Euler deconvolution solutions from magnetic RTP anomaly data

Reduced-to-pole magnetic image with gravity anomaly line contours; illuminated from W
Isostatically-compensated gravity image with RTP anomaly line contours; illuminated from
W

Apparent basin thicknesses as derived from a regional 3D full-crustal model; illuminated
from W

Apparent basement surface relief from a regional 3D full-crustal model; illuminated from
NNE

Apparent magnetization in the upper crust as derived from a regional 3D model; illuminated
from W
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ANNEX A2: DESCRIPTION OF DIGITAL GRID/DATA FILES
Binary/Ascll files used in image production

The binary filenames used for map production (and as quoted in the information box in the lower
right-hand corner of the map legends) are given first in italics. Equivalent names for the ASCII
files as written to Exabyte 8mm cartridge tape and CD-ROM for data transfer purposes follow in
square brackets (see also Annex A3). The maps in which the files were used are given in bold
italics.

1. bathy+isles+npbmod.sg [bathy.mod] (Map 1): elavation/bathymetry -
the basic grid was modified slightly using the EarthVision graphics editor to remove
a gridding overshoot in quadrants 16/17 and to keep a couple of small islands in
quadrants 134/135 above water.

2. fag smp0l upp3tol.sg [fa grav.mod] (Map4): free-air gravity anomaly -
light smoothing with EarthVision filter and variable upward continuation of from
300 m in the east to 2 km over the western half of the map to allow for the change
in data quality.

3. fag upp3to2.1hd [fa_grav.lhd] (Maps 5a and 5b): horizontal gradient of the free-air gravity
anomaly -
magnitude of the horizontal gradient derived from grid 2.

4. fag reslOkm.sg [faa 10km.res] (Map 6): residual free-air gravity anomaly -
grid 2 was upwardly continued by 10 km and the result subtracted from grid 2.

5. iso bag275 up et5.sg [isog 275.mod] (Maps 7a/7b, 20 and 21): isostatically-compensated
Bouguer gravity anomaly -
the basic Bouguer gravity anomaly grid at a reduction density of 2.75 Mg/m® was
variably continued (as for grid 2) and from this was subtracted the gravity anomaly
attributable to the present-day topographic load as reflected at the base of a crust
with an elastic thickness of 5 km in isostatic equilibrium. The reference crust was
assigned a thickness of 30km with a load replacement density offshore of
2.5 Mg/m’® (sea water 1.03 Mg/m®) and a density contrast of 0.4 Mg/m’ at its base.

6. iso bag220 up et5.sg [isog 220.mod] (Map 8): isostatically-compensated Bouguer gravity
anomaly -

as for grid 5 except that the starting point was the basic Bouguer gravity anomaly

grid at a reduction density of 2.20 Mg/m’.

7. iso_bag275 up et5 1hdsg [isog 275.1hd] (Maps 9a and 9b): horizontal gradient of the
isostatically-compensated Bouguer gravity anomaly -
magnitude of the horizontal gradient derived from grid 5.

8. iso_bag275 up et5 gpot.lhd [isog pot.lhd] (Maps 9c): horizontal gradient of the
isostatically-compensated Bouguer gravity anomaly potential -
grid 5 was integrated to give the equivalent potential (ie. of which the acceleration
due to gravity is the vertical derivative) and the magnitude of the horizontal
gradient of this potential then calculated.
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9. isog 275 reslOkm.sg [isog 10kres] (Map 10): residual isostatically-compensated Bouguer
gravity anomaly -
grid 5 was upwardly continued by 10 km and the result subtracted from grid 5.

10. mag tf smp0l.sg [mag p0l.smo] (Map 12): total magnetic field anomaly -
the basic anomaly grid, referred to IGRF 1980 and at an effective elevation of
450 m above mean sea level, was lightly smoothed using an EarthVision filter.

11. mag rip.sg [magrip] (Maps 13, 20 and 21): reduced-to-pole magnetic field anomaly -
grid 10 was reduced-to-pole assuming a contemporary field inclination of 68.7° and
a declination of 13°W.

12. mag rtp 1hd smp0l.sgi [mag rip.1hd] (Maps 14a and 14b): horizontal gradient of the
reduced-to-pole magnetic anomaly -
the magnitude of the horizontal gradient was derived from grid 11 and smoothed in
EarthVision; the result was then interpolated and any resulting negative values
clipped to zero.

