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SUMMARY

Rubicon Minerals Corporation, Suite 888, 1100 Melville Street, Vancouver, V6E 4A6, holds title to 45 

unpatented claims, collectively known as the Dorion-McCuaig Corridor (DMC), part of Rubicon's larger 

regional land holdings. The DMC is located on the northeast arm of Red Lake, 8 kilometres north of the town 

of Red Lake in the Red Lake Mining Division, Ontario.

This report describes results of helicopter-borne vertical and horizontal gradient magnetic surveys conducted 

by Scintrex Ltd for Rubicon Minerals Corporation in the DMC at a line spacing of 50m. The purpose of this 

survey is to provide high quality magnetic data to support mapping and interpretation in the DMC.

The DMC lies within the major Gull Rock   Cochenour Deformation zone, which Rubicon informally refers 

to as the Mine Trend. The Mine Trend hosts > 15 million ounces of past gold production and two currently 

producing gold mines. The Mine Trend has an EWE trend which swings to E-W in the DMC, being 

apparantly influenced by the major NE trending Post-Barrows Deformation Zone. The sampled area is 

underlain by a sequence of Archean ultramafic, mafic, felsic volcanic and sedimentary rocks. The 

/olcanic/sedimentary sequence comprises a steeply dipping NE-striking succession which youngs to the 

northwest. All rocks on the property have been regionally metamorphosed to upper greenschist facies. 

Ultramafic sequences, together with the intercalated sediments underlying the property, are interpreted to 

correlate with those of the Balmer Assemblage that host the major gold deposits of the camp.

Results of the magnetic survey show that the geology can be mapped by the magnetic data. The linear 

magnetic highs are interpreted to be due to ultramafic and mafic rocks of the volcanic sequences. Where 

these linears are disrupted, faulting is interpreted. An interpretation map shows these trends and faults and its 

correlation with geology will improve the geological knowledge of the survey area.
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1.0 SCOPE AND PURPOSE

Between January 28 and January 31, 2001, Scintrex Ltd, on behalf of Rubicon Minerals Corporation, 

carried out helicopter-borne magnetic gradient surveys in the DMC according to the specifications outlined 

in this report. This work forms part of an ongoing evaluation of the DMC that has included previously 

filed sampling, mapping, geophysics and diamond drilling and which has demonstrated potential for high 

grade gold deposits of the Campbell-Red Lake type. The purpose of the work was to support mapping and 

structural analysis through the acquisition of high resolution magnetic data.

LI Logistics

The property was evaluated by a two to four person crew based in Red Lake. Supplies, accommodation 

and boat/truck rental were supplied by RSL Logistics in Red Lake.

2.0 PROPERTY DESCRIPTION

The property that is the subject of this report comprises 45 unpatented mining claims. Rubicon's title to the 

claims is through an option agreement with David Meunier. The reader is referred to publicly filed 

documents by Rubicon for details of this agreement. Rubicon has suboptioned these claims, and others in 

the area, to AngloGold (Canada) Explorations Ltd, a subsidiary of AngloGold Ltd.

Claims covered by this report are listed below:

KRL 1022723

KRL 1022726

KRL 1022727

KRL 1022728

KRL 1022730

KRL 1022731

KRL 1022732

KRL 1022733

KRL 1022734

KRL 1022735

KRL 1022736

KRL 1022737

KRL 1184857

KRL 1 1 84867

KRL 1184868

KRL 1185066

KRL 1185089

KRL 1185090

KRL 1197552

KRL 1231811

KRL 1231812

KRL 787585

KRL 787586

KRL 787587

KRL 787588

KRL 796907

KRL 796908

KRL 796909

KRL 796920

KRL 796922

KRL 796923

KRL 796924

KRL 796925

KRL 796926

KRL 796936

KRL 796937

KRL 796938

KRL 796939

KRL 796940

KRL 79694 1

KRL 796946

KRL 796955

KRL 796956

KRL 796959

KRL 796960



3.0 LOCATION AND ACCESS

The DMC is located in the Red Lake Mining Division, Ontario, approximately 8 kilometres north of the 

town of Red Lake (Figure 1). The main claim area covers an segment of belt that runs from Mackenzie 

Island westwards to Dorion Island and thence northeastwards to a group of unnamed islands (Figure 2, in 

pocket). The property is centred at approximately latitude 51 0 04' N and longitude 93 0 52' W.

Red Lake is located in northwestern Ontario, 140 kilometres north-northeast of Kenora and 435 kilometres 

northeast of Winnipeg, Manitoba, the nearest major city (Figure 1). The area is serviced by all-weather 

paved highway (Highway 105) from Kenora and by scheduled airline or bus service from Kenora, Dryden 

and Winnipeg.

Access to the DMC is best achieved from Red Lake by boat or float plane in summer and, in winter, by ice 

roads or trails from Red Lake.

3.1 Survey Logistics

A logistical survey report, including technical specifications is attached to this report as Appendix A.

4.0 PREVIOUS WORK

A search at the Red Lake MNDM office show that only minor work was conducted in the Rubicon 

property area prior to 1986 (Table 1). Between 1986 and 1990, Sherritt-Gordon Mines Ltd. and, later, a 

Sherritt-Outokumpu joint venture, conducted integrated programs of airborne and ground geophysical 

surveys, geological mapping, trenching, sampling and drilling but only some of this work has been filed for 

past assessment. The apparent exploration strategy was to use geophysics to delineate and define 

stratiform/stratabound iron formations for follow-up geological evaluation and drilling. An annotated 

summary of previous work in the Dorion/Dekker Islands area is presented in Table 2. Geographic 

locations referred to are shown in Figure 2.

5.0 PHYSIOGRAPHY

Physiography and topography are typical of glaciated Precambrian areas. Dominant landforms are rounded 

rocky ridges and hills interspersed with numerous lakes and boggy low ground. The hills and ridges are 

generally elongated parallel to the strike direction of the underlying bedrock. Maximum relief on the 

islands surveyed during this program does not exceed 15 metres above lake level, with the greatest 

elevation at island centres.
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Table 2 - Summary of Previous Exploration 

Rubicon Property Area, Red Lake District

Year Company Work Done Area of Property

1996-present

1990

1989

1988

1987

1986

1966 

1932(?)

Rubicon

Sherritt-Gordon/ 

Outokumpu JV 

Sherritt-Gordon/ 

Outokumpu JV 

Sherritt-Gordon 

Mines Ltd.

Sherritt-Gordon 

Mines Ltd.

Sherritt-Gordon

Mines Ltd. 

Coniagas Mines 

Coniagas Mines

d. drilling (* holes, ***m), 

geological and geochemical

surveys 

d. drilling, 7 holes (1211m)

d. drilling, 12 holes (1805 m)

20.3 km line grid @ 30.5 m

(100 ft) line spacing

detailed mag survey with selective

Max-Min EM, geol. mapping,

trenching, sampling 

d.drilling, 5 holes (530 m)

d. drilling, 6 holes (973 m), 

reconnaissance geol mapping

Dighein AEM, 370 km

mag survey 

trenching, drilling*

DMC

Dorion/Dekker Isl 

Dome Twp

Dorion/Dekker Isl 

Dome Twp

Dorion/Dekker Isl 

Dome Twp

Dorion/Dekker Isl

Dome Twp 

northern property area

McDonough Twp

central property area in Dome,

McDonough and Fairlie Twps

Dorion Isl, Dome Twp

Dorion Isl, Dome Twp

(NB: Coniagas* - location and results of drill programme not known)

6.0 REGIONAL GEOLOGY

6.1 Stratigraphy

The Red Lake gold camp is situated in the Red Lake greenstone belt, an accumulation of Archean-age 

metavolcanic, metasedimentary and intrusive rocks comprising a portion of the Uchi Province of the 

Canadian Precambrian Shield.

The Red Lake district is underlain by Mesoarchean rocks that have been subdivided into three 

assemblages (Sandborn-Barrie et al., 1999): Balmer, Ball and Bruce Channel. Neoarchean strata of the



2.75-2.73 Ga. Confederation assemblage overlie these older assemblages. The contact between Balmer 

and Confederation, exposed in a number of localities, thus represents a 200 Ma time span. Both Meso- 

and Neoarchean sequences are intruded by diorite to granodiorite stocks such as the Dome stock which 

has been dated at 2718 +I- l Ma.

Balmer assemblage rocks host all of the major gold mines in the camp but it is important to note that 1.6 

M. ounces of gold has been extracted from intrusive hosted deposits. Balmer consists of mafic to 

ultramafic flows (including komatiites) and intrusives, minor felsic and interflow sedimentary rock types. 

Age dates from Balmer felsics range from 2992 to 2964 Ma. (Corfu and Andrews, 1987).

Ball assemblage rocks underlie much of the western part of the district and consist of ultramafic to mafic 

flows, intermediate volcaniclastics and massive to spherulitic rhyolites. Chemical sedimentary rocks (iron 

formations) also characterize Ball assemblage rocks and include stromatolites (Hofmann et al., 1985). 

The latter are bracketed by felsic rocks that are dated between 2940 Ma and 2925 Ma.

Bruce Channel assemblage rocks, as currently defined, are confined to the eastern part of the belt and 

comprise intermediate volcaniclastics and clastic rocks (2894 +I- 1 .5 Ma). A distinctive magnetite 

bearing iron formation occurs at the top of the assemblage and forms a key marker horizon.

Confederation rocks comprise intermediate to felsic flows, volcaniclastic and metasedimentary rocks. 

Age dates for this assemblage range from 2748 +I- 1 5 Ma to 2733 +I- l Ma.

Granitoid rocks were intruded in three main episodes:

1) The 2734 +I- 2Ma Douglas Lake pluton, the 2731 +I- 3Ma (Little Vermilion Lake batholith) and 

2729 +I- 1 .5 Ma Red Crest stock.

2) The 2717 +I-2 Ma Hammell Lake pluton, The McKenzie Island stock (2720 +I- 2Ma), the Dome 

Stock 2718 +/-1M3, the 2720 +1/-5 Ma Abino granodiorite and late QFP dykes at the Campbell 

Mine, dated at 2714 +I-4 M a.

3) Intrusion of the Killala Kspar megacrystic Killala-Baird granodiorite at 2704 +I- 1 .5 Ma, the 2699 

Walsh Lake pluton and a 2699 +-4M3 dyke at the Madsen Mine.



6.2 Regional Structure

At least two major deformation events have affected the rocks of the belt resulting in the generation of 

type 2 interference fold structures on all scales. Overall strain in the belt is low, however, local high 

strain zones do occur, typically in areas of strong alteration with locally associated gold mineralization. 

Previous workers identified five major shear or deformation zones within which major gold deposits of 

the camp occur. Recent work (Sandborn-Barrie et al., op. cit) has questioned the validity and usefulness 

of the deformation zone concept in the camp.

6.3 Metamorphism

Supracrustal rocks in the area have been regionally metamorphosed to greenschist facies with higher- 

grade contact metamorphic aureoles around the major felsic intrusions. No genetic or spatial relationship 

between regional metamorphic facies and gold deposition has been established.

6.4 Hydrothermal Alteration

A pervasive and often intense carbonate hydrothermal alteration event is superimposed on the 

deformation zones and appears to have had its greatest affect on mafic and ultramafic rocks. Primary 

minerals of the altered rocks have been converted to quartz, carbonate, epidote, plagioclase, chlorite and 

sericite (fuchsite and talc in the ultramafics).

6.5 Red Lake Gold Deposits

Gold occurs in the free state or with pyrite, pyrrhotite and arsenopyrite and lesser amounts of magnetite, 

chalcopyrite, sphalerite, galena and sulph-arsenides in quartz-ankerite and/or 'cherty' quartz veins, 

stockworks, lenses, stringers and silicified zones. In rare instances, scheelite is reported (Ferguson, 

1966).

Silicification and carbonatization, together with very anomalous K-enrichment and Na + Ga (minor Mg)- 

depletion, occur in the alteration aureoles surrounding ore zones (Andrews and Wallace, op. cit.). One 

important aspect, particularly with respect to exploration, is the presence of geochemically elevated Au 

and As in the alteration aureoles (Durocher, 1983).

Andrews and Wallace (1983) point out that most of the productive areas of the Red Lake camp are 

underlain by tholeiitic to komatiitic mafic and ultramafic volcanics, and that past and present production 

zones occur within highly altered metavolcanics at or near the stratigraphic top of the Balmer sequence.
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7.0 LOCAL GEOLOGY

Previous work summarized by Adamson (1997) established a stratigraphic framework in the Dorion and 

Dekker Island areas (part of the DMC). The Dorion-McCuaig Corridor covers the faulted nose and 

faulted north limb of an upright, plunging district scale fold. Fold axes trend 255 degrees and generally 

plunge at approximately 45 degrees to the west-southwest. Foliations are steep and show a systematic 

change in strike from west to east along the corridor. This is interpreted to represent the rotation of the 

Gull-Rock-Cochenour deformation Zone towards the north-east trending Post Narrows deformation 

structure. This implies that the latest movement in the area is associated with the Post Narrows structure. 

On the north limb of the syncline, and within the corridor, three, broken macroscopic folds with faulted 

and broken hinge domains are present. Local and scarce way-up measurements confirm that younging 

directions face upwards within the fold panels. However, some younging directions indicate downward 

facing panels may be present. There is minor evidence of two periods of folding as demonstrated by a 

few north plunging Fold axes measurements.

8.0 RESULTS OF MAGNETIC SURVEYS

The linear bands of alternating magnetic highs and lows which are disrupted are signatures indicative of 

sheared and deformed sequences of ultramafic, mafic, felsic volcanic and sedimentary rocks. The 

ultramafic and mafic flows show up as linear magnetic highs while the felsic volcanics and sedimentary 

rocks are magnetic lows. Tracing the magnetic highs shows the overall trends present in the survey area.

In the survey area, the magnetic trend is predominately northeast. In the southeast portion of the survey 

area, the trends are more disrupted, suggesting a more complex deformation history or a great number of 

faults which are not well resolved by the geophysics.

Numerous faults can be interpreted from the disruptions in the magnetic linear trends and sometimes by 

regions of magnetic low. The interpreted faults tend to trend in a NS direction in the eastern portion of 

the survey area. In the western portion of the survey area, the faults trend in a to NW direction.

An interpretation map has been generated with the faults and magnetic trends identified.

11



9.0 CONCLUSIONS AND RECOMMENDATIONS

The geophysical survey has recorded responses consistent with the known geology and has helped in the 

mapping of the geology. The ultramafic and mafic flows are identified as magnetic highs and are traced 

throughout the survey area. Faults are evident in the disruptions of the linear trends.

Further work will consist of correlating known geology with the geophysics to generate a better 

understanding of the geology of the survey area. Areas where the magnetic signature is complex, i.e. very 

short linear trends, and where faults intersect with magnetic trends may be areas of interest due to 

structural complexity. These areas should then be considered for ground follow-up to determine if they 

are of further interest.

Respectfully Submitted

Kevin J Killin

Chief Geophysicist, Airborne Surveys 

Scintrex Survey and Exploitation Technology 

Februar/8, 2001
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Executive Summary

During the period January 28, 2001 to January 31, 2001 , Scintrex Limited carried out a helicopter-borne 
high-resolution 3D-Gradient Magnetics  survey for Rubicon Minerals Corportation over the DMC, 
"McCuaig" claim group north of Red Lake Ontario. This survey is part if a 2 claim group project, flown 
over the period of January 28, 2001 to February 4, 2001.

The survey was part of a service contract signed with the Rubicon Minerals Corportation to perform a 
3D-Gradient Magnetics  survey over the 2 claim groups. A total of 288.96 line-km were flown with 7.7 
hours of helicopter survey time .

In-field data processing involved quality control, compilation and presentation of magnetic, positional 
and video data collected during the acquisition stage, using the in-field processing centre established at 
Red Lake Ontario, at the Balmer Hotel. Final data processing and generation of final digital data 
products were done at the office of Scintrex Limited in Concord, Ontario.

