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l. INTRODUCTION

From the 11th to 20th April 1994, Geoterrex Pty Ltd conducted an airborne 
electromagnetic survey over the Nipigon Bay area, Ontario, for Falconbridge Limited. A 
separate report summarizes the logistics, survey parameters, calibration procedures and 
processing details of the survey.

In total, 1251 line kilometres of GEOTEM electromagnetic data was collected in four (4) 
flights over the survey area (Figure 1) at a base operating frequency of 90 Hz, a line 
spacing of 400 metres and an orientation of 1420.-

The base of operations and location of the magnetic and GPS monitors was Thunder 
Bay.

In addition to the direct detection of conductors which may reflect massive metallic 
sulphides, the electromagnetic and magnetic responses yield important structural, textural 
and compositional information which will be useful in most exploration applications.
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FIGURE 1 LOCATION MAP - NIPIGON BAY, ONTARIO
The survey area is located approximately 80km north-east of Thunder Bay on the Schreiber (42D) and 
Thunder Bay (52A) 1:250.000 Topographic Maps i
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II. DEUVERABLES

Interpretation map of magnetics and electromagnetics, in colour, on paper, at 1 :50,000 
scale - 2 copies.

Interpretation report - 4 copies. Each copy of the report contains the following maps at 
1:50,000 scale:

- total field magnetic intensity colour contours; 
vertical gradient magnetics colour contours; 
interpretation.

The following additional Geoterrex maps were used in the interpretation.

- Right Path with Selected GEOTEM Anomalies and Rducials at 1:50,000 
scale

- GEOTEM Channels 5, 7 and 9 Amplitude Stacked Profile Map at 1 :50,000 scale
- GEOTEM Channel 7 Amplitude Corrected for System Asymmetry Colour Contour 

Map at 1:50,000 scale
Apparent Conductivity Colour Contour Map at 1 :50,000 scale 
Decay Constant Colour Contour Map at 1 :50,000 scale

*-
*.

  III. GEOLOGICAL BACKGROUND

~ The survey area lies within the Superior province of the Canadian Shield. It covers much
  of Nipigon Bay (602* A.S.L) touching land at several places which rise to about 1 200 feet 

above sea level.

~~ The 1:253,440 scale O.D.M. geological map (#2137, Nipigon-Schreiber sheet) shows a 
Proterozoic (Helikian) covering of sediments and at least 2 generations of basic 
intrusions/volcanics. All these deposits are flat-lying and cut by a variety of dykes. The

"~ underlying Archean basement outcrops nearby as acid igneous and metamorphic rocks
  containing limited exposures of basic igneous and metavolcanic rocks.

L p/. INTERPRETATION

T The interpretation map has been made as self-explanatory as possible. This discussion 
i- will expand on those features which cannot be explained by the map alone.
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1. Magnetics

Interpretation Procedures

Magnetic features on the contour maps are studied with regard to shape, size, 
strike and density. Whenever an anomaly is adequately defined by the magnetic 
contours, the outline of the magnetic source is shown as a magnetic/lithologic contact 
(see Interpretation Legend). These contacts follow the magnetic contours and can be 
relied on to represent a definite change in basement lithology and/or structure. Any of 
these contacts, but particularly the linear ones, may represent faulted contacts; but as we 
can rarely be certain, the contact symbol is generally retained since it is an indication of 
reliability.

The fault symbol is used to join isolated points of magnetic disruption, and thus its 
location and direction is rather subjective. Faults are located by offsets, terminations and 
strike changes in linear anomalies, or level shifts, or simply changes in magnetic 
character.

Several distinct magnetic patterns are evident within this survey area. The three 
large highs which dominate the northeast half of the area probably arise from Archean 
basic igneous rocks (geological map unit 5a) or possibly basic metavolcanics (1a). Two 
of these trio are outlined as sub-basement bodies because their broad wavelengths, 
compared with warelengths of the dykes which cross them, imply that they are several 
hundred metres below the Precambrian surface; which is mapped as Proterozoic 
sediments (map unit 9). A cluster of 9/Sa bodies near the northeast sheet boundary is 
not outlined as sub-basement, despite the geological mapping of unit 9, because its 
wavelengths are almost as short as those of the outcropping diabase to the north (map 
unit 11 b). This implies that unit 5a is only covered by a thin veneer of Proterozoic 
sediments.

The 11 b (diabase) units mapped on Vert island and the mainland have a significant 
negative component, implying remanent magnetization. This remanent magnetization is 
also evident in dyke 01, striking north-south through the town of Kama. The remanence 
and strike of D1 sets it apart from the surrounding NE-SW striking dykes which lack 
remanence; thus D1 must have been emplaced during a different time and stress regime. 
Dyke D1 may be the youngest intrusion in the area because it appears to accompany a 
fault which offsets both unit 10a and the NE-SW dyke-set

The basic volcanics (map unit 10a) of St. Ignace island and Black Bay peninsula 
are almost completely reversed, magnetically, implying a different period of emplacement 
from 11 b. However, some Ifthologies retain remanent magnetism better than others.

geoterrex



Dyke 02 which winds NNW-SSE through the survey center is notable for its 
sinuous strike and unique trend; but primarily for the fault which accompanies it This 
fault must be responsible for the broad zone of brecciation and erosion which cut a swath 
through unit 10a and created Nipigon strait The NE-SW dyke-set passes straight through 
02 and thus must post-date it.

Areas of non-magnetic host rock are labelled as 9/6, meaning Proterozoic 
sediments overlying Archean acid igneous rocks. -

It would be fruitless to outline single line anomalies as magnetic bodies within the 
areas of volcanic and diabase outcrop (10a and 11 b) because the 400 metre line spacing 
inadequately samples these highly variable lithologics. AIMOa and 11b outcrops lie on 
shore (i.e. within 70 m of the magnetic sensor). In those areas lying off-shore and 
outside the volcanics, only one anomaly appears to represent an isolated source, body 
B2. Although mapped as 5a to be consistent with the neighbouring lithologies, this body 
is potentially a kimberlite pipe, despite its lack of EM response.

2. Electromagnetics

A band of very conductive surficial sediments extends north from Nipigon strait 
through Nipigon bay. tt follows a dyke (D2) and probable fault; the latter probably created 
a band of weathering products which account for the surficial conductivity.

With the above exception, the floor of Nipigon bay is relatively resistive (sand or 
coarser sediments) southwest of Vert island; this is in contrast with the lake bottom 
northeast of Vert island. The increased surficial conductivity there indicates a layer of 
day. The coincidence of the boundary between these two sedimentary environments and 
the fault at 01 suggests some recent vertical movement there.

Enhanced surficial conductivities also suggest that another band of argillaceous 
bottom-sediments can be expected just off the north shore of St. Ignace island.

Surficial conductivity in the onshore areas shows a distinct difference between the 
mainland in the northeast (Kama to Maclnnes point) plus Cutan and Vert islands and 
Black Bay peninsula, plus St. Ignace island. The former are very resistive, probably due 
to a scouring of surficial deposits by glaciation, white the latter show a more typical mix 
of conductive responses.

The surficial conductive axes on the interpretation map were located from the 
profile map, and thus represent conductors reaching at least channel 5.
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- The decay map and the automatic anomaly picking routine were both set to pick 
all conductors, right down to the noise level. Thus many anomalies appearing on the 
various EM maps are of limited interest, almost certainly being of surficial origin, i.e.

~~ weathering products, glacial deposits, lake sediments, etc. None of the conductors 
selected for follow-up are unmistakably of basement origin (Priority 1 or 2 described 
below); but they mark the zones of relatively highest potential for mineralization.

"~ Anomalies are described by their line number and letter.

3. Selected Areas for Follow-up

Priority ratings are given as 1, 2 or 3.

"~" 1 ** High priority, identifying an anomalous zone with favourable structural
control and good geophysical characteristics and reflecting a source of 

^ limited lateral extent (none of this category are noted in this survey area).

2= Medium priority, identifying a zone which is still anomalous and displays
- some structural support, but lacks one or more of the criteria associated

with mineralization (none of this category are noted in this survey area).

  3 = Low priority, identifying a zone which displays favourable geophysical
characteristics, but either lacks structural support or is potentially of cultural 
or overburden origin.

Zone 1, Priority 3, Anomalies 112B, 113E

  Comments: This conductor's profile shape is just slightiy better than surrounding surficial
'noise'. Its coincidence with part of a dyke is probably just coincidental.

Zone 2, Priority 3, Anomaly 104A

Comments: This typically surficial axis gives a better late channel response on one line. 
~~ This may be due only to day or graphite in the fault; however, faults can

also provide a channel for mineralization. This conductor coincides with a 
weak, local, magnetic high which suggests a basement source.

Zone 3, Priority 3, Anomaly 101C

T Comments: The conductor shows good shape at 101C but lacks support from an 
' adjacent line. There is no definite magnetic correlation, though the

conductor is just off the edge of the volcanics. The narrow shape of the 
!~~ conductor could be due simply to sediments in the narrow lake at 101 C.
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Zone 4, Priority 3, Anomalies 112F, 113C, 114D

Comments: This conductor is just slightly better than surrounding surficial "noise".

