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Introduction 
Grand River Ironsands Inc. and its predecessor Markland Resources have been actively 

exploring the Churchill River Heavy Mineral Sand Deposit since 2002. Between 2002 and 2008 

the principal exploration targets were the heavy mineral sands found in the Churchill River 

channel bars located east of Muskrat Falls. When geological consultant G. DeMont became 

engaged in the project in 2008 he expanded the exploration targets to include beach strand lines 

located south of the river below Cartwright Road Bridge, and river terraces and associated dune 

fields located north and south of the river between Muskrat Falls and Gull Island.  

Four different drilling technologies have been tested in the exploration programs, including 

Pionjar, Winke-Vibra-Core, Geoprobe Directpush and Sonic drills. The instability of the 

unconsolidated sands makes drilling and sample recovery a significant challenge. The other 

exploration challenges in Labrador are the limited road access and weather.  

Drilling was started in 2011 to delineate a 20 year supply of iron ore. An Inferred Resource 

drilling survey was completed on Licenses 011805M (River), 017911 M (South Branch Road), 

017907M (Muskrat Falls) and 018325M (Hoffman). These surveys were drilled on a 500 

spacing. Indicated (infill) resource drilling was later completed on Licenses 017907M, 017911M 

and 018325M on 250 spacing. SRK Consulting (Pty.) SA, completed an inferred resources 

calculation for 017907M, 017911M and 018325M in 2012, with subsequent Indicated Resource 

estimates on License 017911M and 018325M when assay results became available. (Pittman and 

DeMont, 2013) 

Previous bulk sample work and mineral beneficiation resulted in two lab scale melt tests in 

which they successfully produced pig iron pellets. (Hains 2008, McNeill 2009).  A larger scale 

melt test which began in 2013 (Pittman and DeMont 2013) demonstrated that it is possible to 

economically derive pig iron from the heavy mineral sand deposits of Happy Valley Goose Bay. 

The results of the Sonic Drill Survey (described briefly in the below sections) highlighted the 

possibility to increase reserves by drilling deeper than 15m. The Sonic Drill Survey was 

completed only on a small portion of three licenses; in an attempt to understanding of the total 

depth possible to mine, two separate geophysics surveys were completed. The focus of this 

assessment report is to describe the ground geophysics programs of 2012 and 2013 and how the 

survey data are enhancing the geological knowledge of the deposit.  
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License Information and Access  
License 018325M (Hoffman Block) is located between Churchill River and the Labrador 
Highway. The east end of the claim block is located approximately 15.6 km by road from the 
juncture of the Muskrat Fall Road and Labrador Highway, and the western end of the block is 
located approximately 32.3 km by road from the same road junction. This license covers raised 
river terraces exploration targets. Small dunes are found throughout this block, but unlike the 
Muskrat Falls Block they do not form a structured dune field. The Labrador Highway provides 
easy access to this claim block and the claims can be traversed by skidoo in the winter and ATVs 
in the summer. Most of the claim block was burnt over by a large fire a number of years ago so 
vegetation is sparse in most areas of the claim. This makes movement of equipment relatively 
easy, but there are few wind breaks for winter drill programs.  

 

 

Figure 1: Property Location Map  
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Figure 2: Claim License Location Map 

 

Previous Exploration 
In 2011 inferred and indicated resources drilling surveys were completed on License 018325M 

(Hoffman Block). A total of 248 drill holes have been completed to date on this license. 

(DeMont and Pittman, 2011 and DeMont and Pittman, 2012a and 2012b). The area was also 

covered by both Lidar and aeromagnetic surveys in 2011 (DeMont, 2011).  

During a preliminary engineering discussion held in 2011 (DeMont and Pittman, 2012b) it was 

brought to the companies attention that it should be feasible to mine the sand deposit to depths of 

30-40 m on the land exploration targets. This input identified the need for a series of deep 

drillholes to obtain data on the deposit thickness and grade down to the proposed mining depth.  

In July 2012, Boart Longyear was contracted by North Atlantic Iron Corporation (NAIC) to drill 

a series of sonic drillholes using their mini-sonic drill rig. Drilling commenced on July 6th and 
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finished on July 24th.  Seventeen drillholes were drilled in total, 13 drillholes on Block 5 

(Hoffman), 2 drillholes on Block 2 (Muskrat Falls) and 1 drillhole on Block 1 (South Branch 

Road) for a total of 623.19 m. The deepest drillhole, Sonic 24 reached a depth of 50.21 m and the 

shallowest drillhole, Sonic 19 reached a depth of 24.38 m.  

The two principal objectives of the sonic drill program were:  

1. to test what lies between the 15 m Geoprobe cutoff drill depth and the proposed 40 m 

maximum mine depth, and 

2. to test the sonic drill technology in the Churchill River Iron Sand Deposits.  

 

The drill program was successful in locating more sand below 15 m, but it also showed there is a 

change in stratigraphy from fine to coarse grained fluvial bar sand deposits to silty, very fine 

grained sand with interbedded marine clay. This second unit is assumed to represent a change in 

depositional environments from purely river-alluvial deposits to a marine environment which 

was the site of deposition for the suspended load river sediments.  Maximum mine depths could 

be impacted by this stratigraphic change which occurs below the depth of most Inferred and 

Indicated Resource drillholes, so below 15 m from surface.   

 

 

Figure 3: Sonic Drill Rig at Sonic Drill Hole 8 on Hoffman Block 
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Figure 4: Drill Core from Sonic 6, 0-10ft 

The 13 drill sites were placed at the approximate midpoints of the 250 m spaced Indicated 

Resource drill grids so they will provide data to analyze the variability in iron grades at more 

closely spaced drillholes.  

In summary, the sonic drill program on the Hoffman Block showed potential to increase 

resources below a depth of 15 m. However, further work is required to define the maximum 

depth. The geophysics surveys described in this assessment report were undertaken in an effort 

to map the deposit stratigraphy and the position of the water table.  
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Geology 
The black mineral sands are found in a thick sequence of unconsolidated marine and alluvial 

sediments deposited in the Churchill River and surrounding lowlands between Gull Island and 

Goose Bay (Hamilton Inlet). The inlet forms part of a major coastal reentrant that penetrates the 

Labrador coast for approximately 200 km. This Ria basin is a composed of a series of down 

faulted bedrock grabens. The western most graben forms a small sedimentary basin between Gull 

Island and Muskrat Falls. This basin was flooded by marine waters during the last period of 

glaciations.   

River cut terraces seen along the banks of the present river east of Gull Island are composed of 

fluvial sand and gravel deposits sitting on marine clays. Due to isostatic rebound that occurred 

after the retreat of the glaciers approximately 10- 20,000 years ago, the ancient river bars now sit 

30-50 m above current river water levels. The relative change in sea level in the Goose Bay -

Lake Melville area varies (Emory-Moore and Meyer, 1991; Smith, 1992; Clark and Fitzhugh, 

1992), but is estimated to be between 120 and 135 m. Marine clays which underlie these bars are 

exposed in some of the river banks east of Gull Island. Large dunes are developed on some of the 

ancient river bars, particularly along the south side of the river between Gull Island and a point 

located approximately mid-way between Gull Island and Muskrat Falls. Recent sand bars in the 

Churchill River, raised river terraces found along both banks of the river, dune fields developed 

on the raised terraces and beach strand lines are the focus of the exploration on the claim 

licenses.  

The sediment thickness in the graben basins is not known.  Only one drillhole (Hatch, Exhibit 

39) drilled to test the North Spur at the Muskrat Falls Dam site penetrated through the full 

thickness of unconsolidated sediments. This drillhole cored 15 m of sand, then 60 m of what is 

described as stratified drift, but which is more likely the silty sand encountered in the NAIC 

Sonic drill program, 50 m of marine silty clay and 140 m of sand and gravel. The collar elevation 

of the drillhole was +60 m above sea level. The stratified drift extends all the way down to the 

present water level in the Churchill River. The lower sand and gravel unit is located 70 to 210 m 

below the river water level.  

The “stratified drift” cored in the Hatch drillhole sounds very similar to a silty sand unit cored in 

the NAIC sonic drill program. This change in composition from the lower clay unit likely 

represents a shift to a marine environment that occurred as the glaciers melted and the lower 

portion of the Churchill River Valley including the two grabens were flooded by marine waters. 

The Churchill River delta was located west of the drill site location, near Gull Island. This unit is 

also composed primarily of silt and clay deposited from the rivers suspended sediment load. The 

difference between it and the lower clay unit is the presence of very fine grained sand. Unlike the 

ice dammed lake, there were currents formed by the tides and wind that helped rework sandy 

sediments and incorporate them into the deposited sediments. This unit is relatively homogenous 
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in terms of grain size. Where cored in the NAIC sonic drillholes it contained for the most part, a 

mixture of silt and very fine grained sand, but there are also a few distinct fine grained sand 

dominated beds and a few plastic marine clay beds.  

 

2012 Ground Geophysics Program 
In the fall of 2012 NAIC contracted The West Group (Pty.) South Africa, to begin desktop 

review of available hydrology/hydrogeology data for the claim areas. From this review it was 

decided that more in depth subsurface work was needed to determine if the area supported a 

perched water table sitting above thin, shallow clay beds deposited from the rivers suspended 

load as observed in drill core, or if the main water table is located below the upper clay beds, as 

observed in the sonic core. These results would have a large impact on proposed mining methods 

and economic recovery factors; for example, if the results correlated to a near surface water table 

(6-8m below surface), dredge mining options would be further investigated as well as dewatering 

techniques. If the water table was at depth, then geotechnical testing would need to be further 

investigated to determine load capacity of the basal clay layer.  

In December 2012, Grand River Ironsands contracted Alpha Geophysics (Australia) Ltd. To 

complete an EM-34 and Resistivity Survey to:  

1. Determine the thickness of sand above the basal (marine) clay layer 

2. Determine the thickness of the basal clay layer 

3. Potentially determine what if any sand lies beneath the basal (marine) clay layer and its 

thickness   

4. Determine the extent of the groundwater in units above the basal (marine) clay layer. 

 

The survey was completed on 250 m and 125 m spaced cleared lines. A total of 11.5km was 

prepared for the 125m lines, and 18.4km was prepared for the 250 m lines. These lines 

corresponded to inferred/indicated drill holes, as well as six sonic drill holes. (Refer to Appendix 

A- Geophysics Grid 2012). GPS Survey data was collected along each line at 20 m intervals. 

In total there were 20 lines (including two tie in lines running west to east) ranging from 1 km to 

2 km in length, totaling a distance of 30 km.  
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Figure 5: Block 5 (Hoffman Block) EM and Resistivity Grid Lines 

 

 

Resistivity Survey: 
The Resistivity survey was attempted with the  SuperSting  R8,  8  Channel  Ground  Resistivity  

Meter  with  84  take  out  cables  at  5m  electrode  spacing. The initial trial was conducted at the 

western end of the line B10-A10 (refer to Appendix A) with subsequent trials at the eastern end 

of the same line. Dipole–Dipole and Wenner array data were collected at both 5 m and 2.5 m 

electrode spacing.    After  initial  trials it  was  found  that  due  to  site  conditions,  the  

SuperSting  could  not  produce  the desired results. 

Extremely high contact resistivity values were encountered during testing on the western end of 

line B10-A10 with this unit. Methods known to decrease contact resistance were utilized 

including saline saturation of the ground for each electrode. This resulted in measured contact 

resistances between approximately 20,000 Ωm and 200,000 Ωm. The ground resistance proved 

too high to allow for use of this survey equipment so after exhausting every available option to 

improve data quality, the resistivity survey was abandoned. 
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Figure 6: Inversion Results for the Western end of line B10-A10 using Dipole-Diploe array 

 

 

EM Survey 
The EM Survey was conducted using two separate systems.  The  Geonics  EM34-3  Ground  

Conductivity Meter (EM34) was used to collect conductivity measurements at 20 m coil 

separations, and the Geonics  EM34-3XL  Ground  Conductivity  Meter  (EM34XL)  was  used  

to  collect  data  at  40 m  coil separations.   

Data  was  collected  at  40 m  station intervals  on  all  lines  with  both  instruments. Data was  

collected  in both  Horizontal-Dipole  and  Vertical-Dipole  modes  at  each  sounding  location  

for  both  the  20 m  coil separation  and  40 m  coil  separation  surveys,  resulting  in  four  

separate  measurements  at  each  sounding location.   

Both  instruments  were  nulled  at  the  start  of  each  line  to  account  for  instrument  drift,  

except  where  the start of a line coincided with the HV powerlines.   

Noise levels became unacceptable 100 m-150 m from the powerlines and no data was collected 

in these areas. The 40 m coil separation setup is more  sensitive  to  the powerlines  so  there  

were  less  40 m  data  points collected near  the  powerlines.   
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Inversion of EM Data  

A 1-D Inversion of the data from line A4-B4 (See Below) was conducted using Interpex IX1Dv3 

software.  

 

Figure 7: Inverted Model of EM34 Data along line A4-B4, no data was collected near the Powerline 

 

The depths obtained from the two-layer model initially seemed to correlate well with the clay 

layer in the borehole data. Alpha geophysics (Appendix B – Alpha Geophysics Report) indicated 

a strong correlation between the clay layer, as defined by the EM survey, and the contact 

observed in the sonic drill core. However, this conclusion in not supported by the GPR survey 

data and subsequent 3d modeling which followed (Refer to Appendix E-Groundradar Report and 

Appendix F-3d Modeling Report (SRK)). 

The geophysics Inversion modeling showed that the depth to the clay layer is from 

approximately 10 meters in the north end to 38 meters in the south end. Upon completion of the 

GPR and modeling of the two sets of data, this is shown to be inaccurate. However, both surveys 

do show that the thickness of the resource is greater than the 15 m depth used in the SRK 

Resource estimates. 
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Figure 8: Conductivity Contoured Model Results for the vertical Dipole EM34XL 40m Spacing 

 

Upon receiving the draft reports by both The West Group and Alpha Geophysics and noticing 

discrepancy’s within the reports in correlation with observed drilling, and the noted difficulty 

with resistance of the area the data was sent for independent analysis. This analysis showed that 

there was not a great correlation between the data collected and the completed drill holes.  

As a result, a second geophysics survey was completed in the summer of the following year. 

2013 Ground Penetrating Radar 
In May 2013, NAIC contacted Groundradar to complete an UltraGPR survey. The survey began 

on July 28th through to August 2nd, 2013 by Groundradar staff and two assistants provided by 

NAIC.  A total of 21 individual UltraGPR profiles were acquired at the Hoffman Block, 

spanning a total of 32.1 km. The survey was completed over the same grid as the EM34 and 

Resistivity Surveys were conducted, and as such, no clearing activities were needed. The 

UltraGPR survey was chosen because it showed good potential to penetrate below the 15 m 

drilled depth to map what appeared in the sonic drillcore to be massive clay.  
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The EM data as well as the data collected by UltraGPR was subsequently modeled using the 3d 

software Leapfrog, in which  

 

The UltraGPR system is a backpack configuration, weighing 5kgs and consists of the system 

itself and a 14m long flexible snake with two shielded pods for the receiver and transmitter 

electronics. The data collected is fed directly into a Windows Mobile PocketPC or mobile phone. 

The UltraGPR bandwidth of the transmitted and recorded data is much larger therefore it is not 

relevant to assign a “center frequency” to UltraGPR systems as is often done with other GPR 

technologies.   

 

The primary objective of  the  survey  was  to  map  the  base of  an  exposed  aeolian/alluvial  

sand  unit  which contains economic Heavy Mineral concentrations. GPR technology can 

confidently detect changes in reflectors (i.e. water content, metal conductors etc.) which in turn 

can map differences in grain size in unconsolidated material. The massive clay unit should be 

very saturated, as was seen in the sonic drill core therefore the distance to it from surface should 

have been easy to detect. This system is able to utilize both high and low frequencies depending 

on the target depth of the survey. The entire grid was completed using the high frequency mode; 

this limited the depth of the survey but provided higher resolution. 

 

The first two days of surveying were conducted using the low-frequency UltraGPR system,  

which  ranges  in  frequency  from  10  MHz  to  50  MHz.    The low-frequency instrument is 

useful to map underlying strata to depths of 60 m – 100m but with a loss of internal resolution 

within the deposit. 

 

 
 
Figure 9: Low Frequency Grid Lines 
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Initial processing yielded no obvious basal marine clay reflector. This discovery was unexpected, 

considering the hypothesis of the previous geophysical contractor that marine clays exist at 

depths of 30 – 35 m, and seen in the recovered sonic drill core. 

 

Therefore the decision was made to complete the survey using the high-frequency system, which 

would provide excellent detail to a depth of 50m. 

  

Preliminary processing  was  performed  immediately  upon  acquisition  of  the  first profiles  

with  the  high  frequency  UltraGPR  system  at  the  Hoffman  Block.    It was immediately 

apparent that there was no characteristic clay horizon large enough to reflect radar signals 

throughout this initial dataset.   

 

A total of approximately 60 km of survey lines were acquired during the present survey using 

both high and low frequency UltraGPR systems. Groundradar surveyed 31 km of profiles using a 

high-frequency UltraGPR system.  

 

 
Figure 10: NAIC Staff conducting the GPR Survey 

 

Upon examination of the high resolution UltraGPR data, no discernible clay horizon was present.  

Penetration of the system reached 50 m with no significant loss in penetration due to thick clays.  

Throughout the entire grid, no significant clays were found.  Complex reflection patterns, typical 
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of what is generally seen in alluvial depositional settings, were recorded through the entire 50m 

depth range.    

 

 
Figure 11: Lithology Section Line 2 

 

A distinct reflector was easily mapped near surface (see below), at depths ranging from 6m to 

30m. This reflector matches well with the water table detected in the boreholes and is typical of 

water table reflections in mineral sand deposits. The strong GPR marker closely matches the 

water table.  It dips from NW to SE towards the main river as confirmed by the 3d modeling (see 

below). 

 

 
Figure 12: Watertable Reflector Line 5 
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Figure 13: Cross Sections depicting the topography, water table and strong GPR marker 

 

Upon leaving the site, the low-frequency data was re-examined by Groundradar, as the company 

has never seen these types of results occur in their history. A slight change in reflection 

amplitudes was found using an advanced processing method.  In places, particularly in the 

western edge  of  the  grid,  this  slight  change  in  reflections  was  more  interpretable  than 

elsewhere.  The detected feature does not appear to be continuous and, without the input of 

boreholes, would not have possibly been defined as clay by the company.  However,  upon  

comparison  to  the  near-by  sonic  drilling  logs,  there  is  some correlation to the clays detected 

in the logs and the subtle feature interpreted on the radar. 
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Figure 14: Possible Clay Layer using Low Frequency UltraGPR Reprocessed Data 

 

The interpretation, as well as the integration of LiDAR, EM and GPR on this location does show 

a clay layer at depth (Refer to Appendix F -3d Modeling Report (SRK)). 

 

 

Figure 15: Compilation of Ground Geophysics Data in 3d Model 
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Conclusions and Recommendations 
It is apparent from the two different geophysics survey’s completed at License 018325M 

(Hoffman Block) that the location and thickness of underlying marine clay and the transition 

from a fluvial bed load sediments (sand bars) to fluvial suspended load sediments deposited in a 

marine environment is very difficult to ascertain 

Limited particle size analyses completed on the sonic drillholes showed the sediment had fine 

and very fine grained sand intermixed with silt. There was only minor clay. This might impact 

the ability of the GPR and EM to detect a distinct reflector at the stratigraphic contact described 

above. It is possible that the clay layering at depth is intermixed with very fine to fine grained 

sediments which make it difficult for the GPR or EM survey’s to determine the layering, which 

could attribute to the lack of definition at depth. The deep holes were drilled using a mini sonic 

drill rig, the nature of this type of drilling is to vibrate into the sediment, and this could have 

skewed the layering within the drill core upon retrieval if the layering was relatively thin giving 

the core the appearance of one thick clay unit. 

Further deep drilling is required to install a series of monitoring wells to determine the 

hydrological properties of the site; this could be coupled with additional deep wells to further 

delineate the clay. The GPR survey showed a very distinct reflector, varying from 6-30m below 

surface which correlates with the water seen in the cored results.  