13. mag rip up2p5.sg [rip 2p5.up] (Map 15): upwardly-continued reduced-to-pole magnetic
anomaly -
grid 11 was upwardly continued by 2.5 km.

14. mag rtp res2p5 smp05.sg [rtp 2pS.res] (Maps 16a and 16b): residual reduced-to-pole
magnetic anomaly -
grid 13 was subtracted from grid 11 and the result was then smoothed using the
EarthVision filter.

15. mag rip upl AS smp05.sg [rtp upl AS] (Map 17): the analytic signal of the reduced-to-
pole magnetic anomaly -

the magnitude of the reduced-to-pole magnetic anomaly gradient (directly related to

the so-called analytic signal) was calculated from grid 11 after upward continuation

by 1 km and smoothed using the EarthVision filter.

16. mag psg lhdsg [mag psg.lhd] (Map 18): the horizontal gradient of the pseudo-gravity
anomaly -
the pseudo-gravity values were calculated from grid 12 and the magnitudes of the
horizontal gradients then calculated.

17. 3dg t02.sgi [3dg thk.sed] (Map 22a): the optimized thickness of the sedimentary cover
sequence as defined by the 3D gravity model.

18. 3dg e03.sgi [3dg top.uc] (Map 22b): the optimized depth of the sedimentary cover sequence
(and of the top of the basement) as defined by the 3D gravity model.

19.  3dm p02.sg [3dm uc.mag] (Map 23): the optimized magnetization within the
basement/upper crust as defined by the 3D magnetic model.
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Additional Ascri grid files

The grids as compiled by ARK Geophysics Ltd:

20. bathy.ark: bathymetry/topography

21. fa_grav.ark: free-air anomaly offshore, Bouguer anomaly at 2.67 Mg/m® on land

22. ba220.ark: Bouguer anomaly corrected at 2.20 Mg/m’ offshore, at 2.67 Mg/m® on land
23. ba275.ark: Bouguer anomaly corrected at 2.75 Mg/m”® offshore, at 2.67 Mg/m® on land
24. mag2.ark: total field magnetic anomaly (NB: grid node interval 1.2 km NOT 1 km)
Grids not used in generating images:

25. ba_220.iso: isostatically-compensated Bouguer anomaly calculated as in grid 6 above but
with the bathymetric load density and Bouguer reduction density offshore both set to 2.20 Mg/m’

26. ba_275.iso: isostatically-compensated Bouguer anomaly calculated as in grid 5 above but
with the bathymetric load density and Bouguer reduction density offshore both set to 2.75 Mg/m®

Point data files:

1. gravnav_xy.ann [grav_xy.dat] (Map 2): x.y grid co-ordinate locations of digital point gravity
survey data used in the compilation.

2. magnav_xy.ann [mag xy.dat] (Map 3): ): x.y.grid co-ordinate locations of digital point
magnetic survey data used in compilation.

3. eul isog Op5_60_7 9.ann [euler_g.dat] (Map 11): gravity Euler solution locations as x,y grid
co-ordinates and depths (negative below sea-level) -
Euler deconvolution results were obtained using grid 5 and its 1st vertical derivative
as inputs and a structural index of 0.5. Other parameters (60/7/9) refer to the error
constraints placed on z, x and y for acceptable solutions.

4. mag_eul Ip0 50z.ann [euler m.dat] (Map 19): magnetic Euler solution locations

as X,y grid co-ordinates and depths (negative below sea-level) -
Euler deconvolution results were obtained using grid 11 and its 1st vertical
derivative as inputs and a structural index of 1.0. The parameter 50z refers to the
error constraint placed on depths for acceptable solutions.

3. landmask.pol: this is the outline of the mask used to exclude the onshore Ireland area from the
grids. All grid nodes within it have been set to null (ie. 1e+20). The mask only applies to the
exported grids and to the images of the 3D modelling results (maps 22a, 22b and 23) - in the latter
case, a secondary zone of masking is included to avoid edge effects.
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ANNEX A3: DETAILS OF DIGITAL OUTPUT FILES

It was agreed at the project proposal stage that the maps/images should be distributed in a digital
format, allowing RSG members to produce hardcopy output in-house as required. Only one set of
printed maps was supplied as part of the contract- to PAD.