Zone 5, Priority 3, Anomalies 130C, 131C

Comments: This conductor, plus zones 6 and 7, are part of a broad zone of surficial 
conductivity related to fault F1. -Follow-up zones 5, 6 and 7 are 
distinguished by their enhanced profile shape and line-to-line consistency. 
Zone 5's enhanced conductivity may be related to the possible fault at that 
location.

Zone 6, Priority 3, Anomalies 128E to 13tB

Comments: See zone 5.

Zone 7, Priority 3, Anomalies 132D to 134E

Comments: See zone 5.

Zone 8, Priority 3, Anomalies 129B, 130E, 131A

Comments: Just slightly more conductive than surrounding surficial "noise".

Zone 9, Priority 3, Anomalies 169F, 170D

Comments: See zone 8.

Zone 10, Priority 3, Anomalies 150J, 151A

Comments: See zone 8.

Zone 11, Priority 3, Anomalies 174B, 175C, 175D, 177C, 178E

Comments: The potential for a basement source for these conductors is increased by 
a possible magnetic correlation: 11A with the center of magnetic body B1, 
11B with the faulted southern edge of B1.
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_________________________________________________8

We trust this interpretation will aid your exploration program. We remain available for any 
questions or comments you may have and would welcome any feedback you are able to 
provide.

Respectfully submitted,

Brian

PERMIT TO PI 
G!

Signature
. 

NUMBYR:P7i7
i of Professional Engineers. 

Geologists and Geophysicists of Alberta
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GEOTEM"1 INTERPRETATION 

L INTRODUCTION

The basis of the transient electromagnetic (EM) geophysical surveying technique refles 
on the premise that changes in the primary EM field produced in the transmitting loop wll result 
in eddy currents being generated in any conductors in the ground. The eddy currents then 
decay to produce a secondary EM field which may be sensed as a voltage in the receiver col.

GEOTEM (GEOtarrex Transient Etecttollagnettc system) is an airborne transient (or 
time-domain) towed-bbd EM system incorporating a high-speed digital receiver which records 
the secondary field response with a high degree of accuracy. Most often the total magnetic 
field is recorded concurrently.

Although the approach to GEOTEM interpretation varies from one survey to another 
dependhg on the type of data presentation, objectives and local condrtions, the following 
generafzabons may provide the reader with some hetoful background information.

The main purpose of the interpretation is to determine the probable origin of the 
conductors detected during the survey and to suggest recommendations for further exploration. 
This is possbte through an objective analysis of al characteristics of the different types of 
conductors and associated magnetic anomalies, if any. If possible the airborne results are 
compared to other available data A certitude is seldom reached, but a high probabifity is 
achieved to identifying the conductive causes in most cases. One of the most difficult problems 
is usually the differentiation between surface conductors and bedrock conductors.

II. TYPES OF CONDUCTORS 

A. Bedrock Conductors

The different types of bedrock conductors normally encountered are the following:

1. Graphites. Graphitic horizons (induing a large variety of carbonaceous 
rocks) occur in sedimentary formations of the Precambrian as well as in 
volcanic tuffs, often concentrated in shear zones. They correspond 
generaly to long, multiple conductors lying h parallel bands. They have 
no magnetic expression unless associated with pyrrhotite or magnetite. 
Their conductivity is variable but generaly high.

GEOTEM*: Registered Trade Mark of Geoterrex Limited.



2. Massive sulphides. Massive sulphide deposits usualy manifiast 
themselves as short conductors of high conductivity, often wfth a 
coincident magnetic anomaly. Some massive sulphides, however, are not 
magnetic, others are not veiy conductive (Discontinuous mineralization), 
and some may be located among fbrmatfonai conductors so that one 
must not be too rigid in applying the selection criteria.

In addition, there are syngenetic sulphides whose conductive pattern may 
be similar to that of graphitic horizons but these are generally not as 
prevalent as graphites.

3. Magnetite and some seroentinized ultrabasics. These rocks are 
conductive and very magnetic.

4. Manganese oxides. This mineralization may give rise to a weak EM 
response.

Conductors

C.

1. Beds of day and alluvium, some swamps, and brackish ground water are 
usualy poorly conductive to moderately conductive.

2. Lateritic formations, residual soils and the weathered layer of the bedrock 
may cause surface anomalous zones, the conductivity of which is 
generaly low to medium but can occasionally be high. Their presence is 
often related to the underlying bedrock.

1. Power ines. These frequently, but not always, produce a conductive type 
of response on the GEOTEM record. In the case of direct radiation of its 
field, a power line is easly recognized by a GEOTEM anomaly which 
exhfcits phase changes between different channels. In the case of a 
grounded wire, or steel pylon, the anomaly may look very much fee a 
bedrock o

Grounded fences or pipelines. These wfll invariably produce responses 
much Oke a bedrock conductor. Whenever they cannot be identified 
positively, a ground check is recommended.

General culture. Other localized sources such as certain buildings, 
bridges, irrigation systems. taOngs ponds etc., may produce GEOTEM 
anomalies. Their instances, however, are rare and often they can be 
identified on the visual path recovery system.



ANALYSIS OF THE

The apparent conductivity atone is not generally a decisive criterion in the analysis of a 
conductor. In particular, one should note:

- As shape and size,
- al local variations off characteristics within a conductive zone,
- any associated geophysical parameter (e.g. magnetics),
- the geological environment,
- the structural context, and
- the pattern of sunourefng conductors.

The first objective of the interpretation is to classify each conductive zone according to 
one off the three categories which best defines its probable origin. The categories are cultural, 
surficial and bedrock. A second objective is to assign to each zone a priority rating as to its 
potential as an economic prospect

A. Cultural Conductors

The majority of cultural anomalies occur along roads and are accompanied by a 
response on the power One monitor. (This monitor is set to 50 or 60 Hz, depending on 
the local power grid.) Power Eras are the most common source off the anomalies and 
many are recognized immediately by virtue of phase reversals or an abnormal rate of 
decay. A certain number yield normal GEOTEM anomalies which could be mistaken for 
bedrock responses. There are also some power ines which have no GEOTEM 
response whatsoever.

The power fine monitor, of course, is of great assistance in identifying cultural 
anomalies of this type. It is important to note, however, that geological conductors in 
the vicinity of power Dries may exhibit a weak response on the monitor because of 
current induction via the earth.

Fences, pipelines, communication lines, railways and other man-made conductors 
can give rise to GEOTEM responses, the strength of which will depend on the 
grounding of these objects.

Another facet of this analysis is the line-to-fine comparison of anomaly character 
along suspected man-made conductors. In general, the amplitude, the rate of decay, 
and the anomaly width should not vary a great deal along any one conductor, except for 
the change in amplitude related to terrain clearance variation. A marked departure from 
the average response character along any given feature gives rise to the possibility of a



In most cases a visual examination of the site win suffice to verify the presence
  of a man-made conductor, rf a second conductor is suspected the ground check is 

more difficult to accompBsh. The object would be to determine if there is (O a change in 
the man-made construction, (H) a dffierence in the grounding conditions, (B) a second

  cultural source, or (rv) if there is, indeed, a geological conductor in addition to the known 
man-made source.

B. Surficial Conductors

  This term is used for geological conductors in the overburden, either glacial or 
residual in origin, and in the weathered layer of the bedrock. Most surficial conductors 
are probably caused by day minerals. In some environments the presence of salts wil

L. contribute to the conductivity. Other possible electrolytic conductors are residual soils, 
swamps, brackish ground water and aluvium such as lake or river-bottom deposits, flood 
plains and estuaries.

u
Normaiy. most surficial materials have low to intermeolate conductivity so they 

are not easiy mistaken for highly conductive bedrock features. Also, many of them are 
u wide and their anomaly shapes are typical of broad horizontal sheets.

When surficial conductivity is high it is usually still possible to dstinguish
u between a horizontal plate (more Beefy to be surficial material) and a vertical body (more

Ifcery to be a bedrock source) thanks to the asymmetry of the GEOTEM responses
observed at the edges of a broad conductor when flying adjacent lines in opposite

L- dtoctions. The configuration of the system is such that the response recorded at the
leadtag edge is more pronounced than that registered at the (raffing edge. Rgure 1
 ustrates the "edge effect" and the resulting conductive pattern in plan view. In practice

u there are many variations on this very Diagnostic phenomenon.

One of the more ambiguous situations as to the true source of the response is 
when surface conductivity is related to bedrock lithology as for example, surface 
alteration of an underlying bedrock unit At times, it is also difficult to dstinguish 
between a weak conductor within the bedrock (04. near-massive subhides) and a 
surficial source.

