
Application of Electromagnetic Methods to Identify and 

Characterize Sub-surface Structures Associated with the Coles Hill 

Uranium Deposit 

 

 

 

Joshua A. Whitney 

 

 

 

Thesis submitted to the faculty of the Virginia Polytechnic Institute and State University in 

partial fulfillment of the requirements for the degree of 

 

 

 

Master of Science 

In 

Mining and Minerals Engineering 

 

 

 

 

 

 

 

Committee Members: 

Erik Westman, Co-Chairman 

Chester Weiss, Co-Chairman 

Robert Bodnar 

 

 

 

April 22
nd

, 2009 

Blacksburg, VA 

 

Copyright 2009, Joshua A. Whitney 

 

Keywords:  Uranium Deposit, Ground Penetrating Radar Survey, Ground Conductivity Survey 



!

Application of Electromagnetic Methods to Identify and 

Characterize Sub-surface Structures Associated with the Coles Hill 

Uranium Deposit 
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Abstract 

The Coles Hill uranium deposit in Pittsylvania County, Virginia represents the largest 

unmined uranium resource in the United States, with an estimated resource of 110 million 

pounds of U3O8 in place with a cutoff grade of 0.025 wt% U3O8.  The deposit is localized along a 

geologic unit that parallels the Chatham Fault, which separates the Triassic Danville Basin to the 

east from the older crystalline rocks to the west.  The location of the Chatham Fault is important 

to understanding distribution of ore and for developing an effective mine plan.  In this study the 

Chatham Fault location has been inferred from ground conductivity and ground penetrating radar 

(GPR) surveys.  Anomalies in the data are consistent with previously mapped fault locations 

based on drillhole and geophysical data, such as gravity and magnetic surveys, collected in the 

1980s.  These results confirm that the strike of the Chatham Fault is approximately N40ºE and 

dips to the southeast with dip values ranging from 70º, in the northeast, to 50º, in the southwest.  
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Chapter 1: Introduction 

  

Early studies of Appalachian geology in south-central Virginia showed that the Coles Hill 

region is characterized by Triassic sediments (Hotchkiss & Rogers, 1881) juxtaposed to 

Precambrian to Cambrian aged granites by the Mesozoic Chatham Fault (Myertons, 1963).  

Commercial interest in the area for its economic potential sparked in the 1970s when Marline 

Uranium Corporation, a subsidiary of Marline Oil, targeted the margins of the Danville Triassic 

Basin using an analogy with the Proterozoic Athabaska basin (Dribus, 1978).  The outcrop at 

Coles Hill was discovered by driving the roads in the area while using a hand-held scintillometer 

(Reynolds, 2009).  A detailed geological study of the area was then performed by Marline 

Uranium Corporation to include geology, hydrology, ecology and soil analysis, as well as a 

proposed mining, milling, and reclamation plan in order to better understand the full extent and 

quality of the deposit (Marline Uranium Corporation, 1983).  Current estimations have 

determined that approximately 110 million pounds of U3O8 are located in the area at 0.025 wt% 

U3O8 (Canadian National Instrument 43-101, 2009). 

 Jerden (2001) studied the occurrence of the uranium in the area as well as the chemical 

properties of surrounding rocks.  Because of growing concerns about potential groundwater 

contamination by uranium, geochemical analysis of the rocks adjacent to the deposit was 

conducted to determine uranium mobility.  This study showed that that the uranium is currently 

not dissolving into the water in the area of Coles Hill and is in a state of equilibrium with the 

environment. 

 The major structural unit at Coles Hill is the Chatham Fault that strikes between N25°E 

and N35°E and dips between 40° and 70° to the southeast in the area.  In the present study, I use 

data from ground conductivity and ground penetrating radar (GPR) surveys to identify the 

Chatham Fault and determine if the data collected can be interpreted to characterize the uranium 

mineralization. 

 It is important to characterize and understand the sub-surface structures at Coles Hill for 

several reasons.  The first of which is that structural intersections are known to be favorable for 

locations for uranium mineralization (Kotzer & Kyser, 1995).  These sub-surface structures are 

also important to understanding the hydrology of the area which could be affected with mining 
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operations in the future.  These hydrologic changes could be caused from water inflow due to 

surface open-pit mining below the water table (Canada Centre for Mineral and Energy 

Technology, 1977) or, in the case of underground mining, surrounding rocks deform into the 

openings that remain which can cause fractures to occur in the overlying rocks (Booth, 1986).  

Lastly, the locations of these structures are critical to the design of the mine plan because of their 

potential to affect the overall safety of the mine. 
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Chapter 2: Literature Review 
  

Uranium prospecting is typically performed using radiometric methods due to their 

ability to measure radiation in an area.  Since some types of uranium mineralizations can form 

through hydrothermal and faulting activity, geophysical methods have been utilized as a method 

for exploring uranium mineralizations and for mapping fault locations.  These methods, as well 

as a brief discussion of the development of Appalachian geology, are reviewed to provide a 

background for the description of the current study.   

2.1 Radiation Detection 

 There are three main types of radiation detection devices used when surveying an area for 

uranium deposition.  The three devices used are the Geiger-Muller counter, the scintillation 

counter, and the gamma ray spectrometer. 

2.1.1 Geiger-Muller Counters 

 Geiger and Muller introduced the Geiger-Muller counter in 1928 (Trenn, 1986).  A brief 

description of how the Geiger-Muller counter works is described here, but more information can 

be found from Knoll (1979) and Ahmed (2007).  Geiger-Muller counters are used to detect 

alpha, beta, and gamma radiation.  The Geiger-Muller device is an inert gas-filled tube, typically 

helium or argon, which conducts electricity when ionizing radiation causes the gas to become 

conductive.     

2.1.2 Scintillation Detection Systems and Gamma Ray Spectrometry 

 Scintillation counters and gamma ray spectrometers operate based on the same principles.  

A brief description of these devices is described in this section but more can be found in Ahmed 

(2007) and Eichholz & Poston (1985).  The scintillation detection device or gamma ray 

spectrometer contains a crystal that fluoresces when struck by ionizing radiation.  The crystal is 

made of cesium iodide for the measurement of alpha and beta particles, for scintillation counters, 

and sodium iodide for the detection of gamma waves, for gamma ray spectrometers.  A 

photomultiplier tube collects the photons that are emitted by the crystal and converts them to 

electrons that can then be counted.  A gamma ray spectroscopy system is different then that of 
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scintillation detection systems because the collected data can be analyzed to determine the 

identity and quantity of gamma emitters present in the source. 

2.2 Radiometric Surveys 

 Several types of radiometric survey methods have been shown to successfully locate 

areas of interest for uranium deposits.  These methods utilize the previously discussed Geiger-

Mueller counters, scintillation counters, or gamma ray spectrometers.  These pieces of equipment 

have been used on airplanes, on cars, and on foot. 

2.2.1 Aeroradiometric Surveys 

 Aeroradiometric surveys are the primary method used when analyzing an area for 

possible uranium mineralization (Bowie, 1973).  This method utilizes a gamma ray spectrometer 

for measuring radiation as opposed to a scintillation detection device or Geiger-muller counter 

because gamma rays are the most penetrating type of radiation and therefore will travel the 

farthest.  Aeroradiometric surveys are typically flown at approximately 100 m above ground 

level in a parallel line grid pattern of between 100 and 400 m between lines (Paine & Minty, 

2006).  The terrain must be clear and preferably not covered by dense vegetation, glacial drifts, 

aeolian sand, or some other material that would seriously prevent the gamma radiation from 

reaching the airplane-mounted gamma ray spectrometer (Bowie, 1973).  

2.2.2 Carborne Radiometric Surveys and On-Foot Radiometric Surveys 

 Carborne and on-foot radiometric surveys utilize Geiger-Muller and scintillation 

equipment for follow-up surveys of areas that the aeroradiometric survey proved likely to have 

uranium mineralization.  These follow-up surveys will provide more detailed count rates of alpha 

and beta radiation emissions.  In addition, carborne radiometric surveys may be performed in 

areas which may have had dense tree coverage or other such topographic feature which 

prevented the airborne survey from measuring radiation emissions.  The chosen radiation 

detection device, Geiger-Muller or scintillation, is typically mounted on a pole to be able to 

provide cover on either side of the road that is driven.  (Bowie, 1973).    

