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1. Introduction to Terravision 
 

The Ground Penetrating Radar (GPR) system and Methodology 
 

The Terravision system is a 4th generation enhanced Ground Penetrating Radar and is designed for 

studying subsurface soil structure at depths from a few meters to hundreds of meters, depending on the 

transmitter model, length of antenna1 used and medium parameters. The operation is based on 

radiation of ultra wideband electromagnetic pulses penetrating into the subsurface medium and 

registration of the reflected signals born at the medium interfaces or buried objects. These are primarily 

as a result of a change in density and/or a change in electromagnetic permeability. 

 

 
Fig 1.  Terravision Exploration using 3m antennas and 10MW transmitter.  Africa 2014 

 

The transmitter uses a high-pressure hydrogen discharge, which operates in stand-alone mode without 

synchronization.  The traditional ground penetration radar’s mechanics have been completely revised: 

pulse transmitter power has been increased by a minimum of 100.000 times, and the stroboscopic 

transformation replaced to direct detection of signal.  The antennas use RC-Loaded dipoles.  This 

ensures the exclusion of interference in the received signal that suppresses weak signals, whilst also 

permitting the reception of strong signals.  This avoids the requirement for connecting lines which also 

introduce strong interference from the transmitter.  

 

Technical parameters2 include:  

- The capacity of the EM transmitter is either 1, 10,20, or 48MW Megawatt 

- Working frequency range (MHz) l-50 

- Number of samples per scan (ns) 512, 1024, 2048,4096, 8192 

- Antennas can be 1m, 1.5m, 3m, 6m, 10m and 15m, so allow better imagery at required depths.   

                                                             
1 Length of antenna affects the frequency of the wave and the depth it can therefore penetrate 
2 Parameters can be set in a variety of modes to best suit specific geological requirements 
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The device is a lightweight, highly portable system which allows for rapid mobilisation and deployment 

and use in arduous terrain.  The radar can be pulled either by hand or behind a 4x4 vehicle (up to 1km 

per hour) along cleared profile lines. The antennas remain flush with the surface with the highest 

performance achieved on machine prepared grids/lines. However this system has been used on variable 

types of terrain and so can be used in most environments, as an environmental, non-invasive and non-

destructive survey tool.3 

 

 

Fig 2.  Antennas are more commonly moved one behind the other (series) however for diagrammatic purposes are shown 

here in parallel. 

 

The horizontal resolution, ie the spacing of the ‘radar-shots’ taken along a profile is chosen according to 

the required scale of the target objects and in discussion with the client.  For small objects (pipes, 

cables, small voids etc.) shots may be taken every 10-20 cm, for shallow geological surveys (e.g. alluvial 

deposits) spacing may be 50-100 cm.  

 

 

At each measurement point, the arrival time of the 

signal is recorded from the geological boundaries.  

The profile ‘radargram’ is formed in real time on 

the operator’s console LCD screen in the form of a 

binary plot depicting radar return time of the 

subsurface reflections.  The EM wave travel times, 

depending on the reflector depth and propagation 

velocity, vary along the profile giving a picture of 

subsurface layered structures in real time.  

 

     Fig 3. Console showing wave form (right) and structure  (left)

                                                             
3 There are often no permitting requirements such as those required for drilling. 
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Results of the survey, including the wave-forms for each point 

(‘shot’) in the survey, are stored in the console memory, which can 

then be instantly downloaded into a normal laptop computer for 

immediate review. This real-time capability means that the operator 

can mark features of interest as the profile is taken. This used along 

with a GPS can accurately mark points of interest. This allows the 

client to mark the features on his own software for subsequent 

actions to be accurately delivered (drilling etc.).  

 
 

Fig 4.  Immediate download of data to laptop for on-site analysis 
 

Object Identification.  The system identifies structures at all angles, including the vertical structure, we 

see - as the diagram below portrays. This system shows any structure well as the signal array returns 

from both the vertical and horizontal structures. Additionally, the Radar operator can either manually 

operate the ‘firing switch’ or it can be set to automatic. The ‘shot’ spacing is determined by the client’s 

objective; and also by the speed of the traverse.   