In the search for massive subhides or other bedrock targets, surficial conductivity 
is generally considered as interference but there are situations where the interpretation 
of surfitiaMype conductors is the primary goal When soils, weathered or altered 
products are conductive, and in-situ, the GEOTEM responses are a very useful aid to 
geologic mapping. Shears and faults are often identified by weak, usually narrow, 

p anomalies.
i

Analysis of surficial conductivity can be used in the exploration for such features
 - as lignite deposits, kimberfites. paleocharmels and ground water. In coastal or arid 
i areas, surficial responses may serve to define the imits of fresh, brackish and salty

water. 
l-
i
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C. Bedrock Conductors

This category comprises those anomalies which cannot be classified according to 
the criteria estaMshed for cultural and surficial responses. It is difficult to assign a 
universal set of values which typify bedrock conductivity because any individual zone or 
anomaly might exhbft some, but not al. of these values and still be a bedrock 
conductor. The fbflowing criteria are considered indicative of a bedrock conductor

1. An intermediate to high conductivity identified by a response with stow 
decay, with deflections most often present in the later channels.

2. The anomaly should be narrow, relatively symmetrical, wfth a welhjeflned 
peak.

3. There should be no serious Displacement of anomaly position or change 
in anomaly shape (other than mirror image) with respect to flight direction, 
except in the case of non-vertical capping bodies. The alternating 
character of the response as a result of line drecdon can be diagnostic 
of conductor geometry. Figures 2 to 6 illustrate anomalies associated 
with different target models.

4. A small to intermedfete ampftude. Large amplitudes are normally 
associated with surficial conductors. The ampftude varies according to 
the depth of the source.

5. A degree of continuity of the EM characteristics across several Hnes.

6. An associated magnetic response of similar dimensions. One should 
note, however, that those rocks which weather to produce a conductive 
upper layer wil possess this magnetic association. In the absence of 
one or more of the characteristics defined in 1. 2, 3 and 4. the related 
magnetic response cannot be considered significant

Most obvious bedrock conductors occur in long, relatively monotonous, 
sometimes multiple zones following formational strike. Graphitic material is usually the 
most probable source. Massive syngenetic sulphides extending for many kaometres are 
known in nature but in general, they are not common. Long ftxmationaf structures 
associated with a strong magnetic expression may be indicative of banded ion 
formations.

A bedrock conductor reflecting the presence of a massive sulphide would 
normally exhbit the (blowing characteristics:

- a high conductivity,
- a good anomaly shape (narrow and weH-defined peak),
- a small to intermediate amplitude,
- an isolated setting,
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- a short strike length (in general, not exceedhig one kilometre), and
- preferably, with a localized magnetic anomaly of matching dimensions.

The selection of targets from within extensive (formational) belts is much more 
dfflfcutt than in the case of isolated conductors. Local variations in the EM 
characteristics, such as in the amplitude, decay, shape etcx, can be used as evidence 
for a relatively tocafced occurrence. Changes in the character of the EM responses, 
however, may be simply reflecting dfflerences in the conductive formations themselves 
rather than indicating the presence of massive sulphides and, for this reason, the degree 
of confidence is reduced.

Another useful guide for identifying localized variations within formational 
conductors is to examine the magnetic data compied as isomagnetic contours. Further 
study of the magnetic data can reveal the presence of faults, contacts and other 
features which, in turn, help define areas of potential economic interest

Finally, once ground investigations begin, it must be remembered that the 
continual comparison of ground knowledge to the airborne information is an essential 
step in maximizing the usefulness of the GEOTEM data.

890717
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INTRODUCTION

SECTION 1 - GEOTEM LOGISTICS REPORT 

INTRODUCTION

From the 11 th to 20th April 1994. Geoterrex Pty Ltd conducted an airborne electromagnetic survey over the Nipigon 
Bay area, Ontario, Canada for Falconbridge Limited. This report summarises the logistics, survey parameters, 
calibration procedures and processing details of the survey.

In total, 1251 line kilometres of GEOTEM electromagnetic data was collected in four (4) flights over the survey area 
(Figure 1) at a base operating frequency of 90 Hz, a line spacing of 400 metres and an orientation of 14207322".

The base of operations was Thunder Bay.

In addition to the direct detection of conductors which may reflect massive metallic sulphides, the electromagnetic 
and magnetic responses mapped can yield important structural, textural and compositional information which will 
be useful in most exploration applications.

A suite of preliminary products, comprising GEOTEM, magnetic and positioning data were delivered to Falconbridge 
Limited from the field. Final products were delivered to Falconbridge in July 1994.
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INTRODUCTION

HGURE 1-1 LOCATION MAP - NIPIGON BAY, ONTARIO
The survey area is located approximately 80km north-east of Thunder Bay on the Schreiber (42D) and 
Thunder Bay (52A) 1250,000 Topographic Maps t
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SURVEY OPERATIONS SUMMARY

1. SURVEY OPERATIONS SUMMARY 

TABLE 1-1: SURVEY OPERATION SPECIHCATIONS

Area

Aircraft

Type of survey

Base of Operations

Survey Size (km)

Line Direction

Line Spacing (m)

Tie Line Direction

Tie Line Spacing (km)

Nominal Aircraft Terrain Clearance (m)

Nominal Aircraft Speed (m/sec)

Navigation

Field Personnel Project Manager 
Geophysicist/Data Processor 

Pilots 
Aircraft Engineers 

Electronics Technicians

Nipigon Bay

CASA C212-200 Turbo Prop, VH-TEM

Electromagnetic

Thunder Bay

1251

1420/3220

400

Orthogonal to traverses

6.5

120

60

GPS 7 Doppler

C Pulford 
S Jaggar 

T HakJane, P Mosman 
N Edwards, C Ivimey 
T Green, P McGrath
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SURVEY OPERATIONS SUMMARY

TABLE 1-2: SURVEY PROGRESS

Date

6/4/94

7/4/94

8/4/94

9/4/94

11/4/94

15/4/94

16/4/94

17/4/94

18/4/94

19/4/94

20/4/94

Right

Test!

1

2

3

4

Progress

Aircraft maintenance completed, Instrument check test flight

Calibration, navigation and lag tests.

Mobilisation to Thunder Bay.

Install Mag/GPS base stations in hanger, set-up office. 
No flying due extreme fog and low cloud most of day.

Nipigon Bay: Tie Lines ft L19O-L167

Standby day due to poor weather, rain and low cloud all day.

Standby day due to low cloud in morning 4 high winds in afternoon.

Standby day due to high winds :*30 knots.

Nipigon Bay: L166-L157

Nipigon Bay: L1 56-125 
Weather fine in morning but high winds in afternoon.

Nipigon Bay: L124-L101, Reflight 147/2 
Completed area, de-mobilised.
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FLIGHT PATH RECOVERY

2. FLIGHT PATH RECOVERY

2.1 THE METHOD

GPS

NAVIGATION SYSTEM 

PROCEDURES

Receiver
obtains 
signal
from 

Satellites

Computes
Lat/Long using 

triangulation
of satellite 
signal

Convert

Lat 1 Long 

toAMG

Field Plot

of 

Right Path

Speed Check 

Corrections 

4 Final Plot

The GPS receiver mounted in the aircraft determined which satellites were in operation and used 3D triangulation 
of the satellite response to calculate Hs position in real time as well as providing the pilots with steering information. 
The GPS data is read into the field computer and plotted on a daily basis to ensure data quality control and to 

determine any necessary reflights.

The Doppler system is a radar velocity sensor that determines the three components of aircraft velocity from 
measurements of the Doppler frequency shift in radar energy transmitted toward, and received back from the 
ground. This velocity data considered with the heading data from the aircrafts compass was used to determine the 
aircraft position.

To maintain the necessary high level of accuracy. Doppler data was used in conjunction with GPS navigation and 
positioning. The Doppler data was corrected for drift by adjusting the Doppler flight path to intersect the recovered 
points from the GPS navigation system.
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FLIGHT PATH RECOVERY

- 2J2 ELECTRONIC NAVIGATION EQUIPMENT

GPS Equipment:

Sample Rate: 

Base Station:

Sercel NR103 GPS receiver and antennae mounted in aircraft and equipped with 
pilot steering indicators.

1.0 seconds

Sercel NR103 base station receiver with PICODAS laptop data logger.

Doppler Equipment:

Sample Rate:

Singer Kearfott AN/ASN 128, Sperry VG-14 Vertical Gyroscope, Sperry C-12 
Compass.