The original specification was for a set of plot files to be provided, together with the grid files used
in generating the images. CGM format was approved for the former, with ASCII (rather than
binary) for the latter. Although straightforward in principle this did lead to a number of practical
problems, more particularly in respect of the images. The end result is that a number of alternative
plot file formats has been provided, as discussed below.

Grid/data files

As a requirement of the terms on which data were made available to the project the basic working
grids had to be clipped to the map/image area defined by UTM grid eastings 250 km and 1000 km
and grid northings 5650 km and6350 km. Also, the area covered by the Irish landmass had to be
excluded by setting these grid values to 'null' (defined as 1e+20).

Clearly, for further processing (eg. using Fourier techniques) over the full area, it will generally be
necessary to strip out the null values and re-grid. Some grid editing software (eg. EarthVision)
allows the user to sketch in generalized contours over the masked area. Alternatively, additional
data points can be defined explicitly to provide a more realistic representation of the field than a
simple extrapolation procedure.

The grids have been written in full, with one point per line as:
x <tab>y<tab>node value

where: x and y are specified in kilometres.
units of the grid values are as labelled on the colour bar of the images (generally using
m@Gal, nT, km etc. as appropriate).

See Annex A2 for further details of the grids and the filenames adopted.

The output is ordered by rows starting from the bottom, (ie.south-west) corner of each grid.

Some additional data are also supplied in ASCII format. These comprise the Euler solutions and
the digital data point locations.

Plot files

Two basic problems emerged after generating the 'final' suite of maps, supplied as hardcopy to
PAD.

e The Zeh compositing facility 'zemp' had been used in order to include the inset location map
and RSG and ARK logos on the map face. Hardcopy versions of the combined images can be
plotted directly without difficulty from this software. However, going through the intermediate
step of generating the composite CGM as a separate file resulted in some corruption of the
original colour tables.
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o The CGM files make use of the extended Zeh fonts set ZPS-PFNT. If this is not implemented
on the local printer then some of the text will take default styles and may not scale as intended.

e Although widely available in the oil industry, the Zeh software is not used by all RSG
members.

In order to resolve the main difficulty associated with a software specific product, a separate set of
composited CGM plot files was created using a slightly simplified style of presentation (NB: this
had no effect on the basic image).

It was also realized that CGM's are not very convenient for quick-look, screen viewing purposes. A
set of JPEG images is provided to meet this requirement. The images were initially captured from
the screen display and then converted.

When producing examples of the images at a reduced (A3) scale for inclusion in the final report it
proved necessary to revert to Postscript output files to maintain reasonable quality. This
incomplete set has also been supplied (the scale being approximately 1:2.9M).

Data structure as written to Exabyte / CD-ROM

The data were made available on Exabyte 8mm cartridge tape or CD-ROM as preferred by
individual group members. In order to preserve the integrity of file names on CD-ROM (given the
character length restrictions on this medium) the names of the grid files were modified from those
shown in the information box of the images themselves (as described in Annex A2).

Exabyte tapes were written from a Silicon Graphics UNIX workstation using the command:
tar -cvbf 20 /dev/rmt/tps0d6v.8200 *

CD-ROMs were written to the ISO9660 (/Joliet) standard from a PC running under NT.

The files, amounting to about 1.2 Gbytes in total, are organized within a set of 5 subdirectories
(2D_MODEL, CGM_CMP, CGM_FULL, GRID_DAT and JPEG_PS) according to data type: The
limited capacity (650 Mbytes) of the CD-ROMs meant that the data had to be distributed between

two disks with 2D MODEL, CGM_CMP and GRID DAT on disk 1 and CGM_FULL and JPEG PS
written to disk 2.

