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SUMMARY 

Page 1 

The Clone project claim area, owned by Teuton Resources Corp. and Minvita Enterprises Ltd is 
located about 16 kilometers southeast of Stewart, British Columbia in the Skeena Mining 
Division. The property covers an area of Hazelton pyroclastic volcanic rocks in contact with a 
variety of intrusive plutons associated with the main Coast Range Batholith. 

The property lies within a belt of Jurassic volcanic rocks extending from the Kitsault area, south 
of Stewart, to north of the Stikine River. This belt is host to numerous gold deposits, in a variety 
of geological settings, including the producing Snip, Eskay Creek and Premier-Big Missouri 
properties. Reserves have been reported from a number of other properties including Red 
Mountain, the Brucejack Lake area and Georgia River. In addition numerous gold-silver 
showings have been reported by exploration companies along this belt of rocks. At least three 
porphyry type deposits with either Cu-MO, Cu-MO-AU or Cu-Au mineralization are also present. 
Of particular interest is the Red Mountain gold deposit hosted in a hornblende porphyry 
(Goldslide Intrusive) in association with massive pyrite and zinc and molybdenum mineralization, 
approximately 15 km to the north. 

--- During the period May 17 to 19, 1996, an airborne geophysical survey (VLF EM and magnetics) 
was flown over two areas (a smaller close spaced survey inside a larger more widely spaced 
survey) centered approximately 12 km SE of Stewart, B.C. A total of 72.3 line kilometers and 
524.5 line kilometers were surveyed in Zone 1 and Zone 2 respectively. The survey lines were 
orientated in a NE-SW direction, approximately at right angles to the overall NW geological trend 
for the Stewart area. 

The program was conducted in order to evaluate any possible extensions to gold-magnetite- 
hematite and/or gold-pyrite-arsenopyrite bearing shear zones outlined in 1995 programs. In 
addition, the program was conducted to evaluate the surrounding claim areas peripheral to the 
gold discovery. 

Results of the survey indicate numerous VLF anomalies throughout the surveyed area. Results 
for the magnetic survey show a close correlation between the underlying geology and magnetism. 
Unfortunately, the presence of highly magnetic mafic volcanic rocks just southwest of the gold- 
magnetite-hematite shears masks any trends for the shear zone. 

Further work consisting of ground follow-up surveys should be conducted in order to evaluate the 
VIF anomalies. A ground magnetic survey is recommended in the area masked by the mafic 
volcanic rocks to further define the gold-magnetite-hematite bearing shear zones. 
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MTRODUCTION 

An airborne geophysical survey, designed to test for extensions of gold-magnetite-hematite and/or 
gold-pyrite-arsenopyrite mineralization along shear zones, was conducted during the period May 
to June 1996. The survey was flown, along the southwest portions of Teuton’s claim holdings in 
the Stewart area. The survey was orientated in a NE-SW direction, approximately at right angles 
to the overall NW geological trend in the Stewart area. 

The survey was conducted by Scintrex Ltd. based in Concord, Ontario. All personnel were 
accommodated in either a hotel and/or a rented house in Stewart. 

The survey was part of a contract with Teuton Resources Corp. to evaluate a number of targets in 
the general Stewart area. A total of 596.8 line kilometers in an area totaling 110.1 square 
kilometers was completed over the area of the Clone gold discovery. 

Data processing involved the data compilation, gridding and contouring of the geophysical data 
collected, using the processing center at Scintrex Limited, Toronto. EM anomaly identification 
was undertaken using a semi-automated process for picking and determination of the conductance 
using the response from a vertical plate model in free space with 300 x 600 m dimensions. 

Location and Access 

The center of the surveyed area is located about 12 kilometers southeast of Stewart, British 
Columbia. The area of interest is approximately 55 degrees 48 minutes latitude and 129 degrees 
47 minutes longitude on NT’S sheet 103P/13W. 

Access to the claim at the present time is by helicopter from Stewart. Nearest road to the area is 
a non- maintained logging road running east along the south side of the Marmot River to a point 
about 9 km northwest of the property. Total length of the road from tidewater to its termination 
point is approximately 4 km. 

Phvsiopraphv and Topoeraphv 

The survey area is situated along the southwestern portion of the Cambria Icefield at the head of 
Sutton, Marmot and Kshwan Glacier. The terrain is typical of the Coast Range Mountains of 
British Columbia with permanent snow and ice covering up to 50% of the land surface. Much of 
the southern portions of the area are only recently exposed by rapidly retreating ice. Elevations 
vary from approximately 2134 m ASL on Mount Treble to a low of 305 m ASL along the 
Marmot River. 
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Except for the portions of the claims covered by permanent snow or ice, most of the upper 
ground is outcrop or talus cover with little vegetation. Just above the glaciers, thick morainal 
debris obscures the underlying geology. Small ponds occupy depressions in relatively flat areas. 
Maximum rock exposure occurs in early October when most of the annual snowfall has melted. 
The surface exploration is restricted to late summer and early fall. 

Small patches of tag spruce are present along the lower slopes of the nunatak, particularly the 
south facing edge. Alpine grasses, heather and arctic willows grow in patches along the talus, 
moraine and outcrops. Along Marmot River, dense alder is present along the valley bottom. 

Personnel and ODerations 

Personnel involved in the program are listed below: 

E. R Kruchkowski - geologist 
J. E. Wyder - geophysicist 

May and December 1996 
December 1996 

Scintrex field crew: 
Dave Hayward - project manager May 1996 
Damir Jamakosmanovic - systems operator May 1996 
Cesar Perez-Castaneda - dataman\geophysicist May 1996 

The pilot and flight engineer were supplied by Northern Mountain Helicopters, out of Prince 
George, who provided a Astar 350 B 1 helicopter for the survey. 

