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SUMMARY

In March 2001, the Me Vicar Minerals Ltd-BHP Billiton World Exploration JV (MVR- 
BHPB JV) acquired an option on the 52 claim (311 units) Pigeon River property from 
Falconbridge Limited. The property is located approximately 45 km southwest of 
Thunder Bay near the International boundary with the State of Minnesota. The claims 
straddle the border between Pardee and Crooks townships, Thunder Bay Mining 
Division, within NTS blocks 52A/3 and 52A/4, and is centred on Latitude 48003' N, 
Longitude 89034'W. Highway 61 cuts through the central portions of the property, while 
a sequence of municipal, cottage and logging roads provide for excellent access to the 
remainder of the property.

The property was acquired by the MVR-BHPB JV to evaluate the potential for Noril'sk- 
type massive sulfide deposits rich in nickel, copper and platinum group elements.

Sanders Geophysics Limited under contract to BHP Billiton World Exploration Inc. 
conducted a high-sensitivity airborne gravity gradiometer, magnetic and radiometric 
(gamma ray spectrometer) survey between October 19 and October 30, 2001. The survey 
was designed to cover the existing property claim block and surrounding magnetic 
anomalies defined by the 1998 Falconbridge DIGHEMV airborne survey. A total of five 
production flights were flown over the period, for a total of 712.7 kilometres. Of this 
total, 161 kilometres were flown directly over the Pigeon River property claims.

The objective of the survey was to provide a cost effective method of detecting the limits 
of the gabbroic sills and dykes and possible associated massive sulfide accumulations 
along the basal contact of the sills or at locations of structural loci. The survey results 
showed the following:

1. Low gravity over the areas covered by sediments and gravity highs over the more 
extensive (thickness or depth extent) outcropping sills and dykes;

2. Magnetic highs correspond to several of the gravity anomalies confirming that these 
mafic intrusions have a dominant positive polarity, are magnetic and have a 
significant volume; and

3. Radiometric data was also obtained, primarily to test the system rather than as an 
exploration tool for this project. All three elements (K, U and Th) display the highest 
counts in the western third of the claim block where outcropping diabase is more 
prevalent. Areas covered by overburden or Animikie sediments generally show 
much lower counts with the lake areas having the lowest counts.

An electromagnetic survey is recommended to be completed over the gravity highs to 
determine if any massive sulfides are associated with the subsurface gabbroic sill or 
dykes.

This report will cover in detail only the part concerning the Falcon Airborne survey, since 
the previous exploration activities conducted by the MVR-BHPB JV and Falconbridge 
were reported in separate assessment reports.
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INTRODUCTION

In March of 2001, the McVicar Minerals Ltd.-BHP World Exploration Inc. joint venture 
(MVR-BHPB JV) acquired an option on the 52 claim (311 units) Pigeon River property 
from Falconbridge Limited for the exploration of Noril'sk-type Ni-Cu-PGE deposits. 
Under the terms of the option agreement, the joint venture partnership can earn a 
combined 5007o interest in the property for total cumulative expenditures of 5700,000 over 
a period of three years. Over the length of the option period, McVicar Minerals will act 
as operator.

Over the period from April 1998 to November 1999, Falconbridge Limited carried out a 
series of follow-up exploration programs over three recommended target areas selected 
from the 1998 DIGHEMV electromagnetic and magnetic airborne survey. The programs 
consisted of line-cutting of three grids, ground magnetic, gradient and dipole-dipole IP 
surveys, lithogeochemical rock survey, geological mapping and four diamond drill holes 
in two separate programs.

Prior to the Falcon airborne survey, the MVR-BHPB JV, in-part to fulfill its first year 
funding commitments of the option agreement, completed a property wide prospecting, 
sampling and evaluation program.

LOCATION, ACCESS AND TOPOGRAPHY

The property is centred on latitude 480 03' N and Longitude 890 34' W, located along the 
north shore of Lake Superior, approximately 45 km southwest of Thunder Bay, Ontario 
(Figure 1). The claims straddle the border between Pardee and Crooks townships, 
Thunder Bay Mining Division, within NTS sheets 52A/3 and 52A/4.

Highway 61 cuts through the central portion of the property, while a network of 
municipal, cottage and logging roads provide excellent access for the remainder of the 
property. Hotel accommodations are readily available nearby in the town of Neebing.

The topography is rugged with a series of northeast-trending hills or ridges with broad 
valleys in-between. The elevations vary from 183 m along the shoreline of Lake 
Superior to a maximum of 548 m at the highest point. On average the valley floor is at an 
elevation of 335 m.

PROPERTY

The property consists of 52 mineral claims totalling 311 claim units (Figure 2). All of the 
claims are currently owned lOO'/'o by Falconbridge Limited, subject to a Wo NSR, as 
stipulated in the original property vendor agreements dated October 1997 for the 48 claim 
Viitala option and February 1999, 4 claim Trout Bay option.

Table l summarises the Pigeon River and Trout Bay claims (indicated by a *) current to 
the time of performing the Falcon Airborne Gravity Gradiometer and Magnetic survey.



fco*—4
H
^ 
O
O
H-l

* *

H 
O
Wi—s

o

W>
2
s owo

c 
w 2.JC Ol

t
J.-A

cc
a
io•o

w J!
JC
ooa:
e
(Q*-

Sedimen

xto
eg
w w
^
Jacobsvil

D

S- a
o 5^ P
05
S ^c d)
25 
O w

ID

W)j*ood
Volcanic

-

to
JC

w
JCo o
K

Igneous

u
(Y V)IL. ^

" 8
in y

Hypabys: Plutonic r

DI

V)
co
(A
D
L."c

Alkaline i

-

tn
0^r
Q
Diabase l

,

HW 
C
O

x



r



Table l - Pigeon River Property - List of Claims

NTS
52A/04
52A/03
52A/04
52A/04
52A/03
52A/03
52A/03
52A/03
52A/04
52A/04
52A/04
52A/03
52A/04
52A/04
52A/04
52A/04
52A/04
52A/03
52A/03
52A/03
52A/03
52A/04
52A/04
52A/04
52A/03
52A/04
52A/04
52A/04
52A/03
52A/03
52A/03
52A/03
52A/03
52A/03
52A/03
52A/03
52A/04
52A/04
52A/03
52A/04
52A/03
52A/03
52A/03
52A/03
52A/03
52A/03
52A/03
52A/03
52A/03
52A/03
52A/03
52A/03

CLAIM NO
TB 1027957
TB 1183107
TB 1183111
TB 1191413
TB 1196859
TB 1196860
TB 1202060
TB 1210527
TB 1210533
TB 1210534
TB 1215001
TB 1215002
TB 1215004
TB 1215844
TB 1215846
TB 1215875
TB 1215895
TB 1216318
TB 1216319
TB 1216320
TB 1216321
TB 1216322
TB 1216506
TB 1216507
TB 1217251
TB 1217252
TB 1217253
TB 1217254
TB 123 1 692
TB 1231693
TB 1231694
TB 1231695
TB 1231696
TB 1231701
TB 1231722
TB 1231723
TB 1231724
TB 1231737
TB 1231771
TB 1239826
TB 1231827
TB 1231930
TB 1237971
TB 1239439
TB 1239825
TB 1239827
TB 1239858
TB 1239860

TB 1231725*
TB 1231739*
TB 1231777*
TB 1231779*

AREA HA
64
16
64
64
32
16
64

256
96
96

256
96
64
128
64
48
80
128
32
192
256
48
64
144
96
96
64
128
128
48
64
48
64
128
32
64
64
32
48
48
32
160
128
64
128
64
144
224
64

256
96
96

RECORD DATE
Pardee
Crooks
Pardee
Pardee
Crooks
Crooks
Crooks
Crooks
Pardee
Pardee
Pardee
Pardee
Pardee
Pardee
Pardee
Pardee
Pardee
Crooks
Crooks
Crooks
Crooks
Pardee
Pardee
Pardee
Crooks
Pardee
Pardee
Pardee
Crooks
Crooks
Crooks
Crooks
Crooks
Crooks
Crooks
Crooks
Pardee
Pardee
Crooks
Pardee
Crooks
Crooks
Pardee
Pardee
Pardee
Pardee
Pardee
Pardee
Crooks
Crooks
Crooks
Crooks

RECORD DATE
09/12/1995
10/23/1994
09/11/1995
09/25/1995
11/10/1993
10/23/1993
11/01/1993
07/22/1997
07/10/1996
07/10/1996
06/31/1996
06/24/1996
10/25/1996
11/12/1996
12/13/1996
11/18/1996
11/25/1996
09/15/1997
09/15/1997
09/02/1997
09/15/1997
04/03/1997
04/23/1997
05/01/1997
09/15/1997
05/13/1997
05/15/1997
05/15/1997
09/15/1997
09/15/1997
09/15/1997
09/16/1997
10/14/1997
09/15/1997
09/16/1997
09/16/1997
09/30/1997
09/30/1997
09/15/1997
12/17/1999
12/05/1997
12/05/1997
09/29/1999
10/06/1999
10/06/1999
11/15/1999
10/13/1999
10/14/1999
10/14/1997
10/14/1997
10/14/1997
10/14/1997

4



PREVIOUS WORK

1967: Noranda Mines Ltd. drilled 3 diamond drill holes totalling 169 m in the western 
part of the property.

1967: J.J.C. Geul completes mapping of Devon and Pardee Townships and the Stuart 
Locations areas at l inch to i/2 mile scale.

1968: J.J.C. Geul completes mapping of Crooks Township and Jarvis and Prince 
locations and Offshore Islands area at l inch to Yz mile scale.

1966-1968: Bordum Mining Corporation carried out magnetometer and geological 
surveys and drilled 11 diamond drill holes totalling 2,192 m.

1966: Norpoint Exploration Limited completed geophysical and geological surveys and 
drilled 3 diamond drill holes totalling 846 m.

1967-1969: Phelps Dodge Corporation of Canada Limited completed geophysical and 
geological surveys and drilled 7 diamond drill holes totalling 3,028 m.

1987: Platinum Exploration Canada Inc. flew a 380 line km Aerodat helicopter-borne 
magnetic and EM survey over two areas, of which approximately 40^0 covered the 
existing Pigeon River property.

1998: Falconbridge Limited completed a 491.4 line km DIGHEMV airborne magnetic 
and EM survey under contract by Geoterrex-Dighem in April. Three areas with 
prospective magnetic features were selected for further detailed ground investigations. A 
grid totalling 39.5 km was cut over one of the areas in the vicinity of the Pine River, 
south of the Mount Mollie dyke. Detailed ground magnetic surveys were completed over 
the grid in October followed with a 24.6 km gradient TDIP\resistivity survey in late 
October. The results of this work showed that no significant IP chargeability anomalies 
were associated with the magnetic feature. In mid-December, a two-hole diamond drill 
program totalling 1,055.5 m tested two separate geophysical features. The first hole 
tested the magnetic high, whereas the second tested a weak l Oms above background IP 
anomaly. Both holes failed to intersect Ni-Cu-PGE No mineralization.