A separate, lower resolution UltraGPR system be utilized on all locations where marine clay is 

observed. A very subtle change in the reflection character was recorded with the low frequency 

system, suggesting that this layer may be more interpretable over the entire block with an even 

lower frequency system.   
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Appendix A – Geophysics Grid Map 
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1 INTRODUCTION 

Alpha Geoscience Pty. Ltd. (Alpha) was contracted by North Atlantic Iron Corporation (Client), to undertake 

a Geophysical Survey at the Hoffman resource in the Muskrat Falls area, near Happy Valley Goose Bay, 

Labrador, Canada. See a satellite image of the survey area in Figure 1 below. The scope of the survey was 

to: 

1. Determine the thickness of sand over the reported clay layer  

2. Determine the thickness of the clay layer  

3. Potentially determine what lies under the clay layer and its thickness  

4.    Determine the extent of the groundwater in the upper sand layer 

 

Figure 1: Satellite image of Hoffman, showing individual EM34 measurement locations as purple markers (note that 
20m coil separation data points are shown). Approximate location of Power Lines is marked with a dashed red line. 

Approximate locations of lines A4-B4 and B10-A10 are marked in blue.  
(Image source: Google Earth 2013). 

HV Powerlines 

Line B10-A10 

Line A4-B4 
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2 AUTHORITY 

An authority to proceed with the project was provided by way of an E-mail from Martin Cassidy on 26 

October 2012. 

3 SURVEY RATIONALE 

Alpha proposed to use two techniques to fulfil the scope of the survey: 

1. Using the SuperSting R8 Earth Resistivity Meter to produce detailed 2-D resistivity profiles to map 
the depth and thickness of the clay layer and any other layers visible in the models. 
 

2. Using Geonics EM34-3 Ground Conductivity Meter (EM34) to determine the approximate depth of 
the clay layer between borehole and Resistivity Data and to possibly map the extent of 
groundwater. 

4 SURVEY PARAMETERS 

4.1 Resistivity Survey 

The SuperSting R8, 8 Channel Ground Resistivity Meter with 84 take out cables at 5m electrode spacing 

was chosen as the most suitable system based on the scope of the survey, see figure 2 below. 

The initial trial was conducted at the western end of the line B10-A10 with subsequent trials at the eastern 

end of the same line. Dipole–Dipole and Wenner array data were collected at both 5m and 2.5m electrode 

spacing.  After initial trials it was found that due to site conditions, the SuperSting could not produce the 

desired results.  See results section for details.   

        

Figure 2: The SuperSting R8, 8 Channel Ground Resistivity Meter (Source: www.agiusa.com). 

http://www.agiusa.com/
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4.2 EM Survey 

The EM Survey was conducted using two separate systems. The Geonics EM34-3 Ground Conductivity 

Meter (EM34) was used to collect conductivity measurements at 20m coil separations, see figure 3 below. 

The Geonics EM34-3XL Ground Conductivity Meter (EM34XL) was used to collect data at 40m coil 

separations.  

Data was collected at 40m intervals on all lines with both instruments separately. Data was collected in 

both Horizontal-Dipole and Vertical-Dipole modes at each sounding location for both the 20m coil 

separation and 40m coil separation surveys, resulting in four separate measurements at each sounding 

location.  

Both instruments were nulled at the start of each line to account for instrument drift, except where the 

start of a line coincided with the HV powerlines.  

The locations of each individual sounding of the 20m coil separation dataset have been overlain onto a 

satellite image of the Hoffman site- See Figure 1. Actual measurement locations for each of the four 

measurement types (coil orientations) are shown in Appendices 2-5. Noise levels became unacceptable 

100m-150m from the powerlines and no data was collected in these areas. The 40m coil separation setup is 

more sensitive to the powerlines so there are less 40m separation data points near the powerlines as a 

result. DGPS positioning of data and clearing of survey lines was provided by the client. 

 

Figure 3: Survey crew collecting 20m coil separation, horizontal-dipole data at the Hoffman site with the Geonics 
EM34-3 
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5 DATA PROCESSING 

The following steps were taken in the processing of the conductivity data: 

 Data was compiled in a spreadsheet format and static shifts were applied for static offsets 

measured between sensitivity settings. 

 Data was gridded and contour plots were created using mapping software. 

 Contour plots of measured conductivity for each of the four measurements (20m coil separation 

horizontal-dipole, 20m coil separation vertical-dipole, 40m coil separation horizontal-dipole and 

40m coil separation vertical-dipole – Appendices 2-5, respectively) are provided as separate PDF 

files along with this report.  

 Data from line A4-B4 (see figure 1 for location) was inverted using Interpex IV1Dv3 inversion 

software (See figure 5). 

6 SURVEY RESULTS AND DISCUSSION 

6.1 Resistivity Survey 

Extremely high contact resistivity values were encountered during testing on the Western end of line B10-

A10 with the SuperSting (See figure 1 for location). Contact resistance was so high that the contact 

resistance test gave open circuit errors for all electrode pairs. Methods known to decrease contact 

resistance were employed; Shallow holes were dug for each electrode and saturated saline solution was 

used to thoroughly wet and re-wet each electrode. This resulted in measured contact resistances between 

approximately 20,000 Ωm and 200,000 Ωm. 

Data was collected using Dipole-Dipole and Wenner arrays at 5 m and 2.5 m electrode spacing with poor 

results. The signal to noise ratio was very low due to the very low conductance of the ground. The result 

was that the data was extremely noisy and successful inversion of the data was impossible. An example of 

an inverted profile of the data collected is shown below in figure 4.  Note the large number of missing data 

points and RMS error of 55.31%.  

Data was also collected at the eastern end of B10-A10 using the same method of wetting electrodes. During 

this trial electrodes were doubled-up so that two connected steel electrodes were used at each electrode 

take out, to try to maximise the surface area of the electrode in contact with the ground and therefore 

decrease contact resistance. The effect was negligible and measured contact resistances remained between 

approximately 20,000 Ωm and 200,000 Ωm.  After exhausting every available option, the resistivity survey 

was abandoned. 
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Figure 4: Inversion results for data collected at the Western end of line B10-A10 with 5m electrode spacing using a 
Dipole–Dipole array. 

 

6.2 EM Survey 

The datasets collected using the EM34-3(20 m coil separation data) and EM34-3XL (40 m coil separation 

data) were of high quality. Contour plots of measured conductivity for each of the four measurements 

(20m coil separation horizontal-dipole, 20m coil separation vertical-dipole, 40m coil separation horizontal-

dipole and 40m coil separation vertical-dipole – Appendices 2-5, respectively) are provided as separate PDF 

files along with this report.  

Initially, the EM34-3 was used to collect both 20m and 40m coil separation datasets. The 20m coil 

separation dataset collected using the EM34-3 was of high quality.  However, because the conductivity 

values encountered were so low (and therefore signal strength was low), atmospheric noise levels that 

would be relatively low in more conductive conditions became a problem for the 40m coil separation 

measurements using the EM34-3.  

The solution was the larger, more powerful EM34-3XL.  The EM34-3XL was designed for use in built up 

areas with high levels of cultural noise and for this reason it has a larger, more powerful transmitter than 

the EM34-3. The larger transmitter of the EM34-3XL boosted the signal to noise ratio enough to collect a 

high quality 40m separation dataset.  
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6.3 Inversion of EM Data 

A 1-D Inversion of the data from line A4-B4 (see figure 1 for location) was conducted using Interpex IX1Dv3 

software, see Figure 5, below. The data fits well to a two-layer model, consisting of a highly resistive layer 

underlain by a conductive layer.  

A comparison of modelled depth to the conductor with clay depths obtained from drill logs is presented as 

a table in Figure 6. The depths obtained from the two-layer model correlate well with the clay layer in the 

borehole data: 

1) Sonic Hole 24 is located at a distance of approximately 100m west of Line A4-B4, the depth to clay 

in Sonic 24 (25 m-30 m) matches well with the nearest modelled depth (28.6 m).  

2) Borehole BL5-056 intercepted clay at 13 m and the nearest modelled depth was 7 m.  

3) Most boreholes did not reach clay. For each of the holes that did not reach clay, the modelled 

depth to clay is greater than the final depth of the hole.  

 

 

 

Figure 5: Inverted Model of EM34 data collected along line A4-B4. Note that data between 5896800mN and 
5896950mN was not collected due to the HV powerlines and that data is not corrected for elevation. 

 
 
 

No Data 

No Data 
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Borehole 

Easting

Borehole 

Northing

Borehole  

ID

Model 

Easting

Model 

Northing

Borehole 

Clay 

Depth

Modelled 

depth of 

Coductor

637000 5895500 BL5-006 637000 5895520 > 12m 35.3

637000 5895750 BL5-70 637000 5895760 >10 23.9

636897.2 5896010 Sonic 24 637000 5896000 25-30 28.6

637000 5896000 BL5-007 637000 5896000 >15 28.6

637000 5896250 BL5-71 637000 5896240 > 15m 29.8

637000 5896500 Bl5-008 637000 5896480 > or = 15m 29.2

637000 5896500 Bl5-008 637000 5896520 > or = 15m 16.4

637000 5896750 BL5-72 637000 5896760 >12 22.2

637024 5896854 sonic 14 15

No Data/ 

Powerline

637000 5897000 BL5-009 637000 5897000 >17 23.4

637000 5897500 BL5-056 637000 5897480 13 7

 

Figure 6: Table comparing depth to clay from borehole data to Modelled depth of conductor from inverted EM data 
for the Line A4-B4. Note that coordinates of both the boreholes and modelled EM data points are shown.  

 

The good fit of the borehole data to the inverted models indicates that the clay layer provided the bulk of 

the conductive response. The response was probably also influenced to some extent by other less 

conductive silty layers and groundwater, producing some inaccuracies in the modelled depth to clay. Due to 

the problem of equivalence, modelling more than two layers with this dataset is not useful. In future, TEM 

may be successful in resolving more layers if there is sufficient contrast between the conductivity of the 

layers. 

Depths obtained from the inverted models should only be used as a relative guide.  If more accurate depths 

are required it is recommended that TEM be trialled in the future as the inversion capabilities with TEM 

data are far superior to those with Frequency Electromagnetic data (EM34-3 data). 

7 CONCLUSIONS AND RECOMMENDATIONS 

The Resistivity component of the survey was suspended due to the very high resistivity of the surface sandy 

layers at the site. 

The EM component of the survey yielded high quality datasets for both the 20m and 40m coil separations.  

Inversion of the EM data from line A4-B4 produced a 2-layer model with a good correlation to borehole 

data. It is recommended that inversion of the entire data set be undertaken once further drilling and 

groundwater investigation works are completed, so as to better constrain the inversion parameters.  

In future it is recommended that the EM34-3XL be used in place of the EM34-3 for all measurements. 
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The success of the EM34-3 survey and the successful inversion of the data to a two layer model indicate 

that Transient Electromagnetics (TEM) may be the optimal technique for the site if successful. A trial of 

TEM is recommended if higher resolution between layers and more accurate depth information are 

required. TEM may also prove successful in modelling the depth to any resistive layers that may underlie 

the clay. 

Further DC Resistivity surveying is not recommended. However, it may have a higher chance for success 

during the warmer months when there is more moisture in the soil.  

8 LIMITATIONS OF REPORT 

This report has been prepared for the use of North Atlantic Iron Corporation in accordance with general 
accepted Consulting practice.  No other warranty, expressed or implied, is made as to the professional 
advice included in this report.  This report has not been prepared for the use by parties other than the 
client, the owner and their respective consulting advisors.  It may not contain sufficient information for 
purposes of other parties or for other uses. 

This report was prepared on completion of the field work and is based on conditions encountered and 
reviewed at the time of preparation.  Alpha Geoscience disclaims responsibility for any changes that might 
have occurred after this time. 

This report should be read in full.  No responsibility is accepted for use of any part of this report in any 
other context or for any other purpose or by third parties.  This report does not purport to give legal advice.  
Legal advice can only be given by qualified legal practitioners. 

Whilst to the best of our knowledge, information contained in this report is accurate at the date of issue, 
conditions on the site (including the depositing and removal of contamination) can change in a limited time.  
This should be borne in mind if the report is used after a protracted delay.  
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9 APPENDIX 1  ALPHA GEOSCIENCE – CURRICULUM VITAE 

Alpha Geoscience was established in 1997 to offer high sensitivity geophysical tools and expertise as an 

alternative to intrusive investigations in the following areas: 

• Environmental Services Including the mapping of buried structures, site assessments and the 
detection of chemical pollutants. 

• Ordnance Services The location of buried unexploded ordnance (UXO), site assessments 
and sample surveys to determine extent of pollution.   

• Engineering Services Assisting civil mining and construction engineers with sub surface 
investigations, especially where intrusive investigation is difficult and 
costly to undertake. 

• Forensic Geophysics The location of buried gravesites and other buried objects for the police 
and other crime agencies. 

• Mining and Exploration Assist mining and exploration companies with near surface 
investigations. 

• Training Provides training courses in high-resolution magnetics, electro-
magnetics, seismic refraction and ground-penetrating radar for clients 
who wish to undertake surveys themselves. 

• Project Management Is an intricate part of all projects and Alpha Geoscience has expertise 
and experience in setting up, running and reporting on both major and 
minor projects worldwide. 

• Research and Development Alpha Geoscience has been involved in running a number of research 
and development projects including the development of a multi-sensor 
geophysical instrumentation package for the horizon control of a coal-
mining machine. 

The types of techniques offered by Alpha Geoscience include high sensitivity magnetics, ground penetrating 
radar, time or frequency domain electro-magnetics, resistivity mapping and seismic refraction and 
reflection techniques.  These services combined with the digital processing of the data to produce colour 
images of the site and the interpretation of the data, gives high-resolution detail of the sub surface on the 
site.  This data can be imported into Geographical Information Systems (GIS) for future reference and 
auditable documentation. 

Alpha Geoscience also offers the services of processing and interpretation of data in Sydney with the data 
being downloaded from the field via the Internet. 

Alpha Geoscience is based in Sydney Australia and is capable of mobilising to any part of the world with 
very short notice.  We have experience in operations throughout Australia, North America, Europe and 
South East Asia.  Alpha Geoscience is offering its services and consultation so that the client obtains the 
best technology for the particular target being investigated.  Whether it is an ordnance item or 
environmental pollution plumes, it has the technical expertise to provide the right solution. 
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1 INTRODUCTION 

Alpha Geoscience Pty. Ltd. (Alpha) was contracted by North Atlantic Iron Corporation (Client), to undertake 

a Geophysical Survey at the Hoffman Block, NTS: 13F/07 in the Muskrat Falls area, near Happy Valley Goose 

Bay, Labrador, Canada.  

The geophysical survey was conducted from the 12 November 2012 to the 14 December 2012. All field staff 

and transport were provided by NAIC. Staff mobilized to site daily from Goose Bay in vehicles provided by 

NAIC, with a one way travel time of 40 minutes. Field work was conducted in daylight hours, which were 

approximately 9 hours per day. See Appendix 8 for daily Diary. 

Vehicle access to the survey area was good. Vegetation coverage was moderate, with mostly small trees. 

Some line cutting was required and was provided by NAIC, allowing line access for buggies and later snow 

mobiles when sufficient snow had fallen.  

An Index Map of survey lines are overlain onto a satellite image of the survey area in Figure 1. NAIC 

provided survey pegs at 20m spacing along all lines using DGPS with RTK corrections. The topography of the 

survey area was relatively flat with some small hills/dunes. High voltage power lines ran NE-SW through the 

survey area (see Figure 1).   

Extensive drilling preceded the geophysical survey. According to the drill logs the Hoffman deposit consists 

of (in order of increasing depth): 

1. Upper heavy mineral rich sands 10m-15m thick. 

2. A group of heavy mineral rich silty layers of variable thickness, inter-bedded with layers of various 

grain sizes and clay layers.  

3. A deeper group of clay layers of unknown thickness which lies below the upper sands and silty 

layers, with little to no heavy mineral content.  

4. What lies below the clay layers is unknown. 

2 SCOPE 

The scope of the survey was to: 

1. Determine the thickness of sand over the reported clay layer  

2. Determine the thickness of the clay layer  

3. Potentially determine what lies under the clay layer and its thickness  

4. Determine the extent of the groundwater in the upper sand layer 
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Figure 1: Index Map of planned geophysical survey lines. The naming system of lines used in this report is based on 
the labels visible for the start and end of each line (e.g. A1-B1). (Image source: Google Earth). 

3 AUTHORITY 

An authority to proceed with the project was provided by way of an E-mail from Martin Cassidy on 26 

October 2012. 

HV Power-lines 

LEGEND: 

           Geophysical Lines 

           Power Lines 
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4 SURVEY RATIONALE 

Alpha proposed to use two techniques to fulfil the scope of the survey: 

1. Using the SuperSting R8 Earth Resistivity Meter to produce detailed 2-D resistivity profiles to map 
the depth and thickness of the clay layer and any other layers visible in the models. See Appendix 
10 for Technical Specifications. 
 

2. Using the Geonics EM34-3 Ground Conductivity Meter (EM34) to determine the approximate 
depth of the clay layer between borehole and Resistivity Data and to possibly map the extent of 
groundwater. See Appendix 9 for Technical Specifications. 

5 SURVEY PARAMETERS 

5.1 Resistivity Survey 

The SuperSting R8, 8 Channel Ground Resistivity Meter with 84 take-out cables at 5m electrode spacing 

was chosen as the most suitable system based on the scope of the survey, see image in Figure 2 below. 

The initial trial was conducted at the western end of the line B10-A10 with subsequent trials at the eastern 

end of the same line. Dipole–Dipole and Wenner array data were collected at both 5m and 2.5m electrode 

spacing. After initial trials it was found that due to site conditions, the SuperSting could not produce the 

desired results. See results section for details. 

 

 

Figure 2: The AGI SuperSting R8, 8 Channel Ground Resistivity Meter (Source: www.agiusa.com). 

http://www.agiusa.com/
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5.2 EM Survey 

The EM Survey was conducted using two separate systems. The Geonics EM34-3 Ground Conductivity 

Meter (EM34) was used to collect conductivity measurements at 20m coil separations, see Figure 3 below. 

The Geonics EM34-3XL Ground Conductivity Meter (EM34XL) was used to collect data at 40m coil 

separations.  

Data was collected at 40m intervals on all lines with both instruments separately. Data was collected in 

both Horizontal-Dipole and Vertical-Dipole modes at each sounding location for both the 20m coil 

separation and 40m coil separation surveys, resulting in four separate measurements at each receiver 

location. DGPS positioning was provided by the client. Actual measurement locations for each of the four 

measurement types (coil orientations) are shown in Appendices 2-5, the locations are offset by 10m 

between the 20 m and 40 m coil separation measurements as the measurement location is taken to be the 

midpoint between the transmitter and receiver. 

Both instruments were nulled at the start of each day. The instruments were also nulled at the start of each 

new line to account for instrument drift, except where the start of a line coincided with the HV power-lines. 

Noise levels became unacceptable 100m-150m from the power-lines and no data was collected in these 

areas. Some data within 200m of the power-lines may be affected slightly by noise from the power lines. 

The 40m coil separation setup is more sensitive to noise from the power-lines so there are less 40m 

separation data points near the power-lines as a result.  

 

Figure 3: Survey crew collecting 20m coil separation, horizontal-dipole data at the Hoffman site with the Geonics 
EM34-3 
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6 DATA PROCESSING 

The following steps were taken in the processing of the conductivity data: 

 Data was compiled in a spreadsheet format and static shifts were applied for static offsets 

measured between sensitivity settings. 

 Static shifts were applied to receiver locations to obtain the midpoint between transmitter and 

receiver to position data. 

 Data was gridded and contour plots were created using Surfer 10 mapping software. 

 Contour plots of measured conductivity for each of the four measurements (20m coil separation 

horizontal-dipole, 20m coil separation vertical-dipole, 40m coil separation horizontal-dipole and 

40m coil separation vertical-dipole – Appendices 2-5, respectively) are provided as separate PDF 

files along with this report.  

 Data for all lines (see Figure 1 for locations) was inverted using Interpex IV1Dv3 inversion software, 

see Section 8 for details. Profiles of inverted models are shown in Appendix 6 which is provided 

separately in PDF format. 

7 SURVEY RESULTS 

7.1 Resistivity Survey 

Extremely high contact resistivity values were encountered during testing on the Western end of line B10-

A10 with the SuperSting (See Figure1 for location). Contact resistance was so high that the contact 

resistance test gave open circuit errors for all electrode pairs. Methods known to decrease contact 

resistance were employed; shallow holes were dug for each electrode and saturated saline solution was 

used to thoroughly wet and re-wet each electrode. This resulted in measured contact resistances between 

approximately 20,000 Ωm and 200,000 Ωm. 

