Introduction
This report and the accompanying figures form a short report on geophysics trials carried out on behalf of Hope Construction Materials Ltd at Bradwell Moor, Hope, Derbyshire.  The aim of the trials was to evaluate the effectiveness of various geophysical techniques in assessing various defined targets in the sub-surface.  The targets are set out below and all may be part of a proposed ground investigation in this area.  

Targets
· Presence of karstic solution features at surface and in the subsurface
· Presence of mineralisation
· Presence of historic mine workings
· Presence of significant geological structures (folds and faults)
· Characterisation of stratigraphy (the limestones vary in character systematically with stratigraphy)
· Presence of significant wayboard clays/tuff accumulations/basaltic lavas

1. Methods
Five techniques have been trialled.  Each has specific applications and these are summarised below.

Electromagnetic mapping – shows in map form the distribution of conductivity in the subsurface.    Deeper surveys are possible but slow.

Magnetic mapping – shows in map form the variations in naturally occring magnetic field.  Can reveal disturbed areas, former mineworkings and associated infrastructure, karstic solution features and shallow geology including mineralisation.  Depth is limited by size and nature of the source feature.  

Electrical resistivity tomography (ERT) – provides 2D vertical sections showing the modelled distribution of resistivity in the subsurface.  Can reveal stratigraphical layering where a geo-electrical contrast exists.  Can also reveal lateral variations that may be associated with karstification.  Will also provide a rockhead profile where superficial cover is thicker.  Depth and resolution vary with line length and electrode spacing respectively.  Resolution also decreases with depth.  

Microgravity mapping/profiling – shows variations in the density of the ground.  This technique is particularly effective in identifying voids from karstification or mine workings but resolution decreases with depth.  Smaller voids cannot be located at greater depths.

Ground penetrating radar (GPR) – provides 2D vertical sections showing EM reflections from layers, surfaces and objects in the subsurface.  Can provide images of stratigraphy locate voids and workings and can provide a guide to the general character of the ground.  Depth is controlled by the nature of the subsurface and the frequency of the antenna used (lower frequencies give greater penetration but poorer resolution).
 
2. Summary of results
The EM mapping (Figure XXX) has shown the presence of an metallic pipe crossing the site and several additional areas of increased conductivity.  These are all likely to be associated with former mine workings on the site.

The magnetic survey (Figure XXX) has also shown the features identified by the EM survey and has confirmed that most of these are ferro-magnetic objects likely to be associated with the former workings.  In addition subtle background variations are imaged that are likely to be associated with very shallow geology.  The scale of this survey is too small to have imaged signal from larger deeper features.

The ERT profiles have shown variations in the thickness of superficial deposits that are probably associated with backfill to former workings but may also be indictating areas where karstic dissolutions is present.  In the deeper parts of the profiles, areas with reduced resistivity probably indicate increased degrees of fracturing, dissolution or even back-filled workings.  The lower resistivity is likely to be due to higher clay and silt content.

The two gravity profiles are shown in Figure XXX aligned with the ERT results.  In both profiles there are clear correlations between zones of reduced density and lower resistivity.  This supports an interpretation where the limestones are more likely to host clay-filled, dissolution or karstic voids or back-filled workings.  

The 50MHz GPR (Figurexx) has provided good detail of layering down to ~60m and some relfective horizons are seen below this level as well.  The 10MHz GPR has given poor resolution but has provided at least two reflective horizons from deeper in the subsurface.  These horizons have been compared with borehole and outcrop logs and some correlations drawn.  These suggest that it will be possible to construct a 3D stratigraphical model based on these reflective horizons if sufficient profiles are acquired.  If logged sections from the quarry or from boreholes are available it will be possible to predict the position of horizons in the area surveyed.  

Most of the reflective horizons are shown as shallow dipping and no major vertical offsets were detected in the very brief analysis conducted so far.  The resultion is sufficiently high that major structures should be detectable from a fuller dataset.

The GPR dataset also shows several areas where hyperbolic reflections occur.  These indicate reflective point sources and may be instances of voiding – either karstic or from former mine workings.

Figure XXX shows a comparison between the ERT and GPR datasets where these coincide.  There are clear correlations and the results show the interpretations are correct.  In particular it can be seen that areas of high density/high resistivity tend to show well-ordered layering in the GPR results and that the areas suspected as being more prone to fracturing/fissuring and possible clay-filled voiding tend to give and identifiable change in the character of the GPR.  

3. Conclusions
A suite of five techniques was trialled and each has proved effective to some degree.

The EM and magnetic mapping to some extent have provided the same results- they have mapped buried metal and former mine workings.  Both are capable of characterising shallow geology as well but on this site the response from buried metal has largely overwhelmed the more subtle background features.

The ERT has proved effective at imaging lateral variations within the limestones and at showing areas where the superficial deposits thicken markedly.  Both of these are powerful tools for indicating natural karst and areas of former extractive workings.

The microgravity has shown that the areas identified from the ERT results as being possibly affected by dissolution do have signatures of markedly lower density.

The GPR has provided sections of the ground with detailed information in the shallower domain and a coarser stratigraphy in depths in excess of 40-50m.  Correlation of this GPR-based stratigraphy with measured logs should allow for the construction of a detailed geological model.

Taken together these techniques form a way to provide a great deal of information on the sub-surface.  Not all required for full coverage and some, such as the gravity, are best used in a limited, targeted way.  A technical proposal suggesting a programme for the wider survey of this site will be issued based on the results of these trials.