Listings of the contents of each of the subdirectories follow, giving the sizes of the files as written:
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CGM plot files showing observed/calculated gravity and magnetic anomalies
and the corresponding models. Each line is plotted at two scales:

the 6 shorter profiles are supplied as separate gravity and magnetic
component models at 1:100k horizontal scale with a vertical exaggeration
of 0.667, and as a single plots at 1:200k horizontal scale with a vertical
exaggeration of 1:1

the two regional lines are plotted as combined gravity/magnetic models at
1:750k horizontal scale with a vertical exaggeration of 1:2.5 and at
1:500k with a vertical exaggeration of 1:1.

total size: 61907 blocks x512 bytes (approx. depending on device directory structure)

File name Date (last modified) | Size (bytes)
2d 107.cgm Oct 29 18:44 1764804
2d_107g.cgm Oct 29 18:44 2044858
2d_107m.cgm Oct 29 18:44 2133200
2d_108.cgm Oct 29 18:45 1672964
2d_108g.cgm Oct 29 18:44 1732560
2d_108m.cgm Oct 29 18:44 1848672
2d 116.cgm Oct 31 15:53 56552
2d_116x1.cgm Oet 31 15:53 55292
2d 118.cgm Oct 29 18:45 1929286
2d 118g.cgm Oct 29 18:44 2070392
2d_118m.cgm Oct 29 18:44 2168194
2d 204.cgm Oct 29 18:45 1371106
2d 204g.cgm Oct 29 18:45 1517728
2d 204m.cgm Oct 29 18:45 1630580
2d 25.cgm Oct 29 18:45 1604974
2d_25g.cgm Oct 29 18:45 1659946
2d_25m.cgm Oct 29 18:45 1742798
2d 32.cgm Oct 31 15:54 63762
2d_32x1.cgm Oct 31 15:59 62370
2d_37.cgm Oct 29 18:45 1306502
2d 37g.cgm Oct 29 18:45 1577704
2d_37m.cgm Oct 29 18:45 1673876
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these files are the component images used for compositing the 'final' maps
which comprise the RSG and ARK logos and the inset location map (common
to all compositions) together with the relevant main image with its legend.
The Zeh composition (*.cmp) files are also supplied for direct use with 'zcmp'
but the images could be combined using other software available to the user.

total size: 676763 blocks x512 bytes (approx. depending on device directory structure)

File name Date (last modified) | Size (bytes)
ark logo.cgm Jul 13 19:13 841682
insetmap.cgm Jul 13 19:13 856150
rsg_logo.cgm Jul 13 19:13 3636652
File name Date (last modified) | Size (bytes)
mapl.cgm Jul 20 08:28 10088154
mapl0.cgm Oct 29 17:43 11036184
mapll.cgm Jul 19 10:30 4216510
mapl2.cgm Jul 20 09:04 14331516
mapl3.cgm Jul 20 09:15 15028738
mapl4a.cgm Jul 20 09:15 4973926
mapl4b.cgm Jul 20 09:16 4942650
mapl5.cgm Jul 20 09:18 11996018
mapl6a.cgm Jul 20 09:21 13860690
mapl6b.cgm Jul 20 09:22 4910670
mapl7.cgm Jul 20 09:28 11786546
map18.cgm Jul 20 09:34 11215914
map19.cgm Jul 19 11:17 4612170
map2.cgm Jul 19 09:28 39045730
map20.cgm Jul 20 09:47 9994518
map2l.cgm Oct 29 17:43 15047860
map22a.cgm Oct 30 14:41 13263670
map22b.cgm Oct 30 14:42 11684776
map23.cgm Oct 30 14:42 10491412
map3.cgm Jul 19 09:43 37718236
map4.cgm Jul 20 08:29 10817678
map5Sa.cgm Jul 20 08:29 4981366
map5b.cgm Jul 20 08:30 4948702
map6.cgm Jul 20 08:31 11595356
map7a.cgm Jul 20 08:33 9983088
map7b.cgm Jul 20 08:37 9983144
map8.cgm Jul 20 08:38 10117342
map9a.cgm Jul 20 08:39 4973554
map9b.cgm Jul 20 08:40 4948950
map9c.cgm Jul 20 08:42 8511182
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/CGM_CMP (continued)