1.0 seconds

2.3 WGS84 - UTM TRANSFORMATION

The GPS information was stored digitally as Latitudes and Longitudes (Lat l Longs) and later converted to Universal 
Transverse Mercartors (UTM). The following parameters were used in the transformation of positioning data:

TABLE 1-3: WGS84-UTM TRANSFORM VALUES

Spheroid

Zone

Inverse Flattening (1/f)

Semi Major Axis (a)

DX

DY

DZ

Nipigon Bay

Clarke 1866

16

294.978698214

6.3782064 x 106

8.0

163.0

180.0
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FLIGHT PATH RECOVERY

2.4 NAVIGATION TESTS AND SPECIFICATIONS

Prior to the commencement of the survey a flight test was conducted to prove that the conversion from WGS84 
lat/long position to the local spheroid was accurate. The test following test was carried out on the 7th April, and 
consisted of selecting an identifiable target on the 1:50,000 topographic map, determining its location in WGS84 
lat/long and local UTM, flying four lines, one pass in each direction along two perpendicular lines which intersect 
at the selected point. The flight path is then recovered and plotted, and the coordinates at the point of intersection 
of the four lines is measured off in local UTM and this is then converted to WGS84 lat/long. The difference in 
position is then computed.

Identifiable target Crossroads at Bourget

Lines flown: 
300/1 
301/1

45" 26.13717N, 75" 9.41849W to 
45" 27.88467N, 75" 8.35231W to

45" 27.10372N, 75 5.82949W 
450 25.36514N, 75 6.91856W

TABLE 1-4: NAVIGATION TEST RESULTS

Measured

Calculated

Difference

WGS84 
Latitude

75" 7.632W

75" 7.648W

O0 0.016

WGS84 
Longitude

450 26.61 8N

450 26.606N

O0 0.012

UTM 
Easting

490050

490000

50

UTM 
Northing

5032010

5032000

10

During survey flying the flight line spacing was not to exceed the specified line spacing by 50/96, over a distance 
of 3.0 kilometres or more.

The flight path was plotted at a scale of 1:50,000
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GEOTEM ELECTROMAGNETIC SYSTEM

3. GEOTEM ELECTROMAGNETIC SYSTEM 

3.1 EQUIPMENT AND SPECIFICATIONS

TABLE 1-5: SURVEY SPECIFICATIONS

Area

Model

Geometry

Transmitter

Receiver

Transmitter Height (m) 
(above ground level (agl))

Receiver Bird Height (agl, m)

Tx-Rx horizontal separation (m)

Coil Axis

Signal

Base frequency (Hz)

Repetition rate (pulses per second)

Pulse width (microseconds)

Loop area (square metres)

Number of turns

Peak Current (amps)

Tx loop dipole moment (Am2)

Coil Axis

Digitising Rate

Pulses per reading

Stored readings 1 second

Gate distribution

Gate times

Nipigon Bay

GEOTEM II

120

54

123

Vertical

Half sine wave current pulse

90

180

1030

231

3

650

4.5 x 10s

Horizontal, parallel to flight 
direction

23,040

30

6

Linear

Shown in Table 4 and Figure 2
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GEOTEM ELECTROMAGNETIC SYSTEM

TABLE 1-6: GEOTEM GATE DESCRIPTIONS

Channel No.

1
2
3
4
5
6
7
8
9
10
11
12

Gate Centre 
lisec after Tx turn-off

456
760
1107
1455
1802
2149
2496
2843
3191
3538
3885
4232

Gate Width 
fisec
347
347
347
347
347
347
347
347
347
347
347
347
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GEOTEM ELECTROMAGNETIC SYSTEM

3J2 SYSTEM DESCRIPTION

GEOTEM is a time domain towed bird electromagnetic system incorporating a high speed EM receiver. The 
primary electromagnetic pulses are created by a series of discontinuous half-sine current pulses fed into a three 
turn shielded transmitting loop surrounding the aircraft and fixed to the nose, tail and wing tips. The pulse repetition 
rate is typically 90 Hz (180 bipolar pulses per second).

The EM sensor is a wire coil wound around a ferrite core mounted in a 'bird', towed by the aircraft on a 135 metre 
long cable. The cable is demagnetised to reduce noise levels. Mean terrain clearance for the aircraft is about 120 
metres with the bird being situated 66 m below and 123 metres behind the aircraft. The geometry of the system 
is displayed in Figure 2A.

For each primary pulse a secondary magnetic field is produced by decaying eddy currents in the ground (The 
transmitted and received waveforms are depicted in Figure 2B). These in turn induce a voltage in the receiver coil 
which is in proportion to the electromagnetic field. This voltage is sampled over 20 time gates whose centres and 
widths are software selectable and which may be placed anywhere within or outside the transmitter pulse. (See 
Table 4 for the selected positions for this survey).

The time varying EM signals received at the sensor pass through anti-aliasing filters and are then digitised with an 
A/D converter. The digital data stream from the A/D converter passes into an array processor where all the 
numerically intensive processing tasks are carried out The array processor is under control of a multi-tasking 
minicomputer. The on-board processing sequence is as follows:

Transient Analysis: Transient analysis enables the separation of noise from signal in real time;

Digital Stacking: The stacking of transients to produce 1 recorded reading, of which 6 are recorded every
second;

Windowing of Data: The transient is initially sampled over 128 time windows which are then amalgamated to
form 12 final GEOTEM channels.

3.3 SYSTEM CALIBRATION REFLJGHT SPECIFICATIONS

All checks and adjustments are performed at high altitude at the start of each flight to allow for automatic 
compensation and calibration at survey altitude. The calibrations and compensations are as follows:

Compensation: During the flight, the transmitter creates eddy currents within the structure of the aircraft that have 
measurable effects at the receiver coil. Compensation for this signal is effected numerically within 
the receiver by a statistical analysis of the signal at the bird in the absence of ground response 
(by flying at an altitude in excess of 600 m above ground level). The observed signal is used to 
define a compensation signal that is subtracted from the observed signal to produce a null and 
thus effectively buck out any response due to changing geometry between receiver and transmitter 
fie between the bird and the aircraft);

Normalisation: All EM response channels are automatically calibrated and reduced to parts per million of the 
primary field in the receiver. This is achieved by dividing the measured voltage by the voltage 
induced by the primary field at the bird.
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GEOTEM ELECTROMAGNETIC SYSTEM

  Lag Test:

Prior to survey flying a test to determine the lag of the GEOTEM system was conducted. The lag test was flown 
on 7th April by flying in opposite directions over the Fitzroy Harbour Bridge (at an altitude of 160 metres), which 
produced a sharp 60 Hz monitor response. The test was then repeated for corroboration.

The UTM coordinates of the peak of the 60 Hz response were noted and the displacement computed. As a 
secondary check the flight path 4 60 Hz monitor trace were then plotted as Stacked Profiles for the four lines and 
the displacement measured.

The line flown was:
L 200 450 27.72494N. 760 18.63939W to 45" 28.24449N 760 15.65741 W

TABLE 1-7: EM LAG TEST RESULTS

Measured from averages

Measured from Stacked 
Profiles

As a result of the above test the lag applied was 21 samples. This aligns GEOTEM anomaly peaks caused by 
typical' near-vertical, narrow to moderate-width conductive horizons.

The GEOTEM data was subject to minimal base level drift. Any slight drift that occurs is identified and corrected 
by reviewing the channel base levels as recorded during the pre and post-flight compensation tests.

EM Noise Level

The noise envelope of the GEOTEM system was not to exceed W- 20 ppm as monitored on the late time channels 
of the analogue, with a 1.5 sec time constant, over a distance of 3 km or more. Long wavelength compensation 
noise generated by bird swing or aircraft manoeuvre was not to exceed 40 ppm over a 4 second period. 
Atmospheric disturbances were not to become so frequent that their distortion of the signal could not be accurately 
removed.
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GEOTEM ELECTROMAGNETIC SYSTEM

3.4 DATA PROCESSING

Levelling
The GEOTEM receiver constantly normalises and calibrates during data acquisition, reducing the need for levelling 
of data at the post-survey processing stage. Any required flight-to-flight levelling is computed from the pre and post 
flight calibration tests.

Synchronisation Lag
All GEOTEM and auxiliary geophysical data has been synchronised with the navigation data so that there is no 
"peak position" offset between the responses obtained from lines flown in opposite directions over a narrow vertical 
conductor.

Noise Reduction
Noise reduction in the digital data is accomplished by identification of the noise type (atmospheric, system or 
cultural), analysis of the spectral content of the entire signal (geological -i- noise) and selective filtering.

Atmospheric Noise

Cultural noise

System noise

The first stage of processing is atmospheric (sferic) noise removal which is achieved by 
using a method based loosely on cross correlation and non linear filtering, since most 
sferic events are single reading (impulse response) features which cannot be property 
removed by linear filtering.