Data was collected using Dipole-Dipole and Wenner arrays at 5m and 2.5m electrode spacing with poor 

results. The signal to noise ratio was very low due to the very low conductance of the ground. The result 

was that the data was extremely noisy.  

Data Inversion was attempted using the AGI EarthImager 2D inversion and modelling software. Large 

amounts of noisy data needed to be removed before inverting the data. Even after removing the noisiest 

data the results were still unreliable. An example of an inverted profile of the data collected is shown below 

in Figure 4.  Note the large number of removed data points and RMS error of 55.31%.  

Data was also collected at the eastern end of B10-A10 using the same method of wetting electrodes. During 

this trial electrodes were doubled-up so that two connected steel electrodes were used at each electrode 

take out, to try to maximise the surface area of the electrode in contact with the ground and therefore 

decrease contact resistance. The effect was negligible and measured contact resistances remained between 
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approximately 20,000Ωm and 200,000 Ωm. After exhausting every available option, the resistivity survey 

was abandoned. 

 

Figure 4: Inversion results for data collected at the Western end of line B10-A10 with 5m electrode spacing using a 
Dipole–Dipole array. 

 

7.2 EM Survey 

The datasets collected using the EM34-3 (20m coil separation data) and EM34-3XL (40m coil 

separation data) were of high quality. Contour plots of measured conductivity for each of the four 

measurements (20m coil separation horizontal-dipole, 20m coil separation vertical-dipole, 40m coil 

separation horizontal-dipole and 40m coil separation vertical-dipole – Appendices 2-5, respectively) 

are provided as separate PDF files along with this report.  

Initially, the EM34-3 was used to collect both 20m and 40m coil separation datasets. The 20m coil 

separation dataset collected using the EM34-3 was of high quality. However, because the 

conductivity values encountered were so low (and therefore signal strength was low), atmospheric 

noise levels that would be relatively low in more conductive conditions became a problem for the 

40m coil separation measurements using the EM34-3.  

The solution was the larger, more powerful EM34-3XL. The EM34-3XL was designed for use in built 

up areas with high levels of cultural noise and for this reason it has a larger, more powerful 

transmitter than the EM34-3. The larger transmitter of the EM34-3XL boosted the signal to noise 

ratio enough to collect a high quality 40m separation dataset. 
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8 TRIAL INVERSION OF EM34 DATA (PRELIMINARY RESULTS) 

8.1 Background 

Given that the DC Resistivity method was unsuccessful at the site, there was no quantitative method 

available to model the geo-electric profile across the site. With very few boreholes penetrating to the 

deeper clay layers, little was known about how the depth and thickness of the deeper clay layers vary 

across the site.  

The EM34 is generally used as a reconnaissance tool as it is capable of collecting data over large 

areas quickly. The results are usually interpreted qualitatively to identify broad trends, or to identify 

target areas for further investigation with drilling, DC Resistivity or TEM. Inversion capabilities with 

EM34 data are limited when compared with methods such as DC-Resistivity and TEM. However, 

under certain conditions (usually where the geo-electric profile can be approximated as 2-layers), 

useful results can be obtained from inversion of EM34 conductivity data. 

Based on a review of the sonic bore logs, the geo-electric profile for the site could consist of many 

layers with differing conductivities. However, whilst the EM34 response is affected by individual 

conductive layers, the actual measured response is a measure of bulk conductivity and the resolution 

of thin conductive layers is beyond the capabilities of the inversion of EM34 data. So for the purpose 

of this investigation, the geo-electric profile is discussed in terms of bulk conductivity and may be 

simplified into four main layers or groups of layers:  

1. Top resistive layers- Approximately 10m-15m thick, comprising all of the heavy mineral rich 

sandy layers. These layers do not contain significant amounts of clay minerals. This layer 

might be further divided into a top highly resistive layer and a lower more conductive layer 

depending on the relative depth of the water table. Typical conductivities for sands range 

from 1mS/m to 100mS/m depending on water content and other variables. The low values of 

the raw EM34 data indicate that the bulk conductivity of this group of layers is at the lower 

end of this range. 

2. Intermediate layers- With higher conductivities than the sands; consisting of wet, inter-

bedded and/or mixed silts, clays and other material of various grain sizes, with varying 

amounts of clay minerals and heavy minerals present. The conductivity of these layers may 

be highly variable depending on clay concentration and other factors. The bulk conductivity 

may vary greatly with depth within this group of layers so this group of layers may also be 

divided further in some areas. The boundary between the intermediate layers and the 

deeper more conductive clays may be gradational in some areas if clay content increases 

with depth. 

3. Deeper conductive layers- Wet clay layers of unknown thickness with little or no silt and 

sand and no heavy minerals. The bulk conductivity of these layers is most likely higher than 

the bulk conductivity of the intermediate layers. Typical conductivities for clays range from 

10mS/m to 1000mS/m. 
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4. Possible deeper layers- At the time of writing, no boreholes within the survey area have 

reached what lies below the deeper clay layers. The maximum significant depth of 

exploration of the EM34 is approximately 60m. It is unknown whether the deeper clay layers 

continue to this depth or are underlain by other geological features/layers. Likely possibilities 

include resistive layers such as bedrock or more sandy/silty layers. 

A 4-layer model is beyond the capabilities for reliable inversions with EM34 data. However, inversion 

of the EM34 dataset may provide a useful indication of how the depth to the deeper clay layers 

varies across the site, if: 

1. The deeper clay layers are very thick. 

2. The bulk conductivity of deeper clay layers is relatively very high when compared with the 

other layers. 

3. The bulk conductivities of the sands, intermediate layers and water table are relatively low 

compared to the deeper clays. 

If the above conditions are true our geo-electric profile may be approximately represented by a 2-

layer model, with the top resistive layer consisting of the sands and intermediate silty layers and the 

lower conductive layer consisting of the deeper clays.  

8.2 Inversion Results 

Trial inversions of smooth (multi-layer) models, 2-layer models and 3-layer models were performed 

and produced similar results on some lines. The 3-layer models did not show significantly lower RMS 

errors than 2-layer models and did not differ significantly in terms of depth and conductivity values 

for the deeper conductive layer. This indicated that the geo-electric profile may be approximated 

well by a 2-layer model. However, inversion to a layer model produced results which were 

ambiguous in some areas due to the high number and variability of equivalent models possible for 

each sounding, as well as a lack of a priori information. The most consistent and reliable models were 

created using a 1-D smooth inversion which does not require a priori information. Therefore a 

smooth model approach was chosen for inversion of the entire dataset. 

1-D smooth inversions of the EM34 data were performed using the Interpex IX1Dv3 software. The 

inversions were performed using the Occam’s inversion method. The models were created using a 

100 layer smooth model with a starting conductivity of 10mS/m. Multiple inversions using different 

starting conductivities between 5mS/m and 20mS/m were performed and all converged to very 

similar or identical models.  

The inverted models are provided separately as PDF files with this report-see Appendix 6. RMS error 

values for the models are provided separately as a PDF file -see Appendix 7. Note that these are 

preliminary results which are not intended to represent accurate depths to any particular layer(s) at 

the time of writing. Also note that sections of data are missing near the power lines. The modelled 
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profiles interpolate between these missing sections even though there is no modelled data. One can 

see where data is missing by viewing the data profile in the top half of the plots in Appendix 6. 

A definitive comparison of the inverted models with the borehole information provided is difficult as 

most of the boreholes do not clearly penetrate through the intermediate silt/clay layers to the lower 

clay layers. The sonic borehole logs are the only logs that clearly penetrate to these deeper clay 

layers. Only six of the sonic holes are located within the survey area.  

Three of these holes, Sonic 12, 13 and 14 are located near the power lines where there is no 

corresponding EM34 data. The nearest EM34 soundings to these holes are located at distances of 

60m, 80m and 100m respectively and may be affected by noise from the power lines, therefore 

these boreholes are not considered useful for an accurate comparison. 

The remaining Sonic Holes: 15, 24 and 23 are each located within 25m of EM34 soundings on the 

lines A8-B8, C3-D3 and A10-B10 respectively. The inverted profiles for lines A8-B8, C3-D3 and A10-

B10 are presented in Figures 5, 6 and 7 respectively. The depth to the deeper clay layers for sonic 

holes 15 and 24 are marked onto Figures 5 and 6 at their corresponding location. As sonic hole 23 

does not reach the deeper clay layers, the final depth of sonic 23 is marked onto Figure 7. 

Figure5: Inverted Model of EM34 data collected along line A8-B8. The approximate depth (21 meters) to the deeper 

clay layers in Sonic Hole 15 is superimposed onto the model at the corresponding northing as a red line. 

Sonic 

Hole 

15 
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Figure 6: Inverted Model of EM34 data collected along line C3-D3. The approximate depth (32 meters) to the deeper 
clay layers in Sonic Hole 24 is superimposed onto the model at the corresponding northing as a red line. 
 

The depth to the deeper clay layers from sonic logs 15 and 24 correlate well with the 5mS/m contour 

(pale blue) in the smooth models of lines A8-B8 (Figure 5 above) and C3-D3 (Figure 6).  

The model of part of the line A10-B10 (see Figure 7, overleaf) shows a clear trend of the conductor 

deepening to the east:  

 This does not correlate well with trends in water table depth from the shallow boreholes BL5-

008, BL5-012 and BL5-019 (which were all logged within 5 days of each other), that all show a 

relatively constant depth to the water table of approximately 6m across the line.  

 There is also no correlation with the depth to the intermediate layers in the borehole 

information. The bore logs show that the depth to the silty layers also appears to be relatively 

constant along the line at approximately 12m. 

What is apparent is that the only possible correlation between the borehole data and the trends in 

the modelled profile of A10-B10 is for the deeper, possibly much more conductive clays.  

 

Sonic 

Hole 

24 
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Figure 7: Inverted Model of EM34 data collected along a section of the line A10-B10.The total depth of Sonic Hole 

23 (which terminates at 49m and does not reach the deeper clay layers) is superimposed onto the model at the 

approximate easting. 

Although sonic 23 did not reach the deeper clays, the deeper clays must be deeper than its final 

depth of 49m at this location. The model of line A10-B10 (Figure 7) puts the 5mS/m contour at 

approximately 48m in this location. This may be a good correlation if the clay layer is not much 

deeper than the final depth of sonic 23. However, without knowing the actual depth to clay in this 

area, it is uncertain whether the 5mS/m contour for this model correlates well with the depth to 

the deeper clays.  

BL5-056 lies at the northern extent of line A4-B4 and its location terminates in clay. The depth to 

clay in BL5-056 correlates well to the 5mS/m contour in the inverted model. However it is not clear 

from the bore logs whether BL5-056 has reached these deeper clays or not. The inverted profile for 

line A4-B4 is presented in Figure 8, with the depth to clay in BL5-056 marked at the corresponding 

northing.  

Sonic 

Hole 

23 
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Figure8: Inverted Model of EM34 data collected along line A4-B4. The approximate depth (13 meters) to clay in 

Borehole BL5-056 is superimposed onto the model at the corresponding northing as a red line. Note that there is 

data missing between 5896750mN and 5897000mN due to power lines. 

 

A table comparing depth to deeper clay layers from selected boreholes with the approximate depth 

to 5mS/m contour from the nearest smooth model from the inverted profiles (Figures 5-8) is 

presented in Figure 9 below. 

Borehole 

ID

Line ID

Borehole 

Easting 

(m)

Borehole 

Northing 

(m)

Model 

Easting 

(m)

Model 

Northing 

(m)

Borehole 

Depth to 

Clay (m)

Depth to  5 

mS/m 

Contour for 

closest 

model (m)

Model 

RMS (%)

Sonic 15 A8-B8 638006 5897375 638000 5897360 21 22 12.57

Sonic 23 A10-B10 638410 5896484 638430 5896500 > 49 48 23.34

Sonic 24 C3-D3 636897.2 5896010 636875 5896000 32 30 17.21

BL5-056 A4-B4 637013 5897502 637000 5897480 13 13.5 15.77
Figure 9: Table comparing depth to deeper clay layers from boreholes with the depth to 5mS/m contour from the 

nearest smooth model. 

BL5-056 
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It is important to note that the boundary between the intermediate layers and the deeper clays 

may not be definite in some areas, and areas of high clay concentration (or clay layers) within the 

intermediate layers might influence the modelled depth to conductor. Some of the models may 

also be affected by coil misalignment errors and/or influenced by groundwater and 3D effects, 

which may produce variations in the indicated depth to the conductor in some areas. Although the 

comparison with borehole logs suggests that these effects are minimal, the magnitude of these 

effects may vary across the site.  If there are areas where the deeper clays are relatively thin or less 

conductive the relative influence of the intermediate layers and groundwater would be greater in 

these areas. 

Based on comparison with the very limited borehole data available, the depth to the deeper clay 

layers appears to correlate well with the 5mS/m contour in the smooth models. There is no obvious 

correlation between the models and the depth to the water table, depth of silty layers or depth to 

individual thin clay layers within the intermediate group of layers. This may indicate that in general 

the deeper clay layers are far more conductive than the sands and intermediate silty layers.  

The models may provide a useful indicator to the depth of the deeper clays or areas of high clay 

concentration across the site. However, with so few boreholes actually penetrating through to the 

deeper clays it is not possible to properly verify that this is true for the whole site at the time of 

writing. It is also not possible to make valid estimates of the errors associated with depths inferred 

from the models until more borehole data becomes available.  

9 CONCLUSIONS AND RECOMMENDATIONS 

The Resistivity component of the survey was suspended due to the very high resistivity of the surface sandy 

layers at the site. 

The EM component of the survey yielded high quality datasets for both the 20m and 40m coil separations. 

The depth to the deeper clay layers from sonic logs 15 and 24 correlate well with the 5mS/m contour in the 

smooth models of lines A8-B8 and C3-D3 and the depth to clay in BL5-056 correlates well to the depth of 

the 5mS/m contour in the smooth models of line A4-B4. 

It is recommended that the EM34-3XL be used in place of the EM34-3 for all measurements if these 

instruments are to be used on or near the site in future. 

Further DC Resistivity surveying is not recommended, however, it may have a higher chance for success 

during the warmer months when there is more moisture in the soil.  

If more accurate models are required TEM could be considered in the future in place of the EM34 as the 

inversion capabilities with TEM data (if successful) are superior to those with Frequency Electromagnetic 

data (EM34-3 data). Inversion of TEM data may require more borehole information than is currently 

available. 



 

Draft Interim Report – Geophysical Survey, Labrador, Canada 
Doc: 130430 JH AG-12-61_Draft Interim Report Page 14 

It is recommended that any further drilling which is to be used in conjunction with EM34 data or TEM data 

be located at least 200m away from power lines, and be located close to sounding locations. Ideally holes 

would at least penetrate through the deeper clay layers to ascertain their thickness. This would provide 

useful information for inversion of TEM data. 

10 LIMITATIONS OF REPORT 

This report has been prepared for the use of North Atlantic Iron Corporationin accordance with general 
accepted Consulting practice.  No other warranty, expressed or implied, is made as to the professional 
advice included in this report.  This report has not been prepared for the use by parties other than the 
client, the owner and their respective consulting advisors.  It may not contain sufficient information for 
purposes of other parties or for other uses. 

This report was prepared on completion of the field work and is based on conditions encountered and 
reviewed at the time of preparation.  Alpha Geoscience disclaims responsibility for any changes that might 
have occurred after this time. 

This report should be read in full.  No responsibility is accepted for use of any part of this report in any 
other context or for any other purpose or by third parties.  This report does not purport to give legal advice.  
Legal advice can only be given by qualified legal practitioners. 

Whilst to the best of our knowledge, information contained in this report is accurate at the date of issue; 
conditions on the site (including the depositing and removal of contamination) can change in a limited time.  
This should be borne in mind if the report is used after a protracted delay. 

Depths inferred from inverted models contained in this report should not be treated as accurate depths 
until the results are verified by further drilling. 

Signed: 
 
 
Jeremy Hill, BSc (Geology and Geophysics)  
Senior Geophysicist 

 

ALPHA GEOSCIENCE Pty. Ltd.        ABN 14 080 819 209  
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11 APPENDIX 1 - ALPHA GEOSCIENCE – CURRICULUM VITAE 

Alpha Geoscience was established in 1997 to offer high sensitivity geophysical tools and expertise as an 

alternative to intrusive investigations in the following areas: 

• Environmental Services Including the mapping of buried structures, site assessments and the 
detection of chemical pollutants. 

• Ordnance Services The location of buried unexploded ordnance (UXO), site assessments 
and sample surveys to determine extent of pollution.   

• Engineering Services Assisting civil mining and construction engineers with sub surface 
investigations, especially where intrusive investigation is difficult and 
costly to undertake. 

• Forensic Geophysics The location of buried gravesites and other buried objects for the police 
and other crime agencies. 

• Mining and Exploration Assist mining and exploration companies with near surface 
investigations. 

• Training Provides training courses in high-resolution magnetics, electro-
magnetics, seismic refraction and ground-penetrating radar for clients 
who wish to undertake surveys themselves. 

• Project Management Is an intricate part of all projects and Alpha Geoscience has expertise 
and experience in setting up, running and reporting on both major and 
minor projects worldwide. 

• Research and Development Alpha Geoscience has been involved in running a number of research 
and development projects including the development of a multi-sensor 
geophysical instrumentation package for the horizon control of a coal-
mining machine. 

The types of techniques offered by Alpha Geoscience include high sensitivity magnetics, ground penetrating 
radar, time or frequency domain electro-magnetics, resistivity mapping and seismic refraction and 
reflection techniques.  These services combined with the digital processing of the data to produce colour 
images of the site and the interpretation of the data, gives high-resolution detail of the sub surface on the 
site.  This data can be imported into Geographical Information Systems (GIS) for future reference and 
auditable documentation. 

Alpha Geoscience also offers the services of processing and interpretation of data in Sydney with the data 
being downloaded from the field via the Internet. 

Alpha Geoscience is based in Sydney Australia and is capable of mobilising to any part of the world with 
very short notice.  We have experience in operations throughout Australia, North America, Europe and 
South East Asia.Alpha Geoscience is offering its services and consultation so that the client obtains the best 
technology for the particular target being investigated.  Whether it is an ordnance item or environmental 
pollution plumes, it has the technical expertise to provide the right solution. 
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12 APPENDIX 2 CONTOUR PLOT OF MEASURED CONDUCTIVITY:Collected With 20m Coil 

Separation in Horizontal-Dipole Mode. Provided separately in PDF format. 

13 APPENDIX 3 CONTOUR PLOT OF MEASURED CONDUCTIVITY: Collected With 20m 

Coil Separation in Vertical-Dipole Mode.Provided separately in PDF format. 

14 APPENDIX 4 CONTOUR PLOT OF MEASURED CONDUCTIVITY: Collected With 40m 

Coil Separation in Horizontal-Dipole Mode. Provided separately in PDF format. 

15 APPENDIX 5 CONTOUR PLOT OF MEASURED CONDUCTIVITY: Collected With 40m 

Coil Separation in Vertical-Dipole Mode. Provided separately in PDF format. 

16 APPENDIX 6: PROFILES OF INVERTED MODELS 

Profiles of smooth models for all geophysical lines are provided separately in an electronic folder in PDF 
format, along with this report. Note that these are preliminary results only and should not be used to infer 
depths to any layers until verified by further drilling. 

17 APPENDIX 7: RMS ERROR VALUES FOR INVERTED MODELS 

Provided separately as a PDF file. Note: Station numbers increase to the north and east for N-S and E-W 

lines respectively. Models with large RMS error values may be removed from profiles before final reporting. 

18 APPENDIX 8: DAILY DIARY 

Daily diary for Geophysical Survey is provided separately in PDF format. 
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19 APPENDIX 9 - EM34 TECHNICAL SPECIFICATIONS 
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20 APPENDIX 10 - AGI SUPERSTING R8 TECHNICAL SPECIFICATIONS 

Measurement modes Apparent resistivity, resistance, induced polarization (IP), battery voltage. 

Measurement range +/- 10V. 

Measuring resolution Max 30 nV, depends on voltage level. 

Screen resolution 4 digits in engineering notation. 

Output current intensity 1mA - 2000 mA continuous, measured to high accuracy. 

Output voltage 
800 Vp-p, actual electrode voltage depends on transmitted current and ground 
resistivity. 

Output power 200W. 

Input channels Eight channels. 