File name Date (last modified) | Size (bytes)
mapl.cmp Nov 6 14:10 1473
mapl10.cmp Nov 6 14:10 1475
mapl1l.cmp Nov 6 14:11 1475
map12.cmp Nov 6 14:11 1475
mapl3.cmp Nov 6 14:11 1475
mapl4a.cmp Nov 6 14:12 1477
map14b.cmp Nov 6 14:12 1477
mapl5.cmp Nov 6 14:12 1475
mapl6a.cmp Nov 6 14:12 1477
map16b.cmp Nov 6 14:13 1477
mapl7.cmp Nov 6 14:13 1475
map18.cmp Nov 6 14:13 1475
map19.cmp Nov 6 14:14 1475
map2.cmp Nov 6 14:14 1473
map20.cmp Nov 6 14:14 1475
map21.cmp Nov 6 14:14 1475
map22a.cmp Nov 6 14:15 1477
map22b.cmp Nov 6 14:15 1477
map23.cmp Nov 6 14:15 1474
map3.cmp Nov 6 14:15 1473
map4.cmp Nov 6 14:16 1473
mapSa.cmp Nov 6 14:16 1475
map5b.cmp Nov 6 14:16 1475
map6.cmp Nov 6 14:17 1473
map7a.cmp Nov 6 14:17 1475
map7b.cmp Nov 6 14:17 1475
map8.cmp Nov 6 14:18 1473
map9a.cmp Nov 6 14:18 1475
map9b.cmp Nov 6 14:18 1475
map9c.cmp Nov 6 14:19 1475
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/CGM_FULL complete images (ie. including logos and inset map) with a slightly modified

presentation from that derived using zcmp with the files in CGM_CMP.

total size: 1020448 blocks x512 bytes (approx. depending on device directory structure)

File name Date (last modified) | Size (bytes)
zmapl.cgm Jul20 11:19 17454764
zmap10.cgm Oct 29 17:46 18394602
zmapll.cgm Jul 19 15:16 9027716
zmapl2.cgm Jul 20 11:45 21689942
zmapl3.cgm Jul 20 11:46 22387156
zmaplda.cgm Jul 20 11:47 2332514
zmap14b.cgm Jul 20 11:48 12305126
zmapl5.cgm Oct 29 17:47 19354464
zmapl6a.cgm Jul 20 12:17 21219108
zmap16b.cgm Jul 20 12:18 12277034
zmapl7.cgm Jul 20 12:39 19145134
zmap18.cgm Jul 20 12:40 18574332
zmapl9.cgm Jul 19 15:42 9371250
zmap2.cgm Jul 19 17:40 31966772
zmap20.cgm Jul 20 12:42 17352948
zmap2l.cgm Oct 29 17:45 22406290
zmap22a.cgm Oct 31 15:35 20619222
zmap22b.cgm Oct 31 15:35 19040004
zmap23.cgm Oct 31 15:36 17846944
zmap3.cgm Jul 19 18:18 25241298
zmap4.cgm Jul 20 11:24 18176112
zmap5a.cgm Jul 20 11:26 12338932
zmap5b.cgm Jul 20 11:29 12310360
zmapb.cgm Jul 20 11:31 18953774
zmap7/a.cgm Jul 20 11:33 17341506
zmap7b.cgm Jul 20 11:38 17341562
zmap8.cgm Jul 20 11:39 17475922
zmap9a.cgm Jul 20 11:40 12332142
zmap9b.cgm Jul 20 11:41 12310608
zmap9c.cgm Jul 20 11:42 15869588
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/GRID_DAT ASCII files of the grids used in creating the images, gravity and magnetic

Euler solution information and gravity and magnetic data point locations.

total size: 510455 blocks x512 bytes (approx. depending on device directory structure)

File name Date (last modified) | Size (bytes)
3dg thk.sed Nov 2 11:48 8782941
3dg top.uc Nov 2 11:55 9271566
3dm_uc.mag Nov 2 11:58 9272722
ba220.ark Nov 2 12:14 8008035
ba275.ark Nov 2 12:15 8088799
ba 220.iso Nov 2 13:21 8849241
ba 275.is0 Nov 2 13:22 8841669
bathy.ark Nov 2 12:10 8308425
bathy.mod Jul 16 12:23 9496595
euler_g.dat Sep 17 14:58 2141130
euler_m.dat Sep 17 14:58 2391120
fa grav.1hd Jul 16 12:27 9091797
fa_grav.ark Nov 2 12:47 7868557
fa_grav.mod Jul 16 12:27 8930835
faa_10km.res Jul 16 12:26 9072750
grav_xy.dat Jul 16 12:47 14563177
isog_10k.res Jul 16 12:32 9099097
isog_220.mod Jul 16 12:28 8980539
isog _275.1hd Jul 16 12:30 9122293
isog 275.mod Jul 16 12:29 8783063
isog_pot.1hd Jul 16 12:31 8779544
landmask.pol Jul 13 18:35 1283
mag.rtp Jul 16 12:33 9032816
mag2.ark Nov 2 12:48 6613313
mag_p01.smo Jul 16 12:37 9091979
mag_psg.1hd Jul 16 12:32 9128863
mag_rtp.1hd Nov 2 14:46 8793820
mag_xy.dat Jul 16 12:47 14058841
rtp_2p5.res Jul 16 12:35 9061605
rtp_2p5.up Jul 16 12:36 9031893
rtp_upl.AS Jul 16 12:36 8782845
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a full set of 'jpeg' format images derived by a screen-capture procedure
together with selected Postscript file versions as reproduced in this report.