2.3 Geophysical Methods for Mapping Fault Locations 

 Geophysical methods of exploration are not able to give direct evidence for presence or 

grade of uranium mineralization; however, several features that can be correlated with uranium 



!

! (!

mineralization exist which can be mapped with geophysical methods.  Uranium mineralization 

can occur along fault boundaries due to the movement of metals through hydrothermal activity 

(Kotzer & Kyser, 1995).  Many geophysical methods are used to map fault locations and could 

subsequently give indication of uranium mineralization through the location of sub-surface 

tectonic features.  One such fault and hydrothermally driven deposit exists in the Athabasca 

Basin region in Saskatchewan, Canada (Kotzer & Kyser, 1995).   Also a study on granites in 

Sweden has shown uranium enrichment through hydrothermal activity and faulting in the area 

(Wilson & Akerblom, 1982).    Another area of mineralization, the Olympic Dam deposit in 

Roxby Downs, South Australia, has shown several rare earth element mineralizations, including 

uranium, through hydrothermal process (Oreskes & Einaudi, 1990).  Finally, a uranium deposit 

in carbonaceous metasediments of the Iberian Peninsula in Spain has been shown to have formed 

through faulting and hydrothermal activities (Both, et. al., 1994).   

As previously discussed, a major method for determining the location of uranium 

mineralizations are radiometric surveys, and although geophysical methods do not give direct 

evidence for presence or grade of uranium mineralization, it is important to understand sub-

surface tectonic features for other reasons that involve the uranium mineralization.  For example, 

the sub-surface tectonic features could affect the hydrology in the area and any change to them 

(when mining commences) could result in a change to the pore water chemistry and movement.  

This change in sub-surface water dynamics could alter the environments stability with the 

uranium mineralization and adversely affect it.  Also, the location of sub-surface features (faults, 

changing lithologies, etc.), that may be directly or indirectly associated with the uranium 

mineralization, are important to understand because they will affect the mine plan and overall 

safety of the mine in the future.  In conclusion, geophysical methods could give an indication of 

where tectonic features exist which may have hydrothermal processes associated with them and 

give an indication of uranium mineralization.   

2.3.1 Very Low Frequency (VLF) 

 The very low frequency (VLF) method measures the earth’s electromagnetic (EM) 

response from distant radio tower excitation.  The EM response varies according to ground 

conductivity.  VLF measurements are best used for mapping fault zones and zones of 

mineralization which tend to be more conductive than surrounding rock.  VLF measurements are 

affected by pipelines, utilities, and fences.  The depth of investigation is dependent on the 
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frequency used and the resistivity of the host medium.  More information on VLF surveys can be 

located in Lange & Seidel (2007). 

2.3.2 Slingram-measurements (SR) 

 A slingram is an electromagnetic method that uses two coplanar loop antennae – one, the 

transmitter; the other, the receiver – to map conductivity variations in the sub-surface that can be 

correlated with geologic variations.  The time-varying magnetic field created from the alternating 

current in the transmitter coil induces small eddy currents in the earth.  These currents generate a 

secondary magnetic field, which is detected, together with the primary field by the receiver coil.  

This method is useful for mapping tectonic features and conductivity variations.  More 

information on slingram surveys can be located in Sharma (2008). 

2.3.3 Induced Polarization (IP) Surveys 

 The basics of induced polarization surveys are introduced here but more information can 

be found in Kearey, et al. (2002).  Induced polarization involves the injection of electrical current 

into the sub-surface through two electrodes and the earth’s response is monitored by two other 

electrodes.  Induced polarization has two operating methods, time domain and frequency 

domain.  The time domain method measures the voltage decay over a specified time interval 

after the applied current is terminated.  The decay of the injected voltage is a function of rock 

chargeability which varies with lithology.  The frequency domain method involves utilizing the 

injection of an alternating current into the sub-surface and the earth’s response is interpreted as a 

bulk resistivity over a range of frequencies.  The frequency dispersion varies with rock lithology.  

Polarization rises in the sub surface can be caused by the presence of sulfide minerals which can 

also indicate the presence of uranium roll fronts (Smith, et. al., 1976).  Uranium roll fronts form 

when uranium and other metals dissolved in ground water precipitate out of the ground water 

when it flows past an oxidation or reduction interface. 

2.3.4 Gravity Surveys 

 Gravity surveys measure perturbations in the earth’s gravitational field caused by 

differences in sub-surface density associated with varying lithology.  These observed 

perturbations are used to infer sub-surface density structure.  More information on the gravity 

survey method can be located in Kearey, et al (2002).  Uranium mineralization has been 

associated with paleohydrologic processes (Ingebritsen & Sanford, 1999) and gravity surveys 
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have been shown to be effective with mapping these processes such as buried channels or 

permeability barriers to fluid flow (Smith, et al., 1976). 

2.3.5 Magnetic Surveys 

 Magnetometers respond to the relative variations of magnetic susceptibility of rocks and 

their remnant, permanent magnetization.  Magnetic responses can be interpreted in terms of 

variations of rock type.  More information on the magnetic survey method can be located in 

Kearey, et al (2002).  In uranium prospecting an anomaly with a decrease in magnetization could 

be indicative of a uranium roll-front (Smith, et al., 1976).  Also, a change in the magnetic 

signature could be caused by the oxidization of magnetite to hematite in the area and can indicate 

the presence of uranium mineralization (Smith, et al., 1976).    

2.3.6 Ground Penetrating Radar Surveys 

  Ground Penetrating Radar (GPR) is a high-frequency imaging method using radar pulses 

to yield detailed images of sub-surface structures and changes in the electrical properties of 

materials (Davis & Annan, 1989).  Electromagnetic pulses are transmitted into the ground where 

they propagate through and are reflected by sub-surface targets or at interfaces between different 

media (Annan, 2005).  The reflected pulse is measured by a second antenna, the receiver, where 

the arrival time of the pulse is a function of target depth, wave velocity, and antenna separation.  

GPR is useful for determining the location of shallow faults in the sub-surface (Benson, 1995).  

2.3.7 Previous Studies to Identify Faulting Using Geophysical Methods 

! Several studies have utilized geophysical methods of exploration to identify areas of sub-

surface faulting (Powers, et al., 1999a).  At Mirror Lake, New Hampshire five different surface 

geophysical methods were used to locate fracture zones in crystalline bedrock.  The five 

geophysical methods they used include the following:  Two direct-current resistivity methods; 

two inductive terrain conductivity methods; and a very low frequency (VLF) method.  All five 

methods produced data which indicated two high-conductivity anomlies.  These anomalies were 

interpreted to be fracture zones approximately 10 m wide and with the strike determined with a 

few degrees.  

 At a former landfill at the University of Connecticut at Storrs, Connecticut five 

geophysical methods were utilized in order to determine hydrological contamination in the sub-

surface (Powers, et al., 1999b).  The five geophysical methods included:  Azimuthal square-array 
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direct-current resistivity; inductive terrain conductivity; 2D direct-current resistivity and ground 

penetrating radar.  Both the inductive terrain conductivity and 2D direct-current resistivity 

indicated the existence of two vertically dipping sheet like conductive features which had a 

north-south strike and dip of 30º.  These features were interpreted to be either fracture zones 

filled with conductive fluid or conductive layers in between surrounding resistive layers. 

 A ground penetrating radar survey was performed on a multistory building site in 

Fayetteville, Arkansas to find the location of the fault in the area (Liner & Liner, 1997).  Very 

high soil conductivity values, approximately between 20 – 30 mS/m, made the area a poor 

candidate for a ground penetrating radar survey, but the survey was still performed to attempt to 

extend the interpretation of shallow borehole data.  The survey was still able to determine the 

fault location and fault zone width to ±5 m. 

 A ground penetrating radar survey was performed in Aqaba City, Jordan to determine the 

locations of faults within the city limits in order to prepare for possible earthquake activity in the 

future (Slater & Niemi, 2003).   Seven ground penetrating radar survey lines were recorded and 

formed a fault trace with a strike of N45ºE.  The data has been determined to be accurate within 

a few meters and buildings that exist above the determined fault trace can now be reinforced for 

possible earthquake activity.  