1999: Two additional grids were established in the eastern and western portions of the 
property to investigate in detail the two other positive magnetic anomalies selected from 
the 1998 airborne survey. The two grids totalled 42.6 kilometres. Ground surveys 
completed included 36.2 kilometres of magnetometer and 51.8 kilometres of gradient IP. 
The surveys proved to be successful in detecting numerous prospective anomalies. Three 
and four lines of dipole-dipole array surveying totalling 5.7 kilometres were completed 
over the two grids respectively for detailed follow-up. Falconbridge also completed grid 
mapping and lithological sampling completed over the three grids. No new significant 
results were obtained. A two-hole diamond drill program totalling 598.6 m tested two 
coincidental positive magnetic and IP anomalies defined from the earlier detailed ground



work completed on the two grids. Both holes failed to intercept Ni-Cu-PGE 
mineralization of economic interest. The anomalies were attributed to a 
gabbroic/sedimentary contact and faulted contact zone between a sedimentary and 
granophyric intrusion.

2001: The MVR-BHPB JV completed a property wide prospecting, sampling and 
evaluation program.

The exploration program had the following objectives:

* Locate and characterize all documented sulfide occurrences associated with the 
diabase and gabbro intrusions on the property; and

* Sample all of the sulfide occurrences found in an attempt to evaluate their Ni-Cu-PGE 
content.

Based on an evaluation of the results obtained from the program, the following 
observations were made:

1. Most of the NE and NW-trending diabase dykes host 1-3 metre wide vertically 
dipping mineralized zone containing approximately S-15% disseminated pyrrhotite;

2. Disseminated to blebby and net-textured sulfide zones are also present within a 
distinctive porphyritic phase of the diabase dyke intrusions;

3. Disseminated to blebby sulfide zones occur along the entire length of the Mount 
Mollie Dyke; and

4. The sulfide zones observed contained essentially pyrrhotite with low values in Ni, Cu, 
Pt and Pd.

REGIONAL GEOLOGY AND EXPLORATION MODEL

The Mesoproterozoic geology of the Lake Superior region was formed during the 
development of the Midcontinent Rift (MCR), also known as the Keweenawan Rift, 
starting about 1110 Ma. The MCR and its associated rocks can be traced by its 
geophysical signature from its exposure in the Lake Superior region along a 2000 km 
long segmented, arcuate path from Kansas in the southwest to lower Michigan to the 
southeast (Figure 1). The rift originated when a mantle plume arrived at the base of the 
lithosphere under the central part of what is now the North American continent. The 
rifting process involved the thinning, extension and subsidence of the overlying crust, 
accompanied by the production and eruption of a remarkable volume of mafic magma. 
Geophysical modeling of aeromagnetic, gravity and seismic data show the rift to be 
composed of a deep (~30 km) asymmetric basin, infilled with a lower sequence of 
volcanic rocks, locally as much as 20 km thick and occupying a volume of over 2 million 
km2, and a upper sequence of fluvial sedimentary rocks. The rifting and associated 
magmatic activity occurred over a relatively short period of approximately 22 million 
years from 1108-1186 Ma.



Typical stratigraphy along the MCR consists of eroded Archean basement rocks, 
unconformably overlain by paleoproterozoic sediments of the Animikie Group, ea. 1.8 
Ma. It is believed that these rocks were deposited in an elongate depression that bordered 
an island arc or an orogenic belt. On the northern flank, they drape unconformable on the 
Archean "basement" rocks and thicken to the south, reaching several kilometres of 
thickness. The lower part of the Animikie Group is this area is referred as the Gunflint 
Formation. This formation is approximately 130 m thick in northwestern Ontario, 
extending broadly north of Thunder Bay, southwest to and across the American border. 
The lowermost unit is a gravelly, conglomerate, composed of pebbles of chert, jasper, 
greenstone, granite and quartz in a sandy matrix. Above this basal conglomerate, iron- 
rich cherts and carbonate-rich sedimentary rocks predominate. Well preserved 
stromatolites are often present within the lowermost units. A variety of iron-rich 
sedimentary rocks, including chert, carbonate, jasper, hematite- and magnetite-bearing 
taconite, characterize the lower Gunflint and have been extensively mined for their iron 
content in Minnesota and Michigan. Volcanic rocks in the Gunflint are predominately 
represented by basalt and tuff, the latter representing explosive volcanic activity further 
south in the Animikie basin. The Rove Formation overlies the Gunflint, consisting of 
lower black, pyritic shales, which grade upwards into shales interbedded with wackes. 
The Rove has an approximate thickness of 500 m to 600m south and east of Thunder 
Bay, and thickens to the south. These clastic rocks were deposited by southeastward- 
moving turbidity currents, shed from the Archean craton to the north. Like the Gunflint, 
rocks of the Rove Formation are flat-lying or dip gently to the southeast. The Sibley 
Group sedimentary rocks and some inferred correlated igneous rocks predominately 
occur in a fault-bounded basin centred on the Black Sturgeon River, exposed east of 
Nipigon Ontario and north and west of Lake Nipigon. The basal Pass Lake Formation 
unconformably overlies the Animikie Group (Table 2).

Exposure of the Animikie Group sediments covers a distance of 600 km, extending from 
Minnesota and Wisconsin to near Pays Plat, Ontario (30 km east of Vert Island). 
However, local breaks in the continuity of the stratigraphy are known to occur. Results 
from the Falconbridge Limited fall 1997 Nipigon Bay diamond drilling project concluded 
that Animikie Group sediments do not occur in the Nipigon Bay area (Wells, 2002).

The Midcontinent Rift (MCR) consists of three major components:

1. A thick edifice of subaerial flood basalt lava flows;
2. Local concentrations of intrusive rocks; and
3. An upper sequence of sedimentary rocks.

The MCR volcanic sequence is composed predominately of flood basalts, with lesser 
intermediate to felsic rocks (andesitic and rhyolitic flows). The earliest lava flows 
erupted under seawater, but soon accumulated to a thickness that allowed them to erupt 
on dry land or subaerially. MCR intrusions are well represented on the north shore of 
Lake Superior, where they are host to a number of nickel-copper, PGE, and Fe-Ti-oxide 
occurrences. Rift-related intrusive rocks, such as the Duluth Complex in Minnesota, the 
Mellen Complex in Wisconsin, the Logan sills and Nipigon plate region near Thunder



Bay, as well as the alkalic-carbonatite complexes near Marathon, are most commonly 
exposed along the margins of the MCR. The presence of widespread disseminated Ni-Cu- 
sulphide mineralization in basal units of the Duluth Complex, the Mellen Complex, the 
Coldwell alkalic complex, and in a number of gabbroic to peridotitic dykes and sills, 
shows that processes necessary for the formation of sulphide deposits were active in 
some intrusions locally in the MCR.

Table 2 - Proterozoic Stratigraphy

AGE

Mesoproterozoic 
(ea. 1.1 Ma)

Mesoproterozoic 
(ea. 1.1 Ma)

Paleoproterozoic 
(ea. 1.8 Ma)

GROUP

Keweenawan 
Supergroup

Keweenawan 
Supergroup

Animikie Group

SUBDIVISIONS

Osler Group

Intrusive Igneous 
Rocks

Kama Hill Formation
Rossport Formation
Pass Lake Formation

Rove Formation
Gunflint Formation

ROCK TYPES

Basalt, rhyolite, 
conglomerate, 

sandstone

Diabase, gabbro, 
syenite

Red Shale, mudstone
Sandy Dolomite
Quartz sandstone, 

conglomerate
Shale, wacke
Conglomerate shale, 
Chert-carbonate, tuff, 

iron formation

Intrusive igneous rocks in the MCR can be subdivided:

1. Layered mafic intrusive complexes (e.g. Duluth Complex, Crystal Lake Gabbro) 
consisting of gabbro, anorthosite, troctolite, etc;

2. Subvolcanic intrusions (gabbro, diabase);
3. Mafic sills hosted by sedimentary rocks (e.g. Logan diabase sills);
4. Alkaline and carbonatite intrusions (e.g. Coldwell, Prairie, Killala, Chipman Lake 

complexes); and
5. Mafic dyke swarms (e.g. Pigeon River dykes).

Comparisons have been made by between the MCR and the Noril'sk region based on the 
following similarities:

l. Intraplate mantle plume caused melting of continental lithosphere, the generation of 
voluminous co-magmatic intrusive and volcanic rocks that interacted with continental 
crust; and



2. Resultant basalts are heavily contaminated (elevated SiO2, MgO/Ni, La/Sm and Th/Y 
ratios) and depleted in nickel, copper and PGE (Lightfoot et al. 1991; Naldrett and 
Lightfoot 1993; Lightfoot and Keays 1994; Lightfoot and Lavigne 1995).

Additional geological criteria which support a Noril'sk-type Ni-Cu-PGE exploration 
model analogue include:

* Structure: Major mantle-penetrating faults associated with a triple junction in a region 
of attenuated crust. Both rift-parallel, normal faults and oblique, transcurrent faults 
are associated with the MCR.

* Sulphur Sources: Local sulphur sources exist in the Animikie Group and Sibley 
Group sedimentary rocks, as well as in the Archean basement.

* Comagmatism: Piritic and tholeiitic basalts occur with comagmatic intrusions. Many 
of the Logan diabase sill and Nipigon Plate picritic (differentiated?) intrusions may be 
comagmatic with components of the Osler and North Shore Volcanic groups (Davis 
and Sutcliffe 1985; Sutcliffe 1987; Davis and Green 1997).

As a measure for the size of the exploration target identified in the geological model, the 
Noril'sk region is estimated to contain in past production and present reserves 555 
million tonnes of ore with an equivalent grade of 2.7^o nickel. When compared to the 
larger Sudbury ore deposits, the higher grade nickel-copper ores at Noril'sk contain about 
the same amount of nickel metal, but twice the amount of copper, and 15 times as much 
total PGE then all of Sudbury combined (Naldrett, 1993).

PROPERTY GEOLOGY

The Pigeon River property occurs within the Southern Province of the Canadian Shield 
and along the northern margin of the Midcontinent Rift. Early to middle Proterozoic 
rocks dominate the geology in the project area.