Input gain ranging Automatic, always uses full dynamic range of receiver. 

Input impedance >150 MOhm. 

Input voltage Max 10 V. 

SP compensation 
Automatic cancellation of SP voltages during resistivity measurement. Constant and 
linearly varying SP cancels completely (V/I and IP measurements). 

Type of IP 
measurement 

Time domain chargeability (M), six time slots measured and stored in memory. 

IP current transmission ON+, OFF, ON-, OFF. 

IP cycle times 0.5, 1, 2, 4 and 8 s. 

Measure cycles 
Running average of measurement displayed after each cycle. Automatic cycle stops 
when reading errors fall below user set limit or user set max cycles are done. 

Resistivity cycle times 
Basic measure time is 0.2, 0.4, 0.8, 1.2, 3.6, 7.2 or 14.4 s as selected by user via 
keyboard. Auto ranging and commutation adds about 1.4 s. 

Signal processing 

Continuous averaging after each complete cycle. Noise errors calculated and 
displayed as percentage of reading.Reading displayed as resistance (dV/I) and 
apparent resistivity (ohmm or ohmft). Resistivity is calculated using user entered 
electrode distances. 

Noise suppression Better than 100 dB at f >20 Hz. 

Power line noise 
suppression 

Better than 120 dB at power line frequencies (16 2/3, 20, 50 & 60 Hz) for 
measurement cycles of 1.2 s and above. 

Total accuracy 
Better than 1% of reading in most cases (lab measurements). Field measurement 
accuracy depends on ground noise and resistivity. Instrument will calculate and 
display running estimate of measuring accuracy. 

System calibration 
Calibration is done digitally by the microprocessor based on correction values stored 
in memory. 

Supported 
configurations 

Resistance, Schlumberger, Wenner, dipole-dipole, pole-dipole and pole-pole. 

Operating system 
Stored in re-programmable flash memory. Updated versions can be downloaded 
from our web site and stored in the flash memory. 

Data storage 
Full resolution reading average and error are stored along with user entered 
coordinates and time of day for each measurement. Storage is effected 
automatically in a job oriented file system. 

Data display 
Apparent resistivity (Ohmmeter), current intensity (mAmp) and measured voltage 
(mVolt) are displayed and stored in memory for each measurement. 

Memory capacity 
The memory can store more than 79,000 measurements (resistivity mode) and more 
than 26,000 measurements in combined resistivity/IP mode. 
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Data transmission 
RS-232C channel available to dump data from instrument to a Windows type 
computer on user command. 

Automatic multi-
electrodes 

The SuperSting is designed to run dipole-dipole, pole-dipole, pole-pole, Wenner and 
Schlumberger surveys including roll-along surveys completely automatic with the 
Swift Dual Mode Automatic Multi-electrode system (patent 6,404,203). 
The SuperSting can run any other array by using user programmed command files. 
These files are ASCII files and can be created using a regular text editor. 
The command files are downloaded to the SuperSting RAM memory and can at any 
time be recalled and run. Therefore there is no need for a fragile computer in the 
field. 

Manual measurements 
The instrument has four banana pole screws for connecting current and potential 
electrodes during manual resistivity measurements. 

User controls 

20 key tactile, weather proof keyboard with numeric entry keys and function keys. 
On/Off switch 
Measure button, integrated within main keyboard. 
LCD night light switch (push to illuminate). 

Display Graphics LCD display (16 lines x 30 characters) with night light. 

Power supply, field 
12V or 2x12V DC external power (one or two 12V batteries), connector on front 
panel. 
Maximum power output is increased when using 2x12V supply. 

Power supply, office Mains operated DC power supply. 

Operating time 
Depends on survey conditions and size of battery used. Internal circuitry in auto 
mode adjusts current to save energy. 

Operating temperature -5 to +50°C. 

Weight 10.2 kg (22.5 lb), instrument only. 

Dimensions Width 184 mm (7.25"), length 406 mm (16") and height 273 mm (10.75"). 

 

21 APPENDIX 11: AUTHOR’S DECLARATION  

I, Jeremy Hill of Sydney, New South Wales, Australia, do hereby certify: 
 

1. That I am a geophysicist and practice at Alpha Geoscience, 1/43 Stanley Street, Peakhurst, Sydney, 
NSW, Australia. 

2. That I graduated from the University of Sydney in 2007 with the degree of Bachelor of Science 
(Geology and Geophysics). 

3. That I have been practicing my profession for a period of 6 years. 
4. That I have no direct or indirect interest nor do I expect to receive an interest in the property or 

securities of the NAIC. 
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DATASET                        Smooth Fit RMS Error (%) 