The processed survey results are presented as grids, maps ( including topographic information, claim 
boundaries) and digital profile data. The profile data includes the following information:

* Positional information, as latitude and longitudes , and UTM's projected onto the NAD83 datum
* Raw magnetic data from three magnetic sensors
* Processed, levelled data from 3 magnetic sensors
* Laser altimeter information ( bird ground clearance)
* Radar altimeter information ( helicopter ground clearance)
* Fluxgate magnetometer data
* Digital compass data
* Base Station diurnal data



1. INTRODUCTION

1.1. Genera/ Considerations

These services are the result of the Agreement made on January 8, 2001 between Rubicon 
Minerals Corporation and Scintrex Limited, Survey and Exploration Technology Division, to 
perform a helicopter-borne, high-resolution, SD-Gradient Magnetics  survey over the DMC 
Block near Red Lake, Ontario. 288.96 line km of 3-D gradient magnetic data were acquired 
during the survey.

Mr David Adamson acted on behalf of Rubicon Minerals Corporation during contract 
negotiations and the data acquisition and processing phases of this project.

The survey area is as shown in Appendix A. The crew was based in the Balmer Hotel at Red 
Lake, from January 28 to February 4, 2001 for the acquisition phase of the survey. The survey 
block was flown with a nominal traverse line spacing of 50 m and a nominal tie line spacing of 
500m.

The helicopter was based at the Red Lake airport. Survey flying was completed on February 4, 
2001. Preliminary data processing was carried out daily during the acquisition phase of the 
project. Final data presentation and data archiving was completed in the Concord, Ontario office 
of Scintrex Limited by February 8, 2001.

1.2. Survey and System Specifications

The service as specified in the contract was a helicopter-borne, high-resolution, 3D-Gradient 
Magnetics  survey. The data were acquired on traverse lines 50 metres apart. Tie lines were 
flown 500 metres apart. Where possible, the helicopter maintained a mean terrain clearance of 60 
metres, which translated into an average height of 30 meters above ground for the bird-mounted 
sensor array. Terrain clearance was higher over the forested areas of the claim block, and the 
average height translated to 75 m ground clearance. Details of the survey specifications may be 
found in Section 2 of this report.

The survey was flown using an Aerospatial AS 350- B helicopter, registration C-GELC, operated 
by Canadian Helicopters Ltd. A 3D-GM  system was suspended 30 metres below the 
helicopter. Navigation and final aircraft positioning was via differentially corrected GPS. A 
review of all systems and their specifications may be found in Section 2 of this report.

1.3. Data Processing and Final Products

Data compilation and processing were carried out by the application of Geosoft OASIS 
Montaj  v4.3 and programs proprietary to Scintrex Limited. Profile data and grids of final 
products were presented to Rubicon.



The survey report describes the procedures for data acquisition, processing, final image 
presentation and the specifications for the digital data set.

1.4. Relief, Vegetation and Access

The DMC Block is located approximately 
Ontario (see location map, Appendix A).

15 kilometres Northeast of the city of Red Lake,

The majority of survey block is over water. The Northern boundary of the survey covers the 
north shore of Red Lake, where the crew had to ascend in order to maintain safe survey 
conditions. The southeastern boundary of the survey also continued over land, and the shoreline 
is steep vertical cliffs. There are numerous islands throughout the area, and as a result the crew 
had to vary survey altitude. The tree cover in the area is approximately l5-20m in height.

2. DATA ACQUISITION

2. 1. Survey Area

The survey area (see location map, Appendix A) and general flight specifications are as follows:

Traverse Line direction: N00 E
Tie Line Direction: N900 E
Nominal Traverse Line Spacing: 50 m
Nominal Tie Line Spacing: 500 m
Nominal Survey Altitude 60 m AGL
Nominal Sensor Altitude 30 m AGL

The area coordinates are as follows:

EASTING (m)
437893.96961 
440236.53855 
441764 . 36861 
442676.99346 
442677.04138 
440949.82621 
439015.02204 
437885.05171 
437893.90731 
437893.96961

NORTHING (m)
5662024.0919 
5662024.3748 
5662901. 1049 
5663225.8113 
5659503.8825 
5659503.5661 
5660523.2603 
5660523.7740 
5662024.0844 
5662024.0919

Table 2.1. Area coordinates (UTM projection, NAD83 datum, Zone 15N)

2.2. Operations Base



The crew was housed and the survey operations base was established at the Balmer Motor Hotel 
from January 28 to January 31, 2001. The helicopter was based at the Red Lake airport.

The magnetometer l GPS base station was established at the airport in a magnetically quiet area. 
Initial coordinates of the OPS base station location were established by acquiring location fixes 
over a 12-hour period and averaging the results. The position obtained for the GPS base station 
was (WGS84 coordinates):

Longitude: 93 0 48' 04.895" W
Latitude: 51 0 04'03.932" N
Ellipsoidal elevation: 360.78 metres

2.3. Flight Specifications

Traverse lines were flown at a line spacing of 50 metres. Tie lines were flown perpendicular to 
the traverse lines at a line spacing of 500 metres. A line was not accepted if a gap in the flight 
path exceeded 125 0Xo of the nominal line spacing for a distance in excess of 1.0 kilometre.

The mean terrain clearance adopted for the helicopter and instrumentation during normal survey 
flying was 60 metres with the 3D-GM  system suspended 30 metres below the helicopter. 
Actual terrain clearance of the helicopter varied, but was maintained as near to 60 metres as 
possible. This translated to 60m AGL over water , and approximately 75m over land, given 
safety considerations. A line was not accepted if height variations  10 metres from the nominal 
survey altitude persisted for distances in excess of l .0 kilometre, except where dictated by safety 
considerations.

Helicopter ground speed was maintained at approximately 100 km/h, equivalent to a maximum 
ground speed of 30 metres/second. The data were recorded using a 0.1 second sample interval, 
which resulted in geophysical measurements approximately every 3.0 meters along the survey 
lines. Sampling rates and resolutions for data in each channel are specified in the Table 2.2 
below.

SYSTEM SAMPLING RATES RESOLUTION
3D-Gradient Magnetics System

Cesium Vapour Magnetometers
Digital Compass Module
Develco Fluxgate Magnetometers
Laser Altimeter
GPS Navigation

0.1 sec
0.1 sec
0.1 sec
0.1 sec
1 .0 sec

0.001 nT
1 .0 degree
0.5 nT
1.0cm
1.0 metre

Table 2.2. Data Sample Rates

2.4. Aircraft and Survey Instruments
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2.4.1. Survey Aircraft

Model: Aerospatial AS 350-B
Registration: C-GELC
Nominal Survey Speed: 100 km/h
Owner: Canadian Helicopters Ltd.

2.4.2. Survey Equipment (Summary)

Installed On The Aircraft

* Scintrex 3D-Gradient Magnetics  System.
* Picodas PDAS-1000 Digital Data Acquisition System.
* Picodas PNAV-2001 Navigation system.
* Scintrex VFPR-3 Flight Path Recorder.
* Ashtech Z-Surveyor P-code Geodetic GPS receiver (bird mounted).
* RACAL Landstar Real-Time Differential GPS System.
* ADM GIO O laser altimeter (bird mounted)
* Scintrex VFPR-3 Colour Flight Path Video Recording System

Ground Support Equipment

* Scintrex CBS-2 Base Station complete with a Cs-2 Cesium Magnetometer and 
Ashtech Z-Surveyor P-Code Geodetic GPS receiver.

* Pentium PC-based Field Computer.

2.5. Scintrex 3D-Gradient Magnetics™ System 

2.5.1. General Description

The Scintrex 3D-Gradient Magnetics  System is a purpose-built system designed to 
maximise the possibility of detecting pipelines as small as 2 inches in diameter. The 
actual detection capabilities are controlled by a number of physical characteristics 
inherent in each pipeline and include metal-mass, remnant magnetization, and the 
presence, or lack of, cathodic protection currents.

The system has proven itself as a useful exploration tool in petroleum and mineral 
exploration as a detailed gradient magnetics measuring instrument.

The system is essentially a two-axis magnetic gradiometer system. Three magnetometer 
sensors are deployed in a "T" configuration. Two magnetometer sensors are mounted on 
either end of a horizontal bar transverse to the long axis of the bird. A distance of 3.0 
metres separates these sensors. The difference in readings between these two sensors 
gives rise to the transverse horizontal magnetic gradient. The third sensor is mounted at 
the base of a 3.0 metre vertical strut. The difference between this magnetometer sensor
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and the average of the two transverse sensors gives the vertical magnetic gradient. The 
third gradient, inline horizontal magnetic gradient, is determined during post-flight 
processing of all three sensors.

Precise positioning of the bird is achieved by mounting the OPS antenna on the nose 
cone of the 3D-GM  bird. The OPS receiver inside the helicopter logs the raw GPS 
data for accurate flight path recovery using post-flight differential GPS corrections.

Accurate measurements of the height of the 3D-GM  Sensor System above the ground 
are achieved through the use of a laser altimeter mounted inside the nose cone of the 
bird.

The Scintrex 3D-GM  Sensor System comprises the following components:
* Three (3) Scintrex Cesium Magnetometers
* One (1) Sentinel 3100 laser altimeter
" One (1) Honeywell HMR3000 Digital Compass Module
* One (1) Develco 9200C - 02 Fluxgate Magnetometer

2.5.2. Scintrex Cesium Magnetometer 

2.5.2. L General Description

The Scintrex magnetometers are the most advanced high-sensitivity, airborne 
magnetometers commercially available. Three were utilised with the sensors 
installed in a bird assembly suspended 30 metres below the helicopter.

Several versions of this magnetometer system are now available, utilising up to 
as many as four sensors, with either passive compensation or automatic software 
compensation, all with 0.001 nT resolution, sampling as fast as 10 times each 
second.

Scintrex airborne cesium magnetometers and gradiometer have become the 
industry standard, and are in everyday use world-wide by many government 
agencies, oil and mining companies and contracting companies.

The Scintrex MAC-3 Airborne Cesium Magnetic Sensors for use in rotary-wing 
bird installations were provided complete with the following:

* Scintrex Cs-2 cesium vapour magnetometer sensor.
* Scintrex PDAS-1000A magnetometer power supply/booster console with a 

28 VDC to 32 VDC booster module for each Cs-2 sensor.
* Cs-2 hand-aligned sensor gimbals.

2.5.2.2. CS-2 Cesium Magnetometer Sensor
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A cesium magnetometer sensor comprises a miniature atomic absorption unit 
from which a signal proportional to the intensity of the ambient magnetic fields 
is derived. An electronic console converts this signal (called a Larmor signal) 
into magnetic field strength in nanoTeslas (nT) for display and recording by a 
data acquisition system. The constant of proportionality, which relates the 
Larmor signal to the intensity of the magnetic field, is called the "gyromagnetic 
ratio of electrons". For the Cesium-133 atom, this is very accurately known to be 
3.49856 Hz/nT. This is about 82 times higher than the common proton 
precession magnetometer, and is the reason that the cesium magnetometer has a 
better sensitivity.

The three main elements of the Cs-2 cesium sensor are a cesium lamp, an 
absorption cell containing cesium vapour and a photosensitive diode, all 
mounted in a common optical axis within a cylinder 63 mm in diameter by 173 
mm in length. This sensor element of the Cs-2 is then typically connected by a 
3 metre long multi-conductor coaxial cable to another cylinder, which contains 
the electronics for the sensor.

2.5.3. Laser Altimeter

The ADM G100 Laser Altimeter is a compact, non-contact measurement system 
designed to give high accuracy readings in an integrated flight inspection system. It can 
operate during the day or at night, but is primarily a clear-weather instrument.

The unit is designed such that the laser light can be reflected from a diffuse surface, such 
as the ground, at virtually any angle and still return to the unit to produce a 
measurement. The use of a narrow beam eliminates echoes that can cause distorted 
distance readings.

The sensor was mounted inside the nose cone of the PDS-3M Sensor System bird to 
provide a true height of the sensor above the ground. The laser altimeter provides l .0 cm 
resolution with a accuracy of  5 cm. A reading is obtained from the altimeter every 0.1 
seconds.

2.5.4. Honeywell HMR3000 Digital Compass Module

The HMR3000 Digital Compass Module uses Honeywell magnetic sensors with proven 
MR (Magneto Resistive) technology and a two-axis tilt sensor to deliver heading, pitch 
and roll information. This electronically gimballed compass gives accurate readings even 
when the compass is tilted up to 40 degrees. The HMR3000 is reliable and rugged since 
it does not contain any moving components and uses all surface-mounted components. 
This small, low-power device is housed in a non-magnetic metallic enclosure that can be 
easily installed on any platform.
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2.6. GPS Satellite Navigation System 

2.6.1. General Description

Global Positioning Systems, or GPS, is a system that provides accurate positional 
information, based on signals received from a constellation of 24 satellites. The U.S. 
Department of Defence originally developed GPS primarily for military use. Two 
versions exist: P-code GPS is highly accurate, but restricted to military use. C/A-code 
provides less accurate positioning through a degrading technique called Selective 
Availability, and is intended for civilian purposes.

Each satellite transmits on two frequencies simultaneously, to permit the measurement 
and correction of atmospheric refraction errors although not all receivers are capable of 
acquiring the two signals. By making time-of-arrival measurements on these signals 
from four or more satellites simultaneously, the GPS user is able to determine latitude, 
longitude and altitude (X, Y and Z).

GPS brings a number of important benefits to aerial surveying. First, the coordinates of 
the survey aircraft (horizontal and vertical) are provided on a continuous basis. This not 
only improves the quality of survey navigation and reduces its cost, it also simplifies 
data compilation and presentation by eliminating, to a large degree, the tedious and 
error-prone manual steps of flight path recovery from film or video. Secondly, GPS 
provides a reusable positioning system. Surveys flown at different times in the same area 
may be precisely correlated in position, making it easy to repeat survey lines or to fly 
gap-filler lines, etc.

The Scintrex GPS system is based on the Ashtech Z-Surveyor P-code Geodetic GPS 
receivers, and includes the following:
* The Scintrex PNAV-2001 Navigation Interface/Display Computer
* An Ashtech Z-Surveyor GPS receiver (bird-mounted antenna)
* A differential base station utilising a second Z-surveyor located at the base at the 

base station site, for post-survey differential corrections.

The Scintrex GPS system is configured in the following manner: the Racal unit acquires 
correction data from nearby commercial base stations and feeds these data to the 
Ashtech Z-Surveyor. The Z-Surveyor applies these corrections to the raw real time 
positions it is acquiring and outputs the corrected positions to the PNAV-2001. At the 
same time, the Z-surveyor is logging the raw GPS data to an on-board static memory 
device. The PNAV-2001 compares the corrected data with the planned flight path and 
updates the flight path information in the operator's LCD panel and on the navigation 
display for the pilot. Finally the PNAV-2001 re-packages the data and forwards it to the 
PDAS-1000 for storage.

A second Ashtech Z-Surveyor is located at the base station site. Base station fixes are 
logged to an on-board static memory device. At the end of each flight, the base and 
remote static memory devices are downloaded to a PC for post-flight differential 
corrections.
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2.6.2. Scintrex PNAV-2001 Navigation Interface/Display Computer

The PNAV-2001 is a navigation computer designed to utilise the outputs of navigation 
systems such as GPS or "range-range" radiolocation systems, for special navigation tasks 
such as waypoint navigation and survey grid navigation.

The three modes of operation are:

* MAP MODE - This mode is used to display the area in "full view" to verify the 
shape and size of the area, and the number of survey lines covering the areas.

* GRID MODE - The pilot/navigator will use the Grid Mode to fly the survey lines. 
The grid lines are always vertically oriented on the display and the map will rotate 
1807 when the aircraft is turned around. The pilot/navigator can ZOOM IN or ZOOM 
OUT to view the survey area/lines in more detail.

* WAYPOINTS MODE - This mode is used to navigate from point to point. The 
pilot/navigator can enter waypoints and use this mode to navigate to and from the 
survey area. The whole flight is displayed in "Real Time".

Other important features of the PNAV-2001 are:

* The PNAV-2001 has the ability to display the entire survey area, complete with the 
desired flight path grid, as a graphic display on the Moving Map display, with the 
position of the aircraft being continuously updated and displayed on the screen, as it 
proceeds along the flight line.

* The PNAV-2001 continuously updates and displays numeric information such as: 
heading, latitude and longitude or UTM coordinates, cross track, line number, 
ground speed, distance to go, GPS time, POOP (data quality), altitude in metres, and 
more.

* The PNAV-2001 provides a steering or pilot indicator to assist the pilot/navigator to 
"steer" accurately along the proposed flight-line.

