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Introduction:  

 
In  late February 2010, several VTEM surveys were flown by Geotech Ltd, Aurora for Copper Reef Mining. To the west and south of 

Alberts Lake, one survey call Big Island Alberts was flown in east ï west directions and another Alberts Lake  Block was flown at an 

azimuth of approximately 30 degrees east of north.  Geotech made a number of late time anomaly suggestions which were named "Z"  

picks.  

 
Definition: Late Time EM Anomaly 
This term applies specifically to time domain electromagnetic data where the transmitter is a source of a time varying magnetic field and the receivers sense a 
time varying magnetic signal. The data is measured on a regular cycle rate and measured at specific times within that cycle. "Late Time" means that the 
measurement is made somewhere near the middle to the end of the cycle. A "late time" anomaly means that there is an unusual measurement over some of 
the late time channels and at a group of measuring stations. Normally, these unusual measurements are due to the presence of more conductive material. 

 
In this study, we study a group of picks in  an area of about 4km x 4km to the south and west of Alberts lake. Our study includes a 

detailed analyses of several Geotech picks but also the identification of other interesting EM anomalies in the area and modifications 

to the Geotech picks. 

 

In particular, we cover the Z2, Z4, Z5 and Z6 picks. The locations of these picks are not new to this area. There are suggestions of  

the detection of mineralization near these locations going back to the 1980's. These previous detections or suggestions were due to a 

variety of methods including three geophysical techniques: airborne frequency domain surveys (AEM), ground frequency domain 

surveys (HLEM) and very low frequency surveys due to remote transmitters (VLF). Unfortunately, the older data has not been found 

and only suggestions of the surveys are present on old maps from the period.  Additionally, trenching has been found near some of the 

sites and mineralization found in those trenches. There has been drilling near these targets as well. However, logs of the core are also 

no longer available.  

 

Our studies reveal that all these targets consist of more than one zone of mineralization.  Interpretation of any EM target was difficult  

if  not impossible in the 1980's as there was not simulation software available for such data to estimate a model until the 1990's. Thus, 

even if  indications were found of  conductive mineralization, in many cases drilling missed the target in virtually any mining camp.   

 

The evolution of geophysical equipment and geophysical software and correct procedures has increased dramatically the likelihood 

of detection even in areas previously well explored.  
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Analyses of AEM Anomalies 

We show, here, the vertical VTEM component (Hz) contoured in 

units of pT/sec over the area of interest. This data is for those flights 

flown in the Big Islands survey. Other data will  be utilized when 

available for the detailed interpretation. 

 

A power line runs to the NW and the data under and near this power 

line has been removed although there still does appear some noise 

related to it.  The power line is a  60Hz and high voltage line which 

means low current. The instrument should be equipped with a 60Hz 

comb but there is still a 500m swath corrupted by the power line. 

 

A number of these anomalies, were first identified by Geotech with 

automatic picks.  

 

Z5: This conductive anomaly is confirmed 

Z6: Originally, 2 picks were made but only the northern pick is 

confirmed as a conductive anomaly. 

Z4: This area was originally identified as 4, distinct picks. Further 

work, has confirmed that this is likely one or two structures 

Z2:  This was originally identified as 3 individual picks. Although, 

the presence of 2 conductive structures was later found, the position 

of the original picks appears incorrect. 

Z3: This has been made originally as 2 automatic picks. These have, 

as yet, not been studied extensively. 

 

Two additional conductive features  (?) have also been found which 

cannot be found in the original Geotech picks.  

 

Also, the Leo Lake mine area (LL) appears as a weak conductor. 

 

 

Z3 

Z2 

Z6 

Z5 

Z4 

LL  

? 
? 

Hz dB/dt Ch17 
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Analyses of AEM Anomalies 

We show, here, the vertical VTEM component (Hz) Ch16 contoured 

in units of pT/sec over the area of interest. 

 

A power line runs to the NW and the data under and near this power 

line has been removed although there still does appear some noise 

related to it.  

 

A satellite image is underlain. White and red dots, indicate the 

locations of the original Geotech picks. The red lines are the location 

of the 2018 VLF and ground magnetics survey. 

 

power line 
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Analyses of AEM Anomalies 

Here, we contour Ch17 again but with a geological 

underlay courtesy of the Manitoba government. 

 

4 of the anomalous areas lie between the Alberts 

Lake and Pine Bay shear zones. 
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Analyses of VTEM EM Anomalies 

Z5 

Z6_N 

Z9 
Z8 

Z2_4 

Z2_5 

Z3 
LL  

Z4_picks 
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Here, we indicate the locations and names of the 

our updated EM conductive anomalies  from this 

present analysis. 
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Analyses of VTEM EM Anomalies 

This study focuses primarily on the Z2, Z4, Z5 and Z6 anomalies for detailed modeling and interpretation. However, we will 

provide a brief look at Z8, Z9 and LL. 

 

Z8 and Z9 appear to be isolated with a significant response on only one line for each. We present a contour of Ch16 on the left 

and two plots for Ch12 and Ch18 for both lines to the right. Both features do not appear in very early times, Z8 first appears at 

Ch5 and Z9 at Ch7. The satellite image does not show any obvious indication of surficial conductive material. 

