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Shallow geological mapping of the Inner 
Moray Firth and adjacent areas 

Alick Leslie, Heather Stewart & Clive Auton 

Presenter
Presentation Notes
This talk describes initial interpretations of seismic data from a cruise to the Moray Firth and adjacent firths in January and February 2012. The cruise was planned by Heather Stewart and seismic interpretation was carried out by Alick Leslie and Kirsten Crombie. 3D modelling work in the area is being carried out by Clive Auton and Sarah Arkley.
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BGS Cruise 2012_1 

• Seismic and multibeam acquisition 
• Data to help in understanding the glacial and post 

glacial history of the area 
• Moray Firth area integrated with onshore modelling  
• Other areas to be linked with onshore work in future 
• Data will contribute to Sea Bed Sediments and 

Quaternary offshore map sheets 
• Some revision of the solid geology map sheet 

Presenter
Presentation Notes
The cruise collected multibeam and shallow boomer data.The Lateglacial and Holocene history of the area, in particular the processes and products associated with the waxing and waning of the  Moray First Ice Stream, have been the subject of considerable work onshore, including 3D modelling in several phases between Lossiemouth and Inverness.It is hoped that this offshore work will provide additional data that allows expansion of the 3D modelling into the near-shore zone, especially in areas where borehole control is limited.The multibeam and backscatter data, combined with other datasets further east in the Moray Firth, will form the basis for new 1 : 50,000  map panels in the Maremap programme.
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Beauly Firth 

Moray Firth 

Cromarty Firth 

Munlocky Bay 

Presenter
Presentation Notes
Three main survey areas:The Beauly Firth including the area around the Kessock BridgeThe Inner Moray Firth, both east and west of Ardersier / FortroseThe Cromarty Firth from a point south of Alness to the narrows at CromartyA survey was also carried out at the entrance to Munlocky Bay, but is not discussed in this presentation.A planned survey of the Dornoch Firth did not take place
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Inverness 

Kessock Bridge 

Beauly Firth survey 

Presenter
Presentation Notes
In the Beauly Firth sixteen lines were shot, and there is some correlation with interpreted records from boreholes drilled during construction of the Kessock Bridge.Line 096 (in yellow) can be correlated in part with borehole data.
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Presenter
Presentation Notes
Please note that this section is not from the line of the Kessock Bridge boreholes; it is interpolated from cross-sections that were drawn along the line of the Kessock Bridge boreholes (Figure 2 of the report) and the’ ‘North Kessock section’ drawn through 3 boreholes further west (Figure 3 of the report). You will see that it is aligned NW-SE (along the rote of the proposed pipeline and subparallel to the bridge ( See location map Fig 1 of the report)This section is sub parallel to seismic section 096 and lies some 50 m further east. The section was created using data from several boreholes and shows the following units:A  Bioclastic sand and gravel – HoloceneB  Post glacial beach gravel and sand – end DevensianC  Kessock Bridge Formation silt and sand – late DevensianD  Alturlie Gravels Formation E  Ardersier Silts FormationUnit E is interpreted to be a recessional, ice marginal deposit formed roughly 14 ka  BP during late stages of retreat of the Moray Firth Ice stream. It is exposed on land to the north (more later).
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Presenter
Presentation Notes
In all seismic lines shown the horizontal scale bars are 10 m apart and vertical scale is 10 ms TWTT, which is roughly equivalent in the sediment column to 9m. This gives a vertical exaggeration of roughly 3.5.What is apparent from the seismic line is that resolution below 30 m or so is poor, so the sediments relating to earlier glaciation and  deglaciation that underlie the Ardersier Silts (unit E) are not imaged.
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Presenter
Presentation Notes
Units A to D can be recognised with some differences.The distribution of Unit A suggests that there have been several phases of channelization in the firth during the Holocene, with partial infill.Unit B appears to have formed through multiple phases of infill and contains several sub-units showing prograding geometry possibly of  distal foresets of the Ness delta ,upon which much of the industrial and harbour facilities of Inverness are built. This has been related, in part  to catastrophic drainage through the Great Glen of water ponded in ice-dammed lakes in Glen Roy during the Loch Lomond  Stadial 12.5-1.5 ka BP (Sissons), and has been mapped on land to the south. The geometries suggest some lateral migration of deposition, but much of this sediment has been removed by later erosion.
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Fortrose 