The property is underlain by early Proterozoic sediments of the Animikie Group. The 
Animikie Group is comprised of the Gunflint and Rove formations of which only the 
latter has been mapped in the project area. Three middle Proterozoic magmatic events 
are recorded. Earlier intrusions are recognized by their reversed magnetic polarity and 
generally take the form of thick sheets and sills whose geometry is strongly controlled by 
the subhorizontal bedding of the country rock. The younger intrusions having normal 
polarity generally occur as dykes or irregular-shaped differentiated bodies. The first 
phase is represented by fine to coarse-grained, ophitic to intergranular quartz 
diabase/gabbro referred to as the Logan Sills, emplaced conformable with the Early 
Proterozoic Gunflint and Rove Formations. Coarse-grained, intergranular gabbro, locally 
rich in granophyric mesostasis, is common in the interior of the thicker sills. These sills 
are cut by a series of linear east-northeast to northeast-trending olivine diabase and 
northwest-trending quartz diabase dykes called the Pigeon River and Arrow River dykes 
respectively. The youngest intrusions in the area tend to be more irregular shaped and 
internally zoned. One of these is the Crystal Lake gabbro and its projected eastern 
extension, the Mount Mollie dyke that crosses the eastern portions of the property. The



dyke is described as composed of gabbroic, dioritic, and granophyric rocks. Gabbroic 
rocks along the margins of the dyke commonly have modal layering and sulfide 
mineralization similar to that observed in the Crystal Lake gabbro.

Nickel-copper bearing sulphides have been documented to occur in both the olivine and 
quartz diabase dykes of the Pigeon River and Arrow River dykes respectively, and in the 
Crystal Lake Gabbro-Mount Mollic dyke. The prospecting, sampling and evaluation 
program completed by the MVR-BHPB JV confirmed the widespread presence of 
outcropping Ni-Cu+PGE mineralization, hosted in the three above mentioned gabbroic 
intrusive rocks. Furthermore, the work resulted in locating additional new sulfide 
showings and contributed to new insights into the geological model and prospectivity of 
the property.

Grid mapping conducted by Falconbridge, identified four distinct rock units were 
encountered outcropping within these specific areas:

Bedded Sediments: Comprised of a bedded sedimentary unit consisting mainly of 
intercalation of shale, mudstone and sandstone, variable in thickness from mm to meters 
scale. This unit is locally siliceous and occasionally contains disseminated pyrite 
mineralization and very fine pyrite and pyrrhotite layers along the bedding planes. The 
unit follows a regional trend of approximately 07 50 and shallow dip angles in general 
between 20 and l O0 to the SE. Local folding and steep dip angles are observed in the areas 
near to the contact zones of this unit with the gabbroic/diabase intrusions. The unit 
widely outcrops within the three mapped areas.

Gabbro/Diabase Intrusions: The unit occurs within the three grids and it is variable in 
grain size from fine to coarse grained, generally magnetic and occasionally containing 
sulphide mineralization as blebs and patches; the observed sulphides are principally 
pyrite, pyrrhotite and rarely chalcopyrite. One outcrop of porphyritic diabase containing 
mm to cm size plagioclase phenocrysts was identified on L 4E/25ON on grid PR-02; this 
was only observed in the drill core from the two holes drilled in 1998.

In general, the unit is mapped as northeast trending bodies with widths from tens to 
hundreds of meters, and no differentiation on grain sizes was made for the mapping due 
to these variations generally occur suddenly in a single outcrop and there was not a 
defined pattern to follow.

A narrow (2-3 meters wide) mineralized medium to coarse grained gabbro(?)7diabase(?) 
outcrop was mapped on L4E 520S (grid PR-03); the rock contains up to 1007o 
disseminated sulphides (Po, Py, Cpy) and it extends about 200 meters towards L6E where 
boulders of a similar rock were found.

A similar rock was located and sampled on two outcrops outside of the grid areas. These 
rocks are inferred to be related to the contact zone between the gabbroic/diabasic 
intrusions and the sedimentary unit that occurs close to the south edge of the property. 
One of these outcrops is situated south of grid PR-01, about 200 meters west of highway

10



61 on UTM coordinates 5324125N/31045E and it's also projected towards the highway 
extending to the NE. Here, a massive sulphide body of about one meter wide and over 10 
meters long occurs in contact or within the unit containing the disseminated sulphides.

The other outcrop occurs on the Trout Bay claims area further to the east and is located at 
UTM 5327610N/318500E. This rock unit does not outcrop continuously. Again, this 
rock has been interpreted to be a regional feature on the contact zone between the diabase 
intrusion and the sediments.

Granophyre: Two outcrops of a more felsic altered rock containing quartz eyes (?) and 
altered feldspars were mapped as granophyre (?) on L20E/750S and L26E/800S on the 
grid PR-01; they occur locally and no extensions were found outcropping on the adjacent 
area, they are confined only to grid PR-01.

Breccia/Conglomerate: This unit contains 20-30'^ sub-rounded to sub-angular 
fragments of a felsic/granite rock in composition and quartz-feldspar porphyry fragments 
within a fine grained mafic matrix. This unit occurs as an approximately 2 meters high 
discrete outcrop between the gabbroic/diabasic and the sedimentary units on L20E/240N 
on grid PR-01 and extends for about 300 meters in a NE direction where it disappears.

2001 GRAVITY GRADIOMETER/MAGNETOMETER/RADIOMETRICS 
AIRBORNE SURVEY

Sander Geophysics Limited under contact to BHP Billiton World Exploration Inc. 
conducted a high-sensitivity gravity gradiometer, magnetic and radiometric (gamma ray 
spectrometer) survey between October 19 and October 30, 2001. Five production flights 
were flown, for a total of 712.7 kilometres, of which, 161 kilometres were flown directly 
over the property claims. The survey was designed to cover the existing property claim 
block and the surrounding magnetic anomalies defined by the 1998 Falconbridge Limited 
DIGHEMV electromagnetic and magnetic airborne survey. The system measures 
horizontal gravity gradients which are then transformed to the vertical gravity gradient.

The objective of the survey was to provide a cost effective method of detecting the limits 
of the gabbroic sills and dykes and possible associated massive sulfide accumulations 
along the basal contact of the sills or at locations of structural loci.

The details of the survey logistics, survey equipment, survey specifications, system tests, 
field operations, digital data compilation and project summary are appended under a 
separate cover titled "PROJECT REPORT, FALCON GRAVITY 
GRADIOMETER/MAGNETOMETER AIRBORNE SURVEY, Pigeon River Block, 
Thunder Bay, Ontario, Canada, 2001 (Appendix 1).

GEOPHYSICAL INTERPRETATION

The results of the airborne gravity survey are plotted in Figure l as conventional gravity 
data, Gz, in units of mGals. This is equivalent to ground gravity survey data. The

11



contour maps generally shows low gravity over the areas covered by sediments and 
gravity highs over the more extensive (thickness or depth extent) outcropping sills and 
dykes. Magnetic highs (Figure 2) correspond to several of the gravity anomalies 
confirming that these mafic intrusions have a dominant positive polarity, are magnetic 
and have a significant volume. Radiometric data was also obtained, primarily to test the 
system rather than as an exploration tool for this project (Figures 3, 5 and 5). All three 
elements (K, U and Th) display the highest counts in the western third of the claim block 
where outcropping diabase is more prevalent. Areas covered by overburden or Animikie 
sediments generally show much lower counts with the lake areas having the lowest 
counts.

RECOMMENDATIONS

An electromagnetic survey should be completed over the gravity highs to determine if 
any massive sulfides are associated with the subsurface gabbroic sills or dykes.

12
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L INTRODUCTION

Sander Geophysics Limited (SOL) conducted a high-sensitivity aeromagnetic and gravity 
gradiometer survey over the Pigeon River block, located in Ontario, Canada, under contract with 
BHP Billiton. The survey was flown from the Thunder Bay International Airport, in Thunder 
Bay, Ontario, Canada Figure l shows the geographical position of the Survey Area The 
production flights took place from October 19 to October 30, 2001. Five production flights were 
flown, for a total of 712.7 kilometres, to complete the planned survey.

The aircraft used for this survey was SGL's Cessna 208B, Grand Caravan, registration C-GSGY. 
The Pigeon River block survey consisted of traverse lines flown at 300 m spacing oriented 660, 
with orthogonal control lines spaced every 4900 m. The survey was flown with a pre-planned 
drape surface for vertical guidance with minimum clearance of 100 m above ground level. 
Survey flying speed was approximately 100 knots (KIAS).
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Figure l Survey Area Location - Pigeon River Block, Ontario, Canada

Survey Location

II. SURVEY AREA

The Pigeon River block is located along the border of Canada and the United States, 
approximately 70 km southwest of Thunder Bay, Ontario, Canada, on the shore of Lake 
Superior. The area is mostly comprised of a nature reserve, characterized by a spectacular river 
gorge and two dramatic water falls, The ground is covered with boreal forest. The topography of 
the survey block has an approximate 350 m variation from the highest point in the northwest 
comer of the block to the lowest point in the southeast comer.

SANDER GEOPHYSICS
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III. SURVEY EQUIPMENT

SGL's Cessna 208B, Grand Caravan, registration C-GSGY, was used to fly the entire survey. 
SGL provided the following instrumentation for this survey:

Aerial and Ground Magnetometers
Geometrics G-S22A

Both the ground and airborne systems used a non-oriented (strap-down) optically- 
pumped cesium split-beam sensor. These magnetometers have a sensitivity of 0.005 nT, 
and a range of 15,000 to 100,000 nT with a sensor noise of less than 0.02 nT. The 
airborne sensor was mounted in a 2.5 m fibreglass stinger installed on the tail of the 
aircraft. Total field magnetic measurements were recorded at an interval of 0.1 s in the 
aircraft and 0.5 s in the ground system.

Automatic Aeromagnetic Digital Compensator
RMSAADCMkll

The RMS AADC Mk H compensator is a fully automatic, 27-term compensator system 
utilizing a 3-axis fluxgate magnetometer for heading information. Magnetic information 
was output to the serial port at O.ls intervals, with a resolution of 0.001 nT. The system 
provides a complete real-time compensation of Ae aircraft manoeuvre noise.

Airborne Gravity Gradiometer
Newton AGG System

The AGG System is a single vertical-spin axis gravity gradiometer instrument mounted 
on a stabilized platform. It is based on existing gravity gradiometer technology and has 
been optimized for airborne mineral exploration. The system is capable of supporting 
surveying activities in areas ranging from 1,000 ft below sea level to 13,000 ft above sea 
level with aircraft speeds from 70 to 130 knots. The AGG is comprised of binnacle, 
electronics rack, aircraft body sensors, and a binnacle Environmental Control Unit 
(ECU) comprising a pressure control system, a cooling unit and a dehumidifying system. 
The AGG data streams were digitally recorded at different rates in a SUMMATEC 
removable drives installed in the AGG electronics rack.