total size: 172071 blocks x512 bytes (approx. depending on device directory structure)

File name | Date (last modified) | Size (bytes)
mapl.jpg Jul 18 14:39 344714
mapl0.jpg Jul 18 17:06 402878
mapl0.ps Oct 29 18:32 5046369
mapl1.jpg Jul 18 14:48 402406
mapl2.jpg Jul 18 17:07 411848
map12.ps Oct 29 18:32 5936398
map13.jpg Jul 18 17:07 423733
mapl4a.jpg Jul 18 17:08 390723
mapl4b.jpg Jul 18 17:08 328185
mapl4b.ps Oct 29 18:32 4129858
mapl5.jpg Jul 18 17:09 390386
mapl6a.jpg Jul 18 17:10 435075
mapl6a.ps Oct 29 18:33 6180974
map16b.jpg Jul 18 17:10 238382
mapl7.jpg Jul 18 17:13 440090
mapl8.jpg Jul 18 17:14 420724
map138.ps Oct 29 18:33 6013983
map19.jpg Jul 19 08:54 421530
map2.jpg Jul 19 08:52 275026
map20.jpg Jul 19 08:54 414635
map20.ps Oct 29 18:33 6254065
map21.jpg Jul 19 08:55 413432
map22a.jpg Nov 2 11:38 372087
map22a.ps Oct 29 20:07 5490569
map22b.jpg Nov 2 11:38 369246
map22b.ps Oct 29 20:08 5255829
map23.jpg Nov 2 11:38 371938
map23.ps Oct 31 15:48 5120401
map2_ps.gz Oct 29 18:33 3524434
map3.jpg Jul 19 08:53 335089
map3 ps.gz Oct 29 18:33 3953785
map4.jpg Jul 18 17:04 379105
map4.ps Oct 29 18:33 5001824
map5Sa.jpg Jul 18 14:41 357132
map5b.jpg Jul 18 14:41 308303
mapb.jpg Jul 18 17:04 391974
map7a.jpg Jul 18 17:05 365290
map7a.ps Oct 29 18:33 5617947
map7b.jpg Jul 18 17:05 371346
map8.jpg Jul 18 17:06 361629
map9a.jpg Jul 18 14:46 369223
map9a.ps Oct 29 18:33 4156760
map9b.jpg Jul 18 14:46 318111
map9c.jpg Jul 18 14:47 390439
map9c.ps Oct 29 18:33 5184352
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ANNEX A4: SELECTED MAPS REPRODUCED AT A3 SIZE

A selection of maps/images reproduced at a nominal scale of 1:2.9M from the prepared suite of
maps (cf. Annex Al) available as digital plot files:

Map 2 - gravity data point distribution

Map 3 - magnetic data point distribution

Map 4 - free-air gravity anomaly

Map 7a - isostatically-compensated Bouguer gravity anomaly

Map 9a - horizontal gradient of compensated Bouguer gravity anomaly
Map 9¢ - horizontal gradient of gravity potential

Map 10 - residual compensated Bouguer gravity anomaly

Map 12 - total magnetic field anomaly

Map 14b - horizontal gradient of reduced-to-pole magnetic anomaly

Map 16a - residual magnetic anomaly

Map 18 - horizontal gradient of pseudo-gravity anomaly

Map 19 *** - Euler deconvolution solutions from magnetic data

Map 20 - gravity anomaly line contours on shaded relief image of magnetic anomaly
Map 22a - apparent basin thickness from a 3D gravity model

Map 22b - apparent basement surface relief from a 3D gravity model

Map 23 - apparent magnetization of upper crust from a 3D magnetic model

Note that the layout of these maps has been simplified from that used for the CGM plot files in
order to improve legibility and the view area of the images at the reduced scale (approx 1:2.9M).