 A study at Cerro Aja in Peru set out to determine the location of the Aja Fault in the area 

to assist in determining the relationship between the geoglyphs and water resources in the area 

(Johnson, et. al, 2001).  The Geonics EM-34 inductive terrain conductivity meter was utilized 

along five lines that were believed to cross the Aja Fault.  The results from the study gave 

evidence for the location of the Aja Fault to be where previous geologic mapping predicted it 

would be located. 

 All of these examples have shown that mapping fault locations with geophysical 

instrumentation is possible if enough data is gathered using different methods of exploration. 

These instruments have been used to gather interpretable data in a variety of geologic settings 

and applications, ranging from earthquake area hazard prediction to hydrology.  The data have 

proved useful for determining location and width of the fault zones, both at the surface and at 

depth.   

!
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2.4 Evolution of Appalachian Geology in Virginia 

 The Appalachian chain is a Paleozoic megastructure located in eastern North America. 

The Appalachian chain is divided into three sections; northern, central, and southern.  It also 

contains four distinct geologic provinces termed the Allegheny Plateau, Valley and Ridge, Blue 

Ridge, and Piedmont (Rast, 1989).  A fifth province, not directly associated with the 

Appalachian Mountain building events, exists on the coastal area of North America called the 

Coastal Plain.  All of these provinces can be seen in Figure 2.1. 

 

 

Figure 2. 1 - Geologic provinces of Virginia (Fichter & Baedke, 2000). 

Starting in the late Precambrian and continuing into the early Cambrian, the proto-North 

American plate began to break away from Gondwana.  This resulting rift basin was flooded with 

ocean water and formed the Iapetus Ocean (Cawood, et al., 2001).  Secondary rift basins were 

filled with sediment and lava (Cawood, et al., 2001).   The Piedmont Terrane is an example of 

one of the few larger rifts that grew and split off chunks of the margin of North America 

(Southworth, et al., 2002).   

During the early part of the Ordovician period, the Iapetus Ocean began to close and the 

plates began to converge again.  As the plates began to converge, what is now called the 

piedmont and blue ride regions of the Appalachian Mountains were forced against the proto-

North American plate creating a subduction zone just off the coast of proto-North America 

(Tarbuck & Lutgens, 1987).  This subduction zone resulted in the creation of a string of volcanic 



!

! $-!

islands that caused some of the crust to melt into the magma and migrate upward through the 

crust and form a string of volcanoes (Tarbuck & Lutgens, 1987). The subsequent folding, thrust 

faulting, uplifting and intrusions that occurred along the margin of the continent as the Iapetus 

rocks and sediments collided with proto-North America is called the Taconic Orogeny (Faill, 

1997). Another mountain building event occurred after this in the middle Devonian, which is 

referred to as the Acadian Orogeny, when Avalonia collided with proto-North America as well to 

form the inner belt of the Piedmont region (Tarbuck & Lutgens, 1987). 

 Beginning in the Late Mississippian, and continuing through the Pennsylvanian and 

Permian periods the final-mountain-building event occurred in the development of the 

Appalachian Mountains as proto-Africa, part of Gondwana at the time, collided with proto-North 

America (Chesnut, 1991).  This collision, called the Alleghanian Orogeny, caused a collision  of 

proto-Africa into proto-North America (Vauchez, 1987).  The Alleghanian Orogeny deformed, 

uplifted, folded, faulted, intruded, and compressed the crust of the eastern margin of North 

America, much like the Taconic mountain building event.  Slices of crust were thrust westward 

along faults such as the Brookneal Shear Zone that runs along the eastern edge of the Blue Ridge 

region (Hatcher & Davis, 1993).         

 Coles Hill itself lies within the Piedmont region of the Appalachian Mountains (Figure 2.2) 

and, more specifically, within the northwestern margin of the Chatham fault zone.  The 

Mesozoic aged, northwestern striking Chatham fault (Hibbard, et al., 2003), which transects the 

Brevard Fault zone, separates the sedimentary rocks of the Danville Triassic basin to the west 

from Precambrian and Paleozoic aged crystalline rocks to the east (Marline Uranium 

Corporation, 1983).  
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Figure 2. 2 – Appalachain Mountain Range in Virginia and location of Coles Hill in Pittsylvania County, Virginia 

(Gates, 1997). 

!   
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Chapter 3: Description of Field Site and Geophysical Techniques 

3.1 Description of Coles Hill Field Site 

 As previously discussed, Coles Hill lies in the Piedmont region of the Appalachian 

Mountains.  The Coles Hill uranium deposit occurs along the northwestern margin of the 

Chatham fault zone, which is a northeast-trending normal fault zone that separates the deformed, 

metamorphosed crystalline rocks, to the west, from the Danville Triassic basin, to the east) and 

can be seen below in Figure 3.1 (Marline Uranium Corporation, 1983) 

 

!

Figure 3. 1 - Geologic map of Coles Hill site (from Jerden, 2001). 

 

The area of interest contains four major geologic zones of interest: the Fork Mountain 

Formation, the augen gneiss, the Chatham Fault zone, and the Danville Triassic Basin.  Figure 

3.2 shows these four zones in cross section view and is taken along line X-X’ from Figure 3.1. 
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Figure 3. 2 - Geologic cross-section of the Coles Hill uranium deposit host rocks, X - X' on Figure 3. 1 (from Jerden, 

2001). 

To the far west lies the Fork Mountain Formation which is part of the Smith River 

Allochthon (Conley & Henika, 1973).  The Smith River Allochthon was formed during Taconic 

Orogeny from Precambrian to Cambrian rocks (Hibbard, et al., 2003).  To the northeast the 

Smith River Allochthon overlies the James River synclinorium and to the southwest it separates 

the Blue Ridge and Sauratown Mountains anticlinoria (Conley & Henika, 1973).  The Fork 

Mountain Formation in the study area overlies the Basset Formation (Conley & Henika, 1973), 

and has been intruded by the Leatherwood Granite (Henika & Thayer, 1981), which is a coarse 

grained to porphyritic gneissic granite (Marline Uranium Corporation, 1983). The Fork 

Mountain Formation is composed of biotite gneiss and mica schist (Jerden, 2001).   

The next unit lies just to the east of the Smith River Allochthon and consists of augen 

gneiss units and interlayered amphibolities (Marline Uranium Corporation, 1983) derived from 

metamorphism along the Brookneal Shear Zone of igneous rocks of the Martinsville Igneous 

Complex that were intruded at the base of the Smith River Allochthon (Gates, 1997 and Hibbard, 

et al., 2003). Uranium mineralization occurs in the lower, middle and upper augen gneiss units 

but has been shown to be concentrated in the upper augen gneiss (Jerden, 2001).     
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The next structural unit is the Chatham Fault, which transects the Brookneal Shear zone 

in the north and the Ridgeway Fault in the southwest (Gates, 1997).  The Chatham Fault is 

characterized by intense brittle fracture and silicification (Jerden, 2001), and is believed to dip 

from 40° to 70° to the southeast and trends from N25°E to N35°E (Marline Uranium 

Corporation, 1983) The Chatham Fault is composed of silicified breccias and cataclasites 

(Marline Uranium Corporation, 1983).  The Chatham Fault zone consists of quartz, feldspar, 

white mica and trace amounts of pyrite (Jerden, 2001).  The Chatham Fault has been shown to be 

active before and after the deposition of the Danville Triassic Basin (Henika & Thayer, 1981).  

The final zone is the Danville Triassic Basin, which lies to the southeast of the Chatham 

Fault zone (Marline Uranium Corporation, 1983).  In the study area the Danville Triassic Basin 

is composed of two formations, the Stoneville and Cow Branch (Thayer, 1970).  The Stoneville 

formation is composed of conglomerate, sandstone, mudstone, lenticular and laterally-

gradational bedding (Rhodes & Conrad, 1985).  The Cow Branch formation is composed of 

mudstone, black shale, and minor sandstone, and laterally-continuous bedding (Rhodes & 

Conrad, 1985).  Diabase dikes have been mapped in the study area and cross from  the Danville 

Triassic Basin into the Augen Gneiss zone and have been dated to be between Late Triassic to 

Jurassic (Marline Uranium Corporation, 1983).  A layer of saprolite overlies the area, between 

10 and 25 m in thickness, depending on topography, and a layer of soil exists above the saprolite 

of approximately 3 to 5 meters (Jerden, 2001).   