The AGG (Newton AGG1) configuration system including GGI, platform, control and 
data acquisition electronics and ancillary equipment is described in the following list:

1) AGG System installed: Serial number 001 (Newton),
2) GGI in operation: Serial number 001,

SANDER GEOPHYSICS
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3) the frame monitoring package was mounted under the binnacle and the filter 
box was mounted on the floor (forward of the AGG electronics rack and 
beside the binnacle),

4) the laser scanner electronics were mounted in the SOL rack,
5) the VRV, the binnacle pressure control electronics, and the dehumidifying 

unit were mounted on the ECU.

Gamma Ray Spectrometer System
Exploranium GR820 with Crystal Detector Pack GPX-1024/256 (9 crystals)

The Exploranium spectrometer system includes an on-board computer for real-time 
signal processing and analysis, which allows automatic gain control for individual 
crystals using the natural thorium peak, and multi-channel recording and analysis. The 
system utilized a (Tl)NaI detector volume of 37.8 l consisting of 8 downward-looking 
parallelepipedic crystals of 4.2 l each, housed in two detector packs, in addition with one 
upward looking crystal installed in one of the detector packs. Data was recorded in 256 
channel spectral mode and windowed data mode at an interval of l s.

Navigation And Flight Path Recovery System
NovAtel Millennium Card

Navigation and flight path recovery were provided by tile SGL NavDAS system. The 
system utilizes a NovAtel Millennium 12-channel GPS receiver mounted in the 
navigation computer with a sampling rate of 0.5 s. In addition to providing essential 
positional data, the navigation computer processes raw GPS or real-time differentially 
corrected GPS (RDGPS) data, and compares the data to the coordinates of a theoretical 
flight plan, to guide the pilot along the desired survey line in three dimensions.

Real-Time Differential GPS
Omnistar 3000LR

The Omnistar 3000LR receiver provides real-time differential GPS for the NavDAS on 
board navigation system. The differential data set was relayed via a geosynchronous 
satellite serving North America, to the aircraft where the receiver optimized the 
corrections for the current location.

Drape Flying
SGDrape

The SGDrape Flying System uses a computer-assisted system to enable the company's flight 
crews to maintain an optimal drape during surveying in hilly or mountainous terrain. A 
digital terrain model was modified to reduce all slopes to within the capabilities of the survey
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aircraft. The flying surface was created using a climbing rate of 235 feet/nautical mile. The 
resultant surface grid was filtered to create a flying surface with a maximum climb rate of 
250 feet/nautical mile, giving a smooth flying surface. The flight crew matched the aircraft's 
altitude to the digital terrain model witfi the assistance of the flight navigation (GPSNav) 
computer. The altitude information comes from either real-time differential OPS, or the raw 
GPS, or a combination of the two backed up by a radar altimeter.

Airborne Data Acquisition Systems
Sander NavDAS

The NavDAS is the latest version of airborne data acquisition computers developed by 
SOL. It records and displays all incoming data on a flat panel screen. The data is recorded 
on vibration tolerant IOMEGA JAZ cartridges. The time base, (UTC) accuracy of the 
NavDAS system is automatically provided by the GPS receiver. The NavDAS 
incorporates a magnetometer coupler, an altimeter converter and a GPS receiver.

NT server
A computer running Windows NT was used to communicate with the Lockheed Martin 
AGG system. This computer has an internal hard disk and a SUMMATEC removable 
hard drive, which can be used to record the AGG data in case of a failure in the AGG 
data recording system.

Ground Data Acquisition System
SOL Gnd-Acq

The ground data acquisition computer is a portable PC-Pentium with a Sander Cesium 
magnetometer frequency counter to process the signal from the magnetometer sensor and 
an internal GPS card. The ground station magnetometer sensor was mounted on a 2 m 
pole in a specially constructed composite cap. The noise level of the base station is less 
than 0. l nT. The GPS receiver automatically provides the UTC time base for both the 
ground and airborne systems, ensuring proper merging of the two data sets. The ground 
data acquisition computer displays all incoming data on an LCD flat panel screen. 
Ground station data was printed in real-time on a line printer during each flight. The 
magnetic data, sampled every 0.5 s and GPS data sampled every 0.5 s were recorded on 
the internal hard drive of the computer. The entire ground data acquisition system is fully 
automatic and was set for unattended recording and printing.

GPS Base Station Receiver
NovAtelMillennium Card

The NovAtel Millennium 12-channel receiver forms an integral part of the SGL GND-ACQ 
system. It provides averaged position and raw range information of all satellites in view,
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sampled every 0.5 s. The comparative navigation data supplied during all production flights, 
allows for post-processed differential OPS (DGPS) corrections for the entire project.

Video System
Costar model CV950 camera 
JVCSR-T5VVCR

The video camera is mounted in the floor of the aircraft and oriented to look vertically 
below while in flight. An intervalometer and fiducial marking system required for flight 
path verification are incorporated. The video information was recorded on VHS 
videotapes in NTSC format.

Altimeters
TRTERT-530A Altimeter
Sander Digital Barometric Pressure Sensor

The radar altimeter has a resolution of l m, an accuracy of 2'^, a range of 1-10,000 ft.
and a measurement rate of 4 Hz. The barometric altimeter uses the static pressure
measured by one transducer installed in the right hand pitot tube. The transducer
measurements are converted to PSI.

Laser Scanner
Laser Scanner - Riegl Pulse LMS-Q140

The laser scanner was designed for high speed line scanning applications. The system is 
based upon the principle of time-of-flight measurement of short laser pulses in the 
infrared wavelength region and the angular deflection of the laser beam is obtained by a 
rotating polygon mirror wheel. The measurement range is up to 350 m with a minimum 
range of 2 m and an accuracy of  2.5 cm The laser beam is eye safe, the laser 
wavelength is 0.9 //m, the scan angle range is 600 to 800 and the speed is 20 scans/s.

Fuel Tank Monitoring System
Fuel levels are measured and recorded using the existing system of eight capacitance type 
probes that are installed in the two main fuel tanks. There is one large fuel tank in each 
wing, which feed a small four-gallon tank located under the pilot's seats. Measurements 
of each sensor are recorded every second and converted into a percentage of full reading. 
A description of this conversion is listed in the data processing section of this report.

Outside Air Temperature
The outside air temperature is measured at l Hz with a resolution of 0.1 0C. The temperature
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sensor has a range of +/-500C and an accuracy of *A0.20C. The temperature sensor is 
mounted in an air inlet duct at the point where Hie wing strut attaches to the right hand wing.

Survey Aircraft
Cessna 208B, Grand Caravan (C-GSGY),

The Cessna 208B Grand Caravan is an all metal, high wing, single-engine aircraft 
powered by a Pratt A Whitney Canada PT6A-114A engine driving a constant speed, fully 
feathering, reversible propeller. The aircraft is equipped with full de-icing equipment and 
sufficient avionics for instrument flying, including a flight control system and weather 
radar. The Caravan is certified for IFR flights in known icing conditions.

The aircraft has a rigid aluminum and composite material 3 m tail stinger designed to 
accommodate the magnetometer sensor. There is a hole in the belly of the aircraft for the 
video camera and the laser profiler. Extensive modifications have been made to 
accommodate the AGG system.

Data Processing Hardware and Software
The following equipment was used in the field office: 
Hardware:

1) "P3-2" Pent III 933 MHz computer, with l GB RAM, 70 GB hard drive, CD, 
Exabyte 8mm tape drive, Summatec drive

2) Epson 1520 colour inkjet printer capable of producing 14" wide continuous plots

Software:
1) SGL data processing and imaging software
2) SGL Differential GPS processing software
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IV. SURVEY SPECIFICATIONS

Data Recording
The following parameters were recorded during the course of the survey:

* Aircraft altitude: measured by the barometric altimeter at intervals of 0.25 s;
* Terrain clearance: provided by the radar altimeter at intervals of 0.25 s;
* A continuous video tape record of the terrain passing below the aircraft;
* Airborne GPS positional data (latitude, longitude, height, time and raw range from 

each satellite being tracked): recorded at intervals of 0.5 s;
* Time markers: synchronously impressed on the video and digital data;
* Airborne total magnetic field: recorded with a 0.25 s sampling rate;
* Ground total magnetic field: recorded with a 0.5 s sampling rate;
* Ground based GPS positional data (latitude, longitude, height, time and raw range 

from each satellite being tracked): recorded at intervals of 0.5 s;
* Fuel levels: recorded at an interval of l s;
* Outside air temperature: recorded at intervals of l s;
* Aircraft distance to ground in different angular position: measured by the laser 

scanner system at intervals of 0.05 s;
* Aircraft distance to ground: measured by the laser profiler system at intervals of 

0.0083333 s (120 Hz);
* AGG data: recorded at different intervals;
* Airborne spectrometer data: recorded at intervals of l .0 s.

Flight Line Specifications

Traverse Lines

Control lines

Line Direction

660

1560

Line Spacing

300m

4900m
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V. SYSTEM TESTS

AADC Compensation
Compensation tests determine the magnetic influence of aircraft manoeuvres and the 
effectiveness of the RMS compensator to mitigate these effects. The compensation test 
was performed prior flying the survey block. The aircraft performed sets of three pitches 
( 50), rolls ( 100) and yaws ( 50), while flying in each of the four flight line directions at 
high altitude over a magnetically quiet area A solution to compensate for the noise 
generated by the manoeuvres is determined by the AADC and the solution is tested, by 
repeating the same set of manoeuvres. The total compensated signal noise resulting from 
the twelve manoeuvres, referred to as the Figure of Merit (FOM), is calculated from the 
maximum peak to peak value resulting from each manoeuvre. This compensation 
produced a FOM of 1.1 nT. For the flight 006, which consists of reflown lines only, 
another compensation was performed because the crystal packs had been removed from 
the plane. The FOM of that compensation was 1.2 nT.

Instrumentation Lag
The magnetometer system lag was computed by analysing magnetometer data flown in 
two directions. The lag was verified to be 0.70 seconds, which is consistent with previous 
tests using the Caravan in a similar configuration. The lag was automatically applied to 
the magnetic data during processing.

Radar Altimeter Calibration
The radar altimeter was calibrated by flying at different altitudes. The results of the radar 
altimeter and differentially corrected OPS heights in mean sea level (MSL) were plotted 
on an XY graph (see Figure 2). The plot of the radar calibration data points shows an 
approximation to a straight line with a slope of 0.99 and offset of -0.28 m. An ideal 
calibration would yield a slope of 1.0 and offset of 0. The results of the radar altimeter 
test fall within the expected error ranges.