* The PNAV-2001 will output data via RS-232 to a data acquisition system for 
recording, or it will permit data to be recorded on its internal hard disk.

2.6.3. Ashtech Z-Surveyor Receiver and Accessories

The GPS receiver used in this system is an Ashtech Z-Surveyor GPS receiver, designed 
for use as either a stand-alone unit or in an integrated system where it may be interfaced

15



to a host computer. The Z-Surveyor is a highly accurate receiver and offers 
unprecedented integration - being the first to combine receiver, power supply, removable 
memory and an optional RTK radio link in one compact case.

The Z-Surveyor provides real-time position using twelve dedicated separate and parallel 
channels for Coarse/Acquisition (C/A) code-phase, and carrier-phase measurement on 
the LI (1575 MHz), and Precise (P) code-phase and carrier-phase measurement on LI 
and L2 (1227 MHz) bands. The Z-Surveyor operates stand-alone, and as a base 
(reference) station or remote (rover) station providing real-time differential GPS 
operation for code and real-time kinematic (RTK) operation for carrier phase.

For remote operation, the antenna is mounted on the nose cone of the PDS-3M Sensor 
System. In base station mode, the antenna is mounted over a known point, in a clear area 
where it has an unobstructed "view" of the satellites.

2.6.5. Final Positioning

A second Ashtech Z-Surveyor receiver was set up as a base station, allowing deviations 
from a fixed position to be recorded. This data was time synchronized to the aircraft 
GPS receiver system. Final positioning of the aircraft was accomplished using post- 
flight differential corrections to the airborne GPS receiver data using the data from the 
base station GPS. Final accuracy of position is better than   0.5 metres.

2. 7. Scintrex PDAS-1000 Data Acquisition System

The PDAS-1000 is the newest member of the Scintrex family of Data Acquisition Systems, and 
is most commonly used in airborne geophysical surveying. The three main functions fulfilled by 
the PDAS-1000 are 1) system control and monitoring, 2) data acquisition and 3) data playback 
and analysis.

The PDAS-1000 is a fully IBM PC compatible microcomputer, built around an 80486 CPU 
board. All data collection routines check buffering, recording and verification are software 
controlled for maximum flexibility. A modular concept has been used for both the software and 
the hardware to allow for future expandability. The sensors used with the PDAS-1000 may 
include radiometric, magnetic and electromagnetic. Other instruments such as navigation or 
positioning systems, altimeters, video or camera flight path recovery systems are also readily 
interfaced. Digital data are recorded on the PDAS-1000's internal hard disk. Data being recorded 
may be monitored on the PDAS-1000's front panel LCD screen as analog traces.

Hard copy of any data recorded may be produced, in real-time or post flight, on an RMS-GR33 
Graphic Recorder. The PDAS-1000 is controlled and operated by a standard keyboard.

The PDAS-1000 is supplied with 8 free expansion slots, into which may be installed various 
processor modules. These modules include:
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* MEP cesium magnetometer/gradiometer processors with 0.001 nT/10 cps resolution, that can 
accept Larmor inputs from up to 4 sensors.

* Analogue processor boards - 12 channel, differential, 16-bit resolution - to accept data from 
the HEM-V and Totem 2A VLF systems.

* NovAtel 3951R GPSCard interface with survey grid flying software and a cockpit display 
for use with a variety of Doppler and Inertial (INS) navigation systems.

The airborne survey data was digitally recorded directly onto the PDAS-1000's internal hard 
disk. On completion of the day's flying, the survey data which has been stored on the hard disk 
was backed-up to the units built-in streaming tape cartridge recorder. This cartridge or disk was 
then sent to the computer for processing.

2.8. Scintrex CBS-2 Base Station Cesium Magnetometer

The CBS-2 Base Station Cesium Magnetometer is a high-sensitivity cesium magnetometer 
designed for base station applications where a high resolution is required. The cesium sensor of 
the CBS-2 is mounted on a non-magnetic tripod and is connected to a processor and PC- 
Datalogger by a long sensor cable. The CBS-2 operates from a 12 VDC power source.

The CBS-2 features:
* 0.01 nT resolution over 20,000 nT to 100,000 nT range
* high gradient tolerance
* automatic tuning
* sampling rate of up to 10 times per second
* real-time RS-232C data output to an IBM-PC compatible datalogger for display and 

storage on either hard or floppy disk
* data displayed on LCD screen as traces in simulation of an analog chart recorder
* operates on 12 VDC power

The CBS-2 Cesium Base Station Magnetometer comprises the following:
* a magnetometer processor card
* a cesium sensor mounted on a nonmagnetic tripod
* a 30m long sensor cable
* a 12 VDC power supply
* an RS-232 cable and adapters
* Scintrex proprietary Base Station Magnetometer Software
* an PC-compatible Digital Datalogger

2.9. Scintrex VFPR-3 Video Flight Path Recorder 

2.9.1. General Description

So that the position of the aircraft in relation to the recorded geophysical data can be 
verified, and to allow identification of cultural features, Scintrex included a VFPR-3 
Video Flight Path Recorder in this system. The VFPR-3 consists of the following items:
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* a video camera with a wide-angle, auto-iris lens
* a rack-mountable console containing a VHS recorder, 5 inch monitor, camera 

controls and power supply
* a CAM-1000 video flight path signal mixer module for installation in the PDAS- 

1000
* a ground playback system consisting of a 19 inch colour monitor, a VHS recorder

identical to the unit in the airborne recording sub-system 
" all 0/220 V AC power supply
* all necessary interconnect cables and manuals.

The VFPR-3 is available in either PAL orNTSC formats.

2.9.2. Scintrex CAM-1000 Digital Video Mixer Module

The CAM-1000 is a module that is internally mounted in the PDAS-1000 and permits a 
camera to be employed with the survey system for the purposes of recording the 
aircraft's flight path track while on survey.

The CAM-1000 places referencing information on the recording tape overlaid on the 
video signal. This information can be as much or as little as the user requires, and could, 
for example, be fiducial, magnetometer total field value, latitude and longitude 
(assuming a navigation system is available in the aircraft) and time.

The position of the aircraft with respect to the ground can also be recorded with a 
moving cursor overlaid on the video signal. This feature requires either the presence of a 
GPS or Doppler navigation system in the aircraft, or some inclinometers, to provide 
pitch and roll information. When operational, this feature will show the true aim of the 
video camera, regardless of the aircraft attitude.

2.10. Field Office Computer

All data, including both airborne and ground data was verified daily using a PC field computer. 
The flight path for each flight was plotted each day in a manner that provided a continually 
updated flight path map of all flying done to that point. This allowed in-fills for gaps in 
coverage to be flown in a timely manner. Geosoft OASIS Montaj  software, running on a 
Pentium PC computer, was used for data quality control.

2.11. Data Acquisition Procedures

Data is recorded in a binary format with a header file in ASCII and one binary file per line. As 
well, the on-board and base station GPS receivers accumulate the positioning information on 
internal static memory devices while the aircraft is surveying.

Prior to the start of surveying, the GPS Navtrain simulation program is used to plan the flying. 
For each block the coordinates as well as line spacing, direction, etc., are input in the program to
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compile the survey parameters and to generate the total line kilometres and the survey control 
files. These files are then transferred to the navigation computer on board the aircraft for use by 
the operator for real time navigation purposes.

System calibrations are carried out prior to the start of the survey. These include the following:

* High altitude heading test. The aircraft is taken to 5000 feet AGL and flown for 1-2 minutes 
along each of the survey (traverse and tie) directions in a cross pattern. It is assumed that the 
gradients are uniform at this height and will provide a basis for removal of systematic 
differences between the sensor readings. The fluxgate magnetometers are calibrated for post 
flight processing

* Low-altitude heading test. The aircraft is flown over a fixed, point in a magnetically quiet 
area along each of the survey (traverse and tie) directions in a cross pattern. The differences 
for each channel between directions, after removal of the diurnal and adjustment for lag, give 
the heading corrections for each channel.

* Lag test. The aircraft is flown over a fixed, magnetically active point, such as a well head 
along each of the survey (traverse and tie) directions. The average time shift required to 
move the data such that the anomaly peaks from each pass over the magnetic feature 
coincide is the required lag.

* Altitude stack. The helicopter flies over level ground at heights of 200 and 300 feet, as 
determined by the radar altimeter and the results compared with that of the laser and radar 
altimeters.

Daily routine involved a series of calibrations and set up procedures for the geophysical system:

* The magnetometer sensor performance was determined from the noise level as indicated by 
the 4th difference profile displayed on the operator console.

The field quality control procedures were as follows:

* Reproducing data in a multi-channel profile including: three magnetic field profiles (one for 
each sensor) and measured vertical and transverse horizontal gradients, and flying height;

* Data quality control involved measuring the noise envelope of the magnetic data as 
represented by the 4th differences; spikes due to cultural effects or sensor orientation were 
carefully monitored;

* Analysis of GPS flight path plot files. Data acceptance was conditional on having line gaps 
greater than \ 2507o of the nominal spacing not exceed a distance of 1.0 km. Final flight path 
was also compared with the planned flight path;

* Video tape flight path checking to confirm cultural sources affecting data and anomaly 
locations. This is not performed on exploration surveys.

* Import and plotting of the base station magnetometer data files in order to reproduce the 
diurnal variation profile. The profiles are monitored to ensure that the data is within contact 
specifications.

* Plotting of the laser altimeter data. Data acceptance was conditional on line segments where 
height variations in excess of 10 m of the nominal bird altitude (30m) not exceed a distance 
of 1.0 kilometres.
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2. 12. Field Personnel

The survey crew consisted of the following personnel:

Systems Operator: Herman Mueller
Geophysicist 7 Data Processor: Oliver Bolton
Pilot: Earl Bush
Helicopter engineer: Colin Hill

Canadian Helicopters Ltd. supplied the pilot and helicopter engineer.

General project management was under the responsibility of Kevin Killin, Chief Geophysicist, 
Survey 8c Exploration Technology Division, Scintrex Limited.
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3. DATA PROCESSING 

3. 1. Considerations

Data processing involved applying the Scintrex Computer Mapping and Processing routines to 
the data. The field data processing centre was equipped with a Pentium-II based laptop computer 
with an inkjet printer and a CD writer for backup purposes. The data processing centre located at 
the Scintrex Limited offices in Concord, Ontario is equipped with PC workstations based on 
Pentium-II series computers and E-size Hewlett-Packard DesignJet plotters.

Final data processing, data archiving and reporting was completed at the Scintrex Limited offices 
in Concord, Ontario.

The in-field processing consisted of the following steps:

* Post-flight processing of the raw OPS locations (base and remote) to create a 
differentially corrected position file.

* Import of survey data into OASIS montaj  database.
* Flight path generation and validation.
* Correction of magnetic data for diurnal variation and IGRF
* Preliminary tie line levelling of magnetic data and generation of preliminary gradients

3.1.1. Office Personnel

Data Processors: Marta Orta 
Chief Geophysicist: Kevin Killin

3.2. Data Compilation

3.2.1. Differential GPS Corrections

Following each flight, the static memory modules are extracted from the base and remote 
Z-Surveyor GPS systems and their contents transferred to a PC workstation computer. 
These data are then reduced using a computer program supplied by Ashtech to create a 
file containing the final differentially corrected GPS locations. The coordinates 
generated are in WGS-84 latitude and longitude, and height above the WGS-84 spheroid 
in metres.

3.2.2. Import of Survey Data

Following each flight, the contents of the PDAS system are transferred to a PC 
workstation computer. Import parameter files are generated and modified to reflect the
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operator's flight logs and the data formats required for the survey. The flight data is then 
imported into the OASIS Montaj  database for further processing.

Also following each flight, the contents of the Scintrex CBS-2 Magnetometer Base 
Station is transferred to a PC workstation computer. As the base station also logs the 
GPS base station data, the magnetometer data are time-stamped with the GPS time. This 
time is used in conjunction with the GPS time imported with the flight data above to 
synchronize the base station and flight magnetometer data during merging.

Finally, the differentially corrected GPS data from 3.2.1. above is imported into the 
database, again using the GPS time as a synchronizing parameter.

3.2.3. Flight Path Generation

The location data loaded by procedures described in 3.2.2. above comprises WGS-84 
latitudes, longitudes, and elevations (in metres) above the WGS-84 spheroid. These 
positions are then converted to local NAD83 coordinates using Geocentric Datum Shifts 
At this point a flight path is created and inspected on the computer screen.

3.2.4. 3D-GM  Magnetic Data

The magnetic data was corrected to produce a final levelled product by the application of 
the following sequence of procedures:

* Data quality check on the raw magnetic data.
* Loading, checking and application of the measured diurnal data.
* Lag correction.
* IGRF correction
* Levelling

The above procedures are detailed in the following sections.

3.2.4.1. Magnetic Data Quality Check

The data quality check was accomplished in the field by applying a fourth 
difference filter to the raw magnetic data after it had been loaded into the OASIS 
Montaj  database. Plotting the raw and filtered data together permitted 
tracking the performance of the magnetometer sensors as well as monitoring the 
noise levels that were superimposed on the data during survey activities. 
Magnetometer noise levels were maintained within stated specifications (+I- 
0.01 nT). Data points deemed spurious, consisting of occasional dropouts and 
spikes, were removed by manual editing. Gaps created by the elimination of 
these spikes were filled using an Akima spline interpolation procedure.
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3.2.4.2. Lag Correction

A lag correction is normally applied to remove the effects of temporal delay 
caused by the position of the magnetometer bird relative to the GPS antenna, and 
by delays inherent in the data acquisition system. The lag tests performed prior 
to the start of the survey indicated a correction of -0.8 seconds needed to be 
applied to the magnetometer data.

3.2.4.3. Diurnal Correction

Data acquired from the Scintrex CBS-2 Base Station are loaded into the OASIS 
Montaj  database. The GPS time, acquired both in the ground base station 
system and in the airborne data acquisition system, provides the synchronization 
parameter for the merging of the data sets. The diurnal data are filtered with a 
non-linear filter to remove spikes and a low-pass filter with a filter length of 5 
seconds to remove high-frequency variations. These values are then subtracted 
from the magnetic sensor data after the corrections described in 3.2.4.1. and 
3.2.4.2. above are applied. The mean magnetic base station value is then added 
back to the magnetic data and the results stored in separate database channels. 
These channels provide the starting point for TMI data processing.

3.2.4.4. IGRF Correction

The International Geomagnetic Reference Field (IGRF) is a mathematical model 
of the normal magnetic field background of the earth. This model is a function of 
date, location and elevation. As the model is updated every five years based on 
magnetic observations from base stations located throughout the world, 
corresponding data for year 2000 was used. The IGRF is calculated on a point- 
by-point basis using differentially corrected GPS latitude, longitude and 
elevation data. The IGRF values are subtracted from the diurnally corrected 
magnetic data and the mean IGRF value is replaced in the data.

3.2.4.5. Levelling of Total Magnetic Intensity

Two stages of levelling are applied to the magnetic data prior to generation of 
final grid images: tie line levelling and judicial microlevelling.

Tie line levelling is carried out by adjusting intersection points along the traverse 
lines such that the differences between traverse and control lines are minimized. 
To achieve this, a levelling intersection network is established. The control lines 
and traverse lines are levelled to a first approximation by application of DC 
block shifts to each line in an iterative procedure:
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* A levelling network is calculated from control line-traverse line 
intersections.

* The intersection differences are accepted or rejected according to the 
magnitude of the correction and the gradient of the magnetic data at 
the intersection.

* Block shifts for control lines are calculated from the accepted 
intersections and applied to the control lines.

* The levelling network is recalculated.
* The intersections are trimmed based on magnitude and gradient.
* Block shifts are calculated and applied for traverse lines.

This procedure is repeated until the block shifts are minimized. For final tie line 
levelling, a tensioned B-spline is calculated from the recalculated intersection 
misties and used to remove any remaining levelling errors that cannot be 
modelled by DC corrections alone. OASIS montaj  permits visual examination 
of the intersections for each tie line if manual editing is required. As well, the 
levelled line may be visually compared to the unlevelled line at any time during 
the levelling process. The levelled data is interpolated to a regular grid and a 
preliminary map is generated and inspected. Intersections are manually rejected 
or adjusted until the data is satisfactory.