 

3.2 Description of Geophysical Techniques 

 Ground conductivity and reflectivity surveys were conducted at Coles Hill to characterize 

the sub-surface geologic structural setting.  The devices used were the EM-34 ground 

conductivity meter and Sensors and Software Pulse Ekko 100 ground penetrating radar (GPR).  

Although the area at Coles Hill has previously been mapped with aeroradiometric, gravity, and 

magnetic methods, the goal here is to refine the geologic interpretation by using specific 

geophysical instrumentation tailored to near-surface characterization to determine the exact 

location of uranium mineralization as well as the existence and location of cross-faults.  Also, 

several boreholes have previously been drilled in the area to provide preliminary geologic 
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information on the area, but the geophysical methods, proposed here are used to refine this early 

interpretation. 

3.2.1 Ground Conductivity Survey 

 The ground conductivity survey was conducted using the EM-34 ground conductivity 

meter.  The EM-34 is a two-man, portable system that utilizes two coils connected by a cable, 

shown in Figure 3.3.  The EM-34 provides an estimate of the average ground conductivity 

beneath the  

 

!

Figure 3. 3 - The EM-34 ground conductivity meter. 

two coils.  Moving the coil pairs in tandem at a fixed offset (the slingram configuration) provides 

an easy means for mapping lateral variations in sub-surface conductivity.  Furthermore, a crude 

estimate of variability with depth can be achieved by increasing the intercoil spacing, as well as 

orienting the coils vertically (horizontal dipole mode, HDM) or horizontally (vertical dipole 

mode, VDM) as shown in Table 3.1. 
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Table 3. 1 - Exploration depths for the EM-34 at 10, 20, and 40-meter spacings (from McNeill, 1980). 
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 The EM-34 works through detection of an alternating current, by a receiver, at an audio-

frequency created by a transmitter.  As shown in Figure 3.4 the transmitter, Tx, is placed on the  
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Figure 3. 4 - Image of EM-34 operating principles (after McNeill, 1980). 

 

ground and the receiver, Rx, is placed a distance, S, away.  The time-varying magnetic field 

created from the alternating current in the transmitter coil induces small eddy currents in the 

earth.  These currents generate a secondary magnetic field, Hs, which is detected, together with 

the primary field, Hp, by the receiver coil.  The secondary magnetic field is a function of the 

intercoil spacing, s, the operating frequency, f, and the ground conductivity, !.  At low 

frequencies, ", the ratio of secondary to primary field is proportional to ground conductivity 

(McNeill J. , 1980)  according to: 
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Eq.1( )  

where Hs = secondary magnetic field at the receiver coil, 

 Hp = primary magnetic field at the receiver coil, 

   " = 2#f, 

    f = frequency (Hz), 

  µo = permeability of free space, 

   ! = ground conductivity (mS/m), 

    s = intercoil spacing (m), 

    i = 

! 

"1. 

 

 Given the ratio Hs/Hp, the apparent conductivity is then determined by 
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3.2.2 Ground Penetrating Radar (GPR) 

 Section 2.3.6 of this paper contains more detail concerning ground penetrating radar, but a 

figure displaying its operation is shown in Figure 3.5.  In addition to that information, 

penetration depth can vary due to soil conditions or moisture content as well as the selected 

frequency for the antenna (Annan, 2005).  Lower antenna frequencies can penetrate deeper 

whereas higher antenna frequencies only penetrate to corresponding shallower depths (Annan, 

2005).      
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Figure 3. 5 - Image of GPR operating principles (from Annan, 2005). 

!

 Skin depth is determined to be the depth at which the original signal strength decreases by 

1/e of it’s original value, approximately 37% (Sharma, 2008).  The equation for skin depth is 

(Sharma, 2008): 
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     where  
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"  = skin depth (m), 

  ! = ground conductivity (S/m), 

      µo = absolute permeability (H/m), 

      " = 2#f. 
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The resolution of the GPR signal is determined to be ! the wavelength, 

! 

" , which is 

defined as (Olhoeft, 1998): 

   

! 

" =
c

f µr#r ,

                 (Eq. 4) 

where c = speed of light in air (m/s), 

           f = frequency (Hz), 

          µr = relative permeability, 

                 

! 

"r = relative dielectric constant. 

 

3.3 Methods of Data Collection 

 To map the location of the Chatham Fault a set of survey lines was identified that were 

likely to both intersect the fault and be oriented roughly perpendicular to it.  Co-located ground 

conductivity measurements and GPR data were collected along the entire length of the lines.  

Total length for each line was 200 m to insure intersection with the fault and to capture any 

splays or cross-faults.  Start, middle, and end points of each line were determined by GPS 

(approximately 5 m accuracy).  Fourteen lines were run in the study area and one line was run 

farther south of the main study area to investigate faulting activity farther south.  The line that 

was run farther south, Line 5, did not produce results that indicated faulting and is therefore not 

discussed any farther in this report.  A map of the fourteen lines of collected data is shown in 

Figure 3.6. 
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Figure 3. 6 – Locations of survey lines in this study. 

!

3.3.1 Ground Conductivity Survey 

 The ground conductivity survey was performed using the EM-34 in both horizontal and 

vertical modes (Figure 3.7) utilizing both 10 and 20-meter spacing.  The 40-meter separation was 

tested initially, but because of high noise content and poor reproducibility, data from this 
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configuration was not collected for the lines shown in Figure 3.6.  For consistency in record 

keeping, the transmitter was placed at the beginning of the survey line at either the point furthest 

south or furthest west, depending on the orientation of the line, and the receiver was placed at the 

appropriate distance away.  The operator of the receiver insured that the receiver was at an 

appropriate distance using the separation readout on the instrumentation and then a conductivity 

value was recorded.  The transmitter and receiver were then moved to take the next 

measurement.  In the case of the 10-meter spacing, the devices were moved two meters for each 

reading, and in the case of the 20-meter spacing, the devices were moved five meters.  The 

horizontal mode and vertical mode data were gathered at the same time at each incremental 

move along the 200-meter lines. 
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Figure 3. 7 – Operating modes for the EM-34 instrument where Tx is the transmitter and Rx is the receiver. 

 After collection, the data were entered into a spreadsheet program for further processing.  

The collected apparent conductivity values for all the lines can be found in Appendix B. 
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3.3.2 Ground Penetrating Radar (GPR) Survey 

 The GPR survey was performed utilizing a Sensors and Software Pulse Ekko 100 GPR 

unit with 50MHz antennas.  The 50MHz antennas were chosen because they typically give 

results with adequate depth penetration and resolution.  In this study, a skin depth of 1.12 m was 

determined from the average conductivity of the ground conductivity survey, determined to be 4 

mS/m, and absolute permeability of 4# x 10
-7

 H/m.  Since the normal depth of penetration of the 

GPR is four skin depth’s than the depth of penetration for the study area is determined to be 

approximately 5 m.  Assuming that the smallest resolvable features are a quarter wavelength, the 

resolution of these antennas ranges from 0.55 m to 0.95m.  These resolution values were 

determined from the relative dielectric constants for clay, sandstone, and granite given in 

Telford, et al (1990).  Two different surveys were performed in the study area, move-out and 

constant offset. The move-out survey was performed by placing the transmitter at a fixed 

location, at either the beginning or middle of the survey, and the receiver was initially placed one 

meter away.  The receiver was then moved one meter at a time away from the transmitter while 

taking recordings at each location.  This was continued until the receiver reached the maximum 

distance it could be located away from the transmitter, typically 100 m from the starting point.  

An example of a move-out survey and the expected results are shown in Figure 3.8.  The move-

out test is designed to determine the velocity profile for the area under study which will 

determine depth to reflections. 