Map 19 is an example of a direct reduction of the CGM plot file. This indicates the full legend
style to be expected when plotting at true scale from the CGMs.
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ROCKALL TROUGH - IRISH SECTOR

PIP/RSG Project 98/1: Compilation/presentation/interpretation of gravity and magnetic data
MAP 2: Location map of digital data points itaken from marine gravity survey tracks
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ROCKALL TROUGH - IRISH SECTOR PIP/RSG Project 98/1: | Compilation/presentation/interpretation of gravity and magnetic data
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ROCKALL TROUGH - IRISH SECTOR PIP/RSG Project 98/1: Compilation/presentation/interpretation of gravity and magnetic data
MAP 9a: Horizontal gradrcm of rsostaﬂcqlly-compemﬂfed Bouguer gravity anomaly
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ROCKALL TROUGH - IRISH SECTOR PIP/RSG Project 98/1: Compilation/presentation/interpretation of gravity and magnetic data
MAP 9¢c: Horizontal gradient of isostatically-compensated gravity potential
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ROCKALL TROUGH - IRISH SECTOR PIP/RSG Project 98/1: Compilation/presentation/interpretation of gravity and magnetic data
MAP 14b: Horizontal gradient derived from reduced-to-pole magnetic anomaly
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ROCKALL TROUGH - IRISH SECTOR PIP/RSG Projeect 98/1: Compilation/presentation/interpretation of gravity and magnetic data
MAP 16a: Residual RTP magn ued field
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ROCKALL TROUGH - IRISH SECTOR  PIP/RSG Project 98/1: Commpilation/presentation/interpretation of gravity and magnetic data
MAP 18: Horizontal gradient of magnetic pseudo -gravity transformation

TS

B
1
L




Tab

1 R
\_M")L';,

_ |ROCKALL TROUGH - IRISH SECTOR

#85  pipmsc projeasst  ARK
=

Compilation/presentation/interpretation
of gravity and magnetic data

MAP 19

olution soluti

s sy
prad -
- -
OTATED BASE MAP

b o P e gt s 1 1 s of P Toond-A-pole
i o v P cskokanon parsmtrs

s e =10 1y wrkow siam = 204
T s tiavarce - 7 b ata rord rharei = 25m
bt sararcn = 0% e = 3
P skt ot - 3k
St e repewmersic b s eolourns scxori 1o e e mesR et
. e s vl T ot a- 10 P il gradert.
S o st by o s iy (4 ol ha bk gracen)
e Faae 1 2 G appecaimaily oL ImERrs o
i e oo B

Sckuton egi e kit oty 238 e 1 sl vaams. Thay v ooy
o oty 1-3 A St 10 i g ey Eortent 1
sy el

T it rgea i recrmaares thn iy ol b deeiraiod
i T 150 S G s QT £5 8 0080 i I lack.

T8 gt o e st s 1 1)




KALL TROUGH - IRISH SECTOR PIP/RSG Pr
MAP 20: Reduced -t




ROCKALL TROUGH - IRISH SECTOR PIP/RSG Project 98/1: [ompilation/presentation/interpretation of gr: and magnetic data
SR | 8
MAP 22a: Apparent basin thicknesses as derived from a regional 3D full-crustal model
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ROCKALL TROUGH - IRISH SECTOR PIP/RSG Projiect 98/1: Compilation/presentation/interpretation of gravity and magnetic dats
MAP 22b: Apparent basement ;
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MAP 23: Apparent magnetization in the upper crust from a regional 3D model
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ANNEX AS: FIGURES ILLUSTRATING RESULTS OF 2D MODELLING TOGETHER WITH
PROFILES DERIVED FROM OPTIMIZED 3D GRAVITY MODEL

Each profile, taken along a seismic line, is represented by two figures, the first being the results
obtained from 2D modelling, based on the seismic interpretation, and the second being abstracted
from the 3D gravity model after optimization of the cover sequence thickness (as described in Section
6 above) along the same line.

Line locations are shown in Figure 1 and on several of the maps included in Annex A4 (eg. Map 4).

Regional lines crossing the Rockall Trough:

Line GSR96-116
Line WI-32

The properties of the layers within the model are displayed as: density [susceptibility / magnetization)]
in units of Mg/m®, SIx10® units and A/m respectively. Magnetizations are aligned along the
contemporary magnetic field direction or its reverse if negative.