 

 

Fig 5.  Capturing structural data (left) and 'Shot' spacing can be varied to 

suit clients aims (right). 

Data is collected and downloaded onto a laptop for analysis 

on proprietary software typically taking 12hrs to fully analyse 1km line of data; however preliminary 

analysis on the laptop can be conducted immediately in the field to check data quality and features of 

interest. As well as real time viewing of data, it is also possible to set up the equipment and record 2.-5-

4km of profile per day, showing its ease of use and quick usage.  

 

Targets and features that are commonly seen by Terravision Exploration include: 
• Oxide zones or alluvial cover over hard rock 

• Oxide ore over fresh basement, (surficial cover and base of oxidation) 

• Narrow sporadically mineralised shears 

• Small concentrations of metals, including gold create enough changes in the dielectric 

constant to be discerned by the Terravision system. 

• Intrusions 

• Pipes and dykes 

• Felsic porphyry or ultramafic bodies  

• Massive sulphide deposits . 
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2. Terravision Methodology 
 

Methodology 
• Terravision would commence work on known areas of interest: 

• Profiles would be run through the DH sites, and perpendicularly across the feature. 

• We would expect to run 2km to 3km of profiles per day.  

• 1 km of profiles takes 1 day to analyse.  

• There is “real time” analysis when collecting the data, and data can be downloaded and checked on the 

ground. 

 

Analysis 
• The profiles generated could then be correlated with existing DH data, geochemical and geophysical 

information.  

• We would expect to see geo-chemical /mineralisation anomalies with the structural anomalies we will 

pick up.  

• We will therefore be able to deduce the “scale” of the mineralisation process, and the reason for the 

origination of mineralisation.  

• We might then deploy into non-drilled areas to identify similar structure/anomalies to target drilling. 

 
Fig 6. 6m antennas collecting in series in the bush 

 

The following are a few of the benefits to using the enhanced GPR. 

 

• High productivity of the GPR method – 1km in 1-1.5 hours.  

• High mobility and flexibility of the antennae.  

• Intuitively clear results from the study of the sections. 

• The possibility of profiling across the trend of the main sections and ore control structures. Profile 

planning exactly perpendicular to the trend of the ore-hosting rock allows for the finding of the 

structural peculiarities of the massif under study (tectonics, contacts, ore-material).  Linear structures, 

along with the faults and other types of structures connected to them, can be linked to the centers of 

secondary mineralization (hematite, magnetite, manganese). 

 

In summary, Terravision Exploration provides a fast and efficient method for a preliminary estimation of the 

potential of the territory under study. 
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3. Case Studies 
 

Case Study 1 - Volcanic Breccias 
 

Objective:  

• Work on a greenfield site to identify appropriate drill targets.   
 

Geological Description:  

• It was believed that there was potential Reef hosting structures along faults, at contacts between greenstones & 
porphyries. 

Outcome: 

• Geological contacts in borehole relate to geophysical horizons; rubble-oxidised zone-bedrock 

• A vertical anomaly was interpreted with the project geologist as a cross cutting intrusion. This analysis also 
shows correlation of geo-chemical anomalies with the structural anomalies we see.  

 

Fig 7.  Radargram (right) and corresponding schematic (left) showing intrusive and faulting.  
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Fig 8.  A second radargram from the same project 

 

 

 

Fig 9.  Schematic for the Radargram in Figure 8 showing the structure and potential porphyries 

Potential Reef 
hosting structures 
along faults 

Faults - Sub vertical 
foliation parallel faults 

Quartz Porphyries? 

Change in rock type observed 

Greenstones? 

Oxidised zone 30m deep Rubble / soil zone 15m thick 
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Case Study 2 - Polymetallic deposit – target is copper/gold mineralisation 
 

Objective: To rapidly extend in to the greenfield site to identify further ore zones and suggest a drilling position. 

Also to indicate the overburden. 

 

Outcome: Mineralised ore is identified as the deep yellow bodies in the sections, these are concentrated adjacent to 

interpreted faults. The fractures contain calcite (carbonates), this should be secondary mineralization, that possibly once 

had a lot of iron inside the fault, but today they are empty. Figure 11 shows our recommended drill position and angle 

(S11) along an example section.  
 