Cultural noise (which includes sources such as 60 Hz poweriines, electric fences, cathodic 
protected metal structures) is measured by the 60 Hz monitor. Normally cultural noise is 
not removed during processing

System noise is removed by filtering in the frequency domain using strict amplitude and 
frequency thresholds to correctly isolate noise from geological signal. The filter shape and 
amplitude thresholds are determined on a flight by flight basis from raw data plots of at 
least 2 flight fines flown in opposite directions at the beginning and end of the flight. This 
allows customisation of filtering for directional, diurnal and flight noise, ensuring that the 
minimal amount of filtering is performed so that real signal is not degraded by using a 
"lowest common denominator" philosophy of applying one filter (usually the maximum) for 
all noise conditions.
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GEOTEM ELECTROMAGNETIC SYSTEM

HGURE 1-2 GEOTEM SYSTEM GEOMETRY AND WAVEFORM

TRANSMITTER
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MAGNETOMETER SYSTEM

4. MAGNETOMETER SYSTEM 

4.1 SPECIFICATIONS

Model: Scintrex cesium vapour optical absorption magnetometer 

Mounting: Towed Bird 

Sample interval: 0.1 second 

Sensitivity: 0.01 nanoteslas (nT) 

Terrain Clearance: 75 metres

Base Station 

Model:

Sample interval: 

Sensitivity:

Scintrex Cesium Vapour 

1.0 second 

0.1 nT

4.2 CALIBRATION TESTS A REFUGHT SPECIFICATIONS

Lag Test

Prior to survey flying a test to determine the lag of the magnetometer (towed bird) was conducted. The lag test was 
flown on 7th April by flying in opposite directions over the Fitzroy Harbour Bridge (at an altitude of 160 metres), 
which produced a magnetic anomaly. The test was then repeated for corroboration.

The UTM coordinates of the peak of the magnetic response were noted and the displacement computed. As a 
secondary check the flight path ft magnetic trace were then plotted as Stacked Profiles for the four lines and the 
displacement measured.

The Line flown was:

L 200 45" 27.72494N. 76" 18.63939W to 45" 2824449N 76" 15.65741 W 

As a result of the above test the lag applied was 24 samples.
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MAGNETOMETER SYSTEM

TABLE 1-8: MAGNETOMETER LAG TEST RESULTS

Difference calculated 
from Averages

Difference Measured from 
Stacked Profiles

Heading Test

To determine variations in magnetic signal due to the heading of the plane a heading test (otherwise known as a 
cloverleaf test) was undertaken. This test was flown on 7th April by flying in four directions (orthogonal) across the 
cross roads at Bourget (490050E, 503201 ON), with the magnetic, GPS and video systems operating. The difference 
in signal is computed in the following table

The Lines flown were:
L300 450 26.13717N, 750 9.41849 to 450 27.10372. 75" 5.82949 
L301 450 27.88467N, 750 8.35231 to 450 25.36514. 750 6.91856

The Intersection was at 450 26.61850N, 750 7.63177W

TABLE 1-9: HEADING TEST RESULTS

Fiducial Total Magnetic 
Reading (nT)

Diurnal 
Correction (nT)

Altitude 
Correction (nT)

Computed Magnetic 
Value (nT)

North 759390 296.55 -1.77 294.78

South 761650 299.88 -3.52 -.32 296.04

East 760580 300.39 -1.74 -.17 298.48
West 758030 299.23 -1.80 -.49 296.94

Difference N-S (nT) 1.26

Difference E-W (nT) 1.54

Total Difference (nT)
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MAGNETOMETER SYSTEM

Noise Levels

Magnetic noise level was not to exceed +A 0.5 nT during straight and level flying. This was monitored on the 
analogue fourth difference trace where 0.5 nT noise will be expanded to 5.0 nT. The diurnal departures were not 
to exceed deviations of 10 nT over a chord of 2 minutes in length.

4 .3 DATA PROCESSING

Corrections

Diurnal Levelling The base station was checked after each flight to determine if the diurnal variation
exceeded specifications at any stage during the flight Any lines flown during periods when 
the diurnal exceeded specifications were reflown.

The base station data is edited and checked for level shifts prior to synchronisation to the 
airborne data for subtraction.

Lag The airborne data was corrected for lag, using the value computed in Section 4.2

IGRF Correction The International Geomagnetic Reference Reid (IGRF) was calculated from the 1990
Coefficients (updated to the date of flying) and removed from the total intensity data. A 
base level of 2000 nT was then added.

GEOTEM LOGISTICS REPORT Jun 1994 1.16



AUXILIARY EQUIPMENT

5. AUXILIARY EQUIPMENT 

5.1 DATA ACQUISITION SYSTEM

Model: Geoterrex Pty Ltd GEODAS

Description

The new GEODAS is a state of the art acquisition system which is based on modem, off the shelf, easy to upgrade, 
industry standard PC technology, rt is the product of several years of research and development by experienced 
Geoterrex personnel to produce an airborne acquisition system that will meet the geophysical industry requirements 
into the next century.

The GEODAS has been installed in a ruggedized chassis built to military specifications. The CPU is a 25 MHz Intel 
486 on a plug-in card. The operating system is MSDOS 5.0 with Desqview 386 as an overshell. The actual 
acquisition software was designed to be totally modular and is written in Microsoft "C".

Software Features

The key and most important feature of the GEODAS software is its modular design. As job specifications change 
the software can be easily changed or upgraded to meet the new requirements. Complete new modules can be 
added to record new or different types of data without affecting any of the existing software.

An integral part of the acquisition software is Quarterdeck's Desqview 386 which provides the multi-tasking 
environment necessary for multiple DOS windows. There can be as many DOS modules running as the survey 
requires. Desqview also insures overall system integrity by managing system resources allocated to each program. 
The GEODAS system is founded on individual programs or modules running independently in their own DOS 
windows.

The individual tasks record their data to a hard disk. The data are also 'mailed* to the merger task which records 
the data on a separate hard disk providing an on-fine backup. If either hard disk fails during survey operation the 
remaining disk provides security backup. At the end of the flight the data are copied onto a high capacity data 
cartridge ready to be recovered by our processing group.

It consists of the following seven modules:

1. Operator Interface module. This module responds to all operator input from the keyboard. The "operator 
interface' will perform the requested procedure which could be anything from resetting the chart recorder 
to starting digital acquisition. The commands issued by the operator are 'mailed' by the operator interface 
program to the task for which the command is intended. Desqview provides 'mailboxes' which simplify 
sending commands or transferring data between different tasks. The operator interface provides many 
other enhancements. One of these is the logging of survey line parameters. Line parameters such as line 
number, direction, part, and the start and end fiducials concurrently with any operator comments pertinent 
to the line are now digitally recorded and simultaneously printed on the chart recorder.

2. Merger module. All survey data being acquired are 'mailed' to the merger task. The merger task 
combines or 'merges' this data into a buffer which is recorded to the output file on hard disk. The merger
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performs other functions such as system co-ordination and it also sends a block of data to the 'RMS task" 
every second for plotting.

3. GPS module. This module acquires data from a GPS receiver such as a Sercel NR103 on a standard 
RS232 serial line. The data are then 'mailed' to the video and merger tasks and are also recorded to the 
output file on the second hard disk. The GPS task can also keep the GEODAS system time synchronized 
to GPS time.

4. Video module. This module overlays the system time and the GPS latitude and longitude to the video 
signal which are recorded to a video tape and also displayed on the video monitor.

5. RMS module. This module plots data on the RMS chart recorder. Profile scales and positions are set in 
a user definable configuration file. This gives Geoterrex the flexibility to plot any data which are being 
recorded by editing the RMS configuration file.

6. Analogue module. This module acquires and records radar and barometric pressure altimeter, magnetic 
heading, and Doppler along- and across-heading velocity. The analogue module also contains the system 
clock routines and a routine to read ten magnetic samples per second.

7. AADC (EM) module which controls and records the high volume of data from the GEOTEM* system, 
which are received on a standard RS232C serial line.

Hardware Features

The GEODAS system has been installed in a KMS CP-1933/UYK computer which was designed to meet U.S. 
Department of Defense Military specifications for both rugged and MIL-STD-461C for RFI/EMI operation.

The KMS computer was chosen because its enclosures uses continuous electromagnetic (EMiymoisture sealing 
gaskets on all mating surfaces. Electromagnetic noise and moisture can cause severe problems with airborne 
operations. tt includes a 28 VDC12 amp power supply. The KMS chassis contains an isolation platform assembly 
which is attached to the shell by four shock and vibration isolators. All shock and vibration sensitive components 
including the passive backplane are mounted on the isolation platform. The passive backplane provides ten full- 
length slots, eight of which are used in the GEOTEM system.

The CPU is an Intel 25 MHz 486 with 4 Mb of fast memory expandable to 32 Mb. The CPU is on a single plug-in 
chart which can be upgraded by simple replacement The CPU card includes two serial ports and one parallel 
printer port. The first serial port acquires GPS data. The parallel port is used to plot profile data on the RMS chart 
recorder. The disk and floppy controllers are also included on the CPU card.

The display screen is an electroluminescent (EL) with 640 X 400 pixel resolution. The electroluminescent display 
was chosen because it provides high resolution and is quite visible under most conditions. There are two 80 Mb 
hard disk drives, one 1.44 Mb floppy and one Cartridge tape backup system.