Lines restricted to the margin of the Rockall Trough:

Line WRM96-107
Line DGER96-25
Line DGER96-37
Line GSR96-118
Line GSR96-108
Line GSR96-204

Only layer densities (Mg/m®) are shown in these models. Magnetic susceptibilities (SI units) are
indicated in the larger plots of the magnetic components of the models supplied as digital files.
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ANNEX A7: NOTES ON EULER DECONVOLUTION

Euler’s homogeneity relationship links source location to the observed potential field. This leads to
a set of equations, solvable using matrix inversion techniques, within a window which is moved
systematically across a grid of gravity/magnetic anomaly data. Although the procedure is
automated, the user has to specify both a number of parameters which affect the values calculated
and the criteria for discriminating between spurious solutions and those retained for display. One
of these parameters is the so-called structural index (SI) which relates to the rate of change in the
field with distance and, hence, to the geometry of the source itself: a higher SI implies a more
localized body (eg. a small intrusion as against an extended step or a contact between units with
differing properties). In principle, the appropriate SI value can be derived as part of the solution
but it is usually more effective to compare source locations as calculated for several pre-set values.

The Euler deconvolution method will produce a solution (in x,y,z) for every position of the
calculation window. However, if anomaly gradients are slack the solution will be poorly
constrained and be attributed to a source well outside the calculation window. One approach to
selecting only the more reliable solutions uses the standard errors in x,y,z given by the least-
squares procedure. Further constraints can be applied by limiting solutions to points where the
local anomaly gradients are at a maximum ie. implying there is a nearby source. Similarly, the SI
values can be restricted by model studies based on the expected geology. It should be noted that
modelling indicates a marked deterioration in the reliability of solutions as the quality of the field
data deteriorates; this follows from their sensitivity to noise in both vertical and horizontal
gradients. Further discussion on the method and its geological application is provided in
McDonald ef al. (1992).

The examples of Euler deconvolution selected for this volume provide some indication of source
depths but, in view of a number of caveats associated with the methodology, are best regarded as
only a qualitative guide. The maps can be approached in two different ways. First, to gain a general
impression of the trends and patterns; second, to look at specific areas in more detail.

Each solution is depicted as a line, coloured according to the depth range in which it lies.
Separated colour scales, blue-green and yellow-red, are used to identify the type of solution where
two are combined on the same map (eg. gravity/magnetic, different structural index and window
size settings etc.). Each line is oriented according to the local direction of the horizontal gradient:
the alignment is orthogonal to the gradient, so as to indicate the contour trend and structural grain.
The length of line is determined by the analytic signal ie. by the magnitude of the full gradient
vector (vertical plus horizontal components), such that the longer lines should be associated with
shallower solutions.

Influences on the reliability of calculated source locations:

(i) depths calculated from Euler deconvolution are not simply related to a specific level, such as
the uppermost surface of the inferred source, even where its geometry is simple. Thus, for a faulted
step the best solutions will lie somewhere between the top and mid-point.

(ii) the 'structural index' (SI) parameter affects the degree to which a solution is focussed correctly
for any particular source geometry: higher SI values are more appropriate as the curvature
increases eg. from near zero for a vertical contact to three for a sphere in the magnetic case; from
zero to two for gravity solutions. Use of too high an SI value results in exaggerated depths passing
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the solution acceptance criteria but the geographic location of these solutions can still be valid for
bringing out structural trends. In some cases, characteristic curved strings of false solutions result
from the use of an inappropriate SI. Solutions calculated with lower SI values generally show
larger standard deviations and are more likely to be degraded where data quality is poorer.

(iii) the size of the calculation window should be related to the wavelength of each anomaly so that
it is sampled effectively: large windows act as a low pass filter, resulting in over-estimates of
source depths and in sampling adjacent anomalies; small windows are more susceptible to seeing
noise within the data-set.

(iv) the criteria adopted for accepting/rejecting solutions can be relaxed or constrained. Relevant
parameters include:

- standard errors of the x,y and/or z values of each solution;

- distance by which the solution is offset from the centre of the window;

- proximity of window to a local maximum in the horizontal gradient;

- magnitude of the horizontal gradient (for limiting/selecting SI value).
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