 

Fig 10. Radargram showing identified potential ore bodies and faults. 

 

 
Fig 11.  Radargram indicating proposed drill site (S11) 

Potential ore-body:  
Colour contrast from Red to Yellow 

Faults 

Contact – Weathered -  Non-weathered zone 
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Case Study 3 – Cu-Au Thin Vein Deposits- Chile 
 

Objective: Identify the copper and gold deposits 

Background: The bedrock comprises dioritic and andesitic volcanics, quartz/iron oxide veins host the high grade copper and gold mineralisation 

Outcome: Profile of 800m to a depth of 50m.  The purple colouring highlights the target veins. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12: Radargrams of two separate profiles show purple vertical anomalies in signal, these are the target Cu-Au veins.
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Case Study 4 –Thin vein gold – Continental, Colombia  
 

Objective: Identify gold vein clusters 

Geological Background: The following survey was conducted in steep conditions in the Andean mountain range where 

the mobilisation of drill equipment is a challenge and as such there was a premium on targeting each hole.  The veins 

were all too thin to be individually identified however as a ‘cluster’ the anomaly was easily identifiable.   

Outcome: Fig. 13 shows the data in its raw format, this highlights a cluster of vertical anomalies. Fig. 14, 15 and 16 have 
had further processing to better highlight the geological contrasts. They succeed in isolating the vertical structural 
abnormalities, specifically the main area of interest, but also isolated anomalies. Also, when the analysis is focused only 
to a depth of 100m (Fig 15.) and 50m (Fig 16) the detail within the Radargram is increased and a clear outline of the zone 
of altered rocks and implemented, vertical irregularities is evident. 
In Fig. 16 (to 50m) managed to increase the detail and distinguish more of the veins within the main zone, with the main 
vein at the 95-100m distance along the profile. Also 2 small structures, possibly veins, can be seen at the start of the 
profile and at the 275m mark. 
 

 

 

 
Fig 13.  Raw Data Radargram without the use of filtering and other signal amplification clearly highlighting zone of altered rocks. 
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Fig. 14: Processed to 200 m 

Fig. 15: Processed to 100 m 

Fig. 16: Processed to 50 m 
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Case Study 5 – Alluvial Gold - Zimbabwe 
 

Aim: Identify alluvial bodies 

Geological Background: Profiles were collected in a greenfield site to confirm presence of alluvial material, no drilling. 

Outcome:  The profile was collected from the river up the hill, paleo channels, faults and intrusions were identified. 

 

Fig 17.  Radargram and schematic.  45m depth, illustrating paleochannels 10-20 m deep. 
 

This profile is of greatest interest because it clearly showed the paleo channel from 110 to 150m. The depth of the 

channel is more than 20m. The remaining depths of the alluvial material from the river to the identified paleo channel is 

between 7 to 10m. 

 

 
Fig 18. 2500m long profile with schematic clearly showing faults, intrusives and sedimentary layers within the Paleochannels.  
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Case Study 6 – Alluvial Diamonds – South Africa 
 

Aim: Identify alluvial bodies in a coastal region 

Geological Background: Profiles were collected in a grid across a beach, there was no drill data available 

Outcome:  A clear contact of alluvial to bedrock was mapped, with variations in the alluvial cover also apparent. The grid 

pattern of profiles allowed depth slices to be produced, allowing the path of the alluvial channel to be tracked with 

depth. 

  
Fig 19. Profile along a beach and beneath the schematic detailing the alluvial-bedrock contact. 

Fig 20. Depth slices tracking the path of a paleochannel. 
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Case Study 7 –Structures and weathering zone- Kazakhstan 
 

Objective- Define tectonically weakened zones which may be paths for the movement of groundwater; and identify the base of weathering. 

Geological Background: Drill data available showed the water table to vary 5-15 m depth and the weathered-fresh rock granite surface to be at c. 30 m depth. 

Historical maps marked alluvial gravels at one point perpendicular to the dump and the survey. 