After the application of tie line levelling, a microlevelling procedure is applied 
locally to areas that require further processing. This technique is designed to 
remove persistent low-amplitude components of flight-line noise remaining after 
tie line levelling. A series of directional filters is applied to the magnetic grid to 
produce a decorrugation "noise" grid. This grid is then re-sampled back into the 
database where the new "noise" channel is further filtered to remove short 
wavelength responses due to geologic sources. Finally, the "noise" channel is 
subtracted from the tie line levelled channel to produce a final total magnetic 
intensity channel.

The final magnetic data are then interpolated onto a regular square grid with 15 
metres cell size using a minimum curvature technique.

3.2.4.6. Levelling of Gradient Data

Four gradients are calculated from the magnetic data:

* an along-line horizontal gradient calculated by averaging data from 
the three sensors from point to point along each line of data.

* a transverse horizontal gradient calculated from the left and right 
sensors at each data point.

* a vertical gradient calculated at each point from the bottom sensor 
and the mean of the left and right sensors.

* a total gradient calculated as the vector magnitude of the three 
directional gradients.
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The gradients are calculated from magnetic data that has been corrected for 
diurnal and IGRF and that has undergone the block-adjusting stage of tie line 
levelling. At this stage of levelling, most heading errors will have been removed 
from the data. For the vertical and transverse horizontal gradients, there are 
frequently very small remnants of the heading error remaining in the gradient 
data, requiring further levelling.

The along-line horizontal gradient is usually acceptable because the averaging of 
all three sensors minimizes any errors between the sensors.

The transverse horizontal and vertical gradients usually have line-to-line 
levelling errors remaining. These errors may be removed by application of tie 
line levelling using a block-adjusting procedure as described in 3.2.4.5.

The total gradient, being the vector magnitude of the three directional gradients 
is acceptable after levelling errors have been removed from the other three 
gradients.

The final gradient data are interpolated onto regular grids of 15 metres cell size 
using a minimum curvature gridding technique.

3.2.4.7. Digital Elevation Model

Subtracting the laser altimeter data from the differentially corrected OPS 
elevation data creates a digital elevation model. Any levelling errors are 
removed by application of tie line levelling and microlevelling techniques as 
described in 3.2.4.5.

The final digital elevation model data are interpolated onto a 15 metres square 
grid using a minimum curvature gridding algorithm.
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4. DELIVERED ITEMS

4.1. Survey Rep o rt

The survey report describes the data acquisition, processing, and final presentation of the survey 
results.

4.2. Gridded Data

The following grids are presented to Rubicon Minerals Corporation as results of the helicopter- 
borne 3D-Gradient Magnetics  survey carried out over the DMC Block.

All grids have a cell size of 15 metres. 

The following grids were produced:

* Total Magnetic Intensity.
* Measured First Vertical Derivative of Total Magnetic Intensity.
* Measured Transverse Horizontal Gradient of Total Magnetic Intensity.
* Measured Inline Horizontal Gradient of Total Magnetic Intensity.
* Measured Total Gradient of Total Magnetic Intensity.
* Digital Elevation Model.

4.3. Digital Profile Data 

4.3.1. Digital Archives

A set of digital archives containing the following data is supplied to the client:

* UTM X,Y positioning information (NAD 27 datum)
* Fiducial and OPS time data
* OPS latitude, longitude and elevation data (WGS 84 datum)
* Raw magnetic data (3 channels)
* Block-adjusted magnetic data (3 channels)
* Levelled TMI
* Levelled TMI, culture removed
* Levelled Gradient data (4 channels)
* Diurnal
* IGRF
* Radar Altimeter
* Laser Altimeter
* Digital Elevation Model
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The data is delivered as Geosoft OASIS Montaj  *.XYZ ASCII format and ER Mapper 
format grid files.

4.3.2. Flight Path Videos

All original video tapes available for each survey flight are delivered to Rubicon 
Minerals Corporation This includes videotapes with flight path that contain part or all of 
one complete flight.
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5. SUMMARY

A SD-Gradient Magnetics  survey over the DMC McQuaig Claim group near Red Lake, Ontario has 
been flown on behalf of Rubicon Minerals Corporation

All final and preliminary products as required by the contract have been delivered to Rubicon Minerals 
Corporation for this phase of the survey work.

Scintrex's field operations in were carried out under the supervision of Oliver Bolton, Geophysicist, 
reporting to Kevin Killin, Chief Geophysicist.

Final data processing at the offices of Scintrex Limited in Concord, Ontario was carried out by Marta 
Orta, Geophysical Data Processor, under the supervision of Kevin Killin, Chief Geophysicist.

A total of 288.96 line km of data have been processed and presented.

The data is of good quality, with noise levels well within contract specifications, and accurately 
represents the geophysical response of the Earth in the survey area.

SCINTREX LIMITED

Kevin J. Killin 
Chief Geophysicist 
SCINTREX LIMITED
Survey and Exploration Technology Division

February 6, 2001
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SURVEY AREA LOCATION MAP
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SUMMARY

Rubicon Minerals Corporation, Suite 888, 1100 Melville Street, Vancouver, V6E 4A6, holds title to 30 

unpatented mining claims, collectively known as the Humlin Corridor (HC), part of Rubicon's larger 

regional land holdings. The HC is located western part of Red Lake and shorelands in Fairlie Township, 

approximately 12 km west of Red Lake, Ontario.

This report describes results of helicopter-borne vertical and horizontal gradient magnetic surveys conducted 

by Scintrex Ltd for Rubicon Minerals Corporation in the HC at a line spacing of 50m. The purpose of this 

survey is to provide high quality magnetic data to support mapping and interpretation in the HC.

The HC lies at the junction of two major deformation zones. The surveyed area is underlain by a sequence of 

Archean ultramafic, mafic, felsic volcanic and sedimentary rocks. The volcanic/sedimentary sequence 

comprises a steeply dipping N to NE-striking succession which youngs to the northwest. All rocks on the 

property have been regionally metamorphosed to upper greenschist facies. Ultramafic sequences, together 

with the intercalated sediments underlying the property, are interpreted to correlate with those of the Balmer 

Assemblage that host the major gold deposits of the camp.

Results of the magnetic survey show that the geology can be mapped by the magnetic signature. The linear 

magnetic highs are interpreted to be due to ultramafic and mafic rocks of the volcanic sequences. Where 

these linears are disrupted, faulting is interpreted. An interpretation map shows these trends and faults and its 

correlation with geology will improve the geological knowledge of the survey area.
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1.0 SCOPE AND PURPOSE

Between January 29 and February 04, 2001, Scintrex Ltd, on behalf of Rubicon Minerals Corporation, 

carried out helicopter-borne magnetic gradient surveys in the HC according to the specifications outlined in 

this report . This work forms part of an ongoing evaluation of the HC that has included previously filed 

sampling, mapping, geophysics and diamond drilling and which has demonstrated potential for high grade 

gold deposits of the Campbell-Red Lake type. The purpose of the work was to support mapping and 

structural analysis through the acquisition of high resolution magnetic data.

LI Logistics
The property was evaluated by a two to four person crew based in Red Lake. Supplies, accommodation 

and boat/truck rental were supplied by RSL Logistics in Red Lake.

2.0 PROPERTY DESCRIPTION

The property that is the subject of this report comprises 30 unpatented mining claims. Rubicon's title to the 

claims is through option agreements with Perry English and, separately, with David Meunier. The reader is 

referred to publicly filed documents by Rubicon for details of these agreements. Rubicon has suboptioned 

these claims, and others in the area, to AngloGold (Canada) Explorations Ltd, a subsidiary of AngloGold 

Ltd.

Claims covered by this report are listed below:

KRL 1184245 KRL 1198400

KRL 1184366 KRL 1198401

KRL 1184367 KRL 1198402

KRL 1184368 KRL 1198403

KRL 1184369 KRL 1198404

KRL 1184370 KRL 1198405

KRL 1184373 KRL l 198406

KRL 1184374 KRL 794758

KRL 1184375 KRL 794759

KRL 1184389 KRL 794760

KRL 1184413 KRL 794761

KRL 1184802 KRL 794762

KRL 1185096 KRL 794763

KRL 1185142 KRL 794767

KRL 1198399 KRL 794768



3.0 LOCATION AND ACCESS

The HC is located in the Red Lake Mining Division, Ontario, approximately 12 kilometres southwest of the 

town of Red Lake (Figure 1). The main claim area covers an segment of belt that runs from McKenzie 

Island westwards to Dorion Island and thence northeastwards to a group of unnamed islands (Figure 2, in 

pocket).

Red Lake is located in northwestern Ontario, 140 kilometres north-northeast of Kenora and 435 kilometres 

northeast of Winnipeg, Manitoba, the nearest major city (Figure 1). The area is serviced by all-weather 

paved highway (Highway 105) from Kenora and by scheduled airline or bus service from Kenora, Dryden 

and Winnipeg.

Access to the HC is best achieved from Red Lake by road, boat or float plane in summer and, in winter, by 

ice roads or trails from Red Lake.

3.1 Survey Logistics
A logistical survey report of the helicopterborne geophysical survey, including technical specifications is 

attached to this report as Appendix A.

4.0 PREVIOUS WORK

Extensive work has been conducted in the HC, mainly at shallow surficial levels. This work is summarized 

in Table l, below:

Table l, Summary of Previous Work - HC 

Year Company Work

? J.L. Currie 208ft drilling north of Martin Bay no assays reported

? J. Humous Jr and Sr 1064 ft drilling-Fisher Islands no assays reported

1948 E. Hokkanen 2657 ft drilling, 30 holes west of Sandra L. north of Martin

Bay 

1953 Drawson RLM 1918 ft drilling, 10 holes north of Sandra L. up to 0.08 opt

Au over 6 ft in q vins ass'd with diorite dykes and greywacke

1961 Alcon Expl. And Mining Synd 401 ft drilling, 4 holes Theta I. no assays reported 

1961 Dickenson Mines Ltd 1446 ft, 2 holes nr. Fisher Islands, no assays reported 

1966 Cochenour Expl. Ltd. 2209 ft, 8 holes Martin Bay area, no significant assays 

1970 C. Fuller Pine Trenching and stripping - Fisher Islands 

1970-71 Madsen RLGM Ground mag and EM, Fisher Islands



1972 C.D. Huston and Son

1972 C.W. Peterson

1973 C. W. Peterson

1976 C. W Peterson

1977 C.W. Peterson

1979 Minorex Ltd.

1979 Minorex Ltd.

1980 Selco Mining Corp. Ltd.

1980 Selco Mining Corp. Ltd.

1980-81 Goldfields Res. Canada Ltd.

1981 M. Desmueles and A. Sanderson

1981 Selco Mining Corp. Ltd.

1981 Minorex Ltd.

1982 Gold Fields Res. Canada Ltd.

1982 Canadian Nickel Co. Ltd.

1985 Homestake Min. Dev. Co.

1985 Homestake Min. Dev. Co.

1986 Ultra Mines and Energy Corp.

1987 Noramco

1987 Noramco

1987 Inlet Resources Ltd.

1987 Chevron Minerals Ltd.

1988 Inlet Res. Ltd.

1988 BMP-Utah Mines Ltd.

1989 BHP-Utah Mines Ltd.

1990 H. Hugon

1991 Placer Dome Inc.

1997 Island Arc Res.

ground EM over Middle Narrows

405ft drilling, l hole; trenching, grabs up to 0.01 opt Au.

1655ft drilling, 6 holes, Fisher Islands, Upto O.Olopt Au

Q.62% Cu.

535ft drilling, 2 holes Theta I., up to 0.04 opt Au and 0.22

opt Ag reported.

3305.7ft drilling, 9 holes, Theta I, no assays reported.

Ground mag and EM, north of Martin Bay

995ft drilling, 5 Holes, North of Martin Bay. Up to O.Olopt

Au and 0.11 "/o Cu in QFP dyke.

Ground mag and EM, south of Martin Bay.

223ft drilling, l hole, no assays reported.

Ground mag and EM

Ground mag and EM, east of Sandra Lake

Ground mag and VLF-EM in SW Fairlie and NW Baird

Twps.

Geology and ground VLF-EM

3103ft drilling 7 holes, Fisher Islands, no assays reported

Airborne mag, EM, radiometrics

Airborne mag-EM over Fisher Islands

Ground mag and EM over Fisher Islands.

Ground mag and EM, geology and geochemistry, no new

mineralization.

Ground mag and VLF-EM

573.65 m drilling, 4 holes, north of Martin Bay. 500ppb Au

over 1.5m in elastics sediments.

888 m drilling, 6 holes, north of Martin Bay, anomalous

^00 ppb Au in FeFm.

Mapping, sampling, lake sed, 947.63m around Fisher Islands

and SE of Martin Bay. Low anomalous Au and As, Theta I.

Geology

Geochemistry, low grade Au in SW Fairlie Twp.

Ground mag, VLF-EM, SW Fairlie Twp.

Geology

Ground Mag and VLF-EM, Middle Narrows and Martin Bay.

Geology, ground magnetics.
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5.0 PHYSIOGRAPHY

Physiography and topography are typical of glaciated Precambrian areas. Dominant landforms are rounded 

rocky ridges and hills interspersed with numerous lakes and boggy low ground. The hills and ridges are 

generally elongated parallel to the strike direction of the underlying bedrock. Maximum relief on the 

islands surveyed during this program does not exceed 15 metres above lake level, with the greatest 

elevation at island centres.

6.0 REGIONAL GEOLOGY

6.1 Stratigraphy

The Red Lake gold camp is situated in the Red Lake greenstone belt, an accumulation of Archean-age 

metavolcanic, metasedimentary and intrusive rocks comprising a portion of the Uchi Province of the

Canadian Precambrian Shield.
*

The Red Lake district is underlain by Mesoarchean rocks that have been subdivided into three 

assemblages (Sandborn-Barrie et al., 1999): Balmer, Ball and Bruce Channel. Neoarchean strata of the 

2.75-2.73 Ga. Confederation assemblage overlie these older assemblages. The contact between Balmer 

and Confederation, exposed in a number of localities, thus represents a 200 Ma time span. Both Meso- 

and Neoarchean sequences are intruded by diorite to granodiorite stocks such as the Dome stock which 

has been dated at 2718 +I- l Ma.

Balmer assemblage rocks host all of the major gold mines in the camp but it is important to note that 1.6 

M. ounces of gold has been extracted from intrusive hosted deposits. Balmer consists of mafic to 

ultramafic flows (including komatiites) and intrusives, minor felsic and interflow sedimentary rock types. 

Age dates from Balmer felsics range from 2992 to 2964 Ma. (Corfu and Andrews, 1987).

Ball assemblage rocks underlie much of the western part of the district and consist of ultramafic to mafic 

flows, intermediate volcaniclastics and massive to spherulitic rhyolites. Chemical sedimentary rocks (iron 

formations) also characterize Ball assemblage rocks and include stromatolites (Hofmann et al., 1985). 

The latter are bracketed by felsic rocks that are dated between 2940 Ma and 2925 Ma.



Bruce Channel assemblage rocks, as currently defined, are confined to the eastern part of the belt and 

comprise intermediate volcaniclastics and clastic rocks (2894 +I- 1 .5 Ma). A distinctive magnetite 

bearing iron formation occurs at the top of the assemblage and forms a key marker horizon.

Confederation rocks comprise intermediate to felsic flows, volcaniclastic and metasedimentary rocks. 

Age dates for this assemblage range from 2748 +I- 1 5 Ma to 2733 +I- l Ma.

Granitoid rocks were intruded in three main episodes:

1) The 2734 +I- 2 Ma Douglas Lake pluton, the 2731 +I- 3 Ma (Little Vermilion Lake batholith) and 

2729 +I- 1 .5 Ma Red Crest stock.

2) The 2717 +I-2 Ma Hammell Lake pluton, The McKenzie Island stock (2720 +I- 2Ma), the Dome 

Stock 2718 +/-1M3, the 2720 +7/-S Ma Abino granodiorite and late QFP dykes at the Campbell 

Mine, dated at 2714 +I-4 Ma.

3) Intrusion of the Killala Kspar megacrystic Killala-Baird granodiorite at 2704 +I- 1 .5 Ma, the 2699 

Walsh Lake pluton and a 2699 +-4ME dyke at the Madsen Mine.

6.2 Regional Structure

At least two major deformation events have affected the rocks of the belt resulting in the generation of 

type 2 interference fold structures on all scales. Overall strain in the belt is low, however, local high 

strain zones do occur, typically in areas of strong alteration with locally associated gold mineralization. 