Figure 3. 8 - Ground penetrating radar field setup and expected response for move-out survey.  Tx represents the 

transmitter and Rx represents the receiver. 
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The second GPR survey that was performed was the constant offset survey.  This survey 

again involved setting up the transmitter at the beginning of the line and the receiver one-meter 

away from the beginning of the line.  In this survey the transmitter and receiver were each moved 

one-meter at a time while taking recordings at each one-meter increment.  Both an example of a 

constant offset survey and the expected results are shown in Figure 3.9.  From the move-out data 

depth can be determined to the intersection between the saprolitic and bedrock layers, as shown  

in Figure 3.9.  Data collection was continued until the end of each line was reached.  All GPR 

plots are included in Appendix E. 

 

!

Figure 3. 9 - Ground penetrating radar field setup for constant offset survey and expected response.  Tx represents 

the transmitter and Rx represents the receiver.  
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Chapter 4: Results and Data Analysis from Coles Hill Field Site 

  

After collection, GPS data were entered into ArcGIS to accurately locate the survey lines 

shown in Figure 3.6.  The GPS coordinates for the lines displayed in Figure 3.6 are listed in 

Appendix A.  Ground conductivity and GPR data were then processed and displayed graphically.  

Ground conductivity and GPR survey lines run either west to east or south to north, depending 

on line orientation, and data are listed in Appendices D and E, respectively. 

4.1 Ground Conductivity Data 

 The field data from the ground conductivity survey were entered into a spreadsheet 

program.  The first equation shown below, (Eq.5), was used to determine the quadrature 

component from the apparent conductivity.  If the apparent conductivity was collected in vertical 

dipole mode, than (Eq.6) was used to determine the corrected conductivity.  If the apparent 

conductivity was collected in horizontal dipole mode, than (Eq.7) was used to determine the 

corrected conductivity.  This step is required to account for any inaccuracies due to the 

difference in the approximate equation (Eq.1) and the exact equations (Eq.6 & 7).  A MATLAB 

program was written to develop a table to correct apparent conductivity values.  

 

   

! 

" a =
4

#µos
2

Hs

Hp

$ 

% 
& & 

' 

( 
) ) 
quadrature
component               (Eq.5)

 

! 

Hs

Hp

" 

# 
$ $ 

% 

& 
' ' 
V

=
2

((s)2
9 ) 9 + 9(s[{ + 4((s)2 + ((s)3]e)(s}   

(Eq.6)         

! 

Hs

Hp

" 

# 
$ $ 

% 

& 
' ' 
H

= 2 1(
3

()s)2
+ 3+ 3)s+ ()s)2][

e
()s

()s)2
* 

+ 
, 

- 

. 
/    (Eq.7) 

 

where   Hs = secondary magnetic field at the receiver coil 

   Hp = primary magnetic field at the receiver coil 

   µo = permeability of free space 

   !a = apparent ground conductivity (mS/m) 
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    s = intercoil spacing (m) 

   

! 

" = i#µ
o
$  

   " = 2#f 

    f = frequency (Hz) 

   ! = corrected ground conductivity (mS/m) 

    

! 

i = "1 

 

Apparent conductivity values are listed in Appendix B.  Conversion charts and corrected 

conductivity values are listed in Appendix C. 

After the corrected conductivity values were determined, the data obtained as described 

above were plotted as a function of conductivity (in mS/m) versus distance (in m). An example 

of one such plot is shown in Figure 4.1.   

 

Figure 4. 1 - Corrected conductivity graph of Line 11. 
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Note the high variability in the vertical mode data at 80 m with little corresponding 

variability in the horizontal mode data.  This is typical of the EM-34 response to a thin, vertically 

oriented “dike” or “fault” feature (Figure 4.2). 

 

 

 

!

Figure 4. 2 - Typical Response of EM-34 to a sub-surface vertical dike (Adapted from McNeill, 1980). 

As can be seen from the apparent conductivity data shown in Figure 4.1, there is a 

similarity between the responses along survey Line 11 and the responses predicted for a line that 

crosses a vertical dike as shown in Figure 4.2.  This similarity suggests the presence of a vertical 

conducting dike along Line 11, which is interpreted to be the Chatham Fault.  After analyzing the 

rest of the corrected conductivity data, strong and weak evidence for faults, as well as unknown 

anomalies, were identified along the survey lines. Locations of the anomalies were determined 

by interpolating the endpoints of the corresponding survey line.  A map of the weak and strong 

fault signatures, as well as unknown anomalies was constructed (Figure 4.3).   
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Figure 4. 3 - Map of strong and weak fault signatures and other unknown anomalies determined from ground 

conductivity data.  Size of the symbol is approximately equal to the uncertainty in the anomaly location on the 

ground.  This is consistent with the 3 to 10 m accuracy of the handheld GPS receivers used to survey the endpoints 

of each line. 
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A strong fault signature is considered to be a change in conductivity of greater than or 

equal to 5 mS/m in the vertical dipole mode over a distance of less than 15 m for both the 10 and 

20-meter spacings.  An example of a conductivity data that meet the criteria for a strong fault 

signature is displayed in Figure 4.4.   

 

 

Figure 4. 4 - Corrected conductivity along Line 1.  Note the large change in conductivity at a distance of 

approximately 100 m along the line for both the 10 and 20-meter vertical dipoles mode corresponding to a strong 

fault indication. 
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A weak fault signature is considered to be a change in conductivity of less than or equal 

to 5 mS/m in the vertical dipole mode over a distance of less than 15 m for both the 10 and 20-

meter spacings.  An example of a conductivity profile showing a weak fault signature is 

displayed in Figure 4.5.   

 

 

Figure 4. 5 - Corrected conductivity along Line 10.  Note the large change in conductivity at a distance of 

approximately 100 m along the line for both the 10 and 20-meter vertical dipoles mode corresponding to a weak 

fault indication. 
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An unknown anomaly is characterized by a pattern that is similar to the fault signature 

shown in Figure 4.2 but which may not be present in both vertical and horizontal dipole modes.  

The data must show a decrease of at least 2 mS/m within a distance of 15 m or less in order to be 

considered an unknown anomaly.  An example of an unknown anomaly is shown in Figure 4.6. 

 

!

Figure 4. 6 - Corrected conductivity along Line 3.  Note the large change in conductivity at a distance of 

approximately 110 m along the line for both the 10-meter vertical dipoles mode corresponding to an unknown 

anomaly. 

Clearly, faults may not be the only source of conductivity anomalies in a given survey 

line.  Electromagnetic methods can be particularly sensitivity to the presence of metallic artifacts 

such as pipes, fences, etc.  In order to test whether such a contamination is present in this data, a 

second survey along Line 1 was conducted with the metallic fence removed.  The differences 

between the two profiles fell within the experimental error of ± 1 mS/m (Figure 4.7). The 

difference of 5 m in the location of the lowest conductivity value in the anomaly signature is due 

to the 3 to 10 m inaccuracy of the GPS that was utilized to perform the survey again. 
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Figure 4. 7 - Apparent conductivity of retest of Line 1 compared to original data from Line 1. 

Line 1 (Figure D.1 in Appendix D) contains the best evidence for the Chatham Fault in 

the area at approximately 105 m.  Line 1 data contains the vertical dipole mode response shown 

in Figure 4.2 in both the 10 and 20-meter spacing.  Line 1 data also contains a drop of greater 

than 5 mS/m in both 10 and 20-meter spacings and is considered to represent strong evidence for 

faulting approximately midway along the line. Also a significant change in slope of both the 10 

and 20-meter spacing for the horizontal dipole mode occurs at approximately 105 m which could 

indicate a change of sub-surface structural units.  Line 1B (Figure D.14 in Appendix D) was run 

to determine if any anomalies could be seen in vertical dipole mode, but showed no indications 

of faulting. 

Line 2, (Figure D.2 in Appendix D) contains a signature in the vertical dipole mode, at 

approximately 160 m, similar to that shown in Figure 4.2 in only the 20-meter spacing and 

therefore was interpreted to be an unknown anomaly.  The 10-meter spacing does; however, 

show an increase in conductivity at that same point along the line, the cause of which is 

unknown.  