Z8 to the right on L1300 and Z9 to the 

left on L1290.  Ch16 is contoured. Ch12 (top) for L1290, 1300 

Ch18 (bottom)  for L1290, 1300 
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Analyses of VTEM EM Anomalies 

Below, we show decays at a central station over each anomaly. The main figure is the log of the amplitude by time 

channel while the insets are log (ampl) vs. log (time).  The response at  early time for Z8 is much stronger than Z9 and 

this appears to account for the cleaner, strong response into late time. By Ch23, the responses are very similar although 

Z8 remains cleaner.  Both stations, show a very fast early time decay , which slows in later time..  Z8 would strongly 

indicate more conductive material at depth. This could also be true for Z9 but the data is too noisy to be confident. 

Z8 to the right on L1300 and Z9 to the 

left on L1290. Ch16 is contoured. 

Ch12 (top) L1290, 1300 

Ch18 (bottom) L1290, 1300 
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Analyses of VTEM EM Anomalies 

Leo Lake feature:  For the Leo Lake anomaly, we have two surveys in order to study the response. The EW survey lines of Big Island and 

the NNE trending lines of the Alberts Lake survey.  The feature appears on 2 lines (L1340 and L5070). The conductive feature identified 

as the Leo Lake mine is not strong and does not appear as an anomaly under late early time. The response locally is dominated by the 

response over Leo Lake. The reader will  note that the response over the lake goes negative into mid-time and indicates a strong IP 

response by the lake sediments. A factor that should be  considered when modeling anomalies over lakes in this area. 

 

The response for Ch14 is shown contoured below while the profile responses on the 2 lines is shown for Ch12 on the right. The decays do 

not indicate anything exciting so far as conductive material at depth is concerned. However, the location has been mined but we do not 

have the information as to the mining depths. 

Leo Lake anomaly at Ch14 with 

satellite image underlay. 

Ch12, L1340 (red) and  

L5070 (blue) 

Decay at peak L1340 
Decay at peak 5070 
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Analyses of VTEM Z_5 Picks 

Introduction:  

In this study, only the Big Island Alberts survey is available. Lines were flown in east ï west 

directions.  We study the area surrounding the pick named Z_5. 
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Late Mid-time VTEM anomalies to the west of Alberts Lake 

Z5 

Z4 Z6_N 

? 

? 

VTEM Ch16 

In this area just west of Alberts Lake, there are 3 anomalies identified by Geotech picks (Z4,Z5 and Z6) plus two additional anomalies  
which were not as yet named.  The anomalies are enclosed by area of about 2km x 2km. petroseikon 11 



Aeromagnetic ς Local to Z5 and Z5 
 

Z5 

Z6_N 

? 

VTEM aeromagnetics in region of Z5 and Z6 

If we examine the aeromagnetics in the area, it is 
dominated by a large response to the east of Z5 and Z6. 
However, isolating the magnetics in the Z5 and Z6 region, 
local magnetic anomalies are identified around Z5 and Z6. 
The aeromagnetic anomaly surrounding Z5 extends in an 
approximate L-shape to the south and west. 
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Aeromagnetic ς Ch17 VTEM underlain 
 

Z5 

Z4 Z6_N 

? 

? 

Z5 and Z6_N show local magnetic anomalies over a larger area contoured in black and white 
with the airborne EM at a later channel underlain. petroseikon 13 



Z6 and Z5 Picks 

Z5 was picked by Geotech on only 1 line ς L1210 
while Z6 was picked on 2 lines L1250 and L1260. 
 
However, there is little indication of an anomaly in the VTEM 
EM data on L1260. 
 
Here, we have displayed Ch12. 
 
The coordinates of the Geotech picks are given below. 
 
From here on, we name the anomaly on L1250 as Z6_N. 

Z6 

Z5 

334156.4 6076824 1210 -101.581 54.8111 5 Z5 ? 3.6802 

334079.1 6076028 1250 -101.582 54.80393 6 Z6 PLATE 4.4769 

334176.7 6075827 1260 -101.58 54.80215 6 Z6 ? 1.2031 

east north Line Longitude Latitude ID_numb ID Type tauSF 

Geotech picks 
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Z5 Picks - aeromagnetics 

The Z5 pick is on L1210 at  334156E, 6076824N near the centre of a 

small lake which is about 1.6km west of Alberts Lake. 

 

There are several small aeromagnetic anomalies in the area, one  of 

which is clearly centered on the Z5 pick. These are small anomalies 

of only about 100 nT but the Z5 magnetic anomaly is quite circular 

and only about  150m in radius.  But, there is an extension of this 

anomaly to the west and south. 

 

Preliminary modeling places the top of the magnetic structure at 

about a depth of 150m. The other anomalies to the SW and to the 

north appear separate anomalies in structure while their magnetic 

responses merge.  

334156.4 6076824 

petroseikon 15 



Aeromagnetic ς 3D inversions Depth Sections  
 
 

Z5 

Inversion results contour line at Depth = 50m.  
VTEM Ch17 response underlain 

Inversion results filled contours at Depth = 50m.   

We point to the magnetic structure about the VTEM anomaly (Z5). This magnetic anomaly first appears significantly at  

a depth of about 50m. But, we also point on the weaker anomaly to the SW as this structure appears to be part of the Z5 

magnetic anomaly.   
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Aeromagnetic ς 3D inversions Depth Sections  
 
 

Z5 

Inversion results contour line at Depth = 150m.  
 VTEM Ch17 response underlain 

Inversion results filled contours at Depth = 150m.   