SANDER GEOPHYSICS
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Figure 2: Radar Altimeter Test
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Radar Altimeter Calibration

Stripping Ratios
The stripping ratios for the gamma-ray spectrometer were determined before the aircraft 
departed for the survey, using the GSC calibration pads, which are stored at the SQL 
hangar in Ottawa The tests were performed with the crystal pack installed in survey 
configuration onboard the aircraft.

The following procedure was carried out:
1) Cesium stabilization carried out.
2) Thorium stabilization carried out.
3) Pre-pads source test, one thorium source below pack.
4) Stabilization on Thorium taken off.
5) Pads test on Detector Pack A carried out in order -^ background, Potassium 

(six minutes recording each).
6) Re-stabilize on Thorium.
7) Stabilization on Thorium taken off.
8) Pads test carried on Detector Pack B out in order ^ Uranium, Thorium,

SANDER GEOPHYSICS
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background (six minutes recording each).
9) Stabilization on Thorium put on.

10) Post-pads source test, one Thorium source below pack.

The following contains the stripping ratio test results for the crystal Pack A and B and the 
average ratios used for this survey.

Stripping Ratios

Thorium into Uranium 
(Alpha)

Thorium into Potassium 
(Beta)

Uranium into Potassium 
(Gamma)

Uranium into Thorium (A)

Potassium into Thorium (B)

Potassium into Uranium (G)

Pack A s/n 2632 
STRIPPING 

RATIO

.2422

.3905

.7087

.0496

.0000

.0123

Pack B s/n 2566 
STRIPPING 

RATIO

.2651

.4109

.7384

.0465

.0000

.0061

Average of 
Pack A and B

.2536

.4007

.7236

.0480

.0000

.0092

Spectrometer System Sensitivity
Sensitivities were determined during the pre-survey test flight over the GSC test range at 
Breckenridge, Ontario. The test flight served to determine system sensitivities through 
comparison of airborne data with data acquired on the ground, as well as to determine the 
variation of the window counts with aircraft altitude (attenuation).

The ground measurements were made with an Exploranium GR820 portable gamma ray 
spectrometer that was subsequently calibrated using the GSC calibration pads. 
Measurements were acquired at 28 different sites along the 10 km length of the 
calibration range. Background measurements were also made on the Ottawa River to 
remove the effects of cosmic radiation, radon decay products in the air and any 
radioactivity of the equipment.

The calibration flights were carried out from approximately 100 m to 300 m terrain 
clearance at 50 m intervals. A series of background measurements were made at the 
same altitudes over the Ottawa River to determine the background due to cosmic 
radiation, radon decay products in the air and the radioactivity of the aircraft and 
equipment.

SANDER GEOPHYSICS
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The test was performed using only one crystal pack detector before mobilization. The 
sensitivities of the airborne system to potassium, uranium, and thorium were calculated 
by dividing the average count rates corrected to 100 m by the ground concentrations of 
the test range. Results are presented in the following table.

System Sensitivities - One pack system

Potassium
Uranium
Thorium

SOL 
Sensitivities

31.7685

3.3802

2.1044

Units

cps per Vo

eU ppm

eTh ppm

A decision was made while the aircraft was in the field to install a second crystal pack. A 
comparison test had to be flown in order to calculate the new sensitivity for a two pack system. The 
test was flown before the next survey in Arizona on November 12*, 2001. The first part of the test 
was flown with both crystal packs. For second part a crystal pack was removed (Crystal S/N 2632). 
The pack with the upper sensor was left in Ihe aircraft. Control line C101 used for comparison test. 
The following lists the background corrected data acquired during the test flight

SANDER GEOPHYSICS
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Sensitivity Test between one and two crystal packs 
2 crystal packs

Counts
Height

125.42
163.45
199.79
242.95
285.00

Average

Window - Total
Window- K
Window- D
Window - Th

Total
2444.2
2276.5
2212.6
2315.4
2494.1
2348.6

K
204.368
194.348
182.910
171.485
195.659
189.754

Sensitivity

64.1867
10.5722
4.3645

U
55.989
47.899
44.217
53.258
57.851
51.843

Sensitivity
Th
49.654
48.430
49.001
49.006
49.050
49.028

K
65.4172
64.4577
63.5662
58.1883
69.3038
64.1867

U
12.1543
11.6013
9.8169

11.1857
8.1026

10.5722

Th
4.3624
4.2603
4.3910
4.2221
4.5868
4.3645

1 crystal pack 
Counts

Height Total
117.09
155.39
204.94
238.29
283.92

Average

Window - Total
Window - K
Window - U
Window-Th

991.0
957.1
961.4
979.3

1095.0
996.8

K
99.247
95.786
91.413
93.624
89.689
93.952

Sensitivity

31.769
3.380
2.104

U
15.571
13.956
15.225
16.094
24.134
16.996

Concentration
Th
23.953
23.922
23.484
24.426
22.504
23.658

K
3.1241
3.0151
2.8775
2.9471
2.8232
2.9574

U
4.6065
4.1287
4.5042
4.7613
7.1398
5.0281

Th
11.3823
11.3676
11.1595
11.6071
10.6938
11.2421

The calculated sensitivities for the two packs system are presented in the following table.

System Sensitivities - Two pack system

Potassium
Uranium
Thorium

SOL 
Sensitivities

64.1867

10.5722

4.3645

Units

ops per Vo

eU ppm
eTh ppm
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Attenuation Coefficients
The exponential height attenuation coefficients were calculated using the data acquired 
from the sensitivity test for a two packs system, flown on the 12th of November 2001. 
Data was acquired at five different heights above the test line and processed to remove 
background and apply stripping ratios. Coefficients calculated at SOL are shown below.

Attenuation Coefficients
Potassium

Uranium

Thorium

Total

-0.007708

-0.007526

-0.006357

-0.007087

Cosmic and Aircraft Background
The cosmic and aircraft background test was performed over Lake Superior and again 
over the Arizona desert. The test flight consisted of flying at heights of 1700 m to 3500 
m above sea level at 300 m intervals, recording data for 10 minutes at each level. 
Coefficients are determined by linear regression of cosmic counts versus each spectral 
window as described in the IAEA Report 323 (1991). Graphs of cosmic counts versus 
each spectral window are given in Figure 3. Data from the lowest height were not used 
due to the effects of airborne radon. The following table lists the computed cosmic and 
aircraft background coefficients.

Cosmic Coefficients

Total
Potassium
Uranium
Thorium

Cosmic Coefficient
0.7444
0.0461
0.0310
0.0408

Aircraft Background
79.94
7.12
4.98
0.00

Radon Corrections
Atmospheric radon coefficients were determined from a series of test lines flown at survey height 
over Lake Superior. The over water test line was flown at a distance of greater than one km from 
the shoreline, and data was acquired for at least 200 seconds (approximately 12.5 km). Graphs of 
the spectral windows versus uranium due to Radon are shown in Figure 4. Uranium due to radon 
over water is the uranium window counts corrected for cosmic and aircraft background radiation. 
The radon correction parameters used for this project are listed in Table 1.

SANDER GEOPHYSICS
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Figure 3: Cosmic Counts vs Each Spectral Window
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Table 1 Radon Correction Coefficients

Total (l r)

Potassium (Kr)

Thorium (Tr)

Upward (u r )

A

17.9133

1.1063

0.0500

0.1166

B

7.0175

0.8551

0.9257

0.3435

Ur uranium component due to 
radon

l r *Aj*Ur *Bj

K^Ak*U r *Bk

T^At*Ur -HBt

ur = Au*U r + Bu

Spectrometer Data Test Line
Due to the anticipated short duration of this survey, no test line was judged necessary.

Source Tests
Thorium source tests were performed before and after each flight. A source was hung 
beneath the crystal pack using a specially designed holder to ensure consistent placement. 
Uranium, thorium, and background windows were averaged and recorded for 180 
seconds during each test. Recorded data was dead-time and background corrected before 
the statistics were compiled.

SANDER GEOPHYSICS
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VL FIELD OPERATIONS

Operations were conducted from the Thunder Bay International Airport located in Thunder Bay, 
Ontario, Canada The field office was established in the Thunder Bay Flight Re-fuelling (ESSO), 
Thunder Bay. The combined magnetic/GPS ground station was installed at the Shulman's back 
lot, behind the 1919 Chevrolet, 1420 Victor Drive (about 3 km west of the airport). The 
differentially corrected WGS-84 coordinates of the ground station are:

Latitude:

Longitude:

Elevation:

48:20.884626N

89:19.801136W

173.418m

It took five flights to complete this survey. Due to poor weather conditions and high turbulence 
two of these flights were aborted. The total line kilometres to be flown was collected in three 
flights. During two of these flights the total area was covered, and in the last flight some lines 
were reflown. The weather during the survey was not good with rain, poor visibility and high 
turbulence causing problems. The third flight was flown during active magnetic conditions in 
order to avoid rain which was forecasted for later in the day.

Field Personnel
The following technical personnel participated in field operations:

Geophysicist/Party Chief: Edward Cifuentes
Geophysicist: Stefan Elieff

Pilot: Hugh Heys
Co-Pilot: Tristan Andrew

Aircraft Engineer: Dwayne Bailey

SANDER GEOPHYSICS
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VII. DIGITAL DATA COMPILATION

All preliminary data compilation such as editing and filtering was performed in the field. 
Preliminary processing for on-site quality control was performed as each flight was completed. 
Final data processing was performed at SGL head office in Ottawa

Magnetometer Data
Figure 4 summarizes the steps involved in processing the data obtained from the survey. 
The airborne magnetometer data, recorded at 4 Hz, were plotted and checked for spikes 
and noise. Ground magnetometer data were de-spiked automatically using a 67-point low 
pass filter (see Figure 5) and de-spiker. All ground station magnetometer data were then 
filtered using a frequency domain filter with 100*^ cut-off below 20 second wavelength, 
and lOO1/^ pass at 40 seconds wavelength. Ground station magnetometer data were IGRF 
corrected using the fixed ground station location and the recorded date for each flight.

The airborne magnetometer data were corrected for diurnal variations by subtracting the 
filtered and IGRF corrected ground station data and adding back the average ground 
station value. The average ground station value was calculated from all the ground station 
data used to correct Hie airborne data, ensuring that the ground station corrections did not 
bias the airborne data set. The airborne magnetometer data was IGRF corrected, using the 
location, altitude and date of each point. The IGRF was calculated using a 2000 IGRF 
parameter file.

Intersections between control lines and traverse lines were determined by a program 
which extracts the magnetic, altitude, as well as the X and Y values, of the traverse and 
control lines at each intersection point. Each control line was adjusted by specific 
magnetic values to minimize the intersection differences that were calculated using the 
following equation:

S|i-a| summed over all traverse lines
where, i ^ individual intersection difference
a ^ average intersection difference for that traverse line

The influence of anomalous intersections was avoided by calculating local average 
corrections and thresholding the intersection correction values. After the traverse lines 
were levelled, the control lines were matched to them, allowing the use of all data in the 
final products.