Previous workers identified five major shear or deformation zones within which major gold deposits of 

the camp occur. Recent work (Sandborn-Barrie et al., op. cit) has questioned the validity and usefulness 

of the deformation zone concept in the camp.

6.3 Metamorphism

Supracrustal rocks in the area have been regionally metamorphosed to greenschist facies with higher- 

grade contact metamorphic aureoles around the major felsic intrusions. No genetic or spatial relationship 

between regional metamorphic facies and gold deposition has been established.
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6.4 Hydrothermal Alteration

A pervasive and often intense carbonate hydrothermal alteration event is superimposed on the 

deformation zones and appears to have had its greatest affect on mafic and ultramafic rocks. Primary 

minerals of the altered rocks have been converted to quartz, carbonate, epidote, plagioclase, chlorite and 

sericite (fuchsite and talc in the ultramafics).

6.5 Red Lake Gold Deposits

Gold occurs in the free state or with pyrite, pyrrhotite and arsenopyrite and lesser amounts of magnetite, 

chalcopyrite, sphalerite, galena and sulph-arsenides in quartz-ankerite and/or 'cherty' quartz veins, 

stockworks, lenses, stringers and silicified zones. In rare instances, scheelite is reported (Ferguson, 

1966).

Silicification and carbonatization, together with very anomalous K-enrichment and Na + Ca (minor Mg)- 

depletion, occur in the alteration aureoles surrounding ore zones (Andrews and Wallace, op. cit.)- One 

important aspect, particularly with respect to exploration, is the presence of geochemically elevated Au 

and As in the alteration aureoles (Durocher, 1983).

Andrews and Wallace (1983) point out that most of the productive areas of the Red Lake camp are 

underlain by tholeiitic to komatiitic mafic and ultramafic volcanics, and that past and present production 

zones occur within highly altered metavolcanics at or near the stratigraphic top of the Balmer sequence.

7.0 LOCAL GEOLOGY

Reconnaissance scale mapping and sampling by Rubicon indicates the are is underlain by mafic to 

ultramafic rocks inferred to be of Balmer Age. Regional Magnetics suggest the HC to be a major zone of 

magnetic destruction. This is manifested by altered and highly deformed rocks developed within a major 

shear zone which trends EWE and which appears to displace rock types and structures of the NE trending 

Post Narrows trend.

8.0 RESULTS OF MAGNETIC SURVEYS

The results of the helicopterborne magnetic survey are consistent with the geology of the area. The linear 

bands of alternating magnetic highs and lows which are disrupted and curved are signatures indicative of

11



sheared and deformed sequences of ultramafic, mafic, felsic volcanic and sedimentary rocks. The 

ultramafic and mafic flows show up as linear magnetic highs while the felsic volcanics and sedimentary 

rocks are magnetic lows. Tracing the magnetic highs shows the overall trends present in the survey area.

In the northern portion of the survey area, the magnetic trend is predominately east-west. Towards the 

southwest corner and in the eastern portion of the survey block the trends are closer to ENE. This may 

indicate a break in the geology from north to south.

Numerous faults can be interpreted from the disruptions in the magnetic linear trends and sometimes by 

regions of magnetic low. The interpreted faults tend to trend in a NW to WNW direction.

An interpretation map has been generated with the faults and magnetic trends identified.

9.0 CONCLUSIONS AND RECOMMENDATIONS

The geophysical survey has recorded responses consistent with the known geology and has helped in the 

mapping of the geology. The ultramafic and mafic flows are identified as magnetic highs and are traced 

throughout the survey area. Faults are evident in the disruptions of the linear trends.

Further work will consist of correlating known geology with the geophysics to generate a better 

understanding of the geology of the survey area. Areas where the magnetic signature is complex, i.e. very 

short linear trends, and where faults intersect with magnetic trends may be areas of interest due to 

structural complexity. These areas should then be considered for ground follow-up to determine if they 

are of further interest.

Respectfully Submitted

Kevin J Killin

Chief Geophysicist Airborne Surveys 

Scintrex Surveys and Exploration Technology 

February 8, 2001
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Statement of Qualifications

l , Kevin James Killin of 47 Braemar Drive, Bramalea Ontario am employed as Chief 
Geophysicist , Airborne Surveys for Scintrex Surveys Limited, 222 Snidercroft Road, 
Concord, Ontario, Canada, L4K 1B5.

l am a geophysicist, having graduated from the University of Western Ontario in 1986 
with an Honours Bachelor of Science Degree in Geological Geophysics, l have been 
practicing geophysics for the 15 years, l have collected , processed, interpreted and 
presented data from a variety of geophysical survey types in North America, South 
America, Africa, Iran, Europe and Asia.

l am a member of the Society of Exploration Geophysicists (SEG) , the Canadian 
Exploration Geophysical Society (KEGS), and the Association of Geoscientists of 
Ontario.

l certify that the report presented here is correct and complete to the best of my 
knowledge.

Kevin Killin
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Executive Summary

During the period January 29, 2001 to February 04, 2001 , Scintrex Limited carried out a helicopter- 
borne high-resolution 3D-Gradient Magnetics  survey for Rubicon Minerals Corportation over the 
Humlin claim group north of Red Lake Ontario. This survey is part if a 2 claim group project , flown 
over the period of January 28, 2001 to February 4, 2001.

The survey was part of a service contract signed with the Rubicon Minerals Corportation to perform a 
3D-Gradient Magnetics  survey over the 2 claim groups. A total of 1043.05 line-km were flown with 
18 hours of helicopter survey time .

In-field data processing involved quality control, compilation and presentation of magnetic, positional 
and video data collected during the acquisition stage, using the in-field processing centre established at 
Red Lake Ontario, at the Balmer Hotel. Final data processing and generation of final digital data 
products were done at the office of Scintrex Limited in Concord, Ontario.

The processed survey results are presented as grids, maps ( including topographic information, claim 
boundaries) and digital profile data. The profile data includes the following information:

* Positional information, as latitude and longitudes , and UTM's projected onto the NAD83 datum
* Raw magnetic data from three magnetic sensors
* Processed, levelled data from 3 magnetic sensors
* Laser altimeter information ( bird ground clearance)
* Radar altimeter information ( helicopter ground clearance)
* Fluxgate magnetometer data
* Digital compass data
* Base Station diurnal data



1. INTRODUCTION

f. 1 . General Considerations

These services are the result of the Agreement made on January 8, 2001 between Rubicon 
Minerals Corporation and Scintrex Limited, Survey and Exploration Technology Division, to 
perform a helicopter-borne, high-resolution, 3D-Gradient Magnetics  survey over the Humlin 
Block near Red Lake, Ontario. 1043.05 line km of 3-D gradient magnetic data were acquired 
during the survey.

Mr David Adamson acted on behalf of Rubicon Minerals Corporation during contract 
negotiations and the data acquisition and processing phases of this project.

The survey area is as shown in Appendix A. The crew was based in the Balmer Hotel at Red 
Lake, from January 28 to February 4, 2001 for the acquisition phase of the survey. The survey 
block was flown with a nominal traverse line spacing of 50 m and a nominal tie line spacing of 
500 m.

The helicopter was based at the Red Lake airport. Survey flying was completed on February 4, 
2001. Preliminary data processing was carried out daily during the acquisition phase of the 
project. Final data presentation and data archiving was completed in the Concord, Ontario office 
of Scintrex Limited by February 8, 2001.

1.2. Survey and System Specifications

The service as specified in the contract was a helicopter-borne, high-resolution, 3D-Gradient 
Magnetics  survey. The data were acquired on traverse lines 50 metres apart. Tie lines were 
flown 500 metres apart. Where possible, the helicopter maintained a mean terrain clearance of 60 
metres, which translated into an average height of 30 meters above ground for the bird-mounted 
sensor array. Terrain clearance was higher over the forested areas of the claim block, and the 
average height translated to 75 m ground clearance. Details of the survey specifications may be 
found in Section 2 of this report.

The survey was flown using an Aerospatial AS 350- B helicopter, registration C-GELC, operated 
by Canadian Helicopters Ltd. A 3D-GM  system was suspended 30 metres below the 
helicopter. Navigation and final aircraft positioning was via differentially corrected GPS. A 
review of all systems and their specifications may be found in Section 2 of this report.

1.3. Data Processing and Final Products

Data compilation and processing were carried out by the application of Geosoft OASIS 
Montaj  v4.3 and programs proprietary to Scintrex Limited. Profile data and grids of final 
products were presented to Rubicon.



The survey report describes the procedures for data acquisition, processing, final image 
presentation and the specifications for the digital data set.

1.4. Relief, Vegetation and Access

The Humlin Block is located approximately 15 kilometres Northwest of the city of Red Lake, 
Ontario (see location map, Appendix A).

Approximately one third of survey block is over water. The Northern boundary of the survey 
covers the north shore of Red Lake, where the crew had to ascend in order to maintain safe 
survey conditions. The southeastern boundary of the survey also continued over land, and the 
shoreline is steep vertical cliffs. There are numerous islands throughout the area, and as a result 
the crew had to vary survey altitude. The tree cover in the area is approximately 15-20m in 
height.

2. DATA ACQUISITION 

2.1. Survey Area

The survey area (see location map, Appendix A) and general flight specifications are as follows:

Traverse Line direction: N00 E
Tie Line Direction: N900 E
Nominal Traverse Line Spacing: 50 m
Nominal Tie Line Spacing: 500 m
Nominal Survey Altitude 60 m AGL
Nominal Sensor Altitude 30 m AGL

The area coordinates are as follows:

EASTING (m)
427752.
429483.
430341.
431275.
432991.
432991 .
436168.
436153.
434753.
434753.
433849.
433352.
430628.
430266.
427963.
426141.
426141.

54373
85159
97809
37885
63186
63186
20542
15057
04943
04943
75837
94829
02026
70384
31164
67468
67468

NORTHING (m)
5658642.
5658492.
5658522.
5658778.
5658808.
5656836.
5656836.
5655240.
5655225.
5653117.
5653117.
5652922.
5652651.
5652666.
5653840.
5653629.
5658823.

90577
35726
46697
39943
50913
32366
32366
50946
45461
77547
77547
06241
07509
12994
40832
64040
56399



Table 2.1. Area coordinates (UTM projection, NAD83 datum, Zone 15N) 

2.2. Operations Base

The crew was housed and the survey operations base was established at the Balmer Motor Hotel 
from January 28 to February 04, 2001. The helicopter was based at the Red Lake airport.

The magnetometer l OPS base station was established at the airport in a magnetically quiet area. 
Initial coordinates of the OPS base station location were established by acquiring location fixes 
over a 12-hour period and averaging the results. The position obtained for the OPS base station 
was (WGS84 coordinates):

Longitude: 93 0 48' 04.895" W
Latitude: 51 0 04'03.932" N
Ellipsoidal elevation: 360.78 metres

2.3. Flight Specifications

Traverse lines were flown at a line spacing of 50 metres. Tie lines were flown perpendicular to 
the traverse lines at a line spacing of 500 metres. A line was not accepted if a gap in the flight 
path exceeded 125^0 of the nominal line spacing for a distance in excess of 1.0 kilometre.

The mean terrain clearance adopted for the helicopter and instrumentation during normal survey 
flying was 60 metres with the 3D-GM  system suspended 30 metres below the helicopter. 
Actual terrain clearance of the helicopter varied, but was maintained as near to 60 metres as 
possible. This translated to 60m AGL over water , and approximately 75m over land, given 
safety considerations. A line was not accepted if height variations  10 metres from the nominal 
survey altitude persisted for distances in excess of 1.0 kilometre, except where dictated by safety 
considerations.

Helicopter ground speed was maintained at approximately 100 km/h, equivalent to a maximum 
ground speed of 30 metres/second. The data were recorded using a 0.1 second sample interval, 
which resulted in geophysical measurements approximately every 3.0 meters along the survey 
lines. Sampling rates and resolutions for data in each channel are specified in the Table 2.2 
below.

SYSTEM
3D-Gradient Magnetics System 

Cesium Vapour Magnetometers 
Digital Compass Module 
Develco Fluxgate Magnetometers 
Laser Altimeter 
GPS Navigation

SAMPLING RATES

0.1 sec 
0.1 sec 
0.1 sec 
O.I sec 
1 .0 sec

RESOLUTION

0.001 nT 
1 .0 degree 
0.5 nT 
1.0cm 
1 .0 metre

Table 2 .2. Data Sample Rates
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2.4. Aircraft and Survey Instruments

2.4.1. Survey Aircraft

Model: Aerospatial AS 350-B
Registration: C - GELC
Nominal Survey Speed: lOOkm/h
Owner: Canadian Helicopters Ltd.

2.4.2. Survey Equipment (Summary)

Installed On The Aircraft

* Scintrex 3D-Gradient Magnetics  System.
* Picodas PDAS-1000 Digital Data Acquisition System.
* Picodas PNAV-2001 Navigation system.
* Scintrex VFPR-3 Flight Path Recorder.
* Ashtech Z-Surveyor P-code Geodetic OPS receiver (bird mounted).
" RACAL Landstar Real-Time Differential GPS System.
* ADM GIO O laser altimeter (bird mounted)
* Scintrex VFPR-3 Colour Flight Path Video Recording System

Ground Support Equipment

* Scintrex CBS-2 Base Station complete with a Cs-2 Cesium Magnetometer and 
Ashtech Z-Surveyor P-Code Geodetic GPS receiver.

* Pentium PC-based Field Computer.

2. 5. Scintrex 3D-Gradient Magnetics ™ System 

2.5.1. General Description

The Scintrex 3D-Gradient Magnetics  System is a purpose-built system designed to 
maximise the possibility of detecting pipelines as small as 2 inches in diameter. The 
actual detection capabilities are controlled by a number of physical characteristics 
inherent in each pipeline and include metal-mass, remnant magnetization, and the 
presence, or lack of, cathodic protection currents.

The system has proven itself as a useful exploration tool in petroleum and mineral 
exploration as a detailed gradient magnetics measuring instrument.
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The system is essentially a two-axis magnetic gradiometer system. Three magnetometer 
sensors are deployed in a "T" configuration. Two magnetometer sensors are mounted on 
either end of a horizontal bar transverse to the long axis of the bird. A distance of 3.0 
metres separates these sensors. The difference in readings between these two sensors 
gives rise to the transverse horizontal magnetic gradient. The third sensor is mounted at 
the base of a 3.0 metre vertical strut. The difference between this magnetometer sensor 
and the average of the two transverse sensors gives the vertical magnetic gradient. The 
third gradient, inline horizontal magnetic gradient, is determined during post-flight 
processing of all three sensors.

Precise positioning of the bird is achieved by mounting the GPS antenna on the nose 
cone of the 3D-GM  bird. The OPS receiver inside the helicopter logs the raw GPS 
data for accurate flight path recovery using post-flight differential GPS corrections.

Accurate measurements of the height of the 3D-GM  Sensor System above the ground 
are achieved through the use of a laser altimeter mounted inside the nose cone of the 
bird.

The Scintrex 3D-GM  Sensor System comprises the following components:
* Three (3) Scintrex Cesium Magnetometers
* One (1) Sentinel 3100 laser altimeter
* One (1) Honeywell HMR3000 Digital Compass Module
* One (1) Develco 9200C - 02 Fluxgate Magnetometer

2.5.2. Scintrex Cesium Magnetometer 

2.5.2.1. General Description

The Scintrex magnetometers are the most advanced high-sensitivity, airborne 
magnetometers commercially available. Three were utilised with the sensors 
installed in a bird assembly suspended 30 metres below the helicopter.

Several versions of this magnetometer system are now available, utilising up to 
as many as four sensors, with either passive compensation or automatic software 
compensation, all with 0.001 nT resolution, sampling as fast as 10 times each 
second.

Scintrex airborne cesium magnetometers and gradiometers have become the 
industry standard, and are in everyday use world-wide by many government 
agencies, oil and mining companies and contracting companies.

The Scintrex MAC-3 Airborne Cesium Magnetic Sensors for use in rotary-wing 
bird installations were provided complete with the following:

* Scintrex Cs-2 cesium vapour magnetometer sensor.
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Scintrex PDAS-1000A magnetometer power supply/booster console with a 
28 VDC to 32 VDC booster module for each Cs-2 sensor. 
Cs-2 hand-aligned sensor gimbals.