Line 3 (Figure D.3 in Appendix D) contains an unknown anomaly at approximately 110 

m.  This anomaly does exactly correspond to the sample signature shown in Figure 4.2 because it 

fluctuates at its low point in the anomaly location.   
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Line 4 (Figure D.4 in Appendix D) also contains an unknown anomaly at approximately 

90 m.  This signature is also shown as an unknown anomaly on Figure 4.3 because it is different 

from the signature shown in Figure 4.2 for both 10 and 20-meter spacings.   

Line 6 (Figure D.6 in Appendix D) shows two weak fault signatures at approximately 60 

and 180 m.  Both exhibit the same signature as shown in Figure 4.2, but show a decrease of only 

5 mS/m which classified them as weak fault evidence.  Also a significant change in slope of the 

10 and 20 meter horizontal dipole mode data exists at approximately 70 m which could indicate a 

change in sub-surface structural units. 

Line 7 (Figure D.7 in Appendix D) contains strong fault evidence at approximately 95 m 

because the typical fault signature is shown in both the 10 and 20-meter spacings.  The evidence 

for a fault in Line 7 fault evidence is also similar to that of Line 1 which leads to its classification 

as strong fault evidence.  Also there is a significant change in slope of the 10 and 20 meter 

hozizontal mode data at approximately 110 m which could indicate a change of sub-surface 

structural units. 

Line 8 (Figure D.8 in Appendix D) was run through a densely forested area which 

contained a fallen fence that could not be moved and prevented some measurements in the 

middle of the line from being taken.  However; an anomaly that occurs midway through the line, 

at approximately 105 m, has been classified as weak fault evidence because of the 

incompleteness of the data set, even if the fault signature appears in both modes and has a 

decrease of greater than 5 mS/m.  Also a significant change in slope exists at approximately 110 

m in the horizontal dipole mode data of the 10 and 20-meter spacings which could indicate a 

change in sub-surface structural units. 

Line 9 (Figure D.9 in Appendix D) shows two anomalies.  One anomaly has been 

characterized as an unknown anomaly, at approximately 40 m, and another has been classified as 

weak fault evidence, at approximately 140 m.  The unknown anomaly contains the typical fault 

signature shown in Figure 4.2 only in the 10-meter spacing and the weak anomaly contains the 

signature in both spacings, but shows a decrease of less than 5 mS/m. 

Line 10 (Figure D.10 in Appendix D) shows weak fault evidence along the line.  This line 

displays the typical fault signature in both spacings but has a decrease of only 5 mS/m which 

classified it as weak fault evidence. 
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Line 11 (Figure D.11 in Appendix D) shows both a weak and strong fault signature.  The 

first signature along the line, at approximately 50 m, shows a decrease of less than 5 mS/m in 

both spacings which classifies it as weak fault evidence.  The second fault signature along the 

line, at approximately 85 m, shows a decrease of greater than 5 mS/m in both spacings which 

classifies it as strong fault evidence.  This strong fault signature is also similar to the fault 

signature shown in Line 1 (Figure D.1 in Appendix D).  In addition the 10 and 20-meter spacings 

for the horizontal dipole mode data show a significant significant changes in slope at 85 m that 

could indicate a change in subsurface structures. 

Line 12 (Figure D.12 in Appendix D) shows no indication of fault activity.  Ground 

conductivity measurements along this line were designed to search for evidence of to cross-

faulting in the area and the equipment failed before this line was complete.  The increase in 

conductivity that begins at the north end of the line towards the south is believed to be caused by 

the power line that crosses the line, similar to Line 5. 

Line 13 (Figure D.13 in Appendix D) shows an anomaly at the far south end of the line.  

This anomaly is only seen in the 20-meter spacing which classifies it as an unknown anomaly, 

but it should be noted that it is close to the strong fault evidence seen along Line 11.  This 

anomaly is also similar to the anomaly seen on the Line 2 conductivity plot. 

Line 14 (Figure D.15 in Appendix D) shows a weak fault signature at the far west end of 

the line.  The Line 14 conductivity plot does not display the perfect fault signature shown on 

Figure 4.2, but shows a sharp decrease of greater than 5mS/m within a distance of 15 m in the 

vertical dipole mode in both the 20 and 10-meter spacings.  For this reason it was classified as 

weak fault evidence.  Also it should be noted that the 10-meter vertical dipole mode anomaly in 

Line 14 is similar to the 10-meter vertical dipole mode anomaly in Line 3. 

The different anomalies and weak and strong fault signatures documented in the study 

area have been plotted on the base map and shown in relation to the surface trace of the inferred 

Chatham Fault (Figure 4.8).  
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Figure 4. 8 - Chatham Fault inferred fault location. 

It should also be noted that the Chatham Fault is more easily recognized along the west to 

east lines, specifically Lines 1, 7 and 11, than along the north to south lines.  This is to be 

expected because the east to west lines cross the Chatham Fault at a high angle, resulting in a 

more distinct signal.  This inferred strike of the Chatham Fault is based on Jerden (2001) and 

Marline Uranium Corporation geologic maps of the area. 

The depth to the beginning of the conductive fault zone can be determined from the 

strong fault evidence signatures by using the graphical analysis presented in McNeill (1980).  

The estimation is based on both the magnitude and width of the anomaly, and exploits the well-
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known phenomenon that electromagnetic signatures broaden and weaken with target depth.  

From Lines 1, 7, and 11 depth to the beginning of the conductive fault zone and width of the 

fault signature was determined and are shown below in Table 4.1.  

 

  

The mild asymmetry of Lines 1, 7, and 11 indicate that the Chatham Fault steeply dips to 

the southeast because the conductive fault zone results in higher conductivity values that are 

collected over the direction of dip.  In addition, the increasing asymmetry of Lines 1, 7, and 11 

indicate a decrease in dip from northeast to southwest.  

The ground conductivity survey provides strong evidence for the location of the Chatham 

Fault, to strike at N40°E, but has not been able to prove the existence of cross-faults that have 

been interpreted to exist throughout the area (see Figure 3.1).  The other weak and anomalous 

signatures in the area could be attributed to splays in the Chatham Fault itself.  The conductivity 

profiling data do not resolve the top of the “fault” lying at the surface where we know it to be.  

Rather, the top of the “conductor” is estimated to lie approximately 7 m below the surface and 

increasing in width from northeast to southwest.  Hence, the profile data show not only the 

location of the fault, but also the depth along the fault plane at which the fault changes from 

being dominantly resistive to dominantly conductive.  Such a change may reflect a change in the 

moisture content or secondary mineralization along the fault plane as a function of depth. 

4.2 Ground Penetrating Radar (GPR) Data 

GPR constant offset data were collected for the entire length of Lines 1, 3, 4, 7, 9, and 13 

to allow for direct comparison with the ground conductivity profiles.  GPR constant offset data 

were only collected for the first 200 m of Line 2.  GPR move-out data were collected for the 

entire length of Lines 1, 2, 3, and 4 for velocity modeling purposes.  All of the GPR reflection 

data can be found in Appendix E. 

   

Table 4. 1 - Depth to Chatham Fault and estimated width of Chatham Fault zone shown in Lines 1, 7, and 11. 
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After collection, the ground penetrating radar data were processed using EKKO View 

Deluxe.  Data were reordered and merged so that constant offset surveys could be read from west 

to east in order to line up with ground conductivity data.  Move-out data were used in 

conjunction with constant offset data to form the velocity model that could be applied to all 

constant offset plots to determine accurate depth of reflections.   A velocity of 0.300 m/ns was 

chosen using the EKKO View Deluxe program.  A large portion of the late-time reflections were 

determined to be surface structures (mostly trees) and; therefore, of no geologic importance.  

Only shallow geologic structures, approximately less than 5 m, were detected by the GPR.  This 

depth of penetration was determined from the previously discussed skin depth calculation and 

velocity model which was determined from the move-out surveys.  One such structure that may 

represent the fault location is shown by the circle labeled A in Figure 4.9.  This section also has 

the same approximate dip of the Chatham fault, 40° to 70° to the southeast, and also occurs in 

approximately the same location as the fault shown in Line 1 of the ground conductivity survey. 

 

!