A1-B1-00001             ,         43.2,  

A1-B1-00002             ,         22.8,  

A1-B1-00003             ,         28.8,  

A1-B1-00004             ,         29.7,  

A1-B1-00005             ,         19.8,  

A1-B1-00006             ,         16.6,  

A1-B1-00007             ,         62.6,  

A1-B1-00008             ,         31.6,  

A1-B1-00009             ,         76.5,  

A1-B1-00010             ,         22.6,  

A1-B1-00011             ,         15.9,  

A1-B1-00012             ,         14.8,  

A1-B1-00013             ,         12.7,  

A1-B1-00014             ,         22.6,  

A1-B1-00015             ,         15.0,  

A1-B1-00016             ,         22.2,  

A1-B1-00017             ,         27.8,  

A1-B1-00018             ,         31.1,  

A1-B1-00019             ,         21.7,  

A1-B1-00020             ,         43.7,  

A1-B1-00021             ,         24.3,  

A1-B1-00022             ,         24.5,  

A1-B1-00023             ,         18.5,  

A1-B1-00024             ,         33.8,  



A1-B1-00025             ,         31.2,  

A1-B1-00026             ,         15.8,  

A2-B2-00001             ,         18.6,  

A2-B2-00002             ,         32.2,  

A2-B2-00003             ,         50.5,  

A2-B2-00004             ,         32.2,  

A2-B2-00005             ,         45.7,  

A2-B2-00006             ,         69.6,  

A2-B2-00007             ,         95.1,  

A2-B2-00008             ,         21.5,  

A2-B2-00009             ,         20.1,  

A2-B2-00010             ,         32.2,  

A2-B2-00011             ,         32.9,  

A2-B2-00012             ,         45.1,  

A2-B2-00013             ,         53.4,  

A2-B2-00014             ,         35.5,  

A2-B2-00015             ,         20.8,  

A2-B2-00016             ,         18.6,  

A2-B2-00017             ,         12.0,  

A2-B2-00018             ,         24.4,  

A2-B2-00019             ,         13.7,  

A2-B2-00020             ,         17.8,  

A2-B2-00021             ,         11.9,  

A2-B2-00022             ,         15.1,  

A3-B3-00001             ,         23.1,  



A3-B3-00002             ,         49.0,  

A3-B3-00003             ,         53.9,  

A3-B3-00004             ,         16.6,  

A3-B3-00005             ,         29.2,  

A3-B3-00006             ,         21.0,  

A3-B3-00007             ,         22.6,  

A3-B3-00008             ,         26.1,  

A3-B3-00009             ,         33.0,  

A3-B3-00010             ,         17.8,  

A3-B3-00011             ,         11.3,  

A3-B3-00012             ,         20.8,  

A3-B3-00013             ,         23.7,  

A3-B3-00014             ,         14.9,  

A3-B3-00015             ,         20.6,  

A3-B3-00016             ,         19.5,  

A3-B3-00017             ,         21.6,  

A3-B3-00018             ,         27.5,  

A3-B3-00019             ,         11.1,  

A3-B3-00020             ,         18.1,  

A3-B3-00021             ,         13.8,  

A3-B3-00022             ,         23.2,  

A3-B3-00023             ,         26.8,  

A3-B3-00024             ,         26.2,  

A3-B3-00025             ,         10.9,  

A3-B3-00026             ,          5.4,  



A4-B41-00001            ,         23.0,  

A4-B41-00002            ,         20.6,  

A4-B41-00003            ,         24.0,  

A4-B41-00004            ,          8.5,  

A4-B41-00005            ,         42.2,  

A4-B41-00006            ,         39.7,  

A4-B41-00007            ,         23.9,  

A4-B41-00008            ,         20.0,  

A4-B41-00009            ,          8.8,  

A4-B41-00010            ,         18.2,  

A4-B41-00011            ,         17.7,  

A4-B41-00012            ,         21.2,  

A4-B41-00013            ,         20.6,  

A4-B41-00014            ,         12.5,  

A4-B41-00015            ,         20.5,  

A4-B41-00016            ,         12.8,  

A4-B41-00017            ,          7.8,  

A4-B41-00018            ,         14.2,  

A4-B41-00019            ,         15.6,  

A4-B41-00020            ,         72.7,  

A4-B41-00021            ,         12.7,  

A4-B41-00022            ,         55.0,  

A4-B41-00023            ,          5.7,  

A4-B41-00024            ,          8.3,  

A4-B41-00025            ,          8.6,  



A4-B41-00026            ,          6.8,  

A4-B41-00027            ,          4.2,  

A4-B41-00028            ,          9.5,  

A4-B41-00029            ,          4.6,  

A4-B41-00030            ,         16.6,  

A4-B41-00031            ,         10.1,  

A4-B41-00032            ,          8.8,  

A4-B41-00033            ,          8.8,  

A4-B41-00034            ,         10.1,  

A4-B41-00035            ,         11.6,  

A4-B41-00036            ,          9.6,  

A4-B41-00037            ,         10.2,  

A4-B41-00038            ,         15.8,  

A4-B41-00039            ,          8.6,  

A4-B41-00040            ,          8.8,  

A4-B41-00041            ,          9.9,  

A4-B41-00042            ,          7.4,  

A4-B41-00043            ,          7.2,  

A4-B41-00044            ,         11.7,  

A4-B41-00045            ,         15.8,  

A5-B5-00001             ,         18.6,  

A5-B5-00002             ,         70.3,  

A5-B5-00003             ,         17.2,  

A5-B5-00004             ,          5.1,  

A5-B5-00005             ,         14.7,  



A5-B5-00006             ,         11.7,  

A5-B5-00007             ,         12.6,  

A5-B5-00008             ,          7.8,  

A5-B5-00009             ,          6.9,  

A5-B5-00010             ,         11.4,  

A5-B5-00011             ,         11.9,  

A5-B5-00012             ,         10.2,  

A5-B5-00013             ,          5.5,  

A5-B5-00014             ,          3.8,  

A5-B5-00015             ,         12.3,  

A5-B5-00016             ,         22.9,  

A5-B5-00017             ,          9.1,  

A5-B5-00018             ,         15.5,  

A5-B5-00019             ,         13.5,  

A5-B5-00020             ,         16.0,  

A5-B5-00021             ,         16.0,  

A5-B5-00022             ,         15.0,  

A5-B5-00023             ,         17.5,  

A5-B5-00024             ,         18.5,  

A5-B5-00025             ,          4.1,  

A5-B5-00026             ,          4.1,  

A5-B5-00027             ,          6.6,  

A5-B5-00028             ,         17.7,  

A5-B5-00029             ,         18.3,  

A5-B5-00030             ,         14.0,  



A5-B5-00031             ,         19.2,  

A5-B5-00032             ,         15.0,  

A5-B5-00033             ,         15.7,  

A5-B5-00034             ,         12.3,  

A5-B5-00035             ,          7.4,  

A5-B5-00036             ,          3.7,  

A5-B5-00037             ,         16.4,  

A5-B5-00038             ,         13.9,  

A5-B5-00039             ,         15.1,  

A5-B5-00040             ,         15.4,  

A5-B5-00041             ,         27.5,  

A5-B5-00042             ,         16.0,  

A5-B5-00043             ,         14.1,  

A5-B5-00044             ,         14.9,  

A6-B6-00001             ,          8.0,  

A6-B6-00002             ,         19.9,  

A6-B6-00003             ,         10.0,  

A6-B6-00004             ,          4.9,  

A6-B6-00005             ,         24.1,  

A6-B6-00006             ,         23.9,  

A6-B6-00007             ,         26.1,  

A6-B6-00008             ,         16.4,  

A6-B6-00009             ,         19.9,  

A6-B6-00010             ,         35.1,  

A6-B6-00011             ,         29.5,  



A6-B6-00012             ,         25.6,  

A6-B6-00013             ,         15.8,  

A6-B6-00014             ,         18.0,  

A6-B6-00015             ,          9.2,  

A6-B6-00016             ,         19.0,  

A6-B6-00017             ,         16.5,  

A6-B6-00018             ,         11.9,  

A6-B6-00019             ,         11.2,  

A6-B6-00020             ,         13.9,  

A6-B6-00021             ,         14.8,  

A6-B6-00022             ,         11.2,  

A6-B6-00023             ,         19.8,  

A6-B6-00024             ,         12.7,  

A6-B6-00025             ,          6.2,  

A6-B6-00026             ,         14.5,  

A6-B6-00027             ,         11.4,  

A6-B6-00028             ,         11.7,  

A6-B6-00029             ,          7.2,  

A6-B6-00030             ,          9.6,  

A6-B6-00031             ,         11.7,  

A6-B6-00032             ,          7.3,  

A6-B6-00033             ,          9.6,  

A6-B6-00034             ,         15.9,  

A6-B6-00035             ,         16.8,  

A6-B6-00036             ,         15.8,  



A6-B6-00037             ,         15.9,  

A6-B6-00038             ,         10.6,  

A6-B6-00039             ,         17.4,  

A6-B6-00040             ,         15.4,  

A6-B6-00041             ,         17.7,  

A6-B6-00042             ,         12.1,  

A6-B6-00043             ,         20.3,  

A6-B6-00044             ,         11.1,  

A6-B6-00045             ,         13.7,  

A7-B7-00001             ,          9.9,  

A7-B7-00002             ,         10.0,  

A7-B7-00003             ,          3.9,  

A7-B7-00004             ,         10.0,  

A7-B7-00005             ,          8.9,  

A7-B7-00006             ,          4.9,  

A7-B7-00007             ,         11.5,  

A7-B7-00008             ,          7.6,  

A7-B7-00009             ,          7.6,  

A7-B7-00010             ,         14.9,  

A7-B7-00011             ,          2.8,  

A7-B7-00012             ,          7.6,  

A7-B7-00013             ,          6.3,  

A7-B7-00014             ,          8.3,  

A7-B7-00015             ,          4.1,  

A7-B7-00016             ,          5.1,  



A7-B7-00017             ,          7.9,  

A7-B7-00018             ,          9.3,  

A7-B7-00019             ,         15.9,  

A7-B7-00020             ,          6.2,  

A7-B7-00021             ,          2.5,  

A7-B7-00022             ,          3.8,  

A7-B7-00023             ,          4.6,  

A7-B7-00024             ,          3.8,  

A7-B7-00025             ,          3.2,  

A7-B7-00026             ,          5.3,  

A8-B8-00001             ,         27.7,  

A8-B8-00002             ,         14.1,  

A8-B8-00003             ,         17.9,  

A8-B8-00004             ,         22.0,  

A8-B8-00005             ,         13.4,  

A8-B8-00006             ,         13.1,  

A8-B8-00007             ,         11.0,  

A8-B8-00008             ,         12.7,  

A8-B8-00009             ,         15.6,  

A8-B8-00010             ,          4.9,  

A8-B8-00011             ,         20.9,  

A8-B8-00012             ,         29.4,  

A8-B8-00013             ,         29.1,  

A8-B8-00014             ,         20.9,  

A8-B8-00015             ,         14.0,  



A8-B8-00016             ,         14.0,  

A8-B8-00017             ,         15.3,  

A8-B8-00018             ,         10.5,  

A8-B8-00019             ,          7.3,  

A8-B8-00020             ,          8.7,  

A8-B8-00021             ,          1.9,  

A8-B8-00022             ,         12.6,  

A8-B8-00023             ,          3.6,  

A8-B8-00024             ,          4.7,  

A9-B9-00001             ,         17.5,          

A9-B9-00002             ,         29.5,         

A9-B9-00003             ,         19.0,          

A9-B9-00004             ,         31.4,          

A9-B9-00005             ,         14.2,          

A9-B9-00006             ,         12.8,          

A9-B9-00007             ,         16.0,          

A9-B9-00008             ,         36.1,          

A9-B9-00009             ,         28.8,          

A9-B9-00010             ,         13.8,          

A9-B9-00011             ,         13.5,          

A9-B9-00012             ,         13.3,          

A9-B9-00013             ,         24.6,          

A9-B9-00014             ,         26.6,           

A9-B9-00015             ,         21.8,           

A9-B9-00016             ,         15.4,           



A9-B9-00017             ,         11.6,           

A9-B9-00018             ,         13.5,           

A9-B9-00019             ,         13.8,          

A9-B9-00020             ,         12.4,          

A9-B9-00021             ,         11.0,          

A9-B9-00022             ,         11.4,          

A9-B9-00023             ,         12.9,           

A9-B9-00024             ,         11.1,           

A9-B9-00025             ,          9.6,           

A9-B9-00026             ,         13.5,           

A9-B9-00027             ,         16.0,           

A9-B9-00028             ,         13.9,           

A9-B9-00029             ,          8.0,          

C1-D1-00001             ,         22.5,  

C1-D1-00002             ,         17.2,  

C1-D1-00003             ,         26.2,  

C1-D1-00004             ,         31.3,  

C1-D1-00005             ,         27.8,  

C1-D1-00006             ,         22.3,  

C1-D1-00007             ,         29.0,  

C1-D1-00008             ,         23.6,  

C1-D1-00009             ,         53.8,  

C1-D1-00010             ,         43.9,  

C1-D1-00011             ,         13.1,  

C1-D1-00012             ,         49.1,  



C1-D1-00013             ,         41.3,  

C1-D1-00014             ,         30.5,  

C1-D1-00015             ,         27.0,  

C1-D1-00016             ,         41.0,  

C1-D1-00017             ,         23.4,  

C1-D1-00018             ,         20.9,  

C1-D1-00019             ,         10.3,  

C1-D1-00020             ,         12.4,  

C1-D1-00021             ,         16.3,  

C1-D1-00022             ,         15.8,  

C1-D1-00023             ,         15.4,  

C1-D1-00024             ,         14.3,  

C2-D2-00001             ,         41.4,  

C2-D2-00002             ,         62.2,  

C2-D2-00003             ,         35.5,  

C2-D2-00004             ,         30.5,  

C2-D2-00005             ,         38.9,  

C2-D2-00006             ,         42.0,  

C2-D2-00007             ,         42.0,  

C2-D2-00008             ,         37.0,  

C2-D2-00009             ,         31.3,  

C2-D2-00010             ,         35.9,  

C2-D2-00011             ,         44.0,  

C2-D2-00012             ,         40.8,  

C2-D2-00013             ,         70.8,  



C2-D2-00014             ,         50.6,  

C2-D2-00015             ,         61.2,  

C2-D2-00016             ,         30.0,  

C2-D2-00017             ,         29.4,  

C2-D2-00018             ,         42.0,  

C2-D2-00019             ,         36.1,  

C2-D2-00020             ,         29.6,  

C2-D2-00021             ,         39.7,  

C2-D2-00022             ,         33.3,  

C2-D2-00023             ,         32.8,  

C2-D2-00024             ,         10.8,  

C3-D3-00001             ,         19.1,  

C3-D3-00002             ,         25.8,  

C3-D3-00003             ,         23.1,  

C3-D3-00004             ,         44.7,  

C3-D3-00005             ,         32.0,  

C3-D3-00006             ,         32.1,  

C3-D3-00007             ,         23.5,  

C3-D3-00008             ,         27.8,  

C3-D3-00009             ,          9.1,  

C3-D3-00010             ,          7.1,  

C3-D3-00011             ,         19.1,  

C3-D3-00012             ,         24.8,  

C3-D3-00013             ,         17.2,  

C3-D3-00014             ,         23.8,  



C3-D3-00015             ,         41.5,  

C3-D3-00016             ,         20.2,  

C3-D3-00017             ,         29.0,  

C3-D3-00018             ,         44.8,  

C3-D3-00019             ,         22.7,  

C3-D3-00020             ,         15.5,  

C3-D3-00021             ,          6.8,  

C3-D3-00022             ,         28.6,  

C3-D3-00023             ,         27.8,  

C3-D3-00024             ,         31.3,  

C3-D3-00025             ,         22.2,  

C3-D3-00026             ,         15.4,  

C3-D3-00027             ,         11.1,  

C3-D3-00028             ,          7.9,  

C3-D3-00029             ,         17.4,  

C4-D4-00001             ,         34.7,  

C4-D4-00002             ,         49.8,  

C4-D4-00003             ,         26.9,  

C4-D4-00004             ,         26.6,  

C4-D4-00005             ,         16.9,  

C4-D4-00006             ,         31.1,  

C4-D4-00007             ,         16.1,  

C4-D4-00008             ,         28.7,  

C4-D4-00009             ,         14.2,  

C4-D4-00010             ,         33.0,  



C4-D4-00011             ,         19.1,  

C4-D4-00012             ,         27.8,  

C4-D4-00013             ,         26.5,  

C4-D4-00014             ,         25.5,  

C4-D4-00015             ,         24.3,  

C4-D4-00016             ,         24.4,  

C4-D4-00017             ,         46.7,  

C4-D4-00018             ,         27.1,  

C4-D4-00019             ,         17.9,  

C4-D4-00020             ,         24.8,  

C4-D4-00021             ,         23.2,  

C4-D4-00022             ,         24.5,  

C4-D4-00023             ,         27.2,  

C4-D4-00024             ,         21.0,  

C4-D4-00025             ,         21.9,  

C4-D4-00026             ,         17.6,  

C4-D4-00027             ,         11.6,  

C4-D4-00028             ,         22.3,  

C4-D4-00029             ,         19.0,  

C4-D4-00030             ,         19.9,  

C4-D4-00031             ,          7.8,  

C4-D4-00032             ,         17.3,  

C4-D4-00033             ,         15.7,  

C4-D4-00034             ,         29.7,  

C4-D4-00035             ,         21.3,  



C4-D4-00036             ,         17.6,  

C4-D4-00037             ,         18.7,  

C4-D4-00038             ,         13.7,  

C4-D4-00039             ,         16.0,  

C4-D4-00040             ,         17.2,  

C4-D4-00041             ,         20.2,  

C4-D4-00042             ,         20.5,  

C4-D4-00043             ,         21.4,  

C4-D4-00044             ,         16.1,  

C4-D4-00045             ,         15.7,  

C5-D5-00001             ,          8.9,  

C5-D5-00002             ,         28.5,  

C5-D5-00003             ,          3.7,  

C5-D5-00004             ,          8.4,  

C5-D5-00005             ,         16.1,  

C5-D5-00006             ,         11.4,  

C5-D5-00007             ,         16.9,  

C5-D5-00008             ,          8.4,  

C5-D5-00009             ,         10.6,  

C5-D5-00010             ,          7.6,  

C5-D5-00011             ,          3.9,  

C5-D5-00012             ,          6.0,  

C5-D5-00013             ,          3.3,  

C5-D5-00014             ,          3.6,  

C5-D5-00015             ,         17.6,  



C5-D5-00016             ,          4.2,  

C5-D5-00017             ,          2.7,  

C5-D5-00018             ,         10.0,  

C5-D5-00019             ,         12.3,  

C5-D5-00020             ,         15.4,  

C5-D5-00021             ,         16.7,  

C5-D5-00022             ,          4.8,  

C5-D5-00023             ,          3.4,  

C5-D5-00024             ,          7.6,  

C5-D5-00025             ,          2.3,  

C5-D5-00026             ,         10.2,  

C5-D5-00027             ,          3.9,  

C5-D5-00028             ,          6.1,  

C5-D5-00029             ,          9.0,  

C5-D5-00030             ,          2.1,  

C5-D5-00031             ,          3.2,  

C5-D5-00032             ,          3.8,  

C5-D5-00033             ,          1.9,  

C5-D5-00034             ,          3.9,  

C5-D5-00035             ,          8.1,  

C5-D5-00036             ,          5.8,  

C5-D5-00037             ,          7.8,  

C5-D5-00038             ,          2.2,  

C5-D5-00039             ,          5.6,  

C5-D5-00040             , ************,  



C5-D5-00041             ,         11.8,  

C5-D5-00042             ,          6.9,  

C5-D5-00043             ,          4.4,  

C5-D5-00044             ,         11.7,  

C5-D5-00045             ,         31.1,  

C6-D6-00001             ,          6.6,  

C6-D6-00002             ,         14.8,  

C6-D6-00003             ,          1.6,  

C6-D6-00004             ,          9.6,  

C6-D6-00005             ,          9.8,  

C6-D6-00006             ,          2.4,  

C6-D6-00007             ,          8.5,  

C6-D6-00008             ,          6.0,  

C6-D6-00009             ,         10.8,  

C6-D6-00010             ,          3.1,  

C6-D6-00011             ,         12.3,  

C6-D6-00012             ,         23.3,  

C6-D6-00013             ,          8.1,  

C6-D6-00014             ,          3.2,  

C6-D6-00015             ,         45.4,  

C6-D6-00016             ,          8.4,  

C6-D6-00017             ,          6.3,  

C6-D6-00018             ,          7.2,  

C6-D6-00019             ,          6.5,  

C8-D8-00001             ,         27.8,  



C8-D8-00002             ,         19.5,  

C8-D8-00003             ,        102.3,  

C8-D8-00004             ,         37.3,  

C8-D8-00005             ,         24.9,  

C8-D8-00006             ,         29.5,  

C8-D8-00007             ,         48.5,  

C8-D8-00008             ,         31.5,  

C8-D8-00009             ,         15.6,  

C8-D8-00010             ,         17.1,  

C8-D8-00011             ,         15.4,  

C8-D8-00012             ,         30.5,  

C8-D8-00013             ,         11.9,  

C8-D8-00014             ,         13.6,  

C8-D8-00015             ,         29.5,  

C8-D8-00016             ,          9.4,  

C8-D8-00017             ,          3.9,  

C8-D8-00018             ,         11.9,  

C8-D8-00019             ,         10.2,  

C8-D8-00020             ,          4.7,  

C8-D8-00021             ,         10.5,  

C8-D8-00022             ,          4.6,  

C8-D8-00023             ,          5.6,  

C8-D8-00024             ,          7.2,  

C8-D8-00025             ,          5.7,  

C7-D7-00001             ,         29.0,  



C7-D7-00002             ,          9.4,  

C7-D7-00003             ,         15.3,  

C7-D7-00004             ,         11.8,  

C7-D7-00005             ,          8.2,  

C7-D7-00006             ,         18.9,  

C7-D7-00007             ,         17.6,  

C7-D7-00008             ,         21.9,  

C7-D7-00009             ,         30.5,  

C7-D7-00010             ,         10.9,  

C7-D7-00011             ,         11.6,  

C7-D7-00012             ,         19.0,  

C7-D7-00013             ,         15.7,  

C7-D7-00014             ,         21.8,  

C7-D7-00015             ,         14.8,  

C7-D7-00016             ,          8.2,  

C7-D7-00017             ,         21.4,  

C7-D7-00018             ,         12.3,  

C7-D7-00019             ,          5.6,  

C7-D7-00020             ,          6.4,  

C7-D7-00021             ,          3.9,  

C7-D7-00022             ,          1.2,  

C7-D7-00023             ,          2.9,  

C7-D7-00024             ,         19.6,  

C7-D7-00025             ,          7.4,  

C7-D7-00026             ,         29.3,  



A10-B10-00001           ,         18.0,  

A10-B10-00002           ,         21.7,  

A10-B10-00003           ,         37.4,  

A10-B10-00004           ,         25.5,  

A10-B10-00005           ,         25.4,  

A10-B10-00006           ,         26.1,  

A10-B10-00007           ,         17.2,  

A10-B10-00008           ,         27.4,  

A10-B10-00009           ,         21.5,  

A10-B10-00010           ,         16.9,  

A10-B10-00011           ,         14.6,  

A10-B10-00012           ,          9.5,  

A10-B10-00013           ,         23.1,  

A10-B10-00014           ,         16.3,  

A10-B10-00015           ,         22.2,  

A10-B10-00016           ,         23.5,  

A10-B10-00017           ,         10.1,  

A10-B10-00018           ,         15.7,  

A10-B10-00019           ,          9.7,  

A10-B10-00020           ,         20.5,  

A10-B10-00021           ,         10.3,  

A10-B10-00022           ,          7.1,  

A10-B10-00023           ,         11.8,  

A10-B10-00024           ,          5.1,  

A10-B10-00025           ,         11.0,  



A10-B10-00026           ,          4.9,  

A10-B10-00027           ,         10.5,  

A10-B10-00028           ,          8.9,  

A10-B10-00029           ,         12.1,  

A10-B10-00030           ,          3.3,  

A10-B10-00031           ,         18.8,  

A10-B10-00032           ,         12.9,  

A10-B10-00033           ,         14.6,  

A10-B10-00034           ,         15.2,  

A10-B10-00035           ,         10.7,  

A10-B10-00036           ,         25.2,  

A10-B10-00037           ,         35.7,  

A10-B10-00038           ,         14.8,  

A10-B10-00039           ,         27.3,  

A10-B10-00040           ,         18.0,  

A10-B10-00041           ,         33.4,  

A10-B10-00042           ,         32.6,  

A10-B10-00044           ,         34.1,  

A10-B10-00045           ,          8.0,  

A10-B10-00046           ,         23.3,  

A10-B10-00047           ,         20.0,  

B4-A12-00001            ,          9.9,  

B4-A12-00002            ,          4.6,  

B4-A12-00003            ,          6.5,  

B4-A12-00004            ,          9.3,  



B4-A12-00005            ,          5.6,  

B4-A12-00006            ,          4.8,  

B4-A12-00007            ,          1.7,  

B4-A12-00008            ,         10.9,  

B4-A12-00009            ,          8.8,  

B4-A12-00010            ,         12.0,  

B4-A12-00011            ,          5.9,  

B4-A12-00012            ,         11.7,  

B4-A12-00013            ,        718.4,          

B4-A12-00014            ,          9.2,  

B4-A12-00015            ,         11.9,  

B4-A12-00016            ,         16.0,  

B4-A12-00017            ,         10.2,  

B4-A12-00018            ,          7.9,  

B4-A12-00019            ,         11.3,  

B4-A12-00020            ,          7.6,  

B4-A12-00021            ,          7.8, 
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DAILY DIARY 

Client: North Atlantic Iron Corp. Location: 
Near Muskrat Falls, Labrador, 
Canada 

Ref No: AG-12-61 Alpha Personnel: Jeremy Hill - Geophysicist 

 

Date: 21 Nov. 2012 Activity Log: 
Arrived in Goose bay around 7:30pm, met Client’s 
Representative and inspected the geophysical equipment. 

 

Date: 22 Nov. 2012 Activity Log: 
DC Resistivity survey testing. Very High contact resistance. 
Various methods employed to decrease contact resistance. 

 

Date: 23 Nov. 2012 Activity Log: DC Resistivity survey testing continued at client’s request. 

 

Date: 24 Nov. 2012 Activity Log: DC Resistivity survey testing continued at client’s request. 

 

Date: 25 Nov. 2012 Activity Log: Down day due to bad weather. 

 

Date: 26 Nov. 2012 Activity Log: 

DC Resistivity survey testing continued at client’s request. 

DC Resistivity survey abandoned due to very high contact 
resistance. 

 

Date: 27 Nov. 2012 Activity Log: 
EM34 survey/ testing at 20m and 40m separations. Very high 
noise levels on 40m separation data. 

 

Date: 28 Nov. 2012 Activity Log: EM34 survey/testing continued. 

 

Date: 29 Nov. 2012 Activity Log: 
EM34 survey continued at 20m separations only, arranged 
shipment of EM343XL to boost signal for 40m separation 
measurements. 

 

Date: 30 Nov. 2012 Activity Log: EM34 survey continued. 

 

Date: 1 Dec. 2012 Activity Log: EM34 survey 



DAILY DIARY 
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Ref:  AG-12-61 Daily Diary 

 

Date: 2 Dec. 2012 Activity Log: EM34 survey 

 

Date: 3 Dec. 2012 Activity Log: EM34 survey 

 

Date: 4 Dec. 2012 Activity Log: 
Processing day, EM crew caught up to cutting and EM34XL 
still not arrived. 

 

Date: 5 Dec. 2012 Activity Log: 
Rain day no data collected. Cutting crew continued, 
EM343XL arrived. 

 

Date: 6 Dec. 2012 Activity Log: Surveyed with EM34 XL good results for 40m separation data 

 

Date: 7 Dec. 2012 Activity Log: EM34 survey 

 

Date: 8 Dec. 2012 Activity Log: 
Surveyed with two teams using both EM34 and EM34-3XL, 
for 20m and 40m separations respectively. 

 

Date: 9 Dec. 2012 Activity Log: 
Finished 20m separation acquisition with the EM34, 
continued 40m separation acquisition with the EM34-3XL. 

 

Date: 10 Dec. 2012 Activity Log: EM34-3XL survey continued. 

 

Date: 11 Dec. 2012 Activity Log: EM34-3XL survey continued. 

 

Date: 12 Dec. 2012 Activity Log: EM34-3XL survey continued. 

 

Date: 13 Dec. 2012 Activity Log: EM34-3XL survey continued. 

 

Date: 14 Dec. 2012 Activity Log: EM34-3XL survey complete. 

 

Date: 15 Dec. 2012 Activity Log: Demobilization 
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Introduction 

 

The West Group Pty Ltd (TWG) was engaged by North Atlantic Iron Corporation (NAIC) to 

undertake the following: 

 A review of the historical groundwater reports associated to the planned Hydro Dam 

proposed for Muskrat Falls. 

 A review of the resource bore logs for the Hoffman Block. 

 Provide a proposal for groundwater investigation works. 

 Provide groundwater management options. 

 Utilising the groundwater investigation survey results assist in the determination of 

the practical mining options. 

 

On review of the available information the following investigations were proposed. 

 

1. A geophysical survey comprising of: 

a. A survey using a SuperSting R8Earth Resistivity Meter.  

b. A Geonics EM34-3 Ground Conductivity Meter.  

c. Modelling of the field data.  

d. Documenting of the findings.  

 

2. Groundwater investigations comprising of: 

a. Utilising the findings from the geophysical survey to locate a number of 

groundwater test bores and their construction specifications to allow 

appropriate groundwater pump tests to be undertaken for the determination 

of the groundwater characteristics. 

b. The modelling of the pumped test data from the investigations. 

c. The documentation of the findings and recommendations of the specified 

groundwater investigation determinations set out above. 

 

3. Geotechnical Survey 

The geotechnical survey is to assist with the determination of slope stability of the 

excavated mine site whether mined by dredging or dry mining practices. The tests 

proposed are set out in the geotechnical requirements section of this report. 

 

The geophysical survey component of the groundwater investigations was commenced in 

November 2012. The processing, modelling and correlation of the resource bore logs with 

the modelled geophysics results proved to be an extremely good fit and successful in 

determining the thickness of the resource and depth to the clay layer. 

 

The geophysics Inversion modelling showed that the depth to the clay layer is from 

approximately 10 metres in the north end to 38 metres in the south end. The geophysics 



 

 

indicates that the thickness of the resource is substantially thicker than the 15 metres that 

has planned to be mined. 

 

1.0 Geophysical Survey 

 

Alpha Geoscinece of Sydney Australia undertook the geophysical surveys that comprised of: 

a. A survey using a SuperSting R8Earth Resistivity Meter to produce 2-D resistivity 

profiles to map the various layers inclusive of the clay layer below the main ore 

bearing sands. 

b. A Geonics EM34-3 Ground Conductivity Meter to measure the depth of the clay 

layer and the variances in the strata’s above the clay layer to assist in determining 

the overall site profile and its consistency in addition to assisting with the overall 

correlation of the groundwater and ore resource profile. 

c. Modelling of the field data and correlation with the existing resource bore log 

information. 

d. Documenting of the findings and recommendations. 

 

The SuperSting R8Earth Resistivity Meter (SSR8E) survey was discontinued after testing the 

equipment due to the high resistance of the upper strata sands which caused open circuit 

errors. Various known methods to overcome this resistance issue were tried and deemed 

not successful, therefore the method was discontinued. 

 

The Geonics EM34-3 Ground Conductivity Meter (EM34) survey work used both 20m and 40 

m coil separation in both vertical and horizontal Dipole modes.  

 

It was established that at the 40 meter coil separations the EM34-3 unit encountered similar 

problems as (SSR8E) as a result of the high resistance of the sand layers above the 

underlying clay layer. To overcome this it was determined that a Geonics EM34-3XL Ground 

Conductivity Meter (EM34XL) was secured undertake the 40 metres coil separation survey 

works. 

 

The survey was conducted successfully using the EM34 for the 20 metre coil separations and 

the EM34XL for the 40 metre coil separations.  

 

The data collected was correlated against the resource bore log data provided by NAIC. The 

correlation show a good fit particularly with the Sonic Bore logs that intercepted through to 

the clay layer.  

 

It was determined that a 1-D Inversion using Interpex IX1Dv3 software would be used to 

model the data and using the bore log data to correlate the Inversion to determine the 

suitability of this process for determining the depth to the clay layer. Survey Line A4-B4 was 



 

 

selected for this inversion modelling. This modelling process was not initially going to be 

used.  

 

The Inversion modelling proved to be extremely successful in projecting the approximate 

depth through to the clay layer when correlated with the resource bore logs. In stating this 

it must be accepted that this is guide as is drilling as no commercial process can be used to 

determine the exact depth of these features over the entire site. However when viewing the 

modelled data, then correlating the data with the bore logs, the fit is extremely good in this 

instance. Refer Drawings TWG:NAIC:001 and TWG:NAIC:002 in Appendix 1. 

 

Figure 1: Vertical Dipole EM34XL 40 metre Spacing Survey Showing the Conductivity 

Contoured Modelled results and the Bore Log positions used for Correlation 

 

 
 

The 20M VD and 40 MD model conductivity maps indentify the zones of changing 

conductivity. The higher resistance zones when correlated to the bore log data clearly show 

increased depths of coarse to medium grained sands and thinner layers of fine sands 

containing silts over the clay layer. As the conductivity increases, the thickness of the coarse 

to medium grained sands tend to decrease and the fines sand and silt layer thickness 

increases over the clay layer. As the conductivity increases further (ie into the green and 

yellow contour zones correlation tends to show a trend of shallower clay layers. 

 



 

 

The 20M VD and 40 MD model conductivity maps viewed in conjunction with the Inversions 

1-D modelled data shown in  Figure 2 and Drawing TWG:NAIC:002 in Appendix 1. 

 

Figure 2: EM Inversion Modelled Data showing depth of Resource and Clay Layer 

 

 
 

The power line transecting the study area showed anomalies which are expected and 

therefore, the data away from the power line should be considered for increased accuracy. 

 

What is extremely evident is that the clay layer increases in depth from north to south and 

on average is in excess of 20 metres in depth and in parts is between 30 and 38 metres deep. 

When examining this more closely particularly in relationship to the Heavy Mineral 

percentage (HM%) n the bore logs in many instances the exceed 15% and at times above 

25%. This is compare to the 5% to 10% HM in the upper 15 metres particular above the 

groundwater table. 

 

The EM survey has shown a greater accuracy in the potential and extensiveness of the ore 

body. 

 

Additional correlation and Inversion modelling will be undertaken at the completion of the 

groundwater and geotechnical investigation works detailed in following sections of this 

document. 

  



 

 

2.0 Groundwater Investigation Survey 

 

From the review of the available information supplied by NAIC no relevant groundwater 

data of values for the groundwater system on this site exist, therefore the groundwater 

investigation works are based on this. 

 

The groundwater investigation works will be undertaken to determine the following: 

 The actual groundwater characteristics and specific values such as: 

o Transmissivity 

o Storage Coefficient 

o Permeability 

o Gradient 

o Hydrostatic pressure levels 

 Sieve analysis from strata sampling for determination of soil particle distribution 

assessments 

o Chemical analysis of the groundwater 

o The geological stratification and in particular the determination of the depth 

of the main clay layer underlying the ore bearing layers 

 Volumes of groundwater to be extracted for various mining processes. 

 The impact of the groundwater on proposed mining practices. 

 Alternate options to be uitilised for the groundwater management for optimal 

commercial mining practices to be undertaken. 

 Discharge management practices associated to the groundwater control 

(dewatering). 

 Environmental impact resulting associated to the groundwater control options and 

potential discharge or recharge. 

 Cost assessment of the various groundwater control options. 

 Propose the type of investigations to be undertaken to optimise and maximise the 

groundwater information that could be attained from Hoffman Block to mitigate 

guess work. 