At a depth of 150m, the magnetic anomaly surrounding Z5 is still stronger than the SW extension. But, at this depth, 

we begin the see a stronger connection between the two parts. 
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Aeromagnetic ς 3D inversions Depth Sections  
 
 

Z5 

Inversion results contour lines at Depth = 250m.   
VTEM Ch17 response underlain 

Inversion results filled contours at Depth = 250m.   

By 250m, the structure now appears almost elliptical ending in the NE at Z5 and in the SW and the southwest  

extension. 
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Aeromagnetic ς 3D inversions Depth Sections  
 
 

Z5 

Inversion results contoured at Depth = 350m.   
VTEM Ch17 response underlain 

Inversion results filled contours at Depth = 350m.   

By the depth of 350m, the SW anomaly is stronger.  The possibility is that the structure is extending deeper to the SW 

with the possibility that the TEM anomaly also extends SW and deeper. At these depths, if there is an extension of the  

TEM anomaly to the SW, the VTEM system with not detect it. petroseikon 19 



Z5 Picks ς VTEM early time 

Channel 3 is contoured as Ch3 appears to be out of the system response and thus due only to the ground response. The early time response 

is centered of the main bodies of the lake but appears to follow south along a feature which has less foliage . This is a topographic low 

according to Google Earth and continues southwardly about 2.4km.  Possibly this feature is covered in water after winter thaw. 
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Z5 Picks ς VTEM mid- time 

Channel  14 is contoured. By this time in the decay, the  deeper anomaly is clearly visible and  the mid-time TEM response and the 

aeromagnetic response  are coincident.  The response , however, is only seen clearly in L1210.  But, the response is strong at about 25 

pT/sec above the background response . For comparison,  the pink contours are in the noise.  
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Z5 Picks ς VTEM Late Time 

Channel  21 is contoured.  At this time , late in the response, we appear to see an extension to the north line (L1200) and possibly to the 

south onto L1220. We will return to responses on the northern and southern line and examine the responses on these lines in a different 

manner to verify the detection of conductive material deep beneath these lines. 
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Z5 Profile Response 

We plot Ch14-17 in the mid-times for L1210 on which the TEM response appears. The main target is clearly dipping westerly while 
there does appear to be a secondary, deeper target slightly to the east of the main target.  It is this deeper target which extends  
onto the line north (L1220) and possibly to the southern line (L1200).  
 
We note here that the response of the secondary  target responses about 5 pT/sec and out of the instrument noise. 

Main  

Secondary  
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Z5 Decays 

We show the responses in time domain from the center of the anomaly (red) easterly  at about 20m intervals over a width of 62m. The 
initial decay for the first 6 channels is mostly cover material which are likely the lake sediments.  This determined  by modeling which 
shows  a weak surficial anomaly.  
 
We see a clear slowdown in decay  starting  at Ch6 and continuing clearly until Ch18 and even into later time although somewhat noisy.  
The decay of the main feature is about 0.25msec which is indicative of a good conductor. The depth to the top is somewhat hard to 
determine as the response of the cover still continues into the response of the conductor.  To deal with this issue , we have included a 
model for the sediments as well as the two conductors.  
 
We note, again here, that responses in the 2 pT/sec and above the noise levels. 

Lake Sediments  
Conductor  
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Z5 Models 

We are as yet not completely satisfied with our model. However, the above illustration covers the main aspects of  the model. 
In this case, both plates are striking NS and the blue is dipping west  at 52o while the red is dipping west at 35o. It is difficult, if not 
impossible, to determine the accurate strike length as we only see the response  clearly on the one line.  
 
However, we will discuss later the possible extension to the north and south and discuss the possible strike extent at that time. 
 

Deep  

 Z5A  

Intermediate  

   Z5  

Deep Target 

Intermediate Depth Target 
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Z5 Models 

The VTEM data only perceives the top surface of the structure due to the small transmitter loop and the measurement of only the 
vertical response.  The shallow conductor has a top depth of approximately 85m as is about 30 Siemens.  Modelling the small, 
deeper conductor is difficult as we are now not too much above the noise level and the response of the small conductor is mixed 
with that of the bigger. But, at this point, our best estimate is depth to top of 165m and a  very strong conductance of 100 Siemens. 
 
Preliminary inversion of the aeromagnetic s,  places the magnetic response at similar depths as indicated earlier. 
 
The combination of a complex , multi-faced TEM target and a magnetic target would give good indication of a possible VMS target. 

Deep  

 Z5A  

Intermediate  

   Z5  

reference plane: Z=196m 
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Z5 Models - Possible Extensions North and South 

At this stage, we must move to a closer examination of the data. In particular, we will examine the data by channels in profile  
      and as decays at individual locations.  

To the left, we have shown the locations of the VTEM 
data along the 3 relevant lines. The location of the Z5 
pick is given and a satellite image underlain where 
bodies of water appear as black in the satellite images.  
 
 
The first 3 early channels of the VTEM seem to be 
highly affected by instrument noise. As well, these 
channels do not appear to indicate anything of interest 
from an exploration interest in this area of the survey. 
 
We first chose as profile plots, Ch4,5 &6. One can 
observe the correlation with the location of the lake 
but also that portion of the image displayed to the east 
of the lake as a light green which appears to be an area 
of less density of trees and possibly. This feature 
continues southwards and appears to contain 
structures related to drainage.  
 