Outcome: A strong anomaly in the geophysical signal is seen between 10-20 m depth (contact of purple and green unit) that correlates with the recorded water 

table. A deeper contrast in the signal at c. 30 m depth (contact of green to red unit) correlates with the expected depth of the weathering profile. The water 

table and weathering profile locally deepen or breakdown (respectively), across near vertical structures. The lower diagram demonstrates the interpreted 

schematic for the section. Two fractured zones where vertical structures appeared to be lowering the water table and weathering profile, were recommended to 

the client for further investigation by drilling.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 21. Radargram showing interpreted water table (blue dashed line) and weathering profile (purple dashed line) relative to available borehole data, structures are shown in solid and dashed 

lines. Below, schematic. 
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Case Study 8 –Coal- Alberta 
 

Aim: Establish depth to bedrock to aid construction of a rail loop 

Background: Existing boreholes record 1-12 m of overburden above bedrock 

Outcome: Terravision conducted 5 km of profile line over 3 days, showing good calibration for interpreted bedrock 

surface to borehole data. A report was provided within 3 weeks of data collection giving high resolution continuation of 

the bedrock surface between boreholes. 

 

Fig 22. Radargram showing contact of overburden to bedrock with calibration to a borehole. 
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Case Study 9: Limestone Quarry- Nevada 
 

Aim: To identify the contact of colluvium to bedrock 

Background: 0-85 m of colluvium recorded by borehole data to overly limestone bedrock, believed to be channelised. 

Outcome: The GPR recorded a clear geophysical contrast, borehole data was used to calibrate the velocity. A gridwork of sections enabled the dimensions of the 

colluvium body to be mapped 

 

 
Fig 23. Radargram showing contact of colluvium to bedrock with calibration to a borehole.  
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Top of decline 

Case Study 10: Mapping the decline of a mine entrance, Russia 
 

Aim: To map the route of an old disused mine shaft from its surface entrance to a depth of 40 m. 

Background: A series of profiles were collected at 10 m intervals, perpendicular to the decline. The decline was 3 m wide, the client 

wanted to trace the route of the tunnel to 35 m depth. 

Outcome: The hyperbolas in the Radargrams below show the top of the decline, down to 35 m depth , below that there was not 

sufficient resolution to see features of this scale.  

Fig 24. Radargrams taken at 10 m spacing showing the decline of a mine shaft 
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4. 3D Modelling  
 

Data from Terravision surveys can be rapidly downloaded and processed while still on site. The data format is 2D 

profiles, these can then be seamlessly integrated into modelling software with existing mining models/ Common formats 

of the Radargrams for integration include; TEXT files, JPEG, BMP files. Correlation of contrasting signal horizons in the 

GPR to key lithological changes or assay data gives confidence to the interpretation. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 25. Radargrams were loaded into Leapfrog to map the weathering horizon in 3D using the available borehole data for calibration. 

 

Analysing GPR alongside existing maps, geophysical data and borehole data allows for the true potential of the 

Technology to be realised, leading to more robust models. Being able to demonstrate the GPR using 3D visualisation 

allows for the findings to be communicated effectively.  

 

 

 

 

 

 

 

 

 
Fig 26. Slice through the pit model shows a mineralised vein mapped in 

the pit aligns with the electrophysical anomalies in the Radargrams. 

Weathered rock 

Fresh rock 
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5. Operations and Clients 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig 27. Terravision is working with industry leading mining majors and governments, through to junior exploration companies across Africa, 

Asia, South America and Europe. 
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6. Certification   
 

Terravision is certified to comply with EU Directives on; 

 

 Electromagnetic Compatibility (Directive 2004/108/EC)  

 Low Voltage Directive 2006/95/EC 

 

 
 

 

7. Contact 
 

Further information on Terravision Exploration can be found at www.terravisionradar.com  

Or by contacting; 

 

Email: Info@terravisoinradar.com 

 

Charlie Williams, CEO 

+44 07810 823858 

Skype: cevwilliams 

Email:   charlie.williams@terravisionradar.com 

 

http://www.terravisionradar.com/
mailto:Info@terravisoinradar.com
mailto:charlie.williams@terravisionradar.com