2.5.2.2. CS-2 Cesium Magnetometer Sensor

A cesium magnetometer sensor comprises a miniature atomic absorption unit 
from which a signal proportional to the intensity of the ambient magnetic fields 
is derived. An electronic console converts this signal (called a Larmor signal) 
into magnetic field strength in nanoTeslas (nT) for display and recording by a 
data acquisition system. The constant of proportionality, which relates the 
Larmor signal to the intensity of the magnetic field, is called the "gyromagnetic 
ratio of electrons". For the Cesium-133 atom, this is very accurately known to be 
3.49856 Hz/nT. This is about 82 times higher than the common proton 
precession magnetometer, and is the reason that the cesium magnetometer has a 
better sensitivity.

The three main elements of the Cs-2 cesium sensor are a cesium lamp, an 
absorption cell containing cesium vapour and a photosensitive diode, all 
mounted in a common optical axis within a cylinder 63 mm in diameter by 173 
mm in length. This sensor element of the Cs-2 is then typically connected by a 
3 metre long multi-conductor coaxial cable to another cylinder, which contains 
the electronics for the sensor.

2.5.3. Laser Altimeter

The ADM G100 Laser Altimeter is a compact, non-contact measurement system 
designed to give high accuracy readings in an integrated flight inspection system. It can 
operate during the day or at night, but is primarily a clear-weather instrument.

The unit is designed such that the laser light can be reflected from a diffuse surface, such 
as the ground, at virtually any angle and still return to the unit to produce a 
measurement. The use of a narrow beam eliminates echoes that can cause distorted 
distance readings.

The sensor was mounted inside the nose cone of the PDS-3M Sensor System bird to 
provide a true height of the sensor above the ground. The laser altimeter provides 1.0 cm 
resolution with a accuracy of  5 cm. A reading is obtained from the altimeter every 0.1 
seconds.

2.5.4. Honeywell HMR3000 Digital Compass Module

The HMR3000 Digital Compass Module uses Honeywell magnetic sensors with proven 
MR (Magneto Resistive) technology and a two-axis tilt sensor to deliver heading, pitch 
and roll information. This electronically gimballed compass gives accurate readings even
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when the compass is tilted up to 40 degrees. The HMR3000 is reliable and rugged since 
it does not contain any moving components and uses all surface-mounted components. 
This small, low-power device is housed in a non-magnetic metallic enclosure that can be 
easily installed on any platform.

2.6. GPS Satellite Navigation System 

2.6.1. General Description

Global Positioning Systems, or GPS, is a system that provides accurate positional 
information, based on signals received from a constellation of 24 satellites. The U.S. 
Department of Defence originally developed GPS primarily for military use. Two 
versions exist: P-code GPS is highly accurate, but restricted to military use. C/A-code 
provides less accurate positioning through a degrading technique called Selective 
Availability, and is intended for civilian purposes.

Each satellite transmits on two frequencies simultaneously, to permit the measurement 
and correction of atmospheric refraction errors although not all receivers are capable of 
acquiring the two signals. By making time-of-arrival measurements on these signals 
from four or more satellites simultaneously, the GPS user is able to determine latitude, 
longitude and altitude (X, Y and Z).

GPS brings a number of important benefits to aerial surveying. First, the coordinates of 
the survey aircraft (horizontal and vertical) are provided on a continuous basis. This not 
only improves the quality of survey navigation and reduces its cost, it also simplifies 
data compilation and presentation by eliminating, to a large degree, the tedious and 
error-prone manual steps of flight path recovery from film or video. Secondly, GPS 
provides a reusable positioning system. Surveys flown at different times in the same area 
may be precisely correlated in position, making it easy to repeat survey lines or to fly 
gap-filler lines, etc.

The Scintrex GPS system is based on the Ashtech Z-Surveyor P-code Geodetic GPS 
receivers, and includes the following:
* The Scintrex PNAV-2001 Navigation Interface/Display Computer
* An Ashtech Z-Surveyor GPS receiver (bird-mounted antenna)
* A differential base station utilising a second Z-surveyor located at the base at the 

base station site, for post-survey differential corrections.

The Scintrex GPS system is configured in the following manner: the Racal unit acquires 
correction data from nearby commercial base stations and feeds these data to the 
Ashtech Z-Surveyor. The Z-Surveyor applies these corrections to the raw real time 
positions it is acquiring and outputs the corrected positions to the PNAV-2001. At the 
same time, the Z-surveyor is logging the raw GPS data to an on-board static memory 
device. The PNAV-2001 compares the corrected data with the planned flight path and 
updates the flight path information in the operator's LCD panel and on the navigation 
display for the pilot. Finally the PNAV-2001 re-packages the data and forwards it to the 
PDAS-1000 for storage.
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A second Ashtech Z-Surveyor is located at the base station site. Base station fixes are 
logged to an on-board static memory device. At the end of each flight, the base and 
remote static memory devices are downloaded to a PC for post-flight differential 
corrections.

2.6.2. Scintrex PNAV-2001 Navigation Interface/Display Computer

The PNAV-2001 is a navigation computer designed to utilise the outputs of navigation 
systems such as GPS or "range-range" radiolocation systems, for special navigation tasks 
such as waypoint navigation and survey grid navigation.

The three modes of operation are:

* MAP MODE - This mode is used to display the area in "full view" to verify the 
shape and size of the area, and the number of survey lines covering the areas.

* GRID MODE - The pilot/navigator will use the Grid Mode to fly the survey lines. 
The grid lines are always vertically oriented on the display and the map will rotate 
1807 when the aircraft is turned around. The pilot/navigator can ZOOM IN or ZOOM 
OUT to view the survey area/lines in more detail.

* WAYPOINTS MODE - This mode is used to navigate from point to point. The 
pilot/navigator can enter waypoints and use this mode to navigate to and from the 
survey area. The whole flight is displayed in "Real Time".

Other important features of the PNAV-2001 are:

* The PNAV-2001 has the ability to display the entire survey area, complete with the 
desired flight path grid, as a graphic display on the Moving Map display, with the 
position of the aircraft being continuously updated and displayed on the screen, as it 
proceeds along the flight line.

* The PNAV-2001 continuously updates and displays numeric information such as: 
heading, latitude and longitude or UTM coordinates, cross track, line number, 
ground speed, distance to go, GPS time, POOP (data quality), altitude in metres, and 
more.

* The PNAV-2001 provides a steering or pilot indicator to assist the pilot/navigator to 
"steer" accurately along the proposed flight-line.

* The PNAV-2001 will output data via RS-232 to a data acquisition system for 
recording, or it will permit data to be recorded on its internal hard disk.
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2.6.3. Ashtech Z-Surveyor Receiver and Accessories

The GPS receiver used in this system is an Ashtech Z-Surveyor GPS receiver, designed 
for use as either a stand-alone unit or in an integrated system where it may be interfaced 
to a host computer. The Z-Surveyor is a highly accurate receiver and offers 
unprecedented integration - being the first to combine receiver, power supply, removable 
memory and an optional RTK. radio link in one compact case.

The Z-Surveyor provides real-time position using twelve dedicated separate and parallel 
channels for Coarse/Acquisition (C/A) code-phase, and carrier-phase measurement on 
the LI (1575 MHz), and Precise (P) code-phase and carrier-phase measurement on LI 
and L2 (1227 MHz) bands. The Z-Surveyor operates stand-alone, and as a base 
(reference) station or remote (rover) station providing real-time differential GPS 
operation for code and real-time kinematic (RTK) operation for carrier phase.

For remote operation, the antenna is mounted on the nose cone of the PDS-3M Sensor 
System. In base station mode, the antenna is mounted over a known point, in a clear area 
where it has an unobstructed "view" of the satellites.

2.6.5. Final Positioning

A second Ashtech Z-Surveyor receiver was set up as a base station, allowing deviations 
from a fixed position to be recorded. This data was time synchronized to the aircraft 
GPS receiver system. Final positioning of the aircraft was accomplished using post- 
flight differential corrections to the airborne GPS receiver data using the data from the 
base station GPS. Final accuracy of position is better than   0.5 metres.

2. 7. Scintrex PDAS-1000 Data Acquisition System

The PDAS-1000 is the newest member of the Scintrex family of Data Acquisition Systems, and 
is most commonly used in airborne geophysical surveying. The three main functions fulfilled by 
the PDAS-1000 are 1) system control and monitoring, 2) data acquisition and 3) data playback 
and analysis.

The PDAS-1000 is a fully IBM PC compatible microcomputer, built around an 80486 CPU 
board. All data collection routines check buffering, recording and verification are software 
controlled for maximum flexibility. A modular concept has been used for both the software and 
the hardware to allow for future expandability. The sensors used with the PDAS-1000 may 
include radiometric, magnetic and electromagnetic. Other instruments such as navigation or 
positioning systems, altimeters, video or camera flight path recovery systems are also readily 
interfaced. Digital data are recorded on the PDAS-1000's internal hard disk. Data being recorded 
may be monitored on the PDAS-1000's front panel LCD screen as analog traces.
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Hard copy of any data recorded may be produced, in real-time or post flight, on an RMS-GR33 
Graphic Recorder. The PDAS-1000 is controlled and operated by a standard keyboard.

The PDAS-1000 is supplied with 8 free expansion slots, into which may be installed various 
processor modules. These modules include:

* MEP cesium magnetometer/gradiometer processors with 0.001 nT/10 cps resolution, that can 
accept Larmor inputs from up to 4 sensors.

* Analogue processor boards - 12 channel, differential, 16-bit resolution - to accept data from 
the HEM-V and Totem 2A VLF systems.

* NovAtel 395IR GPSCard interface with survey grid flying software and a cockpit display 
for use with a variety of Doppler and Inertial (INS) navigation systems.

The airborne survey data was digitally recorded directly onto the PDAS-1000's internal hard 
disk. On completion of the day's flying, the survey data which has been stored on the hard disk 
was backed-up to the units built-in streaming tape cartridge recorder. This cartridge or disk was 
then sent to the computer for processing.

2.8. Scintrex CBS-2 Base Station Cesium Magnetometer

The CBS-2 Base Station Cesium Magnetometer is a high-sensitivity cesium magnetometer 
designed for base station applications where a high resolution is required. The cesium sensor of 
the CBS-2 is mounted on a non-magnetic tripod and is connected to a processor and PC- 
Datalogger by a long sensor cable. The CBS-2 operates from a 12 VDC power source.

The CBS-2 features:
* 0.01 nT resolution over 20,000 nT to 100,000 nT range
* high gradient tolerance
* automatic tuning
* sampling rate of up to 10 times per second
* real-time RS-232C data output to an IBM-PC compatible datalogger for display and 

storage on either hard or floppy disk
* data displayed on LCD screen as traces in simulation of an analog chart recorder
* operates on 12 VDC power

The CBS-2 Cesium Base Station Magnetometer comprises the following:
* a magnetometer processor card
* a cesium sensor mounted on a nonmagnetic tripod
* a 30m long sensor cable
* a 12 VDC power supply
* an RS-232 cable and adapters
* Scintrex proprietary Base Station Magnetometer Software
* an PC-compatible Digital Datalogger
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2.9. Scintrex VFPR-3 Video Flight Path Recorder

2.9.1. General Description

So that the position of the aircraft in relation to the recorded geophysical data can be 
verified, and to allow identification of cultural features, Scintrex included a VFPR-3 
Video Flight Path Recorder in this system. The VFPR-3 consists of the following items:

* a video camera with a wide-angle, auto-iris lens
* a rack-mountable console containing a VHS recorder, 5 inch monitor, camera 

controls and power supply
* a CAM-1000 video flight path signal mixer module for installation in the PDAS- 

1000
* a ground playback system consisting of a 19 inch colour monitor, a VHS recorder 

identical to the unit in the airborne recording sub-system
* a ll 0/220 V AC power supply
* all necessary interconnect cables and manuals.

The VFPR-3 is available in either PAL orNTSC formats.

2.9.2. Scintrex CAM-1000 Digital Video Mixer Module

The CAM-1000 is a module that is internally mounted in the PDAS-1000 and permits a 
camera to be employed with the survey system for the purposes of recording the 
aircraft's flight path track while on survey.

The CAM-1000 places referencing information on the recording tape overlaid on the 
video signal. This information can be as much or as little as the user requires, and could, 
for example, be fiducial, magnetometer total field value, latitude and longitude 
(assuming a navigation system is available in the aircraft) and time.

The position of the aircraft with respect to the ground can also be recorded with a 
moving cursor overlaid on the video signal. This feature requires either the presence of a 
OPS or Doppler navigation system in the aircraft, or some inclinometers, to provide 
pitch and roll information. When operational, this feature will show the true aim of the 
video camera, regardless of the aircraft attitude.

2.10. Field Office Computer

All data, including both airborne and ground data was verified daily using a PC field computer. 
The flight path for each flight was plotted each day in a manner that provided a continually 
updated flight path map of all flying done to that point. This allowed in-fills for gaps in 
coverage to be flown in a timely manner. Geosoft OASIS Montaj  software, running on a 
Pentium PC computer, was used for data quality control.
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2.11. Data Acquisition Procedures

Data i s recorded in a binary format with a header file in ASCII and one binary file per line. As 
well, the on-board and base station GPS receivers accumulate the positioning information on 
internal static memory devices while the aircraft is surveying.

Prior to the start of surveying, the GPS Navtrain simulation program is used to plan the flying. 
For each block the coordinates as well as line spacing, direction, etc., are input in the program to 
compile the survey parameters and to generate the total line kilometres and the survey control 
files. These files are then transferred to the navigation computer on board the aircraft for use by 
the operator for real time navigation purposes.

System calibrations are carried out prior to the start of the survey. These include the following:

* High altitude heading test. The aircraft is taken to 5000 feet AGL and flown for 1-2 minutes 
along each of the survey (traverse and tie) directions in a cross pattern. It is assumed that the 
gradients are uniform at this height and will provide a basis for removal of systematic 
differences between the sensor readings. The fluxgate magnetometers are calibrated for post 
flight processing

* Low-altitude heading test. The aircraft is flown over a fixed, point in a magnetically quiet 
area along each of the survey (traverse and tie) directions in a cross pattern. The differences 
for each channel between directions, after removal of the diurnal and adjustment for lag, give 
the heading corrections for each channel.

* Lag test. The aircraft is flown over a fixed, magnetically active point, such as a well head 
along each of the survey (traverse and tie) directions. The average time shift required to 
move the data such that the anomaly peaks from each pass over the magnetic feature 
coincide is the required lag.

* Altitude stack. The helicopter flies over level ground at heights of 200 and 300 feet, as 
determined by the radar altimeter and the results compared with that of the laser and radar 
altimeters.

Daily routine involved a series of calibrations and set up procedures for the geophysical system:

* The magnetometer sensor performance was determined from the noise level as indicated by 
the 4th difference profile displayed on the operator console.

The field quality control procedures were as follows:

* Reproducing data in a multi-channel profile including: three magnetic field profiles (one for 
each sensor) and measured vertical and transverse horizontal gradients, and flying height;

* Data quality control involved measuring the noise envelope of the magnetic data as 
represented by the 4th differences; spikes due to cultural effects or sensor orientation were 
carefully monitored;

* Analysis of GPS flight path plot files. Data acceptance was conditional on having line gaps 
greater than 125^0 of the nominal spacing not exceed a distance of 1.0 km. Final flight path 
was also compared with the planned flight path;

* Video tape flight path checking to confirm cultural sources affecting data and anomaly 
locations. This is not performed on exploration surveys.
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Import and plotting of the base station magnetometer data files in order to reproduce the
diurnal variation profile. The profiles are monitored to ensure that the data is within contact
specifications.
Plotting of the laser altimeter data. Data acceptance was conditional on line segments where
height variations in excess of 10 m of the nominal bird altitude (30m) not exceed a distance
of 1.0 kilometres.

2.12. Field Personnel

The survey crew consisted of the following personnel:

Systems Operator: Herman Mueller
Geophysicist l Data Processor: Oliver Bolton
Pilot: Earl Bush
Helicopter engineer: Colin Hill

Canadian Helicopters Ltd. supplied the pilot and helicopter engineer.