Figure 4. 9 - GPR constant offset data for Line 1, Circle A indicates the location of anomaly. 
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The GPR constant offset data for Line 2, shown in Figure 4.10, also give evidence for the 

anomaly seen in Line 2 of the ground conductivity survey.   The circle labeled B matches the 

anomaly seen in Line 2 of the ground conductivity data.  Circle C is most likely a fence that is 

located along Line 2. 

 

!

Figure 4. 10 - GPR constant offset data for Line 2, Circle B indicates evidence of an anomaly and Circle C indicates 

a fence location. 
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The GPR constant offset data from Line 7 (Figure 4.11) shows an anomaly that lines up 

well with features in the ground conductivity survey.  This anomaly in the ground penetrating 

radar data occurs between 50 and 90 m along the line, right in between the weak and strong fault 

signatures in the ground conductivity data.   

 

!

Figure 4. 11 - GPR constant offset plot for Line 7, Circle D shows evidence for an anomaly. 
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The GPR constant offset data from Line 9 (Figure 4.12) shows an anomaly between 

approximately 120 and 180 m that lines up well with features in the ground conductivity data. 

This anomaly, shown in circle E, matches well with the weak fault indication seen along Line 9, 

which could represent either a cross-fault or a splay of the Chatham Fault. 

 

!

Figure 4. 12 - GPR constant offset plot for Line 9, Circle D shows evidence for an anomaly. 

!

! The GPR data does not provide compelling evidence for the location of the Chatham 

Fault.  This lack of evidence could be due to the high density of trees and other surface 

structures, which represent the majority of signatures seen in the GPR plots.  Alternatively the 

high clay content of the soil in the area which, absorbs the GPR pulse and doesn’t allow for 

adequate depth penetration, could mask any signal from the Chatham Fault.  In conclusion, the 

GPR data, in general, can be used to only support the ground conductivity survey results. 

!
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Chapter 5: Discussion 

  

Ground conductivity and GPR data from this study are consistent with the previously 

published results of Jerden (2001) and Marline Uranium Corporation (1983) concerning the 

relative location of the ore zones and the Chatham Fault.  An aerial map of the study area with 

the location of the Chatham Fault determined in this study and locations of the ore bodies 

determined from Marline Uranium Corporation (1983) can be seen in Figure 5.1.   

   

  

Figure 5. 1 – Inferred location of Chatham Fault from joint analysis of ground conductivity and GPR data. 
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Lines 1, 7, and 11 show the best evidence for the location of the Chatham fault.  Based on 

those lines, and the other weak and anomalous signatures in the area, the strike of the Chatham 

Fault is shown in Figure 5.1.  Conductivity anomalies along Lines 1, 7, and 11 suggest that the 

depth to the conductive area of the Chatham Fault is approximately 7 m below the surface.  In 

addition, because the width of the fault signature widens from northeast to southwest it is 

hypothesized that the top of the conductive zone is deeper from northeast to southwest.  

Furthermore, the fault signature increases in asymmetry from northeast to southwest, indicating a 

decrease in dip. 

To the south, Lines 2 and 3 show anomalies in the ground conductivity data where the 

fault would be expected to cross those lines.  The inferred strike of the Chatham Fault in the 

study area is approximately N40ºE according to this study, whereas the approximate strike 

determined by Marline Uranium Corporation is N25°E to N35°E.  The dip of the Chatham Fault 

was also determined to be sharply dipping to the southeast.  

The best evidence for the location of the Chatham Fault that can be seen in the ground 

conductivity data occurs along the west-to-east oriented lines, which is most likely due to the fact 

that these lines are roughly perpendicular to the northeast to southwest strike of the Chatham 

Fault.  Also, it can be noted that the two north-to-south oriented lines (Lines 2 and 13), which are 

believed to cross the Chatham Fault, both show a similar signature at the approximate location of 

the fault.  This signature is characterized by a sharp decrease in conductivity of the 20-meter 

spacing in the vertical dipole mode and a sharp increase in conductivity of the 20-meter spacing 

in the horizontal dipole mode. 

The anomalous and weak fault indications that exist around the main Chatham Fault 

could result from either cross-faults or splays in the Chatham Fault.  Previous interpretation of 

the area (Jerden, 2001; Marline Uranium Corporation, 1983), suggest the presence of cross-

faults.  Ground conductivity anomalies away from the main Chatham Fault could be attributable 

to cross-faults, but the lack of any spatial continuity of these signatures precludes a definitive 

association.    

There is little evidence of faulting in the GPR data, due in part to the strong attenuation of 

the GPR signal in the clay-rich saprolite layer as well as spurious reflections from trees, fences 

and poles.  At best, the GPR data provides weak constraints on the conclusions drawn from the 
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ground conductivity data.  GPR plots of Lines 1 and 2 give the best support for the conclusions 

drawn from the ground conductivity data for fault location around the study area.   

In conclusion, Figure 5.1 gives the geologic interpretation determined by this study. The 

inferred areas of uranium mineralization remain unchanged from previous studies because they 

were not the targets of our geophysical surveys.  The tectonic interpretation proposed here is 

simpler than the previous one (Figure 3.1) due to the lack of evidence for cross-faulting.  This 

paper does not prove or disprove the existence of cross-faults or the proposed existence of splays 

in the Chatham Fault itself, but it does give evidence for support of the location for the Chatham 

Fault itself. 
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Chapter 6: Summary 

! The ground conductivity data provides corroborating evidence for the previously inferred 

location of the Chatham Fault.   Several ground conductivity plots show the typical fault 

signature, shown in Figure 4.2.  This characteristic signature is strongly seen in Lines 1, 7 and 

11, and weakly seen around the rest of the study area.  The major Chatham Fault is seen more 

clearly in the west-to-east running lines as opposed to the north-to-south running lines.  The two 

north-to-south running lines that do cross the Chatham Fault, Lines 2 and 13, do, however, show 

the same signature as one another at the crossing location. The strike of the Chatham Fault 

determined in the study area is more to the east than that determined from previous studies of the 

area.  The dip of the Chatham Fault was also determined to be to the southeast, which agrees 

with other studies of the area. 

 The other anomalies in the area could be indications of cross-faulting or could be 

attributed to splays in the major Chatham Fault as it is a complex structural unit.  This study has 

not proved that the other anomalies are definitely one or the other.   

The collected GPR reflection data has helped to reinforce the conclusions from the 

ground conductivity data but does not allow for significant conclusions to be made from it alone.  

Lines 1, 2, 7, and 9 show GPR data which coincides with the ground conductivity results.   

Since the GPR survey data were unable to give any reliable interpretable results, GPR is 

not recommended to be used further to study the Coles Hill area.  The ground conductivity 

survey data has given evidence for the strike and dip direction of the Chatham Fault and is 

recommended to be used further.   Ground conductivity surveys should be performed to the 

northeast and southwest to expand on the location of the Chatham Fault that was determined in 

this study. It is also suggested that to the west of Line 9 and east of Line 10 parallel lines should 

be run in order to determine the orientation, if any exists, on the anomalies that have shown in 

the ground conductivity data from Lines 9 and 10.  

This study has shown that ground conductivity surveys are effective at mapping the 

location of the Chatham Fault at the Coles Hill field site.  Although the GPR data did not give 

reliable results on the location of the Chatham Fault, the anomalies in the GPR data corroborate 

with anomaly locations seen in the ground conductivity data.  The location of uranium 

mineralization was not determined through the ground conductivity and ground penetrating radar 
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survey methods and can be considered consistent with that of the previous studies.  The ground 

conductivity data has given both strike and dip direction of the Chatham Fault as well as an 

indication of decreasing dip from northeast to southwest.  
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Appendix A 
_________________________________________________ 

GPS Coordinates of Lines
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Table A.1 - GPS Coordinates of Lines 
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Appendix B 
_________________________________________________ 

 Apparent Conductivity of Lines from EM-34
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Table B.1 - Apparent Conductivity of Line 1 in Horizontal Dipole Mode 
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Table B.2 - Apparent Conductivity of Line 1 in Vertical Dipole Mode 
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Table B.3 - Apparent Conductivity of Line 2 in Horizontal Dipole Mode 
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Table B.4 - Apparent Conductivity of Line 2 in Vertical Dipole Mode 
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Table B.5 - Apparent Conductivity of Line 3 in Horizontal Dipole Mode 
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Table B.6 - Apparent Conductivity of Line 3 in Vertical Dipole Mode 
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Table B.7 - Apparent Conductivity of Line 4 in Horizontal Dipole Mode 
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Table B.8 - Apparent Conductivity of Line 4 in Vertical Dipole Mode 
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Table B.9 - Apparent Conductivity of Line 5 in Horizontal Dipole Mode 
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Table B.10 - Apparent Conductivity of Line 5 in Vertical Dipole Mode 
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Table B.11 - Apparent Conductivity of Line 6 in Horizontal Dipole Mode 
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Table B.12 - Apparent Conductivity of Line 6 in Vertical Dipole Mode 



!