In addition to the CPU card and an EL display card the following four cards are used in the GEOTEM system:

1. DAS-HRES multi-function, high speed gain analogue/digital I/O board. It includes eight differential inputs 
with variable ranges from 306 uV/bit to 19.1 uV/biL There are two channels of 16-bit D/A output and a 10 
MHz crystal clock used to control timing for digital acquisition.
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2. Video board. This board is capable of overlaying 24 lines by 34 characters of data. It is used to overlay 
system time and navigation data onto the video display which is recorded on video tape.

3. CIO-CTR board. This board contains ten 16-bit digital counters. Three of these counters are used to 
acquire the Decca Doppler along and across heading velocity and sense.

4. SDC converter card. This card provides six channels of 16-bit synchro to digital conversion. One channel 
is used to acquire aircraft heading.

The GEOTEM system includes the following 2 boards:

1. PCIP-CNTR. This is a two channel high speed 8-digit counter board used to measure ten magnetic 
samples per second from a cesium vapour magnetometer with 0.01 nT resolution.

2. PDMA-32. This is a high speed 16-bit parallel digital interface card with DMA (Direct Memory Access). 
This card uses DMA transfers to control and transfer data from the GEOTEM* system to the PC.

Recorded Digital Data:

Each second: Flight number
GPS/Doppler positioning information

Each 0.14 sees: 20 EM gates
Time
Transmitter primary field 
Altitude 
Power Line Monitor

Each 0.1 second: Magnetic reading

5.2 TRACKING CAMERA

Model: Sony DXC101P Video Camera

The tracking camera is equipped with a 4 mm wide-angle lens. The video tape is synchronised with the 
geophysical record by a digital fiducial display that increments every tenth of a second. These fiductals are 
recorded on the video tape and displayed on the bottom left of the video screen. Times are recorded from the digital 
information provided by the GEODAS system.
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5.3 ALTIMETER

Barometric Altimeter

Model: Rosemont Barometric Altimeter 1241B

Sensitivity: 1 mV/foot

Radar Altimeter

Model: Sperry Stars AA200 radio altimeter system

Sample interval: 1.0 second

Accuracy: -t/-1 .SK of indicated altitude.

The Sperry radio altimeter is a high quality instrument whose output is factory calibrated. It is fitted with a test 
function which checks the calibration of a terrain clearance of 100 feet and altitudes which are multiples of 100 feet.

Synchronisation: The average of the output of the altimeter (both radar and barometric) over each second 
is calculated and assigned to the time recorded at the end of each sample.

5.4 ANALOGUE RECORDER

A sample analogue record is shown in Figure 4.

Model: 

Chart speed: 

Chart width: 

Event marie:

GEOTEM Traces: 

Synchronisation:

RMS GR33 Thermal Dot Matrix Printer

11 cm/minute; time increases from left to right

30.5cm

20 second marks are recorded on the bottom of the chart with the associated fiducial 
numbers being printed at the base of the chart.

The scales for the GEOTEM traces are recorded on the analogue charts. The scale is 400 
pprrvcm .
The zero line for each channel is separated by 0.5 cm with the latest channel always being 
plotted closest to the bottom of the page.

A lag of approximately 5.0 seconds occurs between the GEOTEM channels and the 
magnetometer and altimeter traces.
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TABLE 1-10: CHANNELS RECORDED ON ANALOGUE RECORD

Channel Recorded 
(top to bottom of chart)

Channel 3 noise monitor
Channel 12 noise monitor

Primary Field Monitor
Earth Reid Monitor

Transmitter Amplitude
Total Magnetic Reid - Rne Scale 

Total Magnetic Reid - Coarse Scale
4th Difference

Terrain Clearance -Radar 
Terrain Clearance - Baro
GEOTEM Channels 1-12

GEOTEM In-pulse Channel 20
60 Hz Monitor

Scale

400 ppnVcm
400 ppm/cm

240000 ppm/cm
400000 (iV/cm

50 amp/cm
10 nT/cm 

100 nT/cm
6.4 nT/cm
SOfl/cm 

40 mV/cm
200 ppm/cm
1000 ppm/cm

200000 iiV/cm
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FIGURE 1-3 SAMPLE ANALOGUE RECORD
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SURVEY PRODUCTS

6. SURVEY PRODUCTS

6.1 BASE MAPS ft FLIGHT PATH MAPS

The Right Path Map is overlain on a Topographic Base Map, being NTS based, and follows the Falconbridge Folio 
Standards. A digital topographic base map (in DXF format), in UTM Coordinates, was supplied by Falconbridge and 
was plotted in black and white on Mylar.

Preliminary Right Path is plotted in the Reid on a daily basis, and overlain by the Selected Anomalies. The scale 
used was 1:50,000. Two plans were used for Nipigon Bay.

The Final Flight Path is overlain on the topographic base maps, with Selected EM Anomalies and fiducial 
annotation.

A compilation map (1 sheet) was also produced for each product at a scale of 1:50,000.

6.2 ANOMALY SELECTION MAPS

Geoterrex used the University of Toronto Plate program (originally written by A.P. Annan) with some modifications, 
to compute the theoretical secondary field response produced by various common geological models. Using these 
results, nomograms were developed for each of the models relating amplitude and decay rate of the secondary field 
to the conductivity, thickness and depth of the causative body. For this data set a vertical plate model (600 m strike 
length x 300 m depth) was selected as the model for anomaly fitting.

The anomaly selection routine scanned the amplitude, width and decay of each anomaly simultaneously. If the 
anomaly fitted the criteria of narrow width, predetermined amplitude and normal rate of decay, it was selected as 
a significant anomaly. This routine computed the conductivity-thickness product of the theoretical vertical plate and 
the depth to the top of the plate below surface.

A preliminary anomaly map was then produced. The data was then interpreted by an experienced GEOTEM 
interpreter, to ensure all valid anomalies have been selected.

The selected anomalies were marked on flight path, and another EM Anomaly selection Map was produced without 
flight path, but annotated with anomaly centres, number of channels affected, anomaly letter and identifier, apparent 
conductance (in Siemens, for anomalies greater than 5 channels), channel 4 amplitude (in ppm) and qualifying 
interpretation code.

Reid Product: At a scale of 1:50,000 (overlain on flight Path)
For Nipigon Bay thresholds used were 554535302522202020202020 ppm for 
channels 1-12 and 25000 for 60 Hz monitor. Peaks were selected from Channel 4.

An anomaly listing was also provided, containing Line, Rd, X, Y, No. of Channels. Channel 
4 a 10 amplitudes, GTP and depth, and interpretation code (N = normal; C = culture).

Office Product At a scale of 1:50,000, overlain on Right Path (2 sheets, Falconbridge Folio and 1 sheet
compilation).
At a scale of 1:50,000, annotated and without Right Path (2 sheets, Falconbridge Folio and 
1 sheet compilation).
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SURVEY PRODUCTS

6.3 GEOTEM STACKED PROHLE MAPS

Final Stacked Profile Maps were plotted using the following parameters:

TABLE 1-11 B: GEOTEM STACKED PROFILE MAP SCALES

Channel

5
7
g

Vertical Scale

100ppnVcm

Base
Level

0

Horizontal
Scale

1:50,000

6.4 EM PLAN MAPS

In the field Colour Screen Images were prepared for selected GEOTEM Channel Amplitudes to verify data validity. 
The GEOTEM Channel 3 Amplitude was produced at a 1:200,000 scale and delivered to the dient A gridding 
interval of 100 x 100 m was used.

Preliminary Maps were produced at a 1:50.000 scale compilation of GEOTEM Channel 7 Amplitude Corrected for 
System Asymmetry, Tau-Amplitude and Apparent Conductivity. These were delivered to the dient for selection of 
final products. The method of computing Apparent Conductivity and Tau-Amplitude are outlined below.

TABLE 1-11C: GEOTEM MAPS GRIDDING ft CONTOURING PARAMETERS

Parameter

Scale

Grid Cell Size
Contour 
Interval
Units

Apparent Conductivity

1:50.000

100 x 100 m

2. 10. 50

mS/m

GEOTEM Channel 7 Amplitude 
Corrected for System Asymmetry

1:50.000

100 x 100 m
5.25

ppm

Final products delivered were GEOTEM Channel 7 Amplitude Colour Contours and Apparent Conductivity Colour 
Contours and Black a White Contours at a 1:50,000 scale Falconbridge Folio (2 sheets) and a 1:50,000 Compilation 
(1 sheet).
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SURVEY PRODUCTS

  Apparent Conductivity

The in-pulse channel 20 (measured during the transmitter on-time) is very sensitive to slight changes in ground
  conductivities at or near surface. Although on its own it does not provide information on the depth or thickness of 

the conductive sources, it is a very good mapping tool when used as an apparent conductivity map. tt is able to 
map half-space conductivity to values as small as 0.00007 S/m, but it breaks down at conductivities greater than 
0.01 S/m as the channel 20 versus half-space conductivity is not linear at these values.

Off-time data can be used to calculate a decay rate or a tau. Tau increases monotonically with conductivity 
(although not linearly). Hence if the tau is computed from the data, then the tau can be obtained from a

  precompiled look-up table. The weakness of the off-time conductivity estimate is that it requires an estimate of the 
tau, which usually requires four off-time channels to be above the noise level, hence may not be appropriate in 
resistive terrains.