General project management was under the responsibility of Kevin Killin, Chief Geophysicist, 
Survey fe Exploration Technology Division, Scintrex Limited.
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3. DATA PROCESSING 

3. 1. Considerations

Data processing involved applying the Scintrex Computer Mapping and Processing routines to 
the data. The field data processing centre was equipped with a Pentium-II based laptop computer 
with an inkjet printer and a CD writer for backup purposes. The data processing centre located at 
the Scintrex Limited offices in Concord, Ontario is equipped with PC workstations based on 
Pentium-II series computers and E-size Hewlett-Packard DesignJet plotters.

Final data processing, data archiving and reporting was completed at the Scintrex Limited offices 
in Concord, Ontario.

The in-field processing consisted of the following steps:

* Post-flight processing of the raw OPS locations (base and remote) to create a 
differentially corrected position file.

* Import of survey data into OASIS montaj  database.
* Flight path generation and validation.
* Correction of magnetic data for diurnal variation and IGRF
* Preliminary tie line levelling of magnetic data and generation of preliminary gradients

3.1.1. Office Personnel

Data Processors: Marta Orta 
Chief Geophysicist: Kevin Killin

3.2. Data Compilation

3.2.1. Differential GPS Corrections

Following each flight, the static memory modules are extracted from the base and remote 
Z-Surveyor GPS systems and their contents transferred to a PC workstation computer. 
These data are then reduced using a computer program supplied by Ashtech to create a 
file containing the final differentially corrected GPS locations. The coordinates 
generated are in WGS-84 latitude and longitude, and height above the WGS-84 spheroid 
in metres.

3.2.2. Import of Survey Data

Following each flight, the contents of the PDAS system are transferred to a PC 
workstation computer. Import parameter files are generated and modified to reflect the
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operator's flight logs and the data formats required for the survey. The flight data is then 
imported into the OASIS Montaj  database for further processing.

Also following each flight, the contents of the Scintrex CBS-2 Magnetometer Base 
Station is transferred to a PC workstation computer. As the base station also logs the 
GPS base station data, the magnetometer data are time-stamped with the GPS time. This 
time is used in conjunction with the GPS time imported with the flight data above to 
synchronize the base station and flight magnetometer data during merging.

Finally, the differentially corrected GPS data from 3.2.1. above is imported into the 
database, again using the GPS time as a synchronizing parameter.

3.2.3. Flight Path Generation

The location data loaded by procedures described in 3.2.2. above comprises WGS-84 
latitudes, longitudes, and elevations (in metres) above the WGS-84 spheroid. These 
positions are then converted to local NAD83 coordinates using Geocentric Datum Shifts 
At this point a flight path is created and inspected on the computer screen.

3.2.4. 3D-GM™ Magnetic Data

The magnetic data was corrected to produce a final levelled product by the application of 
the following sequence of procedures:

* Data quality check on the raw magnetic data.
* Loading, checking and application of the measured diurnal data.
* Lag correction.
* IGRF correction
* Levelling

The above procedures are detailed in the following sections.

3.2.4.1. Magnetic Data Quality Check

The data quality check was accomplished in the field by applying a fourth 
difference filter to the raw magnetic data after it had been loaded into the OASIS 
Montaj  database. Plotting the raw and filtered data together permitted 
tracking the performance of the magnetometer sensors as well as monitoring the 
noise levels that were superimposed on the data during survey activities. 
Magnetometer noise levels were maintained within stated specifications (+I- 
0.01 nT). Data points deemed spurious, consisting of occasional dropouts and 
spikes, were removed by manual editing. Gaps created by the elimination of 
these spikes were filled using an Akima spline interpolation procedure.
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3.2.4.2. Lag Correction

A lag correction is normally applied to remove the effects of temporal delay 
caused by the position of the magnetometer bird relative to the GPS antenna, and 
by delays inherent in the data acquisition system. The lag tests performed prior 
to the start of the survey indicated a correction of -0.8 seconds needed to be 
applied to the magnetometer data.

3.2.4.3. Diurnal Correction

Data acquired from the Scintrex CBS-2 Base Station are loaded into the OASIS 
Montaj  database. The GPS time, acquired both in the ground base station 
system and in the airborne data acquisition system, provides the synchronization 
parameter for the merging of the data sets. The diurnal data are filtered with a 
non-linear filter to remove spikes and a low-pass filter with a filter length of 5 
seconds to remove high-frequency variations. These values are then subtracted 
from the magnetic sensor data after the corrections described in 3.2.4.1. and 
3.2.4.2. above are applied. The mean magnetic base station value is then added 
back to the magnetic data and the results stored in separate database channels. 
These channels provide the starting point for TMI data processing.

3.2.4.4. IGRF Correction

The International Geomagnetic Reference Field (IGRF) is a mathematical model 
of the normal magnetic field background of the earth. This model is a function of 
date, location and elevation. As the model is updated every five years based on 
magnetic observations from base stations located throughout the world, 
corresponding data for year 2000 was used. The IGRF is calculated on a point- 
by-point basis using differentially corrected GPS latitude, longitude and 
elevation data. The IGRF values are subtracted from the diurnally corrected 
magnetic data and the mean IGRF value is replaced in the data.

3.2.4.5. Levelling of Total Magnetic Intensity

Two stages of levelling are applied to the magnetic data prior to generation of 
final grid images: tie line levelling and judicial microlevelling.

Tie line levelling is carried out by adjusting intersection points along the traverse 
lines such that the differences between traverse and control lines are minimized. 
To achieve this, a levelling intersection network is established. The control lines 
and traverse lines are levelled to a first approximation by application of DC 
block shifts to each line in an iterative procedure:
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* A levelling network is calculated from control line-traverse line 
intersections.

* The intersection differences are accepted or rejected according to the 
magnitude of the correction and the gradient of the magnetic data at 
the intersection.

* Block shifts for control lines are calculated from the accepted 
intersections and applied to the control lines.

* The levelling network is recalculated.
* The intersections are trimmed based on magnitude and gradient.
* Block shifts are calculated and applied for traverse lines.

This procedure is repeated until the block shifts are minimized. For final tie line 
levelling, a tensioned B-spline is calculated from the recalculated intersection 
misties and used to remove any remaining levelling errors that cannot be 
modelled by DC corrections alone. OASIS montaj  permits visual examination 
of the intersections for each tie line if manual editing is required. As well, the 
levelled line may be visually compared to the unlevelled line at any time during 
the levelling process. The levelled data is interpolated to a regular grid and a 
preliminary map is generated and inspected. Intersections are manually rejected 
or adjusted until the data is satisfactory.

After the application of tie line levelling, a microlevelling procedure is applied 
locally to areas that require further processing. This technique is designed to 
remove persistent low-amplitude components of flight-line noise remaining after 
tie line levelling. A series of directional filters is applied to the magnetic grid to 
produce a decorrugation "noise" grid. This grid is then re-sampled back into the 
database where the new "noise" channel is further filtered to remove short 
wavelength responses due to geologic sources. Finally, the "noise" channel is 
subtracted from the tie line levelled channel to produce a final total magnetic 
intensity channel.

The final magnetic data are then interpolated onto a regular square grid with 15 
metres cell size using a minimum curvature technique.

3.2.4.6. Levelling of Gradient Data

Four gradients are calculated from the magnetic data:

* an along-line horizontal gradient calculated by averaging data from 
the three sensors from point to point along each line of data.

* a transverse horizontal gradient calculated from the left and right 
sensors at each data point.

* a vertical gradient calculated at each point from the bottom sensor 
and the mean of the left and right sensors.

* a total gradient calculated as the vector magnitude of the three 
directional gradients.
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The gradients are calculated from magnetic data that has been corrected for 
diurnal and IGRF and that has undergone the block-adjusting stage of tie line 
levelling. At this stage of levelling, most heading errors will have been removed 
from the data. For the vertical and transverse horizontal gradients, there are 
frequently very small remnants of the heading error remaining in the gradient 
data, requiring further levelling.

The along-line horizontal gradient is usually acceptable because the averaging of 
all three sensors minimizes any errors between the sensors.

The transverse horizontal and vertical gradients usually have line-to-line 
levelling errors remaining. These errors may be removed by application of tie 
line levelling using a block-adjusting procedure as described in 3.2.4.5.

The total gradient, being the vector magnitude of the three directional gradients 
is acceptable after levelling errors have been removed from the other three 
gradients.

The final gradient data are interpolated onto regular grids of 15 metres cell size 
using a minimum curvature gridding technique.

3.2.4.7. Digital Elevation Model

Subtracting the laser altimeter data from the differentially corrected GPS 
elevation data creates a digital elevation model. Any levelling errors are 
removed by application of tie line levelling and microlevelling techniques as 
described in 3.2.4.5.

The final digital elevation model data are interpolated onto a 15 metres square 
grid using a minimum curvature gridding algorithm.
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4. DELIVERED ITEMS

4.1. Survey Report

The survey report describes the data acquisition, processing, and final presentation of the survey 
results.

4.2. G ridded Data

The following grids are presented to Rubicon Minerals Corporation as results of the helicopter- 
borne 3D-Gradient Magnetics  survey carried out over the DMC Block.

All grids have a cell size of 15 metres. 

The following grids were produced:

* Total Magnetic Intensity.
* Measured First Vertical Derivative of Total Magnetic Intensity.
* Measured Transverse Horizontal Gradient of Total Magnetic Intensity.
* Measured Inline Horizontal Gradient of Total Magnetic Intensity.
* Measured Total Gradient of Total Magnetic Intensity.
* Digital Elevation Model.

4.3. Digital Profile Data 

4.3.1. Digital Archives

A set of digital archives containing the following data is supplied to the client:

* UTM X,Y positioning information (NAD 83 datum)
* Fiducial and OPS time data
* GPS latitude, longitude and elevation data (WGS 84 datum)
* Raw magnetic data (3 channels)
* Block-adjusted magnetic data (3 channels)
* Levelled TMI
* Levelled TMI, culture removed
* Levelled Gradient data (4 channels)
* Diurnal
^ IGRF
* Radar Altimeter
* Laser Altimeter
* Digital Elevation Model
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The data is delivered as Geosoft OASIS Montaj  *.XYZ ASCII format and ER Mapper 
format grid files.

4.3.2. Flight Path Videos

All original video tapes available for each survey flight are delivered to Rubicon 
Minerals Corporation This includes videotapes with flight path that contain part or all of 
one complete flight.
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5. SUMMARY

A 3D-Gradient Magnetics  survey over the Humlin Claim group near Red Lake, Ontario has been 
flown on behalf of Rubicon Minerals Corporation

All final and preliminary products as required by the contract have been delivered to Rubicon Minerals 
Corporation for this phase of the survey work.

Scintrex's field operations in were carried out under the supervision of Oliver Bolton, Geophysicist, 
reporting to Kevin Killin, Chief Geophysicist.

Final data processing at the offices of Scintrex Limited in Concord, Ontario was carried out by Marta 
Orta, Geophysical Data Processor, under the supervision of Kevin Killin, Chief Geophysicist.

A total of 1043.05 line km of data have been processed and presented.

The data is of good quality, with noise levels well within contract specifications, and accurately 
represents the geophysical response of the Earth in the survey area.

SCINTREX LIMITED

Kevin J. Killin 
Chief Geophysicist
SCINTREX LIMITED
Survey and Exploration Technology Division

February 6, 2001
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APPENDIX A 

SURVEY AREA LOCATION MAP
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Ontario Declaration of Assessment Work 
Performed on Mining Land
MMna Act. SvbncUon 1*2) MM t*P), ItS-0.1*10

Tranuctan Number (office us*)

F*M Reuarcti Imaging

iff) M tap) (rf ma MMnf Act Under tactfon * of Hw MMn} Act th* information li a 
the mining and holder. O.um*m about Ms eofcdton itouM b* directed to a ftwrfndel 

aad. Sudbury. OmafW.P366BS.

52N04SW2021 2.20925 MCDONOUGH g gg

1. Recorded hoMarM (Attach a list if necessary)

a claim, use form 0240.

A,D AA A t ci 11
Name Rubicon Minerals

AddiMs 8M-1100Merv*eSt

Vancouver, BC 
VGE4AS

Name Perry English

Addreu General DeTivery

ROK2CO

301254
Telephone Nurtibcr

Fax Number

f i/

604423-3333
004423O355

CMM Number 
129617
Telephone Number 
204-483-3551
Fax Number 
204-U1-H41

2. Typo of work performed: Check (S) and report on only ONE of the following groups for this declaration.

ra/" Geotechnical: prospecting, surveys. 
L* assavs and work under section 18 (rees) D Ptiysical: drilling stripping, 

trenchina and associated assavs
n Rehabilitation

Work Type

7
MMWoA From 26 Jan 2001 To 04 Feb 2001
PXonxl 0*i 1 Ma* 1 trtr OH 1 Mm 1 Vw
GtoMrMr ' 1. Muar ^1*1 rami*! Dome and Fairlie Twp

e-3748, G-3731

Office Use
Commodity

Wo*C**ned 7 *7 5~3tZ

NTS Reference

Mining Division Qfr\ /hJoiL)

Resident Getfogisl ^ . J) l 
Diftrict K CrJ frijfao,^'

Please remember to: - obtain a work permit from the Ministry of Natural Resources as required:
- provide proper notice to surface rights holders before starting work;
- complete and attach a Statement of Costs, form 0212;
- provide a map showing contiguous mining lands that are linked for assigning work:
- include two copies of your technical report.

3. Person or companies who prepared the technical report (Attach a list if necessary)
Ham* 

Rubicon Miflorals Curpoulion
AddrMS 888- 1100 MdvNte Street 

Vancouver, BC V8E4A6
Name 

SdmraK LkniMd - Suncy md BcMraMn TKhnotogy DMstan
Adams

222 SmtRcntt Read 
Concert. ON UK IBS

N*n*

Addrau

Tiphon* Number 
604423-3333
FM Number 
604423-3365
Tcwpnonc Nurtrtwf 
906-66C-Z2M
FJlNunKWf 
WS46(.nj4

Tttephone Number

Fn Number

4. Certification by Recorded Holder or Agent
I.. David Adamson .. do hereby certify that l have personal knowledge of the facts set forth in

(PMHM)
this Declaration of Assessment Work having caused the work to be performed or witnessed the sam* during or after its 
completion and, to the best of my knowledge, the annexed report b true.
Signahire of Recorded hMtar^r Agent 

•^ —————————
Agent's Addres* ~" Rubicon Minerals Corporation 

888- 1100 MeMte Street, Vancouver BC V0E4AB
Telephone Number 
604423-3333

Date
February 12. 2001

Fax Number 
604423-3366

to?
07-727-.?^ of. RECEIVED

FEB 1 2 2001
r\

GEOSCIENCE ASSESSMEWK 
OFFICE r9*

Signature of Recorded HoJjjflpr Aflent^Z^L——
uate
February 12,2001

Agent's Address Rubicon Minerals Corporation
888 -1100 Melville Street, Vancouver BC V6E4A6

Telephone Number 
604-623-3333

Fax Number 
604-623-3355

0241 (03/97)

RECEIVED
FEB 1 6 :r.
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Ontario Mnttyol 
Northern D 
•ndMna*

Statement of Costs 
for Assessment Credit

TU RSSESShhMl U-HIC P.Bb
Transaction Number (once use)

Mbnradon b a puttie nora. Thi* Monration wB b* wed to rewex the 01*1011*11 wok and oontcpond wM the mMng lind holder. Chieitkra ebout Ihb eoNedlon (hould 
be drected lo l Provincial MWna Recorder. MM(ky of Northern development and Mta. 3rd now. 933 Ramsey lake ftood, Sudbury, Ontario. P3E 6B5.

o
O P-

Work Type

Airborne Geophysical Survey

Units of work *
Opening on the type of wo*, fat the number of 
hounVdayt worked, metres ol dridmg, Momeoesorgrld 
line, number of nmplet, etc.

926.22km

Associated Costs (e.g. supplies, mobilization and demobilization).

Transportation Costs

Food and Lodging Costs

* \J Sj f~f .J)
Cost Per Unit ^^ 

of work

S51.327km

Total Value of Assessment Work

Total Cost

S47.S33.00

S47.533.00

Calculations of Filing Discounts:

1. Work fted within two years of performance is claimed at 10OVo of the above Total Value of Assessment Work.
2. rf work is filed after two years and up to five years after performance, 3 can only be claimed at 50* of the Total

Value of Assessment Work. If this situation applies to your claims, use the 
calculation below:

x o.so^______Total S value of worked claimed.TOTAL VALUE OF ASSESSMENT WORK______________ ——————————————————————————————

Note:
- Work older than 5 years is not eligible for credit.
- A recorded holder may be required to verify expenditures claimed in this 
statement of costs within 45 days of a request for verirteatten and/or 
corroctton/darifeatioa V verification and/or oorrection/darificaiion is not made, the 

Minister may reject aR or part of the assessment work submitted.