Ardersier 

Line 67 

Line 64 

Moray Firth survey 

Presenter
Presentation Notes
In the survey in the Inner Moray Firth, 33 lines were shot. There is considerable variability in seismic character over this large area, but a number of features stand out.In the south, a high amplitude reflector with significant relief is overlain by a package with low amplitude, parallel laminated reflectors. This might reflect a till surface, incised by later erosive events and then draped by later post glacial sediments. In the north, a high amplitude reflector interpreted to be either till head or possibly rockhead forms an undulating surface that locally intersects with the sea bed,  but is commonly buried by 10-15 m of post glacial sediments.In the central part of the survey the package of low amplitude and indistinct, parallel laminated reflectors identified in the south becomes thicker and, while it has been eroded by the present day channel, it is commonly in excess of 40 m. This package contains uncommon stronger reflectors that an be followed for some distance east of Ardersier.
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NE 

Line 067 

Presenter
Presentation Notes
This part of line 67 shows the margin of the present day deep channel, about 700 m north-west of Fort George. The parallel, sub horizontal reflectors are folded.In some cases this appears similar to a downlap surface (image on the upper left). In other areas, subtle reflectors within a generally featureless succession show a mounded topography (lower right).The Ardersier Silts Formation crops out on the peninsula, where it comprises interbedded sands, silts and clays which locally show evidence of deformation (folding thrusting and soft-sediment deformation). This is interpreted (Jon Merritt et al.) to be related to sporadic advances of a retreating ice front. The offshore data tend to support this interpretation, with a thick package of faint, sub-horizontal reflectors showing local undulations that cannot simply be related to sedimentological processes. The crests of these features cannot be correlated between lines, but crests appear to form two clusters which are oriented north-west to south-east, perpendicular to the channel axis.Note also the high point of the seabed that forms the north-eastern margin of the present day channel. The angular discontinuity (orange surface) indicates that there have been several phases of deposition in the firth before erosion of the present day channel.
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Line 064 

SW NE 

Presenter
Presentation Notes
Further to the east on line 64 the sub-horizontal, parallel reflector package is present and shows little evidence for deformation, although it is cut by the sea floor.The high amplitude reflector roughly 20 ms / 18 m below the sea bed (dark blue), associated with a number of hyperbolae, is underlain by a series of reflectors which dip towards the north and north-east. While there are no borehole data in the vicinity, it is possible that this surface is rockhead, with dipping reflectors representing tilted bedrock. 
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Presenter
Presentation Notes
In parallel to the offshore work, BGS is involved in onshore 3D modelling of the shallow geology in the Moray Firth. The initial modelling  produced  a very simple 5 layer regional model of the bedrock and a single (6th layer) Quaternary drape  in the onshore area between Fochabers and Beauly (purple polygon). A  more detailed (43 layer model of the onshore Quaternary and 3 layer model of the Bedrock  was constructed  in the vicinity of Forres (brown polygon).  This was subsequently used as a baseline for a 3D Zoom groundwater model. This detailed modelling has now been expanded  to the south western portion of  the purple polygon  (between Forres and Beauly, parts of which intersect with the offshore survey areas.This shows the model areas superimposed on bedrock geology, with the locations of boreholes marked as coloured dots. Although there is considerable borehole coverage in the vicinity of the coast, few boreholes are deeper then 30m and  even fewer  immediately adjacent to the south Moray coast have penetrated bedrock.
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Presenter
Presentation Notes
The 3D model (GSI3D) utilises all available borehole and outcrop data to create sections, envelopes and then volumes for each unit. At present tentative correlations have been  made in the area  immediately offshore of Ardersier Point . The upper window here shows a section created from boreholes with interpreted geology, the lower is the network of sections in the Forres model that will be used to create the model.There are complications: Onshore mapping has identified 40 units that are being used in the model, most of which do not extend offshore or are below the resolution of the seismic survey. By contrast, the angular disconformities between sand and gravel units, which are clear on seismic sections, are not consistently identified in borehole records.Work is ongoing on improving the onshore – offshore correlations in the area.
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Presenter
Presentation Notes
One benefit of the 3D modelling is the creation of a refined bedrock geology. This work, carried out by Sarah Arkley and Graham Leslie, forms part of a larger Northern Ireland and Scotland geological model and the revision of the bedrock geology can be incorporated into the Maremap panel for the area.This shows the revised regional bedrock geology and the strips are the sections used to pin the model.
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Line 006 
Line 001 