SANDER GEOPHYSICS
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The levelled magnetic data were gridded using a minimum curvature algorithm to create 
a two-dimensional grid equally incremented in X and Y directions. The algorithm 
produces a smooth grid by iteratively solving a set of difference equations minimizing the 
total second horizontal derivative, while attempting to honour the input data (Briggs, I. C, 
1974, Geophysics, v 39, no. 1).

SANDER GEOPHYSICS
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Figure 4: Magnetometer Data Processing

MAGNETOMETER DATA PROCESSING

IN-FLIGHT DIGITAL FINAL FLIGHT PATH 
DATA DATA

|
DATON - reformat ACQUIRE data to SGL data format

1
FTCHECK - check data for gaps and spikes

1
FILTER - filter altimeter data (radar and barometric)

1
WINPROF - plot altitude and magnetic profiles

1
FEDIT - data into line format retain all usable lines

i p

GROUND STATION 
DATA

1
DATON - reformat ACQUIRE data to SGL data format

l
RLTER - filter ground station data

1
MAGIGRF - corrected for IGRF based on data and 
fixed location

* 1
WINPROF - plot profiles (visual)

COMBIN - combine data sets

FILTER- filter GPS altitude

FUNCOR - subtract ground mag from airborne mag

MAGIGRF - correct for IGRF based on date and altitude

INSINT - tabulate intersections of control and traverse lines

TIERX - statistical correction of intersection along control 
lines modifying intersections within specified limits

LEVEL - level lines based on new intersection values

PROFILE - plot data profiles vs flight path

GRDMINC - produce a gridded data set

CONTOUR - generate contour plots

FREQFIL - calculate vertical gradient grid

CONTOUR-generate colour separation

MAPIMAG- produce colour plot files

^Quality Control Check
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Radiometric Data
Please refer to Figure 7 for a summary of the spectrometer data compilation process.

Spectral Component Analysis
Raw 256 channel spectrometer data is analysed using the noise adjusted singular value 
decomposition method (NASVD; J.Hovgaard and R.L. Grasty paper 98, Geophysics and 
Geochemistry at the Millennium, Proceedings of the 4th Decennial International 
Conference on Mineral Exploration, 1997). NASVD is similar to principal component 
analysis in that it identifies the spectral shapes or "components" that comprise the 
recorded data. However, data must be normalized with respect to count rate since 
channels with low count rates will have naturally higher statistical variation than those 
with high count rates. If this is not done, components will describe variation dominated 
by changes in single channels. In addition, the average spectrum is removed as 
component zero before analysis. The NASVD method then determines the components in 
order of significance with respect to the amount of variance in the data they describe. 
Each component is a spectrum with 256 channels and there are in theory as many 
components as there are channels (i.e. 256). Variation in the signal is accounted for by 
the first components to be identified, whereas variation due to noise is accounted for by 
the higher order components. Inspection of the components allows us to determine which 
components describe the signal, so that noise components may be discarded. Spectra are 
then reconstructed from the signal only components, and the count rates in the standard 
windows are recalculated.

For the Pigeon River survey, signal from ihe full data set is described by components zero to six. 
Components zero to six are shown in Figure 6. The effects of NASVD are checked by gridding the 
windowed data with and without removal of noise components to verify Ihat the selected 
components describe the all the signal variation and that no significant signal is removed. A further 
check on NASVD is made by verifying that line mean count rates of windowed data are not 
changed by removal of noise.

SANDER GEOPHYSICS
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Figure 6: Spectral Component Analysis
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Figure 7: Spectrometer Data Processing

SPECTROMETER DATA PROCESSING

IN-FLIGHT DIGITAL DATA

NASVD - spectral component noise

FINAL FLIGHT PATH DATA

COMBIN - join data sets at l reading/sec

FUNCOR - dead time corrections

FILTER - add extra channels for cosmic ranoval

SPECPRO - subtract cosmic and aircraft background
- subtract radon background
- stripping ratios from calibration pads
- height corrections

FUNCOR - convert to radioelement concentrations

GRDM1NC- produce a gridded data set
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Standard Radiometric Data Processing
Spectrometer data is corrected as documented in the Geological Survey of Canada Open 
File No. 109 and the IAEA report "Airborne gamma-ray spectrometer surveying; 
Technical Report Series No. 323 (International Atomic Energy Agency, Vienna).

The gamma-ray spectrometer processing parameters are described as follows.

Spectrometer Processing Parameters - Pigeon River, Ontario

Pigeon River. ON 2001 ^8250 Sensitivities for 100 m AGL PIGEON RIVER (F2PPIG01 .ON)

WINDOW
Total
Potassium
Uranium
Thorium
Cesium
Upward

COSMIC STRIPPING (B) AIRCRAFT (A)
0.7444
0.0461
0.0310
0.0408
0.0000
0.0036

79.94
7.12
4.98
0.00
0.00
0.38

Count = A + B * COSMIC

RADON COMPONENT A
Total (k) 17.9133 
Potassium (Kr) 1.1063 
Thorium (Tr) 0.0500 
Cesium (Cr) 0.0000 
Up (ur) 0.1166

STRIPPING RATIOS (GR820)
alpha 0.2536
beta 0.4007
gamma 0.7236
a 0.0480
b -0.0002
g 0.0092

ATTENUATION COEFFICIENTS
Total -0.007087 
Potassium -0.007708 
Uranium -0.007526 
Thorium -0.006357

Ur = Uranium component due to radon
I^Ai'Ur + Bi
Kj^Ak'Ur + Bk
T^AfUr + Bt
C^Ac'Ur + Bc *** not used ***

B
7.0175
0.8551
0.9257
0.0000
0.3435

INCREASE IN HEIGHT(per meter)
0.00049
0.00065
0.00069

SENSITIVITIES
Potassium
Uranium
Thorium

64.1867 cpsper^o
10.5722 eUppm
4.3645 eThppm

C = N/S N-count 
S-Sensitivity 
C-Concentrations
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Before gridding the following corrections are applied to the spectrometer data in the 
order shown:

1) Dead time correction
The system live time is recorded by the spectrometer and represents the time that the 
system was available to accept incoming gamma radiation pulses. Live time is reduced, 
and dead time increased, as count rates increase and the time taken by the spectrometer to 
process measured pulses increases. The dead-time correction is applied to each window 
in both the upward and downward looking detector data, except the cosmic channel data 
that is processed by separate circuitry in the GR820 spectrometer, using the following 
equation: 
N^n/t

where N = the corrected count rate in each channel 
n = the raw count recorded in each second 
t = the recorded live time (fraction of a second).

2) Calculation of effective height above ground level (AGL)
A 21-point low pass filter Figure 8 is applied to 4Hz radar altimeter data, and a 131-point 
low pass filter (Figure 9) is applied to 4Hz barometric altimeter data. The barometric 
altimeter data is then converted to equivalent pressure, and used with the digitally 
recorded temperature to convert the radar altimeter data to effective height at standard 
pressure and temperature (STP) as follows:

, , 273.15 P h^hx     x    
T + 273.15 1013.25

where: he = the effective height
h - the observed radar altitude in metres
T = the observed air temperature in degrees Centigrade, and
P = the observed barometric pressure in millibars.

3) Removal of cosmic radiation and aircraft background radiation
A frequency domain filter (low pass) is applied to l Hz cosmic radiation data to reduce 
statistical noise. Cosmic radiation and aircraft background radiation are removed from 
each spectral window using the cosmic coefficients and aircraft background radiation 
values determined from test flight data using the following equation:

N = a + bC
where: N = the combined cosmic and aircraft background in each

spectral window,
h = the aircraft background in the window, 
b - the cosmic stripping factor for the window, and 
C - the cosmic channel count.

SANDER GEOPHYSICS



30 GRAVITY GRADIOMETER/MAGNm'OME^ERAJRBORNE SURVEY -PIGEON RIVER- 2001

4) Removal of the radon background
A low pass filter with a cosine tapered ramp between 15 and 25 points is applied to IHz downward 
uranium, downward thorium and upward uranium count data for the purposes of the radon 
correction only. The Radon component in the uranium window is calculated using ihe radon 
coefficients determined from test flight data and ground coefficients determined from the survey 
data using the following equation:

(J r  
u - a\U - aiT ± aibr - bu

a —ai —

where: Ur 

u 

U 

T

O] and a2
au, OT , bu and br

the Radon background measured in the downward
uranium window,
the filtered observed count in the upward uranium
window,
the filtered observed count in the downward
uranium window,
the filtered observed count in the downward
thorium window,
the ground coefficients, and
the Radon coefficients for uranium and thorium.

The Radon counts in the total count, potassium and thorium downward windows are then 
calculated from Ur using the following equations:

ur — au Ur + bu 
Kr = aK Ur + bk 
Tr = a^Ur + bT
Ir =aI Ur + b{

where: ur

Kr, Ur, Tr and Ir 

various a and i coefficients

= the Radon component in the upward
uranium window, 

= the Radon components in the various
windows of the downward detectors, and 

^ die Radon calibration coefficients.
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S) Stripping
The stripping ratios for the spectrometer system are determined experimentally. The 
stripped count rates for the potassium, uranium and thorium downward windows are 
calculated using the following equations:

-u ~

nA/ - ra uNn

where A has the value:

A = l-gy-a(J-gb)-b(fi-ay)

and where nK, nu and nn = the unstripped potassium, uranium and thorium
downward windows counts,

NK, NU and N-n, = the stripped potassium, uranium and thorium 
downward windows counts,

cc, 3, and y = the forward stripping ratios, and 
a, b and g = the reverse stripping ratios.

a, P, and y are adjusted for effective height (as calculated above) by standard factors.

6) Altitude attenuation correction
This correction normalizes the data to a constant terrain clearance of 100 m above ground 
level (AGL). Attenuation coefficients for each of the downward windows are determined 
from test flights. The measured count rate is related to the actual count rate at the 
nominal survey altitude by the equation:

where: Ns = the count rate normalized to the nominal survey altitude, h0,
N = the background corrected, stripped count rate at effective

height h, 
H = the attenuation coefficient for that window,

SANDER GEOPHYSICS
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h0 = the nominal survey altitude, and 
h = the effective height.

The effective height is determined in step 2) "Calculation of effective height above 
ground level (AGL)". Data collected from effective heights exceeding 300m are 
considered unreliable, and are nulled, but no data from this survey exceeds the 300m 
effective height limit.

7) Correction for effects of precipitation
The Pigeon River Survey was flown in two flights. No correction for effects of 
precipitation was deemed necessary.