Certification verifying costs:

l. DavU Adamson______, do hereby certify, that the amounts shown are as accurate as may reasonably

irrtworkonbe determined and the costs were incurred white conducting ass 
the lands indicated on the accompanying

Declaration of Work form as VP Exploration
(neonM noutr. ago*, w *UU etmwny potCon weft ligring Mhorty)

l am authorized to make this certification.

Signature DOM

February 12, 2001

TiECEIVEE

FEB l 2 2001

GEOSCIENCF ASSESSMENT 
OFFICE

Declaration of Work form as VP Exploration
(recorded holder, agent, or state company position with signing authority)

0212 (03/97)
', f T\"^f 

"' 7 .---V
l^i .•"••-' r-.

'l /:'-' -"\-- *~ #)

Signature

\.

- l

** TOTflL PfiGE.06 **

l am authorized to make this certmcation.

RECEIVED

FEB 16 2001

GEOSCIENCF ASSESSMENT 
...- . OFFICE

Date

February 12, 2001



Ministry of Ministere du
Northern Development Developpement du Nord
and Mines et des Mines Ontario

Geoscience Assessment Office 
933 Ramsey Lake Road

March 6, 2001 6th Floor
Sudbury, Ontario

David Adamson P3E 6B5
RUBICON MINERALS CORPORATION
SUITE 888 -1100 MELVILLE STREET Telephone: (888) 415-9845
VANCOUVER, BC Fax: (877)670-1555
V6E-4A6

Visit our website at: 
www.gov.on.ca/MNDM/MINES/LANDS/mlsmnpge.htm

Dear Sir or Madam: Submission Number: 2 .20925

Status 
Subject: Transaction Number(s): W0120.00019 Approval

We have reviewed your Assessment Work submission with the above noted Transaction Number(s). The 
attached summary page(s) indicate the results of the review. WE RECOMMEND YOU READ THIS 
SUMMARY FOR THE DETAILS PERTAINING TO YOUR ASSESSMENT WORK.

If the status for a transaction is a 45 Day Notice, the summary will outline the reasons for the notice, and any 
steps you can take to remedy deficiencies. The 90-day deemed approval provision, subsection 6(7) of the 
Assessment Work Regulation, will no longer be in effect for assessment work which has received a 45 Day 
Notice. Allowable changes to your credit distribution can be made by contacting the Geoscience Assessment 
Office within this 45 Day period, otherwise assessment credit will be cut back and distributed as outlined in 
Section #6 of the Declaration of Assessment work form.

Please note any revisions must be submitted in DUPLICATE to the Geoscience Assessment Office, by the 
response date on the summary.

If you have any questions regarding this correspondence, please contact BRUCE GATES by e-mail at 
bruce.gates@ndm.gov.on.ea or by telephone at (705) 670-5856.

Yours sincerely,

ORIGINAL SIGNED BY
Lucille Jerome
Acting Supervisor, Geoscience Assessment Office
Mining Lands Section

Correspondence ID: l 5748 

Copy for: Assessment Library



Work Report Assessment Results

Submission Number: 2.20925

Date Correspondence Sent: March 06, 2001 Assessor: BRUCE GATES

Transaction 
Number

W0120.00019

First Claim 
Number

794758

Township(s) l Area(s)

DOME, FAIRLIE

Section:
15 Airborne Geophy AMAG

Status

Approval

Approval Date

March 05, 2001

Correspondence to:
Resident Geologist 
Red Lake, ON

Assessment Files Library 
Sudbury, ON

Recorded Holder(s) and/or Agent(s):
David Adamson
RUBICON MINERALS CORPORATION
VANCOUVER, BC

PERRY VERN ENGLISH 
SOURIS, MANITOBA

Page: 1

Correspondence ID: 15748
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RUBICON
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i
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-93*52' -93 0 50'

438000E
l

439000E 440000E 441000E 442000E 443000E

en

438000E 439000E 440000E 441000E 442000E 443000E

-930 52' -93 0 50'

10 I

LEGEND
SURVEY PARAMETERS: 

AIRCRAFT:

TYPE: AEROSPATIAL AS350B 

REGISTRATION: C - GELC 

SURVEY DATE: January 28 lo 31.2001 

MAIN TERRAIN CLEARANCE: 60 m 

TRAVERSE LINE SPACING: 50 m 

TRAVERSE LINE DIRECTION: NO'E 

TIE LINE SPACING: 500m

MAGNETOMETERS:

TYPE: 3 SCINTREX CS-2 CESIUM MAGNETOMETERS

SENSITIVITY: 0.001 nT

NOISE LEVEL: W-0.01 nT

SAMPLE INTERVAL: 10 readings/second

HORIZONTAL SEPARATION: 3 metres

VERTICAL SEPARATION, 3 metres

SENSOR HEIGH: 30 metres

NAVIGATION SYSTEM:

TYPE: PICODAS PNAV-2001 

ALTIMETERS:

LASER - ADM G100

{MOUNTED ON THE BIRD)

RESOLUTION: l 10 cm. 

RADAR - BENDIX KING KRA 10A

(MOUNTED ON THE HELICOPTER] 

HELICOPTER GPS RECEIVER: ASHTECH 2-12 P-CODE

(MOUNTED ON THE BIRD]

BASE STATION GPS RECEIVER: ASHTECH Z-12 P-COOE 

GPS SAMPLE INTERVAL: 1 reading/second 

FLUXGATE MAGNETOMETER: Develco 9200C -02

interpretation Legend

Magnetic Trend 

Inferred Fault

-94'5' -94" -93'55' -93*50'

McCuaig

Humlin

-94"
l 

-93 "55' -93"50'

DATUM: NAD-63

ZONE: 16

REFERENCE MERIDIAN: 93s WEST

PROJECTION: UNIVERSAL TRANSVERSE MERCATOR

200
Scale 1:10000

200 400 600

metre
HM383/UTMIOIK1SN

RUBICON MINERALS CORPORATION
3-D GRADIENT MAGNETICS SURVEY

DORION - MCCUAIG CORRIDOR
Red Lake, Ontario

Geophysical Interpretation 
Map

BCINTREX LIMITED
Survey S Exploration Technoloyy Division
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LEGEND
SURVEY PARAMETERS: 

AIRCRAFT:

TYPE: AEROSPATIAL AS3SOB

REGISTRATION: C - GELC

SURVEY DATE: January 29 to February 4,2001

MAIN TERRAIN CLEARANCE: 80 m

TRAVERSE LINE SPACING: SO m

TRAVERSE LINE DIRECTION: NO"E

TIE LINE SPACING. 500 m

MAGNETOMETERS:

TYPE: 3 SC1NTREX CS-2 CESIUM MAGNETOMETERS

SENSITIVITY: 0.001 nT

NOISE LEVEL: t/- 0.01 nT

SAMPLE INTERVAL: 10 readings/second

HORIZONTAL SEPARATION: 3 metres

VERTICAL SEPARATION: 3 metres

SENSOR HEIGH: 30 metres

NAVIGATION SYSTEM:

TYPE: PICODAS PNAV-2001 

ALTIMETERS:

LASER -ADM G100

(MOUNTED ON THE B!RD] 

RESOLUTION: ± 1 0cm, 

RADAR - BENDJX KING KRA 10A

(MOUNTED ON THE HELICOPTER) 

HELICOPTER GPS RECEIVER: ASHTECH 2-12 P-CODE

(MOUNTED ON THE BIRD)

BASE STATION GPS RECEIVER: ASHTECH Z-12 P-CODE 

GPS SAMPLE INTERVAL: 1 reading/second 

FLUXGATE MAGNETOMETER: Dsvelco 9200C -02

Interpretation Legend

Magnetic Trend 

Inferred Fault

•""V X^

o o o
-94" -93"55' -93"50'

McCuaig

CO

Humiin

.93050-

01
O)01

8
DATUM: NAD-83

ZONE: 15

REFERENCE MERIDIAN: 93" WEST

PROJECTION: UNIVERSAL TRANSVERSE MERCATOR

200

Scale 1:10000
200 400 600

metre
lone ISM

426000E 427000E 428000E 429000E 430000E 431000E 4320CXIE 433000E 434OOOE 436000E

RUBICON MINERALS CORPORATION
3-D GRADIENT MAGNETICS SURVEY

HUMLIN CORRIDOR 
Red Lake, Ontario

Geophysical Interpretation 
Map

-9402' -94s -930 56'

BCINTnEX LIMITED
Cirv*^hl*nir^^^*i*-tr-i "Ttvj^h^rTn^l*^**^*^ l kh'ic^ir
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LEGEND

SURVEY PARAMETERS: 

AIRCRAFT:
TYPE: AEROSPATIAL AS350B 

REGISTRATION: C - GELC 

SURVEY DATE: January 28 to 31.2001 

MAIN TERRAIN CLEARANCE: 60 m 

TRAVERSE L INE SPACING: 50 m 

TRAVERSE LINE DIRECTION: NO'E 

TIE LINE SPACING: 500 m

MAGNETOMETERS:

TYPE: 3 SCINTREX CS-2 CESIUM MAGNETOMETERS 

SENSITIVITY: 0.001 nT 

NOISE LEVEL: */- 0.01 nT 

SAMPLE INTERVAL: 10 readings/second 

HORSZONTAL SEPARATION: 3 metres 

VERTICAL SEPARATION: 3 metres 

SENSOR HEIGH: 30 metres 

NAVIGATION SYSTEM:

TYPE: PICODAS PNAV-2001 

ALTIMETERS:

LASER -ADM G100

(MOUNTED ON THE BIRO)

RESOLUTION: ±10em 

RADAR - BENDIX KING KRA 10A

(MOUNTED ON THE HELICOPTER) 

HELICOPTER OPS RECEIVER: ASHTECH Z-12 P-CODE

(MOUNTED ON THE BIRD)

BASE STATION OPS RECEIVER: ASHTECH Z-1Z P-CODE 

OPS SAMPLE INTERVAL; 1 reading/second 

FLUXGATE MAGNETOMETER: Develco 32QOC - 02

CONTOUR INTERVAL

SnT
20 nT

100 nT

-94*5' r* -93i55r '
'2 09 p

-93-50'

*v * -

McCuaig

Humlin

-94* -93*55' -93*50'

DATUM: NAD-83

ZONE: 15

REFERENCE MERIDIAN: 93* WEST

PROJECTION: UNIVERSAL TRANSVERSE MERCATOR

200
Scale 1:10000

200 400 600

metre
NAtXS/ISTHionetfH

RUBICON MINERALS CORPORATION
3-D GRADIENT MAGNETICS SURVEY

DORION - MCCUAIG CORRIDOR
Red Lake, Ontario

TOTAL MAGNETIC INTENSITY 
Contour Map

SCINTPEX LIMITED
Survey S Exploration Technology Division

52N04SW2021 2.20925 MCDONOUGH 270
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SURVEY g EXPLORATION TECHNOLOGY

-v n. f} u,v ^ t^

-94=2' -93 0 58' -93056'

LEGEND
SURVEY PJ 

AIRCRAFT:

iROSPATIAL ASS! 

ATION:C-GEI.C

,: 4J- 0.01 nT 

10r

NAVIGATION SYSTEM:

TYPE: PICODAS PNAV-2001

LASER-ADM 0100

(MOUNTED ON THE S 

RESOLUTION: i 10 cm. 

SKRA1DA

) ON THE HELICOPTER;

(MOUNTED ON THE 8)RD) 

STATION OPS RECEIVER: ASHTECHZ-12 P-CODE

FLUXGATE B

CONTOUR INTERVAL

SnT

20 nT

100 nT

-94" -93=50'

Mccuaig

Humlin

k L
-94' -93-55' -S3-50'

1:10000

RUBICON MINERALS CORPORATION
3-D!

HUMLIN CORRIDOR 
Red Lake, Ontario

TOTAL MAGNETIC INTENSITY 
Contour Map

-93056'

280 Survey -ation Technology Division
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LEGEND
SURVEY PARAMETERS: 

AIRCRAFT:

TYPE: AEROSPATIAL AS350B 

REGISTRATION: C - GELC 

SURVEY DATE: Janua ry 28 to 31.2001 

MAIN TERRAIN CLEARANCE: 60 m 

TRAVERSE LINE SPACING: 50 m 

TRAVERSE LINE DIRECTION: NO'E 

TIE LINE SPACING. 500 m

MAGNETOMETERS:

TYPE: 3 SCINTREX CS-2 CESIUM MAGNETOMETERS

SENSITIVITY: 0.001 nT

NOISE LEVEL: t/' 0.01 nT

SAMPLE INTERVAL: 1 0 readings/second

HORIZONTAL SEPARATION: 3 metres

VERTICAL SEPARATION: 3 metres -

SENSOR HEIGH: 30 metres

NAVIGATION SYSTEM:

TYPE: PICOOAS PNAV-2Q01 

ALTIMETERS:

LASER -ADM G100

(MOUNTED ON THE BIRD)

RESOLUTION: ±10 cm. 

RADAR - BENDIX KING KRA 1DA

(MOUNTED ON THE HELICOPTER) 

HELICOPTER OPS RECEIVER ASHTECH Z-1 2 P -CODE

(MOUNTED ON THE BIRD]

BASE STATION OPS RECEIVER: ASHTECH M 2 P-CODE 

Q PS SAMPLE INTERVAL: 1 reading/second 

FLUXGATE MAGNETOMETER: Oevelco 9200C - 02

-94 '5' -94' -93'55' -93'50'

McCuaig

Humlin

-94"5' -94' -93 a55' -93-50'

DATUM: NAD-83

ZONE: 15

REFERENCE MERIDIAN: 93' WEST

PROJECTION: UNIVERSAL TRANSVERSE MERCATOR

400

52H04SK2021 2.20925 MCDONOUGH 290

Scale 1:10000
200 O 200

metre
NADS)/UTM amt t

RUBICON MINERALS CORPORATION
3-D GRADIENT MAGNETICS SURVEY
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SURVEY PARAMETERS: 

AIRCRAFT:

TYPE: AEROSPATIAL AS3SOB

REGISTRATION: C - GELC

SURVEY DATE: January 29 to February 4,2001

MAIN TERRAIN CLEARANCE: SO m

TRAVERSE LINE SPACING: SO m

TRAVERSE LING DIRECTION: NO'E

TIE LING SPACING: MO m 

MAGNETOMETERS:

TYPE: 3 SCINTREX CS-2 CESIUM MAGNETOMETERS

SENSITIVITY: 0.001 nT

NOISE LEVEL: +1- 0 .01 nT

SAMPLE INTERVAL: 10 readimjsjsecand

HORIZONTAL SEPARATION: 3 metres

VERTICAL SEPARATION: 3 metres

SENSOR HEIGH: 30 metres 

NAVIGATION SYSTEM:

TYPE: PICODA5 PNAV-2001 

ALTIMETERS:

LASER-ADM G100

(MOUNTED ON THE BIRD)

RESOLUTION: 110 cm. 

RADAR - BENDIX KING KRA 10A

(MOUNTED ON THE HELICOPTER} 

HELICOPTER OPS RECEIVER: ASHTECH Z-12 P-COD6

(MOUNTED ON THE B/RD)

BASE STATION OPS RECEIVER: ASHTECH 2-12 P-CODE 

REAL TIME OPS SYSTEM. RACAL LANDSTAR 

OPS SAMPLE INTERVAL: 1 reading/second
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Humlin

,94'5' -94" -93050'

DATUM: NAD-83

ZONE: 15

REFERENCE MERIDIAN: 33* WEST

PROJECTION: UNIVERSAL TRANSVERSE MERCATOR
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RUBICON MINERALS CORPORATION
3-D GRADIENT MAGNETICS SURVEY

HUMLIN CORRIDOR 
Red Lake, Ontario
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McCuaig Claim Block 
Flight Lines and Claim Coverage
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Humlin Claim Block 
Flight Lines and Claim Coverage
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