The apparent conductivity has been calculated using the off-time data in conductive area and the on-time data in 
resistive areas. In the transition zone a combination of the two has been used to ensure a smooth transition from 
resistive to conductive areas.

The channel amplitude data in ppm, after editing and base level adjustments (as indicated by the high altitude 
background readings done during each flight) was converted to apparent conductivity values based on the

  homogeneous half-space model.

  System Asymmetry Connection

Due to the asymmetry of the GEOTEM system a "stagger" occurs when flying in opposite directions across a 
horizontal or flat-lying conductor. A stronger coupling is observed over the leading edge than over the trailing edge

  and hence an asymmetry in response is apparent on adjacent flight lines. The actual Omits of the conductive zone 
correspond in fact, to the envelope of the leading edges of staggering anomalies. A system asymmetry correction 
algorithm has been developed that removes the effect of herringbone, whilst retaining alignment of vertical

  conductors.

6.5 MAGNETIC MAPS

Field Magnetic Contour Maps were produced at a scaled of 1:50,000. For Nipigon Bay the gridding interval was 
100 x 100m with a contour interval of 10, 50, 250 nT. Preliminary Total Field Magnetic Colour Images were 
prepared in the field at a scale of 1:200,000.

All Final Magnetic maps were produced at a scale of 1:50,000 using the Falconbridge Folk) (2 sheets) and a 
Compilation Map (1 sheet).

Total Magnetic Intensity Maps and Vertical Gradient Magnetic Maps were produced, both as Colour Contour Maps, 
and as Black 8. White Contour Maps. The gridding and contouring parameters are outlined in the Table below.
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TABLE 1-11A: MAGNETIC MAPS GRIDCMNG ft CONTOURING PARAMETERS

Parameter

Scale

Grid Cell Size
Contour Interval

Total Reid

1:50,000

Vertical Gradient

1:50,000

100 x 100 m

10, 100, 1000 nT 50, 500, 5000 nT

6.6 DATA TAPES AND FORMATS

In the field Preliminary located data was provided at the clients request, on 3.5' floppies. For Nipigon Bay two files 
were provided, for Line No., X, Y, GEOTEM Channels 1, 3, 5, 7 and 60 Hz monitor, and a second file for 
magnetics. Further to this a second file of Located Data for Reid Processed GEOTEM Channels 9 and 11 was 
provided from the office soon after completion of the survey.

A Rnal located data tape was produced in Geosoft XYZ format on CD.ROM. The parameters included were Flight, 
Line, Easting. Northing. Fiducial, GEOTEM Channels 1-12, 60Hz Monitor, Apparent Conductivity, Altitude, Total 
Magnetic Reid and Vertical Gradient Magnetics, Primary Field.

Gridded data was produced in Geosoft format on 3.5' floppy disc for Total Magnetic Reid, Vertical Gradient 
Magnetics. GEOTEM Channel 7 Corrected for System Asymmetry and Apparent Conductivity.

All drawing files created for the survey maps (with a UTM base) were delivered to the client.

6.7 ITEMS DELIVERED

Reid Products

Preliminary Total Reid Magnetic Intensity Maps overlain on flight path at a 1:50,000 scale (2 sheets)
Preliminary Anomaly Selection Maps overlain on Right Path at a 1:50,000 scale (2 sheets)
Colour Images of Magnetics and GEOTEM Channel 3 at a 1200,000 scale.
Located Data (on 3.5' Floppy).
Base Station Plots (Magnetics).
Edited Analogue Charts
Recovered line fisting
Mileage list
Right logs
Right path video tape

Preliminary Office Products

Located Data
GEOTEM Channel 7 Corrected for System Asymmetry Colour Contour Map Compilation at 1:50,000 scale.
Tau-Amplitude Colour Contour Map Compilation at 1:50,000 scale.
Apparent Conductivity Colour Contour Map Compilation at 1:50,000 scale.
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Final Products

Total Field Magnetic Intensity Contour Maps on a Falconbridge Folk) at a 1:50.000 scale (2 sheets, 1 copy)
Total Field Magnetic Intensity Colour Contour Maps on a Falconbridge Folio at a 1:50,000 scale (2 sheets,
3 copies, one laminated)
Total Reid Magnetic Intensity Colour Contour Maps, Compilation at a 1:50,000 scale (1 sheet, 1 laminated
copy)
Vertical Gradient Magnetics Contour Maps, on a Falconbridge Folio at a 1:50,000 scale (2 sheets, 1 copy)
Vertical Gradient Magnetics Colour Contour Maps on a Falconbridge Folio at a 1:50,000 scale (2 sheets,
3 copies, one laminated)
Vertical Gradient Magnetics Colour Contour Maps, Compilation at a 1:50,000 scale (1 sheet, 1 laminated
copy)

Right Path on Topographic Base Map, with Selected GEOTEM Anomalies and Rducials, on a Falconbridge 
Folio at a 1:50,000 scale (2 sheets. 1 copy)
Right Path on Topographic Base Map, with Selected GEOTEM Anomalies and Rducials, Compilation at 
a 1:50,000 scale (1 sheet, 1 copy)

Annotated Selected GEOTEM Anomaly Maps on a Falconbridge Folio at a 1:50,000 scale (2 sheets, 2 
copies - one film)
Annotated Selected GEOTEM Anomaly Maps, Compilation at a 1:50,000 scale (1 sheet, 1 copy) 
GEOTEM Channel 5, 7 4 9 Amplitude Stacked Profile Map on a Falconbridge Folio at 1:50,000 scale (2 
sheets, 1 copy)
GEOTEM Channel 5,7 ft 9 Amplitude Stacked Profile Map, Compilation at 1:50,000 scale (1 sheet, 1 copy) 
GEOTEM Channel 7 Amplitude Corrected for System Asymmetry Colour Maps on a Falconbridge Folio at 
1:50.000 scale (2 sheets, 2 copies)
GEOTEM Channel 7 Amplitude Corrected for System Asymmetry Colour Maps, Compilation at 1:50.000 
scale (1 sheet, 1 copy)
GEOTEM Channel 7 Amplitude Corrected for System Asymmetry Colour Maps, Compilation at 1:50,000 
scale (1 sheet, 1 copy)
Apparent Conductivity Colour Contour Maps on a Falconbridge Folio at 1:50,000 scale (2 sheets, 2 copies - 

1 laminated)
Apparent Conductivity Contour Maps on a Falconbridge Folio at 1:50,000 scale (2 sheets, 1 copy) 
Apparent Conductivity Colour Contour Maps on a Falconbridge Folio at 1:50,000 scale (1 sheet, 1 
laminated copy)

Located Data Tapes (2 copies) 
Gridded Data Tapes 
Drawing Rles (UTM Base)

Logistics report
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Ministry of
Northern Development
and Mines

Ontario

Report of Work Conducted 
After Recording Claim

Mining Ac

Transaction Number

PeiiontJlntormatk)neonwa*doothl8fonnltoWalntdund*rth*authortyofthi 
tt* eoBecUon should be directed to the Provincial Manager. Mining Lend*, \ 
Sudbury, Ontario. P3E 6A5. telephone (705) 670-7264.

Instructions: - Please type or print and submit In duplicate. """""" *""i MCALUSTER 900
- Refer to the Mining Act and Regulations for requirements of filing assessment work or consun me Mining 

Recorder.
- A separate copy of this form must be completed for each Work Group.
- Technical reports and maps must accompany this form In duplicate.
- A sketch, showing the claims the work Is assigned to, must accompany this form.

Recorded HokJ*r(a)
LIH iTtP

Cfleni No.

Addreaa Po Telephone No.
Iff*

MbihiQ Division TownaMp/Area M or Q Plan NO. 
6

Woffc From: H - To: ?
Work Performed (Check One Work Group Only)

WorkGroup Type

y Qeotechnlcal Survey -EH
Physical Work, 
Including Drilling

Rehabflttaaon

AUG o 8 iyysOther Authorized 
Work

Assays
1 MINING LMing BRAMrj

Assignment from 
Reserve

Total Assessment Work Claimed on the Attached Statement of Costs S .

Note: The Minister may reject for assessment work credit all or part of the assessment work submitted if the recorded 
holder cannot verify expenditures claimed In the statement of costs within 30 days of a request for verification.

Persons and Survey Company Who Performed the Work (Give Name and Address of Author of Report)
Name Address

f/y LT?

(attach a schedule If necessary)

Certification of Beneficial Interest * See Note No. 1 on reverse side
lcerilrythela1thellrnetheworkwuperfonn^.triecWiMcovwedlnthtowofk 
report were recorded In the current holder's name or held under e benetdeJ Mereet 
by the current recorded holder.