Three important issues are identified by the plot to the 
left. First, there are 2 peaks but the response over the 
west peak drops off quickly compared to the east peak. 
The west peak is centered over the west branch of the 
lake. Second, the response of the east peak is dropping 
off quite slowly and the location of the peak is altered 
only slightly to the west. Finally, there is a long tail to 
the east of the line but this tail is also dropping off in 
amplitude quickly. 
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Z5 Models - Possible Extensions North and South 

At this stage, we must move to a closer examination of the data. In particular, we will examine the data by channels in profile  
      and as decays at individual locations.  

We next display, Chn 9 (late early time), and Chns 12 
and 15 in the mid-time. We continue to see that the 
peak about Z5 is relatively stationary but the dip to the 
west becomes more obvious with later time.  
 
We can also, see with these later channels, the 
emergence of the response of the secondary target to 
the east of Z5. 
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Z5 Models - Possible Extensions North and South 

Now, we wish to examine the rate of fall-off with time (decays). As the decays, are the clearest indication of the presence of a conductor and provide us 
information as to the amount of conductive material presence not only from the conductivity of the target but also its spatial extent. 

We display the responses at 6 locations along L1210. Beginning east of the lake and at the edge of the structure shown as light green in the 
satellite image. The most westerly is about 100m west of the lake. The most westerly station (333804E) display in pink, we believe to show only 
the  system (instrument and processing) response. A great deal of the data away from lakes and anomalies looks like this station.  On the other 
hand, all the other stations indicate a response due to some sort of cover material which is weakly conducting. We note, here, station 334403E 
(dark green) just on the eastern edge of the unknown surface structure and station 333925E  (red) at the western edge of the lake. The 2 stations 
have very similar responses indicating a response to surficial material to Ch8 or Ch9 before becoming noise at about 2.3 pT/sec.  
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Z5 Models - Possible Extensions North and South 

We continue to examine, in detail, the responses around Z5.  

We next point out the response at 334008E (orange) which is over the lake but removed from the Z5 structure. The early time response is large 
but decays quickly in about 8 channels. There is, however, what appears to be a slight flattening for a few channels. At these response levels, it is 
difficult to determine if the response of the Z5 structure or some other structure is appearing at this station.  We next point to the response at 
334171E (dark blue) at the center of the Z5 response. We see  that the early channels are the response of the surficial material under the lake but 
then a clear slowing down (higher conductivity) is observed beginning a Ch4 and this response stays clean well out to quite late time.  Station 
334085E (royal blue) takes longer before we see the conductor but the decays rate is parallel to the response of the peak but being less becomes 
noisier earlier. According to our modeling, 334085E is over a deeper part of Z5.  Finally, to station 334320E (lime green) which is over the 
secondary structure. What is noted is that firstly, the conductor is seen even deeper (later) and the decay is slower (more conductive) than over 
the peak of Z5. 
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Z5 Models - Possible Extensions North and South 

L1200 to the north, when contoured, appears to show an extension of Z5 deeper in Ch21, We plot Ch21 below and show the 
decay at the peak at 334161E below. 

Nothing in the decays to indicate a conductor at depth. 
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Z5 Models - Possible Extensions North and South 

Now, we examine L1220 to the south. Nothing appears obvious from the profile displays but there are indications in the decay of an extension southward 
of Z5 dipping south along the dip of the magnetic structure. 

Projection of Z5 and Z5_Secondary. 

We show the decays on L1220 at increments of abut 7m from 334197E 
to 334230E. There seems to be a consistent indication of a deep 
conductor beginning at Ch8 and continuing for 8 channels until the 
response falls into the noise.  This response is deeper than just north 
on L1210. 
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Z5 Models ς WARNING ! Multiple Different Model Types 

Because, we see an EM data anomaly clearly on only one line (L1210) with an indication in the decays on another line (L1220), we cannot assert a unique 
model nor, in fact, a unique model type.  As an example, given the depth a stronger, deeper conductor, if it were dipping or plunging steeply then it could 
be going anywhere and have any length. But, below we consider a different strategy. If  we consider, that the EM anomaly is associated with the magnetic 
anomaly then the EM structure(s)  would be striking NS but dipping westwards but plunging to the south..  

The model above also fits the data reasonably well on Line 1210.  The blue anomaly is dipping 50 degrees to the west but now it is 
plunging 25 degrees to the south. In this case, we have shown the model with a strike length of 280m but with this plunge, we have no 
idea from the VTEM data, how long its strike may be.  In this case, the depth to the top of the target is slightly shallower than in our 
previous model but the conductance is the same.  
 
The smaller target is now striking EW and dipping to the south. At this depth,  we can say little about the depth extent or in fact the dip 
angle to the south. 
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Z5 Models ς Model Type 2 

Here, we compare the data to our new model response.  As example, the profile response is shown on L1210 and the decays at the peak. 

In this case, we can see more definite evidence that there is more conducting material at depth. The data remains relatively clean until 
Ch23 but model response is too low (too quick ) in several late channels which appear well resolved in the data. 
 