8) Conversion to radio element concentration
Sensitivities are determined experimentally from test flight data. The units of the count 
rates in each spectral window are converted to "Apparent Radio Element Concentrations" 
using the following equation:

C^N/S

where: C = the concentration of the element(s)
N = the count rate for the window after correction for dead

time, background, stripping and attenuation 
S = the broad source sensitivity for the window.

potassium concentration is expressed as a percentage and equivalent uranium and 
thorium as parts per million of the accepted standards. Uranium and thorium are 
described as "equivalent" since their presence is inferred from gamma-ray radiation from 
daughter elements ( 214Bi for uranium, 208T1 for thorium).

9) Data gridding
A minimum curvature gridding algorithm is considered most appropriate in order to 
preserve detail in the data. The method generates a 2-dimensional grid, equally 
incremented in x and y, from randomly placed data points. The algorithm (I.C. Briggs, 
1974, Geophysics, v 39, no. 1) produces a smooth grid by iteratively solving a set of 
difference equations that minimize the total second horizontal derivative and attempt to 
honour input data. Spectrometer data within cells are combined with a cosine weighting 
function before the minimum curvature surface is fitted.

For the Pigeon River Survey block, radiometric data are interpolated to a 50m grid cell

SANDER GEOPHYSICS
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size appropriate for survey lines spaced at 300m. Control lines and test lines are not 
included in the grids.

AGGData
The Airborne Gravity Gradiometer data were digitally recorded on SUMMATEC 
removable drives. The data were copied on the SGL's processing computers, backed up 
twice on DVD and delivered as recorded on a daily basis to the BHP representative, 
Nigel George, in the field and backed up in 8 mm tapes. The AGG data was processed 
using BHP's DiAGG software and the resulting plots were checked for unusual results.

Radar Altimeter Data
The terrain clearance measured by the radar altimeter in metres was recorded at 4 Hz. 
The data were filtered to remove high frequency noise using a 67-point filter {see Figure 
5). The final data were plotted and inspected for quality.

Laser Profilometer
First and last returns were recorded at 120 Hz. The laser profilometer was re-sampled to 
100 Hz, and gaps of less than 0.1 seconds were interpolated. As a quality control step, 
terrain grids were computed from DGPS altitude minus laser profilometer data.

Laser Scanner Data
The terrain clearance measured by the laser scanner in metres was recorded at 20 Hz. The 
laser scanner data was verified by scanning two different angle ranges: -20 to 20, and -350 
to -300 and checking that the scan density number was acceptable. Laser scanner data 
was delivered as recorded.

Positional Data
A number of programs were executed for the compilation of navigation data in order to 
reformat and recalculate positions in differential mode. SGL's GPS data processing 
package, GPSoft was used to calculate DGPS positions from raw range data obtained 
from the moving (airborne) and stationary (ground) receivers. The data was processed 
using phase-smoothed code and automatic fixing of the cycle slips.

The ground station GPS receiver was determined using the permanent Lac du Bonnet 
GPS reference station, located south of Lake Winnipeg in Manitoba, to differentially 
correct the recorded positional data. This technique provides a final receiver location with 
an accuracy of 0.1m. The GPS data was reprocessed in Ottawa using the precisely located 
ground station data and a phase with code solution to ensure an accuracy better than l m.
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The general data flow of GPSoft is illustrated in Figure 10.

Positional data (X, Y, Z) were recorded in the WGS-84 datum and were not transformed. 
Parameters for the datum are:

Ellipsoid: 
Semi-major axis: 
1/flattening:

GRS-80
6378137.0

298.257
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Figure 10: Positional Data Processing

POSITIONAL DATA PROCESSING

FLIGHT PATH 
PLANNING DATA
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POSITIONAL DATA
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STATION DATA

ALTIMETER DATA 
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AIR-PICK
extract GPS air data

DATON
reformat raw GPS line 

data to SOL format

XYPLOT
plot raw GPS flight path

SEQ2MAP
create file of first and last

points for each 
planned flight line

TRIMCTL
determine trimming 

for flight path

* Quality Control Check

GND-PICK
extract GPS ground data

GPSOFT
perform differential correction

and refoimat corrected GPS
to SOL format

XYZCVT
convert from lat., long, to UTM 
and perform datum conversion
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convert WGS-84 Z 
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COMBIN
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RE MD AT
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XYPLOT
plot DGPS flight path

FINAL FLIGHT PATH DATA
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VIII. FINAL PRODUCTS
Digital Data

llie following table describes Ihe data delivered in SGL flight data tape format All data were 
provided by flight, with the exception of Ihe magnetometer data, which was delivered by line only.

FDT
*all*

altOI

Laltl

Dgpsl

Fuel2

GpsOt

Mg07

Sp09

Channel
0
5
7
15
31
32
63
64
65
51
52
53
54
55
56
57
58
60
61
62
20
21
23
24
29
26
27
28
40
41
42
43
44
45
52
53
54
55
55

Name
SECOND
RA
BA
TEMP
LALT1
LALTL
LATY
LONG X
ALTITUDE
FUEL1
FUEL2
FUELS
FUEL4
FUELS
FUEL6
FUEL7
FUELS
LATY
LONG X
ALTITUDE
RAWMAG
DC MAG
IGRF
MAG
UNC MAG
FLUX X
FLUX Y
FLUX Z
LIVE
COSMIC
RTOTAL
RK
RU
RTH
TOTAL
K
U
TH
TH

Description
Time (second after midnight)
Radar altimeter
Barometric altimeter
Outside air temperature
Laser altimeter first return
Laser altimeter last return
DGPSY
DGPSX
DGPS2
Sensor 1 1 L1
Sensor 2 1 12

Sensor 3 1 L3
Sensor 4 1 L4
Sensor 5 1 R1
Sensor 6 / R2
Sensor 7 1 R3
Sensor 8 1 R4
GPSY
GPSX
GPSZ
Raw Magnetic total field
Diumally corrected mag
IGRF value
Levelled Magnetic Field
Uncomp, unfilt total mag. Field
Fluxgate Component X
Fluxgate Component Y
Fluxgate Component Z
Live time
Cosmic count window
Raw total count window
Raw Potassium window
Raw Uranium window
Raw Thorium window
Corrected total counts
Potassium concentration
Equivalent Uranium concentration
Equivalent Thorium concentration
Equivalent Thorium concentration

Units
0.01 sec
0.1 m
0.1 m
0.1 deg C
0.1 m
0.1 m
1 0'7 degrees
1 0'7 degrees
0.1 m
0.01 "fc full
0.01 "56 full
0.01 "fc full
0.01 "fc full
0.01 96 full
0.01 'fc full
0.01 "fc full
0.01 "ft full
1 0"7 degrees
1 0"7 degrees
0.1 m
0.01 nT
0.01 nT
0.01 nT
0.01 nT
0.01 nT
0.01 nT
0.01 nT
0.01 nT
0.001 sec
0.01 counts
1 counts
0.01 counts
0.01 counts
0.01 counts
1 counts
0.01 percent
0.01 ppm
0.01 ppm
0.01 ppm

Sample Rate
N/A
0.25 sec

0.01 sec

0.5 sec

1 sec

0.5 sec

0.25 sec

1.0 sec
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IX. PROJECT SUMMARY
Part I - Survey

SURVEY LOCATION

Survey Title:

Survey Location: 
Survey Duration:
Client: 
Address: 
Client Contact:

Field Office Location: 
Base Ground Station Location:

Coordinates: 
Airports Used:

Gravity Gradiometer/Magnetometer Airborne Survey 
Pigeon River Block 
Thunder Bay, Ontario, Canada 
October 19, 2001 to October 30, 2001
BHP Billiton 
Australia 
Dr. Mark Dransfield Phone: (61-3) 9609 4478 Fax: (61-3) 9609 4488
Thunder Bay Flight Refueling (ESSO) 
The Shulman's back lot, behind the 1919 Chevrolet, 1420 Victor 
Drive (about 3 km west of airport). 
N48:20.884626 W89:19.801136 173.418 m WGS-84 
Thunder Bay International Airport, Thunder Bay, Ontario, Canada

SURVEY SPECIFICATIONS

Magnetic Field: 
Horizontal 1 Vertical Datum: 
- Raw Recorded Data 
- Delivered Data

Line Direction:

Total Ikm flown: 
Survey Speed: 
Survey Altitude: 
Survey Flight Numbers: 
Flights not used: 
Drape Surface Parameters: 
Drape Surface from:

Line Spacing: 
Survey Lines Flown: 
Survey Altitude:

Inclination: 74.860 Declination: -3.060 Total Field: 58120 nT

WGS-84 16N 1 WGS-84 
WGS-84 16N 1 WGS-84

Traverse: 660 Control: 1560

712.7 km 
100 knots 
100 m (drape) 
002, 003, 006 
001, 004 
235 ft/nm filtered to achieve 250 ft/nm 
USGS

Traverse lines 300 m, Control lines 4900 m 
Traverse: 1001-1033, Control: 101 - 105 
100 m DRAPE
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SURVEY AIRCRAFT AND EQUIPMENT

Aircraft used:
Radar Altimeter:
Barometric Altimeter:
Magnetometer (Air):
Magnetometer (local Ground):
GPS Receiver (Air):
DGPS Receiver (Air):
GPS Receiver (local Ground):
Laser Scanner
Airborne Gravity Gradiometer
Spectrometer:

range: 0-2500 ft.
C-GSGY Cessna Grand Caravan
TRT E RT-530A Altimeter
Sander BA 012
Geometrics G-822A Cesium Mag. Sample rate: 10 Hz
Geometrics G-822A 2 Hz
NovAtel Millenium, 12 channels 2 Hz
Omnistar 3000LR 2 Hz
NovAtel Millenium, 12 channels 2 Hz
Riegl Pulse - MS Q140 20 Hz
AGG1/GGI1/PS1/OLM2/SCP2
Exploranium GR-820 1 Hz
Crystal Detector Pack GPX-1024/256 (9 crystals)

Equipment offsets: z positive down, x positive forward, y positive to right

X(m) Y(m) Z(m)
Magnetometer sensor offset relative to GPS antenna 
Video camera"

-11.200

-3.977 0.16 1.401
AGG Mounting Plate" -0.632 0.123 1.138

FIELD PERSONNEL

Geophysicist and Party Chief:
Geophysicist:

Pilots:

Aircraft Engineer:

Edward Cifuentes 
Stefan Elieff 
Hugh Heys 
Tristan Andrew 
Dwayne Bailey
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PART II - Survey Overview - Problems/Solutions
The first and second production flights were terminated prematurely due to high 
turbulence. The third production flight was performed during active magnetic conditions, 
taking advantage of favourable weather conditions. The fourth production flight was 
terminated due to poor visibility and bad weather. The sixth production flight was for re- 
flights only.