Recorded or

Certification of Work Report
l certify that l have a pereon*! knowledge of the feet* eat forth In tM* Work report, having performed the work or wttn 
Ne completion and annexed report l* true.

i during and/or after

ame en reaa of Pereon Certifying

For Office Use Only
Recorded

Deemed Approval Data

^loll?
Amandmama Sent "

BAY
MINING DIVISION
RECEIVED

JUL 1 2 1995 
Ml PU 
7,8,9,1,11,2,1,2,3,4,5,6



!

-\

O 0-c. "l

-i
Xo

0c.

^
X

-1

wJ rx

c*

U

-\

2)
-O

(TV (T
l/-

\ ^ \ \ N

I Xi

o 
o

(K
Vi O

Xi o.
0
XI

M O O 0 O C O O

X) C) cO Os)
O

N

Credits you are claiming In this report may be cut back. In order to minimize the adverse effects of such deletkm. please Indicate from 
which chims you wish to priorize the deletion of credits. Please mark (*)oi*OlV* following:

1. Opredits are to be cut back starting with the claim listed last, working backwards.
2. (^Credits are to be cut back equally over aH dalms contained In this report of work,
a D Credits are to be cut back as prkxtzed on the attached appendix.

In the event that you have not specified your choice of priority, option one wH be Implemented.

Motel: Examples of beneficial Interest are unrecorded transfers, option agreemerrts,meinorarKlum of sgrtements, etc., wtft respect 
to the mining dalms. •*

V

Note 2: If work has been performed on patented or leased land, please complete the following:

l owttly ttMt th* recorded hoM*r had a bwwflcW Inl 
or iMMd (md at Ut* Urn* 0w work waa performed.

i in ttw patented Signature l Date



Ontario

Ministry of
Northern Development
and Mm*

Minister* du 
Devetoppement du Nord 
etdMminM

Statement of Costs 
for Assessment Credit

ftat des coQts aux fins 
du credit devaluation

Mining Act/Lol sur les mines

NoJN* da transaction

Personal information collected on this form is obtained under the authority 
of the Wnlng Act This Information wM be used lo maintain a record and 
ongoing atatus of the mining dalm(s). Questions about this collection should 
be directed lo the Provincial Manager. Minings Lands. Ministry of Northern 
Development and Mine*. 4th ROOT. 158 Cedar Street. Sudbury. Ontario 
P3E 8A5. telephone (705) 670-7264.

Les rensetgnements personnels contenus dans la pnteente formute sent 
recuaiMs en vertu de la Lot sur toe mima et aervbont a lenlr a Jour un regMre 
dM concessions mlnleres. Adreeser toute quesNon sur la coisce de CM 
renesignements au chef provincial dM terrains mtaiers. mhitotere du 
Devetoppement du Nord et dM MinM. 159. ras Cedar, 4* etage. Sudbury 
(Ontario) P3E 6A5. telephone (705) 670-7264.

1. Direct Costs/CoOts directs

Type

Wagee 
SaWrea

Contractor's 
and Conaunant'a 
FM* 
Draft* d* 
{'entrepreneur 
et d* I'expert-

SuppSea (teed 
Foumlture* 
iitmaisa

CflUtoflMflt
Rental
Location d*

Description

Labour 
Main-d'oeuvre
Field Supervision 
Supervision sur le terrain

rnlae&i* Gstfrtvfftl

Typ*

Typ*

Amount 
Montant

3*6
4bS-y

Totals 
Total global

356

tftS~ff

2. Indirect Costs/CoOts Indirect*
** Note: When claiming RehabOHation work li ~

•HUWBDia

Pour le n.

KHrect costs iire not

m IM
coute indVecls ne aont pas admlsafclM en tant qua travaux 
d'evaluabon.

Type

Transportation 
Transport

Food and 
Lodging 
Nourritureet
laaU^BtftfMMHaBilt

aaVJfcttljaJiim awwt 

BaVrikflsalBiilClil dst

f\ ̂ ^firlnitftnUMCnpQCfi

Type

Amount 
Montant

Totals 
Total global

*R* i . . *r^)^y * -\
- ~ ". - ^" '"~

•-"' v"* ^ -i*".- "

^8-

M
Sub Total of Indirect Coat* Lggu^J 

Total partfel des coots Indirect* agSpSBJ
Amount ADowaMa (not greater than 20* of Direct Costs) l 
Montant admissible (n'axcedant pas 20 H dM coots dkecta)|j
Total Vakie of 
Total of Mreet i(Total o 

Mbec

Vatour totals du cnM

Note: The recorded holder wM be required to verify expendKurM claimed In 
this statement of costa wtthin 30 days of a request for verification. If 
verification Is not made, the Minister may reject for assessment work 
al or part of the assessment work submitted.

:LettuWn egbtrei itenudeverHertosc
le present Mat dM coots dans IM 30 Jours auJvant one demands a oat 
effst SI la vertfcatfon n'est DM effeduee. le mmMie peut rejeter tout 
ou une perm OM travaux devaluation presentee.

Rllng Discounts

1. Work filed wtthin two years of completion la claimed at 1004b of 
the above Total Value of Assessment CredK.

Remises pour depot

l. LM travaux deposes dans IM deux ans suivant tour achevement sort 
reint)ourBesa100Hdelavatourlotalesu8rnerMkmnMducredl(re

2. Work filed three, four or five years after completion is claimed at 
50* of the above Total Value of Assessment Credit See 
calculations below:

Total VahMoT Total At ntctaln

x 0.50 -

2. l^stravaAJX opposestrois.qualreotidnq ans aprteleur achevement 
aont remboursee a 50 4* de la valeur totale du credtt o"evaJuation 
auomenuonne. Voir MS caJcuis cnlesaoua.

Vatour Male du cradtt (T*valueiion Ev
x 0.50 -

istto MM*

Certification Verifying Statement of Costs
MINING DIVISSOM

hereby certify: J'attes^r"|fifSaXfiftiiis :
hat the amounts shown are as accurate as possible and these costs quo lea montarrts molques sort le plus exact possible et quo ess 
vore Incurred whte conductinQ assessment work on the lands shown defenses qVrtdH4Sw(saoee8 pouY effectuer les travaux a evaluation 
x) the accompanying Report of Work form.

hat as ___
ibiCompMiy)

7i8i9iilillil2ilt2i3i4i5i6
l a **JS*fassss^si

o rnake this certification a falre cotte attsalallon.

Note: Dana cette formuls. loisqu'l dasigne oas pefsomiM. Is au sens neutre.



TABLE 1: ALLOCATION OF AIRBORNE SURVEY COSTS

a) Costs

Survey Costs (Geoterrex Invoice) 
Interpretive Report (Geoterrex Invoice) 
Planning and Supervision Costs

TOTAL COST

b) Areas Flown in April 1994 

Licence

Falconbridge Vert Island Claims 
(T1201043 - 6 include)

Falconbridge Cypress Bay Claims 
(T1186365-70 include)

and Tl 204720 -1, recorded May 26, 1994 
Other Crown Land

TOTAL AREA FLOWN BY GEOTEM

c) Allocation of costs, by area

Licence:
Vert Island Claims 
Cypress Bay Claims 
Other Crown Land

d) Allocation of allowable 2S% of costs for "Other Crown Land"

Licence 
Vert Island 
Cypress Bay Claims

e) Total Allocated Costs

Licence
Vert Island Claims
Cypress Bay Claims

585,062.80 
13,125.00 
S8.400.00

59658780

26677 Ha 

528 Ha

1792 Ha

18099 Ha 

47096 Ha

554,711.00 
51,083.00 
S3.675.00

537,118.80

S8.538.00 
S167.00 
S575.00

563,249.00
51,250.00
54,250.00





Ontario
Ministry of
Northern Development
and Mines

Ministere du 
Developpement du Nord 
et des Mines Geoscience Approvals Office 

933 Ramsey Lake Road
6th Floor 
Sudbury , Ont ar io 
P3E 6B5

Telephone: 
Fax:

(705) 670-5853 
(705) 670-5863

Our File: 2.16131 
Transaction /W9540.00179 

September 20, 1995

Mining Recorder
Ministry of Northern Development 6 Mines
435 James Street South
Thunder Bay, Ontario
P7E 6E3

Dear Mr. Weirmeir:

SUBJECT: APPROVAL OF ASSESSMENT WORK CREDITS ON MIMING CLAIMS 
1186365 ET AL IN THE NIPIGON BAY AREA

Assessment work credits have been approved as outlined on the 
original report of work forms for this submission. The credits have 
been approved under Section 15, Airborne Geophysics, Mining Act 
Regulations.

The approval date is September 20, 1995. Please indicate this 
approval on the claim record sheets.

If you have any questions regarding this correspondence, please 
contact Bruce Gates at (705) 670-5856.

Yours sincerely,

C&jLt^S

Ron Gashinski
Senior Manager, Mining Lands Section 
Mining and Land Management Branch 
Mines and Minerals Division

BIG/

cc: Resident Geologist
Thunder Bay, Ontario

Assessment Files Library 
Sudbury, Ontario
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