Decays data to model, 334177E 

Shallow target: 
Conductance: 30S 

Strike length: 280m 

Dip Extent: 80m 

Strike Angle: 00 

Dip Angle: 50o W 

Plunge angle: 25o S 

Depth to Top: 65m 

Deep target: 
Conductance: 100S 

Strike length: 50m 

Dip Extent: 125m 

Strike Angle: 900 

Dip Angle: 25o S 

Plunge angle: 0o S 

Depth to Top: 165m 
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Z5 Models ς Model Type 2 ς evidence of extension at depth to the south 

Here, we compare the data to our new model response.  As example, the profile response is shown on L1210 and the decays at the peak. 

In the figure to the right, we show the decays across a 60m portion 
of the L1200 to the south of the main Z5 response. The model decay 
at a station in the  middle of this section is shown in black. 
 
The blue oval is the response of the cover or overburden and is 
clean and consistent. There follows a section of about 6 channels 
marked by the red oval. It is this section that is hard to pass off as 
just noise. The data over this section of these 6 channels is all either 
above typical noise level or near noise levels. If this is not noise but 
signal with a noise superimposed then there is indication of a 
conductive response.  For comparison, we show the modeled data 
for the above model at a station in the middle of this 60m section.  
The overburden is not part of this model. However, we see that for 
at least chns 7-11, the response should be above the noise.  
However, the data is in fact higher and slower. Thus, there is some 
evidence for more conducting material to the south but deeper. 
 
The green oval is the noise envelope. 
 

Decays data to model, L1200: [ 334090E -  334153E] 
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Comments and Recommendations 

This data about the Z5 pick is a good illustration of potential dangers of misinterpreting these VTEM anomalies.  The flight line has 
flown over a portion of two conductors.  This portion does allow us to estimate the depth to the top of the structure and the 
conductance of the target in the vicinity of the line.  But, having cut the target along a single line, we have little to guide us on its 
spatial size apart from a minimum size limitation to produce the EM signal.  
 
It is important to understand the limitation of the VTEM system to "illuminate" the ground below the survey line.  The transmitter or 
if you like our " lamp" is  approximately 30m in radius and at the same time over 60m above the ground.  This provides a limited 
volume both in depth and to the sides of the flight line that is illuminated.  The large current in the VTEM system does not enhance 
this spatial window of illumination. If the structure is dipping or plunging even moderately steeply then we will not "see" it on more 
than one flight line.  A corollary to this is that if there are multiple picks in an area, they may not be due to the same structure.   
 
The TEM illumination of a conductor is not as simple as a light source as we do have the advantage that the induced currents in the 
target will migrate outwards with time  so long as the conductor is not too strong. But, we still have limitations as to how large a 
structure we can detect from a single line. Also, there is the danger that this type of system cannot detect well a very strong 
conductor. 
 
Given these comments and a range of other technical issues, it would be dangerous to drill on this data without corroborating and 
detailing ground EM. We would also suggest that the use of a ground magnetometer equipped with GPS capabilities would enable the 
rapid collection of high resolution ground data and thus allow enhanced detailing of the magnetic structures. 
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Introduction:  

In 2010, several VTEM surveys were flown by Geotech Ltd, Aurora. To the west and south of Alberts 

Lake, one survey call Big Island was flown in east ï west directions and another Alberts Lake was 

flown at azimuth of approximately 30 degrees east of north.  Geotech made a number of late time 

anomaly picks which were named Z picks. In this study, we study the area surrounding 2 picks named 

Z_6. 
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Late Mid-time, VTEM anomalies to the west of Alberts Lake 

Z5 

Z4 Z6_N 

? 

? 

VTEM Ch16 

In this area just west of Alberts Lake, there are 3 anomalies identified by Geotech picks (Z4, Z5 and Z6) plus two additional anomalies  
which are not as yet named.  The anomalies are enclosed by area of about 2km x 2km. petroseikon 38 



Aeromagnetic ς Local to Z5 and Z5 
 

Z5 

Z6_N 

? 

VTEM aeromagnetics in region of Z5 and Z6 

If we examine the aeromagnetics in the area, it is 
dominated by a large response to the east of Z5 and Z6. 
However, isolating the magnetics in the Z5 and Z6 region, 
local magnetic anomalies are identified around Z5 and Z6. 
The aeromagnetic anomaly surrounding Z5 extends in an 
approximate L-shape to the south and west. 
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VTEM Contoured Z6 Region 

In early time, the VTEM response is dominated by a grayish structure appearing in the satellite images. This area 
appears to be an area of only low level vegetation and seems possibly to be part of the local drainage system.  
   By early mid-time, the response along the northern Z6 pick becomes evident but it is also shown to 
consist of 2 anomalies. We cannot find any significant response on L1260, being the 2nd of the Geotech Z6 picks. 

Ch4 ï Geotech Picks (red dots) 

334156.4 6076824 1210 -101.581 54.8111 5 Z5 ? 3.6802 

334079.1 6076028 1250 -101.582 54.80393 6 Z6 PLATE 4.4769 

334176.7 6075827 1260 -101.58 54.80215 6 Z6 ? 1.2031 

east north Line Longitude Latitude ID_numb ID Type tauSF 

Ch14 ï Geotech Picks (red dots) 
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Z6 Picks ς VTEM Profiles 

We show the VTEM response on all 3 lines surrounding the significant Z6 pick (L1260, L1250 and L1240) at a late 
early time (Ch10) and an early late time (Ch17). The effects of the cover decay quite quickly and we can see that 
there is obvious picks on L1250 but the anomaly consists of 2 pieces.  One piece to the west of Geotech pick and 
one to the east. 
 