Line 025 

multibeam 

Invergordon 

Cromarty Firth survey 

Presenter
Presentation Notes
In the Cromarty Firth a network of lines have been run along the main channel. Three examples of seismic data are highlighted, along with a panel showing the location of an (unprocessed) multibeam image for the Cromarty Firth narrows.
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Line 025 

W E 

Presenter
Presentation Notes
In the inner firth, a complex seismic stratigraphy has been identified, with a high amplitude, irregular reflector (dark green) commonly forming the lowest identifiable surface. This might be interpreted to be rockhead, however in boreholes 6 km south-west of this image over 40 m of Holocene sediment is identified. The mounded  reflector is likely in this location to be till head, overlain by a succession of late and post-glacial sediments.Note the irregular sea floor, which related to a zone of sediment waves at sea bed.



© NERC All rights reserved 

 
 

N S 

Line 001 
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Presenter
Presentation Notes
Further east, at the inshore margin of the Cromarty Firth narrows, another irregular, high-amplitude reflector can be identified forming a distinct (buried) high. On either side of this high the seismic stratigraphy and morphology is similar, but it is difficult to extend specific picks across the high. In this case the high is almost certainly related to the bedrock ridge that forms the narrows. Linked onshore off shore modelling is planned for the  area around the former Nigg rig construction yard at  the northern entrance to the Firth. There are numerous shallow boreholes in both  the onshore and offshore areas  so there is potential for  a high confidence model of the shallow subsurface to be constructed Note the deterioration in data quality through weather issues.
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Presenter
Presentation Notes
At the eastern edge of the survey area a number of strong reflectors can be seen to define an undulating surface with up to 10 m topography. This surface (orange reflector) has almost entirely been infilled and overlain by later sediments and shows no topography at sea bed. These mounds lie within a succession of late- to post glacial sand and gravel and are presumably sedimentary in origin.Mounded reflectors with greater topography have been identified deeper within the succession, defined by isolated, moderate amplitude reflectors within a package of faint but parallel surfaces. While these might be related to glaciotectonics, there is at present little borehole data to clarify the age and character of the sediment packages involved.



© NERC All rights reserved 

 
 

N S 

W 
E 

1 km 

Presenter
Presentation Notes
We haven’t seen much multibeam, as it is currently unprocessed, but the multibeam and backscatter will both be used in creating sea bed sediments panels. This multibeam is from the outer narrows of the  Cromarty Firth, and shows a series of arcuate, concave-east ridges. Unfortunately the seismic data shows little sub-sea bed detail in these areas but it is likely that these ridges represent moraines formed when retreating ice front was pinned by the bedrock high at the Cromarty Firth narrows.
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Presenter
Presentation Notes
Out of interest, in the cruise following 2012_1, a survey of Loch Eriboll was carried out during down time from commercial work west of Orkney. In this dataset many areas are obscured by blanking but some mounded geometries have been observed. Whether these mounded reflectors represent sedimentary (sand and gravel) or tectonic features (perhaps less likely in this setting) will be the subject of future work.  
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Conclusions 

• Some parts of the Beauly Firth allow good correlation of 
new seismic data with existing borehole records. 

• There is some potential for combining offshore and 
onshore work in the area (see Auton et al. Poster). 

• While late glacial sediments are commonly not resolved 
in the seismic data, post glacial to Holocene packages 
can be mapped out. 

• This work, with additional multibeam data in other parts 
of the Moray firth, will lead to SBS, Quaternary and 
bedrock panels for the Maremap programme. 
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