 Provide instruction and supervision for the undertaking of the investigations 

required for the groundwater assessment. 

 Collate field data, model the groundwater data gained from the investigations, 

determine the groundwater values, document and provide recommendations in 

alignment to the required determinations set out above. 

 

These works will be undertaken in the spring of 2013. 

 

 

 

 



 

 

2.1 Groundwater Investigation Pump Test Requirements 

 

1) It is proposed that 4 pump test well be installed and pump tested. The proposed 

locations based on the geophysics findings are shown on Drawing: TWG:NAIC:003 in 

Appendix 3. 

2) The depth of the wells at each location will be through to a depth of 1 metre in to the 

main clay layer underlying the ore bore.  

3) The Diameter of these pump test wells will be 300mm and cased with 150mm casing 

and screens. The screens will extend for the full thickness of the aquifer. 

4) Two nests of piezometers will be located at 40 and 60 metres from each pump test well 

for recording pump test data. The projected depth of these wells will be 20 metres. The 

diameter of these wells will be 150mm and two 50mm piezometer casing and screens 

will be located in each piezometer. 

5) The approximate location of the piezometers are shown on Drawing: TWG:NAIC:003. 

6) A complete method statement for the installation and development of the pump test 

wells, piezometers and the methodology of the pump test will be provided prior to the 

commencement of the drilling program. 

7) Each pump test well will be pumped tested continuously for 24 hours and preferably 48 

hours. 

 

Figure 3: Proposed Pump Test Well Locations for Groundwater Investigations 

 

 
 



 

 

At the completion of the pump tests the following can be undertaken: 

 Further correlation of the geophysics survey and completion of the Inversion 

modelling. 

 The completion of the works set out in Section 2.0 above. 

 

3.0 Geotechnical Investigations 

 

The geotechnical investigations can be carried out at the same time as the groundwater 

investigations. The purpose of the geotechnical investigations is to assist with the 

determinations of slope stability and load support capacity around the perimeter and 

adjacent areas or the mine irrespective of the mining practice to extract the ore. 

 

The following geotechnical investigations are proposed: 

Physical Properties 

 Moisture content 

 Bulk and Dry Density 

 Attenberg Limit Test 

  Particle density 

Mechanical Properties 

 Unconsolidated Undrained (UU) Triaxial Compression Test 

 Consolidated Undrained (CU) Triaxial Compression Test 

 Effective shear strength 

 Elastic Modulus 

Chemical 

 pH 

 Total Sulphate (SO3) content 

 Chloride Content 

 Organic Content 

 

4.0 Recommendations 

 

The remaining groundwater and geotechnical investigations to be undertaken as outlined in 

Sections 2.1 and 3.0 for the determination of the requirements set out in Section 2 above. 

 

At the completion of the groundwater investigation works, the remaining Inversion 

modelling and correlation of the geophysics be completed. 

 

5.0 Conclusions 

 

The geophysics proved to be successful however what has been established regarding the 

prevailing ground conditions from these works is that using Transient Electromagnetic 



 

 

survey should assist in providing a higher resolution between the layers and increase 

accuracy of the layer depths. The TEM survey will provide the increased capacity to examine 

the clay layer thickness. This form of survey will also be quicker. 

 

The final conclusions will be drawn on completion of the groundwater investigations. 
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Appendix D – GPR Sections 
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Appendix E – North American Iron Corp on the UltraGPR Survey Grand 

River Ironsands, Block 018325M Labrador – Groundradar Report 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

  

 

 

 
 
 
 
 
 

Report to 
 

North American Iron Corp 
 

on the 
UltraGPR Survey 

 
Grand River Ironsands 

Block 018325M 
 

Labrador 
 

 
 
 
 
 
 
 
 
 
 
 
Date:  September 10, 2013 
 
 
 
 
 
 
 
 
 
 



 

 

  

 

 

    
   ii 

 
 
 
 
Project:  13-053 
Date:  September 10, 2013 
 
 
Attention: Garth DeMont  
 
Dear Garth; 
 
Groundradar Inc. is pleased to present the following report entitled: 
 

UltraGPR Survey 
 

Grand River Ironsands 
Block 018325M 

 
Labrador 

 
We would like to extend our appreciation for the opportunity to work with North Atlantic 
Iron Corp on this project, and look forward to a continued long-term relationship.  
Should you have any questions, please do not hesitate to contact our office.   
 
 
Respectfully submitted 
 
 
 
 
Jan C. Francké, P.Geoph. 



UltraGPR Survey – Block 018325M 

 

Commercial-in-Confidence 

TABLE OF CONTENTS 
 

1. INTRODUCTION 1 

1.1 PREAMBLE 1 

1.2 HOFFMAN BLOCK – LOCATION AND GEOLOGY 1 

2. METHODOLOGY 3 

2.1 PREAMBLE 3 

2.2 GPR SIGNAL PROPAGATION THEORY 3 

2.3 CONSUMER-GRADE GPR INSTRUMENTATION 4 

2.4 GPR SIGNAL SAMPLING THEORY 5 

2.5 INTERLEAVED TIME SAMPLING 6 

2.6 STACKING 6 

2.7 REAL-TIME SAMPLING 7 

2.8 ULTRAGPR 7 

3. DISCUSSION OF RESULTS 9 

3.1 FIELD SAFETY CONSIDERATIONS 9 

3.2 GENERAL DISCUSSION 9 

3.3 HIGH-FREQUENCY ULTRAGPR RESULTS 10 

3.4 LOW-FREQUENCY ULTRAGPR RESULTS 16 

4. CONCLUSIONS AND RECOMMENDATIONS 21 

 



 UltraGPR Survey – Block 018325M 

 

 

P
ag

e1
 

1. INTRODUCTION  

1.1 Preamble 

International Groundradar Consulting Inc (Groundradar) specialises in the design and 
application of long-range ground penetrating radar technologies to the mining 
industry.  Dating to the late 1980’s the company has pushed the limits of radar 
penetration in challenging environments, with the latest UltraGPR technology able to 
penetrate over 100 m in ideal conditions.  UltraGPR is a proprietary technology to 
Groundradar and is the deepest penetrating GPR system in the world. 

In mid-2013, North Atlantic Iron Corp (NAIC) contacted Groundradar regarding the 
possible application of Groundradar’s UltraGPR technology to resource delineation 
at one of NAIC’s exploration concessions near Goose Bay, Labrador.  The site, known 
as the Hoffman Block, is a deposit of black mineral sands containing high 
concentrations of iron.  NAIC intends to exploit these iron sand resources to produce 
pig iron by 2015. 

Extensive drilling has been conducted on the Hoffman Block, also known as Mineral 
License 018325M, with approximately 250 m spacing in order to bring the concession 
to NI42-101 standard.  The majority of drill holes (214 out of 226 total holes) were 
drilled using traditional auger methods.  These holes generally encountered sands to 
their maximum depth, which was often limited by the water table.  The remaining 
twelve boreholes were drilled using a sonic rig, which was able to penetrate through 
the surficial sands, often into an underlying clay unit.  The primary objective of the 
UltraGPR survey was to image this underlying clay unit, and thereby be able to 
calculate the volume of the overlying sands. 

1.2 Hoffman Block – Location and Geology 

The Hoffman Block is located approximately 51 km from the town of Goose Bay, as 
shown in Figures 1 and 2. 

   

Figure 1 – Overview map showing location of Hoffman Block 
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Figure 2 – UltraGPR survey grid shown in the lower left of map. 

The survey site consists of a sand dune/sand bar complex (Figure 3).  These marine 
and alluvial sands are found as a thick sequence upstream along the Churchill River 
from Goose Bay.  The sands are part of a major coastal re-entrant that extends into 
Labrador some 200 km (Stass inu Stantec Limited Partnership, 2011).  The Hoffman 
Block sands are situated between 65 and 75 m above sea level due to rebound after 
the last ice age.  Marine clays underlie the sands, and are exposed further upstream 
from the survey location. 

As part of the exploration phase of the development of the Hoffman Block, a 
geophysical survey was conducted using EM34 equipment.  Ideally, EM34 can be 
used to map electrically conductive bodies to depths approaching 40 m.  Varying the 
physical separation between the parts of the EM34 instrument provides indications of 
average conductivities at various depths.  A report produced by the geophysical 
contractor suggested that an electrically conductive body appears to be situated at 
approximately 30 – 35 m depth.   

With the understanding that GPR technology is ideal for both dry or saturated sands, 
and that conductive clays produce excellent reflections, radar appeared to be 
perfectly suited to the task of mapping the depth to the underlying marine clays.  A 
previous GPR survey had been conducted in 2009 using a commercially-available 
GPR system, reaching a maximum depth of approximately 15 m.  Given that 
UltraGPR can reach two to three times the depth of commercial systems in sands, 
the required range of 35 m was well within reach. 
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2. METHODOLOGY 

2.1 Preamble 

The concept of applying radio waves to penetrate and map the subsurface is not new.  
Successful early work with GPR was performed with standard military radar systems 
and radio echo sounders to map the thickness of ice sheets in the Arctic and Antarctic.  
Pioneering research was conducted by the British Antarctic Survey in the 1960’s.  
Work with GPR in non-polar environments began in the early 1970’s, focusing on civil 
engineering applications.  As the strengths and limitations of the technique became 
more apparent, the possible applications dramatically broadened.   

The greatest historical inhibitor to the maturing of GPR as a recognised geophysical 
method was the inherent need for precise timing of sub-microsecond events.  
Computers that could capture and display such fleeting pulses of electromagnetic 
energy as radar reflections were unfeasibly large and usually not portable.  With the 
advent of the high-speed laptop computer in the early 1990’s, the ability to capture, 
digitise, and store large volumes of radar data was realised.  Although the technique 
has been successfully used for a myriad of applications around the world, it is still in 
its infancy. Today, typical commercial applications of GPR include engineering and 
environmental site evaluations, fracture mapping, stratigraphic mapping, void 
detection, forensic studies, glaciology and permafrost engineering, as well as 
archaeological studies.  Modern GPR systems have fast data processors and data 
transfer circuitry, and are easily mounted within small boats, aboard sleds, or within 
backpacks. 

2.2 GPR Signal Propagation Theory 

Although the common perception of GPR as being a black box which scans the 
ground and produces “slices” of the subsurface is superficially correct, a cursory 
understanding of the interactions between electrical and magnetic fields and the 
electromagnetic properties of geological media can provide a greater appreciation of 
the richness of the data acquired, as well as the intrinsic limitations of the method.   

The well-studied strong correlation between material characteristics of geological 
media and their inherent electromagnetic properties suggests that electrical 
geophysical methods are well suited for tasks involving imaging subsurface features.  
In general, geological materials are considered to be semi-conductors, or dielectrics, 
and can be characterised by three electromagnetic properties: electrical conductivity, 
electrical permittivity, and magnetic permeability.   

These properties are determined by the interaction of electrical fields and charged 
particles, particularly the electron.  Electrical conductivity is the measure of a 
material’s ability to transmit a DC current, which results in energy dissipation through 
the conversion of electrical energy to heat.  Dielectric permittivity refers to the degree 
to which a geological medium resists the flow of electrical charge divided by the 
degree to which free spaces resists the same charge.  The dielectric permittivity is 
thus defined as the ratio of the electric displacement to the electric field strength.  
Magnetic permeability is the result of electron spin and motion in atomic orbits, and 
also results in energy loss and storage. 

Electrical and magnetic process are also coupled, with the corollary that accelerating 
electrons generate electromagnetic radiation, electrical currents generate magnetic 
fields, and time varying magnetic fields impart motion on electrical charges.  The 
velocity of an electromagnetic wave propagating through a medium is the reciprocal 
of the square-root of the dielectric permittivity.  

The propagation of these electromagnetic waves is governed by Maxwell’s equations.  
The equations describe a coupled, three-dimensional polarised vector wave field. At 
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the relatively high frequencies employed by GPR systems, the energy storage in 
dielectric and magnetic polarisation generates wave propagation.  When these waves 
are propagated through geological media, they travel at velocities lower than the 
speed of light, and are scattered by variations in the electrical and magnetic properties 
of the subsurface.  The magnitude of this scattering, either through reflection, 
refraction, or diffraction, is determined by a complex interaction of the Fresnel 
reflection coefficient, the angles of incidence determined by Snell’s Law, and 
polarisation shifts governed by the Stokes-Mueller matrices.  Further complicating the 
magnitude of scattering are factors such as the antenna radiation pattern, the 
distance from the antenna (geometric spreading losses and material property 
dissipation losses), and the spatial scale over which the change in electrical or 
magnetic properties occur, all of which are dependent on the wavelength of the 
imparted field.  For geological applications of GPR, and in particular mineral sand 
studies, these factors determine both the depth of penetration as well as the ability to 
discern bedding within sands and underlying formations at significant depths. 

2.3 Consumer-Grade GPR Instrumentation 

Over the past 16 years, commercially-available GPR systems have been employed 
for bauxite exploration with limited success.  The reason for this limited success has 
been due to technological and legislative limitations. 

At present, there are four major GPR system manufacturers worldwide.  
Approximately 95% of GPR system sales are dedicated to the lucrative civil 
infrastructure markets, such as utilities detection, rebar imaging in concrete, 
pavement studies, etc.  The remaining systems are generally sold to research 
organizations for geotechnical applications and polar studies.  The technology 
employed for these deeper-penetrating systems was developed in the late 1980’s and 
has not been improved upon since. 

The lack of development on deep GPR systems can be attributed to a number of 
factors.  Firstly, there is a lack of a sufficient market to justify the significant research 
and development budget required for such system developments.  Secondly, and 
perhaps as important, are the limitations imposed by legislation on ultra-wide band 
(UWB) radar technology in the United States and Europe.  UWB legislation protects 
certain bandwidths for use by mobile telephone companies for various existing and 
future mobile communication applications.  Any long-range GPR system developed 
would be in breach of this legislation.  Considering that sales in the US account for 
over 75% of the hundreds of GPR systems sold globally, it is understandable that 
manufacturers would not commit resources to advancing deep penetrating radar.  
Figure 3 illustrates the technological development of GPR systems over the past 
decades. 

Finally, low frequency GPR systems which may be suitable for long range 
applications are designed for research use, and are extremely fragile.  They rely on 
fibre optic cables to carry data between large control units mounted in wheelbarrows 
to carry the large transmitters and receivers.  Such systems are generally powered 
by vehicle batteries, which restrict their use to flat terrain (Figure 4). 
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Figure 3  - Progression of GPR technology since 1965 (Sensors and Software Inc). 

 

Figure 4 - Consumer-grade GPR system being used for mineral sand exploration in 
Africa by Groundradar in 2003. 

2.4 GPR Signal Sampling Theory 

The method by which GPR data are captured by the receiver is perhaps the most 
critical portion of a system’s design.  In the early 1990’s, systems employed analogue 
recorders and electrostatic plotters to display the radar scans.  By 1996, electronic 
circuitry was available which was sufficiently fast to permit real-time analogue to 
digital conversion of the recorded data. 

GPR signal sampling is inherently challenging due to the need to sample returned 
signals which are travelling near the speed of light.  For example, for a system with a 
centre frequency of 100 MHz, the effective bandwidth is 50 MHz to 150 MHz.  
Nyqvist’s sampling theory stipulates that the returned signal must then be sampled at 
3X the centre frequency, in this case at 300 MHz.   

If x(t) is a band-restricted signal with X (jw) = 0 for |w| > wm,, then x(t) is specifically 
determined by its samples x(nT),n=0,±1, ±1, …., if ws>2wm, where ws = 2π/T, if T is 
the sampling period and ws is the sampling frequency. 

A periodic impulse can be thus created where every impulse corresponds to a 
successive sample value to reconstruct the signal x(t).  To achieve the output signal 
that is precisely the same as x(t), the periodic impulse can be processed through a 
perfect low-pass filters with a period T and cut-off frequency wx, whereby wM < wx < 
ws-wM.  Spatial aliasing occurs if these bounds are not achieved, resulting in a higher 
frequency content overwhelming the desired lower frequency. 
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2.5 Interleaved Time Sampling 

Until as recently as 2007, the fast analogue to digital converters (ADC) needed for 
sampling GPR frequencies were either unreliable or excessively expensive.  Due to 
this limitation, all commercially-available GPR systems are constructed using a 
sampling method to significantly reducing the sampling frequency required.  The 
concept assumes that several scans taken within fractions of a second of each other 
would be similar provided that the antennas were not moved a significant distance.   

Using interleaved time sampling, a single sample point is recorded with every scan.  
The first sample is recorded on the first scan at the top of the trace.  The second 
sample is then offset by one sample, and so on.  Thus, to complete a full scan of a 
typical 512 points, 512 individual pulses of the transmitter must be triggered and 
subsequently recorded 512 times. 

2.6 Stacking 

GPR signals returned to the surface are superimposed beneath significant amounts 
of random noise generated by cosmic radiation, cultural noise such as radio 
transmitters and power lines, as well as internal noise generated within the system 
itself.  In order to overcome this noise and enable the differentiation of signals of 
geological interest from background noise, stacking is used.  Stacking is the collection 
and averaging of multiple transmit and return pulses in order to gradually cancel out 
the effects of random noise, leaving only coherent reflections of interest.  Without 
stacking, it would be impossible to make any interpretations on GPR profiles. 

Figure 5 illustrates the importance of stacking as many times as possible.  As shown 
in the sample graphs, stacking less than eight times generally does not produce 
suitable data.  However, stacking over 64 times often significantly improves 
interpretability. 

Commercial GPR systems are limited in their practical number of stacks for a towed 
survey.  In order to stack 64 times interleaved time sampling requires the transmitter 
to be fired 32768 times.  This number of transmissions requires over 0.5 seconds to 
acquire.  At a normal towing speed of 10 km/hr (3.6 m/s), the radar is dragged over 1 
m during acquisition of a single trace.  This results in significant blurring of the data.  
As such, for towed surveys, commercial systems are generally limited to 16 or fewer 
stacks, thereby significantly diminishing data quality. 
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Figure 5 - Effect of stacking on radar interpretability 

2.7 Real-time sampling 

In recent years, the evolution of ADC converters has reached a level whereby entire 
radar traces may be digitized at once.  However, these advances present additional 
issues, such as the bottlenecks caused by slower data buses, processors and 
memory devices.   

The most technically feasible solution to these bottlenecks is to pre-process the 
recorded data by stacking, within the receiver.  The most significant advantage of 
real-time sampling is the ability to stack individual radar traces extremely rapidly.  
Stacking is the averaging of several traces captures at nearly the same position.  The 
premise is that each trace will consist of the same signal, except for the noise.  By 
averaging these scans, the noise level will be drastically reduced, thereby improving 
the signal to noise ratio. 

Although stacking is commonly performed with interleaved time sampling systems, 
the time required to stack even a few times is substantial.  All commercial GPR 
systems operate at a pulse repetition frequency of 100 kHz.  To stack a 512-point 
trace 64 times requires 0.5 seconds.  Using real-time sampling, the same trace 
requires only 0.64 ms to capture.  That is, in the time required for a commercial system 
to stack 64 times, a real-time sampling system may stack over 32,000 times. 

As the signal strength of a GPR system drops exponentially with depth, real-time 
sampling allows longer distances to be imaged with GPR.  For example, by stacking 
1000 traces improves a systems performance by 30 dB.  A 30 dB gain may roughly 
double the penetration ability of a GPR system. 

2.8 UltraGPR 

The UltraGPR system employs the fastest ADC chips available to create a highly 
efficient and sensitive real-time sample GPR instrument for long-range imaging.  In 
addition to advances in depth of penetration, the system has been designed with 
extreme ruggedness and portability in mind (Figure 6). 

During previous surveys in similar environments, the abrasive terrain often caused 
breakages of the fragile fibre optic cables connecting the antennas with the radar 
control unit.  With UltraGPR, all wires have been replaced by wireless Bluetooth® 
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connections.  The system has also been designed to conserve power for use in 
remote environments.  The entire GPR system may be used continuously for nearly 
70 hours before a recharging of the custom lithium polymer batteries is required. 

Miniaturisation was also a foremost priority during the design of UltraGPR.  The entire 
system is housed within a 14 m long flexible snake with two shielded pods for the 
receiver and transmitter electronics.  No backpack console unit is required as the data 
are fed directly into a Windows Mobile PocketPC or mobile phone.   

 

Figure 6 – UltraGPR being used in Australia to map depth to bedrock 
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3. DISCUSSION OF RESULTS 

3.1 Field Safety Considerations 

Safety of field staff is of paramount importance during acquisition.  Identified prior to 
commencement of the field work were the unavoidable risks associated with slips and 
falls when working on uneven terrain.   