334156.4 6076824 1210 -101.581 54.8111 5 Z5 ? 3.6802 

334079.1 6076028 1250 -101.582 54.80393 6 Z6 PLATE 4.4769 

334176.7 6075827 1260 -101.58 54.80215 6 Z6 ? 1.2031 

east north Line Longitude Latitude ID_numb ID Type tauSF 

Geotech picks 

Ch10 

Ch17 
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Z6 Picks ς VTEM Decays 

We show the VTEM response on L1250 at 3 times,  ch12-14. First, the 2 anomalies are evident and it appears that  by the mid-
time, the 2 anomalies are decaying similarly. Below, we show the decays at the center of the western peak and at the center 
of the eastern peak.  The response over the western peak has a clear surficial decay before slowing down at Ch8 when it 
becomes dominated by the deeper conductor.  The western peak has very little surficial response and it affected by the 
conductor early in time.  The eastern anomaly has clean data until very late in time and appears to have a deeper, less 
conductive part. The western conductor becomes noisy by Ch18. 
 

Ch12, 14 and 16 ï Line 1250) 

Decay Examples 

ï Line 1250) 
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Z6 Picks ς VTEM Decays 

While as a profile response, there is little evidence of a response from the conductors on the other lines, there does appear 
indications in the decays on L1260.  
 

Ch12, 14 and 16 ï Line 1250) 

Decay Examples 

ï Line 1250) 
Note: When response becomes negative, the 

display shows black dots. Thus the pink curve is 

falls below the noise and becomes negative which 

is not a ground response in this case. 
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Z6 Picks ς VTEM Modeling Type 1 

The most obvious direction to take for modeling is to place the conductor NS with appropriate depths, sizes and dips. It is 
difficult to find an exact model as there are too many parameters that are not constrained by having a response on only one 
line. However, the model below is a reasonable model given the limitations that we have in simulating conductive targets in 
resistive environments.  But, we utilize a cover model to represent the superficial materials in order to generate depths to the 
tops of the target which are constrained by the response of the ground cover.  
 

Model Type Plan View 

Anomaly 1 
Strike Length: 80m 
Dip Extent: 95m 
Strike Angle: NS 
Dip Angle: 20W 
Conductance: 55 S 
Depth to Top: 125m 

Anomaly 2 
Strike Length: 120m 
Dip Extent: 85m 
Strike Angle: NS 
Dip Angle: 37E 
Conductance: 53 S 
Depth to Top: 90m 
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Z6 Picks ς VTEM Modeling Type 1 

We present the limitations of our model fit to the data.  
 

Data and Model response ï Ch12 ï mid-time ï L1250 

Data and Model response ï Ch21 ï late-time ï L1250 
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Z6 Picks ς VTEM Modeling Type 1 

We present the fit of the models as decays.  
 

Data and Model response ï near peak , 334165E  Data and Model response ï near secondary peak , 

334027E  

Note that here the early time does not fit as we have not attempted to model the overburden in this 

case. The last 8-9 channels also do not fit well. There are indications that the late time decays are 

slower indicating a deeper more conducting material. But, as the data is in these channels at or below 

the noise levels, we cannot determine with any precision if there is deeper more conducting material. 
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Z6 Picks ς VTEM Modeling Type 2 

We now take another approach assuming the conductive response is related to the magnetic response around the conductive 
response. The contour of the TMI on the left shows the magnetic anomaly dipping a few degrees east of north and a strike 
approximately NS. On the right, we show the surface of the vertical derivative to emphasize the dip to the NNE. 
 

TMI contour 
TMI vertical gradient as a surface 
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Z6 Picks ς VTEM Modeling Type 2 ς Controlled by magnetic structure 
 
We take another approach assuming the conductive response is related to the magnetic response around the conductive 
response. The contour of the TMI on the left shows the magnetic anomaly dipping a few degrees east of north and a strike 
approximately NS. On the right, we show the surface of the vertical derivative to emphasize the dip to the NNE. 
 

3D Inversion grid 

     sliced at a depth of 104m 

3D inversion grid sliced and gridded at 65m 

3D inversion grid sliced and 

gridded at 144m 
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Z6 Picks ς VTEM Modeling Type 2 ς Controlled by magnetic structure 
    In modeling  in the anomalies when striking approximately EW and dipping slightly east of north, we were guided first by the width of 

the responses along L1250 to provide initial estimates as to the strike length, the response in early time after the fall-off of the cover 
response to provide depth to top and then by the rate of decay into late time to provide us initial conductance estimates.  The direction 
of the dip is provided by the magnetic response.  
   The algorithm limits us to have a strike slightly south of east in order to be able to dip the structure along the magnetic dip.  
The dip angle is controlled to some extent by the shape of the response, the dip of the magnetic structure. But, additionally, there is a 
late time response on Line 1240  immediately north. As such, the dip must be such that the response does not appear to early in time 
and is not too strong in the late time. However, what is most important is that we have used a dip extent of 120m, but the dip extent 
could be much greater at these dips and would have no effect on the response on L1240 or  any further northern lines.  