Communications between the airplane and the field office was done using the Globalstar 
satellite phone.

Other than weather conditions the survey was flown without problems.
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ONTMUO MINISTRY OF NORTHERN DEVELOPMENT AND MINES

Work Report Summary

Transaction No: W0240. 00939 Status: APPROVED 

Recording Date: 2002-MAY-31 Work Done from: 2001-SEP-14 

Approval Date: 2002-SEP-25 to: 2002-MAY-30

Client(s):

130679 FALCONBRIDGE LIMITED

Survey Type(s):

AGRAD AMAG ARAD

Work Report Details:

Claim*

TB

TB

TB

TB

TB

TB

TB

TB

TB

TB

TB

TB

TB

TB

TB

TB

TB

TB 

TB

TB

TB 

TB

TB

TB 

TB 

TB

TB

TB

TB

TB

TB

TB

TB 

TB

TB

1027957

1183107

1183111

1191413

1196859

1196860

1202060

1210527

1210533

1210534

1215001

1215002

1215004

1215844

1215846

1215875

1215895

1216318 

1216319

1216320

1216321 

1216322

1216506

1216507 

1217251 

1217252

1217253

1217254

1231692

1231693

1231694

1231695

1231696 

1231701

1231722

Perform

S557

S139

3557

3557

3278

5139

5557

S2.227

S835

5835

52,227

5835

5557

51,114

S557

3418

S696

51,114 

S278

S1.670

S2.227 

5418

5557

51,253 

S835 

S835

S557

51,114

51,114

5418

5557

S418

S557 

51,114

5278

Perform 
Approve

5557

5139

5557

S557

S278

S139

S557

52,227

5835

5835

32,227

S835

S557

51,114

5557

S418

S696

S1.114 

3278

31 ,670

52,227 

S418

S557

31,253 

3835 

5835

5557

51,114

51,114

3418

3557

3418

5557 

51,114

S278

Applied

so
so
SO
so
50
SO

so
so
so
so

52,566

52,400

SO

SO

SO

SO

SO

50

so
SO

SO 
50
SO
so
SO

so
SO

so
30
so
SO

so
so
SO
30

Applied 
Approve

SO

SO

SO

SO

SO

so
SO

SO

30
SO

S2.566

S2.400

30

SO

SO

SO

SO

SO 

SO

so
so
SO

SO

50 
50 
SO
so
SO

SO
so
so
SO
SO 

SO

SO

Assign

50

SO

SO

SO

50

so
SO

S1.904

SO

SO

so
so
SO

SO

SO
so
SO

30 

SO

50

SO 

SO

50

SO 

SO

so
30
so
SO

SO

50
SO

SO 

SO

SO

Assign 
Approve

0

0

0

0

0

0

0

1,904

0

0

0

0

0

0

0

0

0

0 

0

0

0 

0

0

0 

0 

0

0

0

0

0

0

0

0 

0

0

Reserve

S557

S139

S557

5557

5278

5139

5557

S323

S835

5835

SO

50

S557

51,114

5557

5418

5696

S1.114 

S278

51,670

S2.227 

3418

S557

31,253 

3835 

5835

3557

S1.114

31,114

S418

S557

3418

3557 

51,114

5278

Reserve 
Approve

S557

S139

S557

5557

5278

5139

S557

5323

5835

S835

so
so

S557

51,114

5557

5418

S696

51,114 

5278

51,670

S2.227 

5418

S557

S1.253 

5835 

S835

S557

S1.114

51,114

S418

S557

5418

5557 

51,114

S278

Due Date

2002-SEP-12

2002-OCT-28

2002-SEP-11

2002-SEP-25

2002-NOV-10

2002-OCT-28

2002-NOV-01

2002-JUL-22

2002- J U L- 10

2002-JUL-10

2003-MAY-31

2003-JUN-24

2002-OCT-25

2002-NOV-12

2002-DEC-13

2002-NOV-18

2002-NOV-25

2002-SEP-15 

2002-SEP-15

2002-SEP-02

2002-SEP-15 

2003-APR-30

2003-APR-23

2003-MAY-01 

2002-SEP-15 

2003-MAY-13

2003-MAY-15

2003-MAY-15

2002-SEP-15

2002-SEP-15

2002-SEP-15

2002-SEP-16

2002-OCT-14 

2002-SEP-15

2002-SEP-16

Ul
to
o
ISW2007

to
.23664

CROOKS

VD 
O 
O
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- ONTARIO MINISTRY OF NORTHERN DEVELOPMENT AND MINES

Work Report Summary

Transaction No: W0240.00939 Status: APPROVED 

Recording Date: 2002-MAY-31 Work Done from: 2001-SEP-14 

Approval Date: 2002-SEP-25 to: 2002-MAY-30 

Work Report Details:

Claim*

TB 1231723

TB 1231724

TB 1231725

TB 1231737

TB 1231739

TB 1231771

TB 1231777

TB 1231779

TB 1231827

TB 1231930

TB 1237971

TB 1239439

TB 1239825

TB 1239826

TB 1239827

TB 1239858

TB 1239860

External Credits:

Reserve:

Perform Applied 
Perform Approve Applied Approve

S557 S557 SO SO

S557 S557 SO SO

S556 S556 SO SO

S278 S278 SO SO

S2.227 32,227 SO SO

S418 S418 SO SO

S835 S835 SO SO

S835 S835 SO SO

S278 S278 SO SO

S1.392 S1.392 SO SO

51,114 S1.114 SO SO

5557 S557 SO SO

51,114 51,114 50 SO

S418 5418 SO SO

S556 S556 SO SO

51,252 51,252 SO SO

S1.948 51,948 SO SO

543,291 S43.291 S4.966 54,966

SO

Assign

50
50
SO
SO
SO
so
so
SO

50
SO

SO

50
SO
50
SO
SO
so

S 1,904

Assign 
Approve

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

51,904

Reserve

5557

S557

S556

5278

52,227

S418

5835

5835

5278

51,392

51,114

5557

51,114

5418

5556

51,252

31,948

538,325

Reserve 
Approve Due Date

S557 2002-SEP-16

S557 2002-SEP-30

5556 2002-OCT-14

5278 2002-SEP-30

S2.227 2002-OCT-14

5418 2002-OCT-15

5835 2002-OCT-14

S835 2002-OCT-14

5278 2002-DEC-05

51,392 2002-DEC-05

51,114 2002-SEP-29

S557 2002-OCT-08

51,114 2002-OCT-06

5418 2002-DEC-17

S556 2002-NOV-15

51,252 2002-OCT-13

51,948 2002-OCT-14

538,325

838,325 Reserve of Work Report#: W0240.00939
(511 .200) Applied by W0240.01 124 2002-JUL-08
(54,800) Applied by W0240.01390 2002-AUG-30
(58,000) Applied by W0240.01 503 2002-

514,325 Total Remaining

SEP-25

Status of claim is based on information currently on record.
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Ministry of
Northern Development
and Mines

Date: 2002-OCT-08

Ministers du 
Developpement du Nord 
et des Mines Ontario

GEOSCIENCE ASSESSMENT OFFICE 
933 RAMSEY LAKE ROAD, 6th FLOOR 
SUDBURY, ONTARIO 
P3E 6B5

FALCONBRIDGE LIMITED
SUITE 1200, 95 WELLINGTON STREET WEST
TORONTO, ONTARIO
M5J 2V4 CANADA

Tel: (888) 415-9845 
Fax:(877)670-1555

Dear Sir or Madam

Submission Number: 2.23664 
Transaction Number(s): W0240.00939

Subject: Approval of Assessment Work

We have approved your Assessment Work Submission with the above noted Transaction Number(s). The attached 
Work Report Summary indicates the results of the approval.

At the discretion of the Ministry, the assessment work performed on the mining lands noted in this work 
report may be subject to inspection and/or investigation at any time.

If you have any question regarding this correspondence, please contact LUCILLE JEROME by email at 
lucille.jerome@ndm.gov.on.ca or by phone at (705) 670-5858.

Yours Sincerely,

Sheila Lessard
Acting Senior Manager, Mining Lands Section

Cc: Resident Geologist

Falconbridge Limited 
(Claim Holder)

Assessment File Library

Falconbridge Limited 
(Assessment Office)

Visit our website at http://www.gov.on.ca/MNDM/LANDS/mlsmnpge.htm Page: 1 Correspondence 10:17563
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Map1
Mcvicar Minerals Ltd. - BHP Billiton World Exploration Inc.

Joint Venture

PIGEON RIVER PROJECT
Pardee and Crooks Townships 

Ontario, Canada

Falcon Airborne Survey
Flight Lines and Property Base Map

NTS Ref: 52A/3.4
Data: Sander Geophysics Ltd., Ottawa

Date: May, 2002 
Projection: NAD83, UTM Zone 16
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Map3
Mcvicar Minerals Ltd. - BHP Bill i ton World Exploration Inc.

Joint Venture

PIGEON RIVER PROJECT
Pardee and Crooks Townships 

Ontario, Canada

Falcon Airborne Survey
Total Magnetic Intensity Contour Map

Contour interval 25 nT
Date: May, 2002 

Projection: NAD83, UTM Zone 16
NTS Ref: 52A/3.4
Data: Sander Geophysics Ltd., Ottawa
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Map 4
Mcvicar Minerals Ltd. - BHP Billiton World Exploration Inc.

Joint Venture

PIGEON RIVER PROJECT
Pardee and Crooks Townships 

Ontario, Canada

Falcon Airborne Survey
Potassium Contour Map

Contour Interval 5 counts
NTS Ref: 52A/3.4
Data: Sander Geophysics Ltd., Ottawa

Date: May, 2002 
Projection: NAD83, UTM Zone 16
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Map 5
Mcvicar Minerals Ltd. - BHP Bllllton World Exploration Inc.

Joint Venture

PIGEON RIVER PROJECT
Pardee and Crooks Townships 

Ontario, Canada

Falcon Airborne Survey
Uranium Contour Map

Contour Interval 1 count
NTS Ref: 52A/3.4
Data: Sander Geophysics Ltd., Ottawa

Date: May, 2002 
Projection: NAD83, UTM Zone 16
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Map 6
Mcvicar Minerals Ltd. - BHP Billiton World Exploration Inc.

Joint Venture

PIGEON RIVER PROJECT
Pardee and Crooks Townships 

Ontario, Canada

Falcon Airborne Survey
Thorium Contour Map

Contour Interval 1 count
NTS Ref: 52A/3.4
Data: Sander Geophysics Ltd., Ottawa

Date: May, 2002 
Projection: NAD83, UTM Zone 16
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