Although the entire UltraGPR system weighs less than 5 kgs, continued pulling of the 
radar antennas over rough ground can cause fatigue.  In order to minimise this 
possibility, Groundradar requested the NAIC provide two field assistants for the 
duration of the survey. 

No safety or environmental issues were encountered on this project. 

3.2 General Discussion 

A comprehensive UltraGPR survey was conducted by Groundradar staff and two 
assistants provided by NAIC between July 28th and August 2nd, 2013.  A total of 21 
individual UltraGPR profiles were acquired at the Hoffman Block, spanning a total of 
32.1 km.  Figure 7 shows the location of the survey lines. 

 

Figure 7 – Location of UltraGPR profiles at the Hoffman Block 

UltraGPR is unlike consumer-grade GPR systems in a number of ways, including the 
bandwidth of the transmitted and recorded data, which is much larger with UltraGPR.  
As such, it is not relevant to assign a “centre frequency” to UltraGPR systems as is 
often done with other GPR technologies.   
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Two types of UltraGPR instrumentation were employed during the present survey.  
The primary system was high frequency, with a bandwidth ranging from 60 MHz to 
120 MHz.  This system is generally employed on mineral sand projects where the 
depth of penetration is less than 40 m, but high resolution within the sands is required. 

With some exceptions, the entire survey grid was re-acquired with a low frequency 
UltraGPR system, which ranged in frequency from 10 MHz to 50 MHz.  This 
instrument is generally employed to map underlying strata to depths of 60 m – 100 
m, but with a loss of internal resolution within the sand strata.  The second system 
was used as a back-up to the primary high-frequency system, in the expectation that 
larger bodies of marine clays would be easily imaged.  As such, a total of 
approximately 60 km of survey lines were acquired during the present survey using 
both high and low frequency UltraGPR systems. 

3.3 High-Frequency UltraGPR Results 

The high frequency UltraGPR system has been used for mineral sand exploration 
and resource definition surveys since its invention in 2007 in the USA, Brazil, Guyana, 
Kenya, Tanzania, Madagascar, South Africa, Australia and New Zealand with an 
excellent success record.  Similar to the ironsands at the Hoffman Block, other 
mineral sand deposits are generally underlain by a distinct marine clay.  In sands, 
GPR responses are most sensitive to electrical conductivity and water content.  Basal 
clays tend to create dramatic reflections due to the combination of a significant 
increase in conductivity as compared to the above-lying sands as well as what is 
usually a perched watertable immediately atop the sands. 

Figure 8 shows a typical high-frequency UltraGPR profile from a mineral sand deposit 
in North Africa. 

 

Figure 8 – Typical UltraGPR data showing sands atop a marine clay at a mineral sand deposit 
in North Africa 

Preliminary processing was performed immediately upon acquisition of the first 
profiles with the high frequency UltraGPR system at the Hoffman Block.  It was 
immediately apparent that there was no characteristic clay horizon large enough to 
reflect radar signals throughout this initial dataset.  This discovery was unexpected, 
considering the hypothesis of the previous geophysical contractor that marine clays 
exist at depths of 30 – 35 m, a finding that was somewhat corroborated by sparse 
sonic drilling. 

Figure 9 shows an example of the initial UltraGPR data. 
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Figure 9 – Unprocessed high-frequency UltraGPR data from the Hoffman Block 

A careful examination of this sample section of raw radar data directly from the field 
computer reveals a number of features (Figure 10). 

 

Figure 10 – Denotation of obvious features on raw UltraGPR profile 

The red arrows indicate short regions of profile were the UltraGPR was dragged over 
fallen trees or other ground obstacles.  UltraGPR must have completely and 
continuous ground contact in order to couple the antennas with the ground.  This is 
not always possible in field conditions and short gaps in the data sometimes occur.  
These gaps are shortened in later processing steps, but their effects are sometimes 
still present.   

The black bracket on the left of the section indicates a zone of “darker” data.  This 
horizontal banding is strictly an effect of low-frequency oscillations in the electronics 
of the radar receiver and will be removed in subsequent processing steps.  There is 
no geological relevance to this band of darker data. 

The dashed blue line indicates a horizon which appears to undulate and exhibits a 
characteristic black-white-black sequence of reflections.  In terms of radar reflections 
and the specific method of display used, this equates to a strong positive-negative-
positive reflection, which corresponds to a significant and abrupt increase in dielectric 
permittivity.  A discussion on the origins of dielectrics is beyond the scope of this 
report, but it can be summarised that water content has the greatest impact on 
dielectrics in terms of GPR responses.  Thus, this line indicates a significant and 
abrupt increase in water content.  The continuity of this line strongly suggests that 
this line is a watertable.  This is further supported by draping the radar data beneath 
a LIDAR-generated digital elevation model (DEM) provided by NAIC (Figure 11).  
Note that the reflection is now completely flat, as would be expected of a watertable. 
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Figure 11 – UltraGPR profile draped over topography 

Although of interest, these features and processing artefacts are all expected on 
UltraGPR profiles from mineral sand deposits, regardless of the location.  What is 
conspicuous by its absence is the typical strong reflection and loss of penetration due 
to basal marine clays.  It is clear from this profile that no significant clays are present 
along this 650 m segment of profile to at least a depth of 50 m.  Indeed, throughout 
the entire 31 km dataset of the high-frequency UltraGPR profiles, no significant clays 
appear to be present to depths of 50 m. 

An explanation of this hypothesis is warranted, as it contradicts the findings of some 
sonic holes as well as the previous EM31 survey. 

Radar reflections are caused by variations mainly in water content (dielectric 
permittivity), and to a much lesser degree in electrical conductivity.   Each reflection 
in a radar profile is a representation of the subtle changes in water saturation within 
each bedform, which in turn is a function of the general coursing-upwards of the sand 
grain sizes.  It is important to emphasise the importance of bound water as compared 
to free water content.  Water bound to individual grains can have a significant impact 
on dielectrics.  Fine-grained material (clays and silts) have a very high fraction of 
bound water due to the high combined surface area of bulk grains.  Conversely, sands 
and gravels have a lower bound water content.  On a smaller scale, during sand 
deposition, particularly through aeolian processes, variations in grain size within a 
depositional package produce variations in bound water content, which in turn 
produce radar reflections.  This is the case with sands both above and below the 
watertable because of greatest importance is the bound water.  Even below the 
watertable, there exist variations in bound water content due to variations in grain 
size.   

Rather than cause only reflections, increases in electrical conductivity also serve to 
absorb radar energy.  This is particularly the case with clays in non-tropical 
environments which have not been leached of their conductive mineralogy due to 
seasonal groundwater fluctuations.  As such, clays in Labrador are generally highly 
conductive and would limit radar penetration to a few metres, regardless of the radar 
technology employed.  It is clear from the sample profile that no significant absorption 
of radar energy has occurred to a depth of 50 m.  In order to penetrate 50 m with the 
high-frequency UltraGPR instrument, the site must have contained a very high 
fraction of coarse-grained media (sands).  The introduction of clays into the matrix 
greater than 10 – 20% generally causes attenuation in the radar signal which is 
evident on the profiles.  Nearly no attenuation is evident on any profile from the 
Hoffman Block. 

A possible explanation for the presence of clays on the sonic holes which are no 
evident on the radar is that rather than a basal marine clay layer, there exist thinner 
layers of clays within the sand.  The problem with that scenario is that a clay body 
thicker than a minimal thickness, which is a function of the radar frequency and the 
radar wave velocity within the bulk media, would certainly be visible on the radar 
profiles.  Not only would a clay body would cause a reflection by itself due the increase 
in conductivity, but such a surface would likely support a perched watertable, which 
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would also yield a strong radar reflector.  No such features were seen on the data.  In 
the case of the high-frequency UltraGPR system, a clay layer would need to be 
approximately 1.5 m in thickness to be easily seen on the profiles. 

Disseminated clays can sometimes create slight changes in radar “textural” 
responses in clays.  In mineral sands, these areas are generally associated with 
induration zones.  Scattered subtle features are visible on the high-frequency 
UltraGPR sections, as shown in Figure 12. 

 

Figure 12 – Possible regions of increased clay content 

Although these anomalous regions appear to be different than the surrounding sand 
reflections, they certainly do not represent significant clay layers. 

The radar wave velocity was calculated as 0.135 m/ns based on diffraction 
hyperbolae within the radar sections due to sedimentary indurations.  Approximately 
20 discernible diffraction hyperbolae were noted on the sections, all suggesting a 
radar velocity of approximately 0.135 m/ns.  It is noted that this velocity is somewhat 
fast for saturated sands.  Radar velocities in sand range from parched sand (0.16 
m/ns) to completely saturated sand (0.1 m/ns). 

Extensive processing attempts were made to extract further information from the high-
frequency UltraGPR data, aside from the obvious sand reflections.  Often, the high 
degree of radar resolution in these environments lends itself to textural analysis, 
whereby advanced image processing methods are employed to extract subtle 
variations in radar frequencies or textures which may have geological consequence.   

Figure 13 shows an attempt to extract textural variations using the frequency 
envelope of the radar reflections.  Although some subtle variations are more 
discernible, they are not typical of a basal marine clay body. 

 

Figure 13 – Radar envelope function applied to sample dataset 

Other such attempts yielded similar poor results.  No operation could be found which 
would show an significant and mappable changes to the radar texture which may 
indicate an increase in clay content.   

The general complexity of the reflections on the UltraGPR profiles preclude 
attempting to interpret each and every reflection.  Indeed, the reflection representing 
the watertable appears to undulate significantly when displayed as a function of depth 
beneath the surface (Figure 14).   
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Figure 14 – Depth to watertable 

Although there appears to be a 30 m variation in watertable depths across the survey 
site, the LIDAR topography must be taken into consideration (Figure 15). 

 

Figure 15 – LIDAR topography 
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When the watertable surface as mapped by UltraGPR is draped beneath the LIDAR 
DEM model, the actual RL of the watertable is shown, with a gradual dip to the south-
east, towards to active channel of the Churchill River (Figure 16). 

 

Figure 15 – RL of the watertable 

In addition to the watertable, the high-frequency UltraGPR data also imaged in 
excellent detail the internal structure of the aeolian/alluvial sand bodies.  This was 
particularly the case in the vadose region where the radar reflections are more clear 
due to the lower water content.   

 

Figure 16 – Example of possible channel shown between positions 250m and 400m. 

Such channels are difficult to discern on every radar profile.  However, a rough map 
of their orientation is shown in Figure 17. 
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Figure 17 – Map showing approximate locations and depth of discernible channels 

3.4 Low-Frequency UltraGPR Results 

In an expectation of straightforward results, the first two days of surveying were 
conducted using the low-frequency UltraGPR system.  Initial processing yielded no 
obvious basal marine clay reflector.  As such, the remainder of the survey period 
concentrated on the high-frequency UltraGPR instrument, discussed previously. 

However, on re-analysis of the low-frequency data, some features of interest have 
been noted.  Figure 18 shows the limited coverage of the low-frequency UltraGPR 
instrument. 

 

Figure 18 – Coverage of low-frequency UltraGPR system 
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Figure 19 shows an example of data acquired with the low-frequency system. 

 

Figure 19 – Example of raw low-frequency UltraGPR data from the Hoffman Block 

The sample profile shows, similar to the high-frequency UltraGPR data, a number of 
notable features.  As discussed previously, the vertical banding, or stripes, visible on 
the raw data are due to inconsistencies in dragging the antennas over terrain with 
fallen trees and other causes of poor ground coupling.  These stripes are common in 
all but the most well-cleared terrains.  Also visible, although less pronounced, is the 
watertable reflector at the top of the profile. 

However, what is again absent is any strong reflector, or consistent surface, at any 
depth deeper than the watertable.  The radar clearly has penetrated to a depth of at 
least 100 m with absolutely no significant absorbing layer to inhibit penetration.  This 
degree of penetration is only possible in an environment with a very high sand 
fraction.  For example, at Zultie North at Richards Bay, South Africa, one of the largest 
mineral sand deposits in the world and a frequent user of UltraGPR technology, 
penetration can be effectively stopped by “slimes”, which are lenses of higher clay 
content.  Certainly, a marine clay layer would be very obvious on the radar profile, 
and would most likely stop all deeper penetration.   

Over the western half of the grid where the low-frequency UltraGPR data were 
acquired, no evidence of a thick clay layer was found to 100 m.  In the case of the 
low-frequency UltraGPR system, a clay layer would theoretically need to be on the 
order of 4 m thick to be clearly detected.  As previously discussed, a marine clay 
would likely support a perched watertable, which itself would cause a strong reflection 
regardless of the clay thickness. 

In an effort to extract further information from the low-frequency data, further 
processing routines were experimented with subsequent to the field survey.  Figure 
20 shows the sample segment of data re-processed to highlight only the strongest 
amplitude reflections.   

 

Figure 20 – Processing designed to highlight only the strongest reflections from low-frequency 
UltraGPR data. 

An examination of the example shows a subtle band of reflections which appears to 
be semi-continuous across the section.  As discussed previously, the presence of 
clay bodies may not cause significant reflections themselves, but will inhibit deep 
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radar penetration.  Perched watertables atop clay bodies, however, will cause 
reflections. 

Further processing enhances the interpretability of this subtle layer of reflections 
(Figure 21). 

 

Figure 21 – Envelope function applied to low-frequency UltraGPR to highlight subtle 
reflections. 

A simple interpretation may then be made by following the top and bottom of the 
“layer”, as shown in Figure 22. 

 

Figure 22 – Possible interpretation of strong reflections on low-frequency UltraGPR 

Coincidentally, this sample section of radar profile traverses a sonic drill hole (Sonic 
12), the results of which can be overlain the radar section for comparison (Figure 23).  
There is little value in comparing the auger holes to the deep radar as the maximum 
penetration of those drill holes (14 m) is much less than the 100 m penetration of the 
radar. 

 

Figure 23 – Comparison of possible subtle reflector to Sonic 12 

Encouraged by a potential correlation, further sonic drilling sites were investigated in 
an attempt to confirm that the subtle reflections have geological significance.  In the 
region surveyed by the low-frequency UltraGPR, a total of four sonic holes were 
drilled (Sonic 12, 13, 14 and 24). 

Figure 24 shows the processed data in the region of Sonic 13, although the actual 
hole location is some 31 m to the west of the radar survey line. 
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Figure 24 – Data in the region of Sonic 13 

Overlaying an rough interpretation is far more difficult in this region because the 
reflections are even more subtle and the base of the region is nearly indistinguishable 
(Figure 25). 

 

 

Figure 25 – Comparison of possible subtle reflector to Sonic 13 

However, the further east, the harder an interpretation is to make.  Towards the centre 
of the grid, it is nearly impossible to discern the subtle change in reflection strength 
which was more visible on the western grid lines (Figure 26). 

 

Figure 26 – Example of processed low-frequency UltraGPR data with no interpretable subtle 
reflections 

In the limited region surveyed, a rough interpretation was made where possible on 
the low-frequency radar data of the subtle reflections which appear to correlate to clay 
shown on Sonic 13 and 14, as shown in Figure 27. 
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Figure 27 – Depth to subtle reflectors evident on low-frequency UltraGPR data 

It appears that some consistency is present between the radar profiles, suggesting 
that these subtle reflections are of geological origin.  Unfortunately, since the focus 
was intended to be on the upper 40 m, the majority of the survey work completed on 
site was with the high-frequency UltraGPR, which apparently was unable to detect 
these features. 

The inability of the high-frequency radar to detect subtle reflections, even with its 
limited range of 50 m is of note.  In general, the opposite would be expected, whereby 
the higher-frequency radar would have higher resolution.  However, in Groundradar’s 
experience, on occasion a lower resolution view of the subsurface is more desirable 
when attempting to detect diffuse targets.  Examining the reflections in question, there 
is no doubt that they do not constitute a major geological package, and if they do, 
they are very similar in sand content to the overlying sands.  That this lower package 
may be barren of iron, or that geologically it may be described as finer grained is 
irrelevant in terms of its geophysical signature, which in this case, is a function 
primarily of grain size.  That is, there appears to be a minimum variation in grain size 
between the overlying sands and this detected feature.  There can be no doubt that 
this feature cannot be described geophysically as fine-grained clay, as radar 
penetration through the unit would be impossible.   
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4. CONCLUSIONS AND RECOMMENDATIONS 

North American Iron Corp (NAIC) commissioned International Groundradar 
Consulting Inc (Groundradar) to conduct a geophysical survey on their Hoffman Block 
(Block 018325M) using Groundradar’s UltraGPR technology.  The primary objective 
of the survey was to map the base of an exposed aeolian/alluvial sand unit which 
contains economic iron concentrations.  Extensive drilling has been conducted on the 
Block, although only twelve sonic drill holes have penetrated deep enough to 
potentially reach a suspected basal marine clay unit.  In preparation for the UltraGPR 
survey, it was indicated to Groundradar that the expected depth to the marine clays, 
based on the few drill holes which had penetrated into it, was approximately 30 – 35 
m. 

Groundradar surveyed 31 km of profiles using a high-frequency UltraGPR system.  In 
addition, approximately half of the survey grid was acquired with a low-frequency 
UltraGPR in an effort to penetrate as deep as possible.  The high-frequency system 
was decided upon by Groundradar based on the expectation that an obvious radar 
reflection should be visible within its penetration range of 50 m.  Groundradar 
conducts similar mineral sand projects with UltraGPR worldwide on a monthly basis, 
and generally relies on the high-frequency instruments to map basal clays in high 
resolution. 

Upon examination of the high resolution UltraGPR data, no discernible clay horizon 
was present.  Penetration of the system reached the expected 50 m with no significant 
loss in penetration due to thick clays.  Throughout the entire 31 m grid, no significant 
clays were found.  On the contrary, complex reflection patterns, typical of what is 
generally seen in alluvial depositional settings, were recorded through the entire 50 
m depth range.   

A distinct reflector was easily mapped near surface, at depths ranging from 6 m to 30 
m.  This reflector matches well with the watertable as detected in the boreholes and 
is typical of watertable reflections in mineral sand deposits. 

In an effort to penetrate deeper, a low-frequency UltraGPR system was employed 
over half the survey grid.  Initial examinations of the data on site yielded no obvious 
clay reflectors to a depth of 100 m.  Rather, the same sand bedding is visible nearly 
continuously over the half of the grid surveyed to the full 100 m.  This strongly 
suggests that there cannot be thick clay beds present, which would have certainly 
inhibited radar penetration.  Penetration of 100 m with the instrument used is typical 
only in environments with a very low clay fraction. 

Upon return from site, the low-frequency data were re-examined in an attempt to 
extract any subtle textural changes.  A slight change in reflection amplitudes was 
found using an advanced processing method.  In places, particularly in the western 
edge of the grid, this slight change in reflections was more interpretable than 
elsewhere.  The detected feature does not appear to be continuous and, without the 
input of boreholes, would not have possibly been defined as clay, much less massive 
clay.  However, upon comparison to the near-by sonic drilling logs, there is some 
correlation to the clays detected in the logs and the subtle feature interpreted on the 
radar. 

The Hoffman Block represents perhaps the most unexpected result using radar on 
sand deposits in Groundradar’s 22 year history.  The boreholes strongly suggest a 
thick marine clay basal layer which appears to be invisible to GPR, when GPR is 
notoriously unable to penetrate any clay.  No plausible explanation can be offered 
regarding this unexpected result.   

It is recommended that should UltraGPR be employed on the South Branch Road 
grid, the Hoffman Block grid should be re-acquired at minimal cost to NAIC using an 
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even lower frequency UltraGPR system.  The rationale for using such low resolution 
instruments is that the feature of interest may be so diffuse that higher resolution 
instruments cannot detect it (i.e. a “can’t see the forest for the trees” scenario).  A 
very subtle change in the reflection character was recorded with the second system, 
suggesting that this “layer” may be more interpretable over the entire block with an 
even lower frequency system.  Such a survey can be conducted during the winter by 
snowmobile within one or two days. 