Model type 2 in plan 

Model type 2, 3D view 

Anomaly 1 
Strike Length: 75m 
Dip Extent: 120m ? 
Strike Angle: EW 
Dip Angle: 35 NNE 
Conductance: 60 S 
Depth to Top: 105m 

Anomaly 2 
Strike Length: 90m 
Dip Extent: 120m ? 
Strike Angle: EW 
Dip Angle: 30 NNE 
Conductance: 50 S 
Plunge: 14 deg East 
Depth to Top: 81m 
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Z6 Picks ς VTEM Modeling Type 2 

We present the limitations of our model fit to the data and some more details on the VTEM response over the anomalies on 
Line 1250..  
 

Data and Model response ï Ch9 ï late early time 

Decay with time at peak  

   Above, we show the VTEM response at Ch9 and the simulated response of the new 
model (brown). To the right, we give the response as a function of time at the peak of the 
VTEM response at this time (334172E). This figure to the right is interesting in 
comparison to the model as it tells us a few important aspects of the conductor. First, the 
fast decay in early times for the first 5 or 6 channels is the response of the cover. 
However, from this study , we can now see that there is a shallower, weaker conducting 
material beneath the cover and above the principle conductor.  Thus, we should not try 
to fit to exactly the VTEM data channels until about Ch12.  Also, now we can see that 
data beyond Ch22 is becoming noisy and may not be reliable. 
 
We want to point out another aspect of the model and the actual response that can be 
observed in the upper plot. To the east, we can see that the response of the model falls 
off to the east more slowly than in the data. We have tried to encompass this aspect by 
extending the easterly anomaly (blue) further east and plunging it to the east . However, 
at this time, we are of the opinion that there is an additional structure deeper just east of 
the blue structure and from the data, this deeper structure may be slightly more 

conductive than the blue structure.  
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Z6 Picks ς VTEM Modeling Type 2 

By Chn 18, we can see some limitations of the model. First, to the east, we can now see that there is more evidence that there 
is a third structure. Extending the model eastward and dipping eastward, causes the simulated response to move its peak due 
to the current migration.  Also, the response of the blue structure appears to large over the minimum between the 2 
structures.  
 

Data and Model response ï Ch18 ï late-time 

3rd Deeper Structure 
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Z6 Picks ς VTEM Modeling Type 2 ς extent to the north. 

There are clear indications that the response of the conductors seen clearly on L1250 are also observed on L1240. However, 
clearly modeling the response is very difficult.  Below, we show the data on L1240 for Ch10 and the model response (blue). 
Decays are shown to the right. 
 

Data and Model response ï Ch10 ï late-earl time 

   By plotting the decays, at the 2 locations, we can observe that probably the conductors 
are showing a weak response along the next line north beginning about Ch8 before the 
data falls into the noise a few channels later.  If we extend the models, so that the depth 
extent is much greater it will have no effect upon the response on L1240 as the structure 
is too deep to have any effect.  
 
One other factor is important. The response on L1240, appears to have some of the 
characteristics of a steeply dipping conductor. The response on this line can be very 
approximately modeled by a relatively deep conductor of about 200x200m. The 
conductance is very difficult to determine due to the  quality of the data is the important 
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Z6 Picks ς VTEM Modeling Type 2 

Finally, we show some aspects of the correspondence between the magnetic structure and our Type 2  EM model. 
Below, we contour a slice of the magnetic inversion at 145m and place a map of the projection of our latest model 
underneath.   
 
There is a strong correction between the stronger, smaller conductor and the magnetic structure but apparently no correlation 
with a larger, somewhat weaker conductor.  
 

Magnetic Inversion model at 145m depth 

 Underlay, TEM model Type 2. 
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Z6 Picks 

Conclusions: 
 
Again, the data accompanied by modeling, indicates that the conducting structure is not simple. There are again in this area, 
indications of multiple structures at different depths. Also, again, it appears evident that the conductors that are "seen"  on 
the widely spaced VTEM lines are quickly lost on neighbouring lines as they dip downwards.  There is no definitive evidence 
that the conductors are small and of limited size.  
 
What is interesting is that again, the conductors have similar conductances and depths as in the previous sites ς Z4 and Z5.  
Here at Z6, there definitely at least 2 structures but good evidence of another two structures and weaker evidence of a further 
extension to the south as well.  
 
The relationship between the EM and magnetic responses cannot be overlooked. 
 

Recommendations: 
 
It is again quite obvious that drilling on the VTEM data alone would be extremely risky and would likely not be successful. 
There are several methods to proceed: 
 
1. high resolution, rapid ground magnetics:  Given the number of EM anomalies in the vicinity is recommended that a 
comprehensive ground magnetic survey be done with the use of a GPS equipped magnetometer.  As long as the bush is not 
too dense, rapid ground coverage can be done without need to cut grids. Reasonable daily coverage would be 12km with data 
collected at 1 or 2 second sampling (a few meters) with 50m line spacings.  This means that an area of 1 sq. km can be 
covered in 2 days.   
 