! "#!

Table B.13 - Apparent Conductivity of Line 7 in Horizontal Dipole Mode 
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Table B.14 - Apparent Conductivity of Line 7 in Vertical Dipole Mode 
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Table B.15 - Apparent Conductivity of Line 8 in Horizontal Dipole Mode 
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Table B.16 - Apparent Conductivity of Line 8 in Vertical Dipole Mode 
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Table B.17 - Apparent Conductivity of Line 9 in Horizontal Dipole Mode 
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Table B.18 - Apparent Conductivity of Line 9 in Vertical Dipole Mode 
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Table B.19 - Apparent Conductivity of Line 10 in Horizontal Dipole Mode 
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Table B.20 - Apparent Conductivity of Line 10 in Vertical Dipole Mode 
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Table B.21 - Apparent Conductivity of Line 11 in Horizontal Dipole Mode 
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Table B.22 - Apparent Conductivity of Line 11 in Vertical Dipole Mode 
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Table B.23 - Apparent Conductivity of Line 12 in Horizontal Dipole Mode 
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Table B.24 - Apparent Conductivity of Line 12 in Vertical Dipole Mode 
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Table B.25 - Apparent Conductivity of Line 13 in Horizontal Dipole Mode 
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Table B.26 - Apparent Conductivity of Line 13 in Vertical Dipole Mode 
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Table B.27 - Apparent Conductivity of Line 1B in Horizontal Dipole Mode 

Table B.28 - Apparent Conductivity of Line 1B in Vertical Dipole Mode 
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Table B.29 - Apparent Conductivity of Line 14 in both Horizontal and Vertical Dipole Modes 



!

! "#!

Table B.30 - Apparent Conductivity of Line 15 in both Horizontal and Vertical Dipole Modes 
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Appendix C 
_________________________________________________ 

Apparent to Corrected Conductivity Conversion Chart and Corrected Conductivity of Lines
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Table C.1 - Apparent to Corrected Conductivity Chart for Horizontal Dipole Mode 
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Table C.2 - Apparent to Corrected Conductivity Chart for Vertical Dipole Mode 
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Table C.3 - Corrected Conductivity of Line 1 in both Horizontal and Vertical Dipole Modes 
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Table C.4 - Corrected Conductivity of Line 2 in Horizontal Dipole Modes 
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Table C.5- Corrected Conductivity of Line 2 in Vertical Dipole Modes 
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Table C.6 - Corrected Conductivity of Line 3 in both Horizontal and Vertical Dipole Modes 
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Table C.7- Corrected Conductivity of Line 4 in both Horizontal and Vertical Dipole Modes 
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Table C.8 - Corrected Conductivity of Line 6 in both Horizontal and Vertical Dipole Modes 
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Table C.9 - Corrected Conductivity of Line 7 in both Horizontal and Vertical Dipole Modes 
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Table C.10 - Corrected Conductivity of Line 8 in both Horizontal and Vertical Dipole Modes 
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Table C.11 - Corrected Conductivity of Line 9 in both Horizontal and Vertical Dipole Modes 
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Table C.12 - Corrected Conductivity of Line 10 in both Horizontal and Vertical Dipole Modes 
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Table C.13 - Corrected Conductivity of Line 11 in both Horizontal and Vertical Dipole Modes 
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Table C.14 - Corrected Conductivity of Line 13 in both Horizontal and Vertical Dipole Modes 
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Table C.15 - Corrected Conductivity of Line 14 in both Horizontal and Vertical Dipole Modes 
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Table C.16 - Corrected Conductivity of Line 15 in both Horizontal and Vertical Dipole Modes 
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Appendix D 
_________________________________________________ 

EM-34 Conductivity Plots
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Figure D.1 - Line 1 EM-34 Corrected Conductivity Plot 

  

 

Figure D.2 - Line 2 EM-34 Corrected Conductivity Plot 
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Figure D.3 - Line 3 EM-34 Corrected Conductivity Plot 

 

Figure D.4 - Line 4 EM-34 Corrected Conductivity Plot 
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Figure D.5 - Line 5 EM-34 Apparent Conductivity Plot 

 

 

Figure D.6 - Line 6 EM-34 Corrected Conductivity Plot 
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Figure D.7 - Line 7 EM-34 Corrected Conductivity Plot 

 

 

Figure D.8 - Line 8 EM-34 Corrected Conductivity Plot 
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Figure D.9 - Line 9 EM-34 Corrected Conductivity Plot 

 

Figure D.10 - Line 10 EM-34 Corrected Conductivity Plot 
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 Figure D.11 - Line 11 EM-34 Corrected Conductivity Plot 

 

 

Figure D.12 - Line 12 EM-34 Apparent Conductivity Plot 
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Figure D.13 - Line 13 EM-34 Corrected Conductivity Plot 

 

Figure D.14 – Line 1B EM-34 Apparent Conductivity Plot

%&!

#!

&!

'!

(!

)!

"#!

#! &#! '#! (#! )#! "##! "&#! "'#!

!
"
#
$
%
&'
(
)*
+
,-
.
/
0.

1,

2)3*4#&5,-.1,

!"665&*5$,!"#$%&'()*+,"7,8)#5,9:,

"#*!+,-./01!234!5/06!"7!

834/930:-;!

&#*!<,-./01!234!5/06!

"7!834/930:-;!

"#*!+,-./01!234!5/06!"7!

=64>.-;!

&#*!<,-./01!234!5/06!

"7!=64>.-;!

%"!

#!

"!

&!

7!

'!

$!

#! &#! '#! (#! )#! "##! "&#!

!
"
#
$
%
&'
(
)*
+
,-
.
/
0.

1,

2)3*4#&5,-.1,

;<<465#*,!"#$%&'()*+,"7,8)#5,9=,

&#*!<,-./01!234!

5/06!"!834/930:-;!

&#*!<,-./01!234!

5/06!"!=64>.-;!



!

! "#$!

 

Figure D.15 - Line 14 EM-34 Corrected Conductivity Plot 
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Figure D.16 - Line 15 EM-34 Corrected Conductivity Plot
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Appendix E 
_________________________________________________ 

Ground Penetrating Radar Plots
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Figure E.1 - Line 1 GPR constant offset plot 
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Figure E.2 - Line 1 GPR move-out plot from 65 m to 106 m 
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Figure E.3 - Line 1 GPR move-out plot from 45 m to 90 m 
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Figure E.4 - Line 1 GPR move-out plot from 100 m to 154 m
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Figure E.5 - Line 2 GPR constant offset plot 
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Figure E.6 - Line 2 GPR move-out plot from 0 m to 94 m
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Figure E.7 - Line 2 GPR move-out plot from 100 m to 194 m 
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Figure E.8 - Line 3 GPR constant offset plot
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Figure E.9 - Line 3 GPR move-out plot from 0 m to 94 m 
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Figure E.10 - Line 3 GPR move-out plot from 100 m to 156 meter
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Figure E.11 - Line 4 GPR constant offset plot from 0 m to 100 m 
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Figure E.12 - Line 4 GPR constant offset plot from 100 m to 200 m
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Figure E.13 - Line 4 GPR move-out plot from 16 m to 98 m 
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Figure E.14 - Line 4 GPR move-out plot from 100 m to 196 m
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Figure E.15 - Line 6 GPR constant offset plot 
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Figure E.16 - Line 7 GPR constant offset plot
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Figure E.17 - Line 9 GPR constant offset plot 

!

!

Figure E.18 - Line 13 GPR constant offset plot 