It is noted that it is strongly expected that data from the South Branch Road will be 
different to those recorded at the Hoffman Block, possibly with a more obvious clay 
layer at approximately 25 – 30 m. 
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Disclaimer 
The opinions expressed in this Report have been based on the information supplied to SRK 

Consulting (South Africa)(Pty) Ltd  (SRK) by North Atlantic Iron Corporation (“NAIC”).  The opinions 

in this Report are provided in response to a specific request from NAIC to do so.  SRK has exercised 

all due care in reviewing the supplied information.  Whilst SRK has compared key supplied data with 

expected values, the accuracy of the results and conclusions from the review are entirely reliant on 

the accuracy and completeness of the supplied data.  SRK does not accept responsibility for any 

errors or omissions in the supplied information and does not accept any consequential liability arising 

from commercial decisions or actions resulting from them.  Opinions presented in this report apply to 

the site conditions and features as they existed at the time of SRK’s investigations, and those 

reasonably foreseeable.  These opinions do not necessarily apply to conditions and features that 

may arise after the date of this Report, about which SRK had no prior knowledge nor had the 

opportunity to evaluate. 
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1 Introduction 
In 2011 SRK Consulting (SA) (Pty) Ltd (“SRK”) undertook a project to capture the drilling database 

for Petmin Limited (“Petmin”), who is a Joint Venture Partner with Grand River Iron Sands 

Incorporated (“GRIS”) in the North Atlantic Iron Corporation (“NAIC”).  This was followed by a 

preliminary mineral resource estimate on the property based on the available data in early 2012 and 

by a second mineral resource estimate in 2013 after the completion of infill drilling (SRK Consulting, 

2013).  SRK was requested by Garth DeMont of Petmin to integrate the ground geophysical data 

(EM and long range penetrating radar) and drill holes into 3D LeapfrogGeo model for the Block #5 in 

order to correlate the ground geophysical methods and drilling holes with the aim of delineating the 

basal clay layer in order to delineate the basal clay (encountered in the sonic drill holes). 

2 Scope of Work 
In order to help the comparison between different ground geophysical surveys and exploration 

drilling program, SRK were asked to: 

a) Prepare and import the LIDAR ground elevation dataset from the existing SRK database into 

3D LeapfrogGeo model. 

b) Prepare and import the drill holes database from NAIC and SRK into 3D LeapfrogGeo 

model. 

c) Prepare and import the four EM datasets produced by Alpha Geoscience into 3D 

LeapfrogGeo model. 

d) Prepare and import the 31 long range penetrating radar lines produced by GroundRadar 

International into 3D LeapfrogGeo model; 

e) Analysis of the 3D representation and delineation of the potential contact between the 

undifferentiated sands and the basal clays; 

f) Export 3D dataset into format determined by Jan Francké (Ground Radar) and 2D cross-

section for report. 

g) Generate a report compiling all data produced. 

3 Background and Brief 
GRIS is a privately owned company focused on the iron sands of Labrador first discovered in 1896.  

The Company is focused on developing a massive iron sands resource with its low cost iron ore 

concentrate, using low cost “Green” hydroelectricity to make a “Green” and low cost iron product that 

can easily be delivered to the nearby port for global export.  

4 Program Results 
The following data of the block #5 were used in the LeapfrogGeo: 

1. The topography (LIDAR) coming from SRK (SRK Consulting, 2013) was imported and 

processed into a mesh (Figure 4-1); 

2. The updated drill holes database provided by NAIC and SRK.  All boreholes were plotted 

with indication of clay content, from the interpretation made by Garth DeMont (NAIC) (Figure 

4-1); 

3. The groundwater levels extracted from the drilling database: a 3D mesh was generated from 

the 3D points datasets (Figure 4-3); 
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4. The four EM34 measured conductivity datasets produced by Alpha Geoscience (Alpha 

Geoscience, 2012) were imported as dataset points, and then extrapolated as an individual 

mesh (Figure 4-4): 

a. EM34 conductivity 20 m Coil Separation Horizontal-dipole mode; 

b. EM34 conductivity 20 m Coil Separation Vertical-dipole mode; 

c. EM34 conductivity 40 m Coil Separation Horizontal-dipole mode, and 

d. EM34 conductivity 40 m Coil Separation Vertical-dipole mode. 

5. The six 2D inversion models of EM34 datasets measured conductivity produced by Alpha 

Geoscience (Alpha Geoscience, 2012) were imported as transects (raster copy from the 

report). It has to be notes these transects are not corrected for topography:  The following 

six transects were used (Figure 4-5): 

a. Inverted EM34 line A1-A6; 

b. Inverted EM34 line A1-B1; 

c. Inverted EM34 line A4-B4; 

d. Inverted EM34 line A8-B8; 

e. Inverted EM34 line A10-B10, and 

f. Inverted EM34 line C3-D3. 

6. Alpha Geoscience in their report highlight that the 5mS/cm contours in the inverted models 

could correspond to the contact with the basal clay.  Therefore from the 6 transects of 

inversion models, the level corresponding to 5 mS/cm was extrapolated to a 3D mesh 

(Figure 4-6); and 

7. The 21 long range penetrating radar lines produced by GroundRadar (GroundRadar, 2013) 

were imported as 3D points.  The original dataset was geo-referenced in 3D.  The presence 

of a strong marker common to all 21 lines, located 7 to 9 m below ground level (Figure 4-30) 

should be noted.  All the GPR lines are shown as cross-section including the extrapolated 

groundwater table, EM34 with the four different models and finally the extrapolated 5 mS/cm 

contours from the inverted EM34 models, as follow: 

a. GPR Line 01 (Figure 4-9); 

b. GPR Line 02 (Figure 4-10); 

c. GPR Line 03 (Figure 4-11); 

d. GPR Line 04 (Figure 4-12): 

e. GPR Line 05 (Figure 4-13); 

f. GPR Line 06 (Figure 4-14); 

g. GPR Line 07 (Figure 4-15); 

h. GPR Line 08 (Figure 4-16); 

i. GPR Line 09 (Figure 4-17); 

j. GPR Line 10 (Figure 4-18); 

k. GPR Line 11 (Figure 4-19); 

l. GPR Line 12 (Figure 4-20); 
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m. GPR Line 13 (Figure 4-21); 

n. GPR Line 14 (Figure 4-22); 

o. GPR Line 15 (Figure 4-23); 

p. GPR Line 16 (Figure 4-24); 

q. GPR Line 17 (Figure 4-25); 

r. GPR Line 20 (Figure 4-26); 

s. GPR Line 21 (Figure 4-27); 

t. GPR Line 22 (Figure 4-28), and 

u. GPR Line 23 (Figure 4-29). 
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GROUND GEOPHYSICAL DATA INTEGRATION INTO 3D MODEL FOR 
THE GRAND RIVER IRON SANDS INCORPORATED 

GENERAL VIEW OF TOPOGRAPHY AND DRILL HOLES OF BLOCK #5 

Project No. 
466616 

Figure 4-1: General view of topography and drill holes of Block #5  
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THE GRAND RIVER IRON SANDS INCORPORATED 

GENERAL VIEW OF DRILL HOLES OF BLOCK #5 
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Figure 4-2: General view of drill holes of Block #5  
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GROUND GEOPHYSICAL DATA INTEGRATION INTO 3D MODEL FOR 
THE GRAND RIVER IRON SANDS INCORPORATED 

GENERAL VIEW OF DRILL HOLES OF BLOCK #5 AND THE EXTRAPOLATED 
GROUNDWATER TABLE 

Project No. 
466616 

Figure 4-3: General view of drill holes of Block #5 and the extrapolated groundwater table  
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GROUND GEOPHYSICAL DATA INTEGRATION INTO 3D MODEL FOR 
THE GRAND RIVER IRON SANDS INCORPORATED 

GENERAL VIEW OF THE EM34 CONDUCTIVITY (FROM TOP TO BOTTOM: 20M 
COIL SEPARATION HORIZONTAL-DIPOLE MODE, 20M COIL SEPARATION 
VERTICAL-DIPOLE MODE, 40M COIL SEPARATION HORIZONTAL-DIPOLE 

MODE AND 40M COIL SEPARATION VERTICAL-DIPOLE MODE) 

Project No. 
466616 

Figure 4-4: General view of the EM34 conductivity (from top to bottom: 20m coil separation horizontal-dipole mode, 20m coil separation 
vertical-dipole mode, 40m coil separation horizontal-dipole mode and 40m coil separation vertical-dipole mode)  
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THE GRAND RIVER IRON SANDS INCORPORATED 

GENERAL VIEW OF THE SIX 2D INVERSION MODELS OF EM34 DATASETS 
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Figure 4-5: General view of the six 2D inversion models of EM34 datasets  
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GROUND GEOPHYSICAL DATA INTEGRATION INTO 3D MODEL FOR 
THE GRAND RIVER IRON SANDS INCORPORATED 

GENERAL VIEW OF THE SIX 2D INVERSION MODELS OF EM34 DATASETS 
AND EXTRAPOLATED 5 mS/cm LEVEL 
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Figure 4-6: General view of the six 2D inversion models of EM34 datasets and extrapolated 5 ms/cm level  
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GROUND GEOPHYSICAL DATA INTEGRATION INTO 3D MODEL FOR 
THE GRAND RIVER IRON SANDS INCORPORATED 

MAP VIEW OF GPR LINES AND BOREHOLE COLLARS OF BLOCK #5 
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Figure 4-7: Map view of GPR lines and borehole collars of block #5  
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THE GRAND RIVER IRON SANDS INCORPORATED 

OBLIQUE VIEW OF GPR LINES AND BOREHOLE COLLARS OF BLOCK #5 
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Figure 4-8: Oblique view of GPR lines and borehole collars of block #5  
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GROUND GEOPHYSICAL DATA INTEGRATION INTO 3D MODEL FOR 
THE GRAND RIVER IRON SANDS INCORPORATED 

FRONT VIEW OF GPR LINE 01 WITH OTHER GROUND GEOPHYSICS 
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Figure 4-9: Front view of GPR Line 01 with other ground geophysics  

Vertical exaggeration 20X 

Vertical exaggeration 20X 
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FRONT VIEW OF GPR LINE 02 WITH OTHER GROUND GEOPHYSICS 
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Figure 4-10: Front view of GPR Line 02 with other ground geophysics  

Vertical exaggeration 20X 
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FRONT VIEW OF GPR LINE 03 WITH OTHER GROUND GEOPHYSICS 
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Figure 4-11: Front view of GPR Line 03 with other ground geophysics  

Vertical exaggeration 20X 

Vertical exaggeration 20X 
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THE GRAND RIVER IRON SANDS INCORPORATED 

FRONT VIEW OF GPR LINE 04 WITH OTHER GROUND GEOPHYSICS 
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Figure 4-12: Front view of GPR Line 04 with other ground geophysics  

Vertical exaggeration 20X 
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THE GRAND RIVER IRON SANDS INCORPORATED 

FRONT VIEW OF GPR LINE 05 WITH OTHER GROUND GEOPHYSICS 
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Figure 4-13: Front view of GPR Line 05 with other ground geophysics  

Vertical exaggeration 20X 

Vertical exaggeration 20X 
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FRONT VIEW OF GPR LINE 06 WITH OTHER GROUND GEOPHYSICS 
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Figure 4-14: Front view of GPR Line 06 with other ground geophysics  

Vertical exaggeration 20X 
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FRONT VIEW OF GPR LINE 07 WITH OTHER GROUND GEOPHYSICS 
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Figure 4-15: Front view of GPR Line 07 with other ground geophysics  

Vertical exaggeration 20X 

Vertical exaggeration 20X 
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FRONT VIEW OF GPR LINE 08 WITH OTHER GROUND GEOPHYSICS 
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Figure 4-16: Front view of GPR Line 08 with other ground geophysics  

Vertical exaggeration 20X 
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FRONT VIEW OF GPR LINE 09 WITH OTHER GROUND GEOPHYSICS 
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Figure 4-17: Front view of GPR Line 09 with other ground geophysics  

Vertical exaggeration 20X 

Vertical exaggeration 20X 
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FRONT VIEW OF GPR LINE 10 WITH OTHER GROUND GEOPHYSICS 
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Figure 4-18: Front view of GPR Line 10 with other ground geophysics  

Vertical exaggeration 20X 
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FRONT VIEW OF GPR LINE 11 WITH OTHER GROUND GEOPHYSICS 
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Figure 4-19: Front view of GPR Line 11 with other ground geophysics  

Vertical exaggeration 20X 

Vertical exaggeration 20X 



SRK Consulting: Ground Geophysical Data Integration into 3D Model for the Grand River Iron Sands Incorporated Page 27 

MILI/WANL 466616 GRIS 3DModel 20131111 02 MILI reviewed by WANL.docx November 2013 

 

 

GROUND GEOPHYSICAL DATA INTEGRATION INTO 3D MODEL FOR 
THE GRAND RIVER IRON SANDS INCORPORATED 

FRONT VIEW OF GPR LINE 12 WITH OTHER GROUND GEOPHYSICS 
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Figure 4-20: Front view of GPR Line 12 with other ground geophysics  

Vertical exaggeration 20X 
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FRONT VIEW OF GPR LINE 13 WITH OTHER GROUND GEOPHYSICS 
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Figure 4-21: Front view of GPR Line 13 with other ground geophysics  

Vertical exaggeration 20X 

Vertical exaggeration 20X 
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FRONT VIEW OF GPR LINE 14 WITH OTHER GROUND GEOPHYSICS 
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Figure 4-22: Front view of GPR Line 14 with other ground geophysics  

Vertical exaggeration 20X 
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FRONT VIEW OF GPR LINE 15 WITH OTHER GROUND GEOPHYSICS 
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Figure 4-23: Front view of GPR Line 15 with other ground geophysics  

Vertical exaggeration 20X 
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FRONT VIEW OF GPR LINE 16 WITH OTHER GROUND GEOPHYSICS 
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Figure 4-24: Front view of GPR Line 16 with other ground geophysics  

Vertical exaggeration 20X 
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Figure 4-25: Front view of GPR Line 17 with other ground geophysics  

Vertical exaggeration 20X 

Vertical exaggeration 20X 
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FRONT VIEW OF GPR LINE 20 WITH OTHER GROUND GEOPHYSICS 
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Figure 4-26: Front view of GPR Line 20 with other ground geophysics  

Vertical exaggeration 20X 
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FRONT VIEW OF GPR LINE 21 WITH OTHER GROUND GEOPHYSICS 
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Figure 4-27: Front view of GPR Line 21 with other ground geophysics  

Vertical exaggeration 20X 
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FRONT VIEW OF GPR LINE 22 WITH OTHER GROUND GEOPHYSICS 

Project No. 
466616 

Figure 4-28: Front view of GPR Line 22 with other ground geophysics  

Vertical exaggeration 20X 

Vertical exaggeration 20X 
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FRONT VIEW OF GPR LINE 23 WITH OTHER GROUND GEOPHYSICS 

Project No. 
466616 

Figure 4-29: Front view of GPR Line 23 with other ground geophysics  

Vertical exaggeration 20X 

Vertical exaggeration 20X 
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OBLIQUE VIEW OF THE DELINEATION OF THE ONLY GPR MARKER COMMON ON ALL 
GPR LINES 
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Figure 4-30: Oblique view of the delineation of the only GPR Marker common in all GPR lines  
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GROUND GEOPHYSICAL DATA INTEGRATION INTO 3D MODEL FOR 
THE GRAND RIVER IRON SANDS INCORPORATED 

NW-SE AND NE-SW CROSS-SECTION OF THE DRILL HOLES OF BLOCK #5, GROUND 
LEVEL (IN GREEN), GPR MARKER (IN RED) 

Project No. 
466616 

Figure 4-31: NW-SE and NE-SW Cross-section of the drill holes of block #5, ground level (in green), GPR Marker (in red)  
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GROUND GEOPHYSICAL DATA INTEGRATION INTO 3D MODEL FOR 
THE GRAND RIVER IRON SANDS INCORPORATED 

NE-SW AND NW-SE CROSS-SECTION OF BLOCK 5 INCLUDING GROUND 
LEVEL, INTERPOLATED GPR MARKER LINE AND WATER TABLE 

Project No. 
466616 

Figure 4-32: NE-SW and NW-SE cross-section of block 5 including ground level, interpolated GPR Marker line and water table 
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5 Conclusions 
The conclusions of the ground geophysical data integration into a 3D Leapfrog Model are the 

following: 

 The compilation of the GPR lines only indicates one strong clear marker common to all 21 

lines.  The marker is located 7 to 9 m below ground level in the plain; 

 Above the strong GPR marker, some less significant markers can be designated but can’t be 

correlated in 3D in between lines; 

 Below the strong GPR marker, no marker can be designated as the signal is too fuzzy to do 

so; 

 The strong GPR marker is too shallow (7 to 9 m below ground) to correspond with the top of 

the basal clay layer (approx. 40 mbgl) as indicated by the sonic drilling (Figure 4-31); 

 The strong GPR marker closely matches the water table.  It dips from NW to SE towards the 

main river (Figure 4-32); 

 The GPR method is not helping to locate the top of the basal clay.  The reason could be that 

the heterogeneity in particle size distribution of each lithology. 

 The four EM34 datasets all plot above the strong GPR marker and they are not delineating 

any special lithologies; and 

 The extrapolated 5 mS/cm level, which should normally map the top the of basal clay layer, 

has been mapped in the same direction as the groundwater table (from NW to SE) but with a 

stronger gradient with a distance from ground (from 10 to 40 m).  There is no evidence of 

correlation with GPR signal. 

6 Recommendations 
SRK recommends NAIC obtain from Alpha Geoscience the inverted EM34 data with 3D information, 

in order to finalise the integration of these data into Leapfrog and the comparison with drilling. 

7 References 
Alpha Geoscience. (2012). Draft Interim Report Resistivity and Frequency Domain Electromagnetic 

Survey Hoffman Block, Nts: 13f/07, Labrador, Canada North Atlantic Iron Corporation.  

GroundRadar. (2013). UltraGPR Survey Grand River Ironsands Block 018325M Labrador.  

SRK Consulting. (2013). NAIC Phase Two Resource Estimate Report#448337 .  
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Appendix G: List of Expenditures 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 



Appendix G : Geophysics Expenditure Summary

Supplier Service Alpha Geophysics EM/Resistivity Survey Groundradar GPR Survey

Global Echo Ltd GPS Survey/Field Support $26,072.00 $2,950.00

National Safety Equipment Field/Safety Equipment $387.70 $132.35

Budget Rental Truck Transportation $3,848.25

Inuksuk Services Field Support $13,249.79

Hotel North (One) Accommodations-J. Hill $452.85

Hotel North (Two) Accommodations-J. Hill $3,170.17

Kakatshu Construction Ltd Clearing $1,400.00

Northern Oil Ltd. Fuel/Transportation $807.12

United Rentals Equipment Rental $2,259.62

Darren Hughes Payroll/Field Crew $10,046.14

Douglas Oliver Payroll/Field Crew $7,499.03

Eugene Pilgrim Payroll/Field Crew $9,596.78

Natalie Dewhurst Payroll/Field Crew $10,367.60

Norman Mutrey Payroll/Field Crew $8,764.24

Randy Blake Payroll/Field Crew $14,535.47

Geologist - K. Pittman Payroll/Field Crew $2,391.90 $797.30

Kitura Pittman-Expenses Field Support $548.13 $302.71

Alpha Geophysics Survey $92,547.60

Meals (Alpha Geophysics - J. Hill) Survey $1,435.00

Scott Services Data Interpretation/Hydrology $750.00 $750.00

International Groundradar Consulting Inc. Survey $15,020.00

Universal Helicopters Transportation $974.24

SRK Consulting (SA) Pty. Ltd Data Interpretaion $1,300.00 $4,055.00

Alicia Webster Payroll/Field Crew $1,416.35

The West Group Data Interpretation/Hydrology $51,872.50

Subtotal $263,301.88 $26,397.95

Administration (15%) $39,495.28 $3,959.69

Grand Total $302,797.16 $30,357.64

Amount (Less HST)

Appendix G : Geophysics Expenditures

Licence Number 018325M
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Appendix H: Author’s Qualifications 



Certificate of Qualifications

I, Garth DeMont of the Mount Uniacke Nova Scoti4 do hereby certifu:

l) That I am a consulting geologist and reside at 185 East Uniacke Road, Mount
Uniacke, BON 1ZO.

2) That I graduated from Dalhousie University with a Bachelor of Science

Degree in Geology in 1980.

3) That I have been practicing my profession for 30 years, most of which was in
the position of Project Geologist forNova Scotia Depatrnent of Natural

Resources.

4) That I have no direct or indirect interest nor do I expect to receive any interest

in the property or securities of Grand River kon Sands.

hd A"naz
Garth DeMont
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