2. ground TEM surveys:  A  ground  TEM survey should be taken with a 400x400m loop placed near the VTEM response on 
L1250 and 4, 800m lines collected either NS or EW at 25m intervals. Two lines would cross through the loop and two would be 
entirely outside t he loop. A 3-component Geonics coil should be utilized and a Geonics EM57 transmitter. A SmartTEM 
receiver would be recommended.  The Geonics equipment with receiver could be rented from Geonics.  Survey time for an 
experienced crew would be 2 days and for an inexperienced crew likely 4 days.  A standard modest sized gasoline generator 
would be required.  The loop wire can be purchased from the local hardware store and kept for further surveys.  This survey 
size and procedures would be the very similar to those recommended at Z4 and Z5. 
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Analyses of VTEM Z_2 Picks 
25 June 2018 

 

for Copper Reef Mining Corporation 
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R.W. Groom, PhD,BMath 

Petros Eikon Incorporated 

Introduction:  

In 2010, several VTEM surveys were flown by Geotech Ltd, Aurora. To the west and south of Alberts 

Lake, one survey call Big Island was flown in east ï west directions and another Alberts Lake was 

flown at azimuth of approximately 30 degrees east of north.  Geotech made a number of late time 

anomaly picks which were named Z picks. In this study, we study the area surrounding 3 picks named 

Z_2. 
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The Z2 Picks 
Geotech Late-Time Picks. In the immediate area Geotech made 3 picks all called Z_2 and immediately 
south 2 picks named Z_3.  

333695.7 6074221.8 5010 -101.58643 54.787582 2 Z2_1 ? 0.0875 99 1340, 5010 

333876.1 6074134.6 5020 -101.58358 54.786858 2 Z2_2 Plate 0.119 99 5020 

334057.4 6074048.6 5030 -101.58071 54.786147 2 Z2_3 ? 0.0023 99 5030 

333443.0 6073821.8 5010 -101.59013 54.783907 3 Z3 ? 0.614 99 1360, 5010 

333617.6 6073719.7 5020 -101.58736 54.783048 3 Z3 ? 0.0318 99 5020 

east north Line Longitude Latitude ID_numb ID Type tauSF pick P Lines 

Z2_2 

Z2_3 

Z2_1 
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The Z2 Picks ς L5010 

We are not in exact agreement with the Geotech picks in this area. So, we will review the responses in 
this area and indicate our picks. 

Z2_1 

Profile response along L5010 from late mid-time into late time. 

Decays in the vicinity  

of the Z2_1 pick. 

In profile mode, there appears no indication of strong anomalous response near the Z2_1 pick. In the 
decay to the left, we see a quick early time surficial response and slowing down at Ch6. However, the 
decay starting at Ch6 is not particularly slow and does not indicate a good conductor. But, we will return 
to this aspect later. 
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The Z2 Picks ς L5020 

There appears no identifiable conductive anomaly near the Z2_2 pick. However, there are 2 identifiable 
anomalies along L5020, one to the north of the Z2_2 pick which we will call Z2_4 and one to the south 
which we will name Z2_5. 

Profile response along L5020 from late mid-time into late time. Decays in the vicinity  

of the new Z2 picks. 

Z2_4 shows no surficial response and a conductive response appears early (shallow). Z2_5 shows a rapid 
early time (surficial response) followed by a deeper more conductive response. 

Z2_2 
Z2_5 

Z2_4 

Z2_5 

Z2_4 
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The Z2 Picks ς L5030 

There is also no obvious verifiable conductor on L5030,  near Z2_3 or anywhere else within this area. 
However, there is some indication of a deep conductor which possibly a deeper extension of Z2_4. 

Profile response along L5030 from late mid-time into late time. 

6074044N to 6074115N 

In the profile response above, there is little indication of any anomalies. However, when examining the 
decays, there does appear the possibility of a deeper conductor.  The surficial response is easily 
identifiable in the first 7-8 channels, but then the response appears to slow down. The response is not 
large and thus noisy but it unusual for the response to be consistent over such a distance and simply be 
the effect of the instrumentation or noise. This is another indication that a large region of this area is 
underlain at depth with conductive material but not easily resolved in the VTEM data. 

Z2_3 

Z2_5 

Z2_4 
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The Z2 Picks ς L1350 

There is an obvious verifiable conductor on L1350,  near the intersection with L5020.  This anomaly was 
not identified by Geotech but we have named it Z2_5. 

Profile response along L1350 from mid-early time to mid-time. 

333745E to 333837E 

The profile response shows an anomaly likely striking approximately perpendicular to the line. 
We have shown some decays in the vicinity of the peak. There is an obvious fast decaying surficial 
response followed by a deeper conducting structure as seen on the figures for L5020 above.  

Z2_5 
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The Z2 Picks ς L1340 

There is an obvious verifiable conductor on L1340,  near the intersection with L5020.  This anomaly was not 
identified by Geotech but we have named it Z2_4. It is north along this line from the Geotech pick Z2_2. 

Profile response along L1340 from mid-early time to early late time. 

333945E to 333986E 

The profile response shows an anomaly likely striking approximately perpendicular to the line. 
We have shown some decays in the vicinity of the peak. There is some indication of a surficial response 
and then the decay dramatically slows and there appears indication of a deeper more conducting 
structure. 

Z2_5 
Z2_4 
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The Z2 Picks 
We now examine contours of the VTEM data produced from data cut from 5 lines, L1340, L1350, L5010, 
L5020, and L5030.  Below, we contour Ch2 and Ch4 with a satellite map underlain with the location of the 
Geotech Z2 picks. 

In very early time, the response is controlled by grey feature shown on the satellite map. This feature is 
an extension of the same type of feature to the north shown in relationship to the Z5 and Z6 picks.  This 
surficial structure must be included in the modeling in order to properly interpret the data. As early as 
Ch4, the Z2_4 feature appears. 

Ch2 VTEM  
Ch4 VTEM  

Z2_4 
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