General project management was under the responsibility of Terry McConnell, General Manager, 
Systems and Surveys Divisions, Scintrex Limited. 

E. Rruchkowski represented Teuton during the field survey. A preliminary evaluation of results 
was completed by J. E. Wyder. 

All field personnel involved in the program either from Teuton or Scintrex were accommodated in 
the local hotel and/or rented house. 
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Prouertv OwnershiD 

The area surveyed is part of a larger project known as the Clone project, originally part of the 
extensive Red property. Claims information for the portion of the area surveyed relevant to this 
report is summarized below: 

Name Tenure No. of Units Exuirv Date 

Port 22 324521 8 22 March 1998 

Port 23 324522 20 22 March 1998 

Port 24 324523 6 22 March 1998 

Ia 341273 1 10 October 1999 

Dee #l 341274 18 10 October 1999 

Dee #2 3413 12 18 10 October 1999 

The claims are registered in the name of Teuton Resources Corp. 
Enterprises Ltd. owns a 50% beneficial interest in the claims. 

Sister company Minvita 

The author did not examine the claim posts and cannot verify the quality and accuracy of the 
staking. The exact location of these claims would be subject to further surveys. 
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Previous Work 

The section on previous work has been excerpted from an assessment report prepared by Dino 
Cremonese in 1994. 

“Exploration for metals began in the Stewart region about 1898 after the discovery of mineralized 
float by a party of placer miners. Sites which could be easily reached from Stewart were the first 
to be explored among which was the lower Marmot River area. This early phase of exploration 
culminated in 1910 when both Stewart and the neighboring town of Hyder, Alaska boasted a 
population of around 10,000 people. Another boom period began in the early 1920’s after the 
discovery of the very rich Premier gold-silver-lead-zinc mine in the Salmon River area., northwest 
of Stewart. 

Although a number of gold and silver prospects were sporadically worked in the Marmot River 
region up to the early 1930’s, only the Prosperity-Porter Idaho mine (at the head of Rate Ryan 
Creek, a tributary of the Marmot River) saw limited production. The prospect closest to the Port 
20-21/Red 17 claims is the old Ficklin-Harder prospect located at the head of the Marmot River 
on the southern flank of Treble Mountain. It was explored by a few tunnels attempting to 
intersect high-grade quartz-sulfide mineralization intermittently exposed on surface. Also 
exploration activities by Teuton crews have located large open cuts across sulfide bearing quartz 
stockworks along the upper east slopes of Treble Mountain. At this time the area covered by the 
property was probably mostly under snow and ice and hence unavailable for exploration by the 
“old-timers”. 

From 1940 to 1979 there was little activity in the region due to lackluster precious metal prices. 
However when silver and gold prices skyrocketed in the early 1980’s, many of the old properties 
were re-examined by both small and large exploration companies. Success by a number of 
exploration companies, particularly in the Unuk River has led to continued exploration in the 
general area. The relatively recent discovery and ongoing development of the promising 
intrusive-related gold deposits at Red Mountain (l,OOO,OOO ounces gold), located approximately 
16 km east of Stewart, has again rekindled interest in the surrounding area.” 

During July to October 1994, an exploration program conducted by Teuton on the area of the 
present Clone property, consisted of reconnaissance geochemical rock and silt sampling in 
conjunction with prospecting and reconnaissance geological mapping. 

Geological observations noted during sampling indicated that the property is underlain by a 
sequence of augite porphyry basalts, maroon elastic volcanics and argillites intruded by dykes of 
granodiorite and hornblende porphyry. These dykes which strike in a northwesterly direction vary 
from 2-10 metres in width. 
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Mineralization in the form of pyrite, plus/minus chalcopyrite, plus/minus magnetite and plus/minus 
molybdenite was observed in four different geological settings of potential economic significance. 

Results of the geochemical program indicated highly anomalous gold, silver, copper, arsenic, 
molybdenum, tungsten, bismuth and cobalt values widespread throughout the area explored. 
Values as high as 1.786 opt Au, 8.32 opt Ag, 9.5 1% Cu, 0.75% As, 0.686% MO, 0.144% W, 
greater than 1% Bi and 0.29% Co were obtained from different zones within a square kilometer 
of partially explored ground. Several anomalous lead and zinc values associated with pyrite 
bearing float rocks were located in an area of northerly trending shears. 

During the period July to December 1995, Teuton conducted a follow - up program consisting of 
reconnaissance geochemical rock sampling, trenching and geological mapping on the port 21 
claim. This work led to the discovery of high grade gold values in parallel shears on the adjoining 
Clone 1 claim. In the period September to December 1995, work on the new discovery consisted 
of reconnaissance geochemical rock sampling, geological mapping, trenching, VLF and 
magnetometer surveys, diamond drilling and petrographic studies. 

A total of 604 rock samples (218 grab and chip samples as well as 386 trench samples) were 
collected in the surveys and analyzed for metal content by ICP analysis (29 element package) and 
for gold using automatic absorption methods. 

Results of the geochemical program indicate highly anomalous gold, silver, copper, arsenic and 
cobalt values throughout the Port 20,21, and Clone 1 claim areas. Values as high as 8.66 opt Au, 
15.71 opt Ag, 11.5 % Cu, 15.75 % As and 0.98 % Co were obtained from different zones within 
the explored areas. 

A total of 50.63 meters of trenching was completed in 13 trenches in the South Grid area. 
Results of the trenching indicated significant gold veins (0.1 - 0.2 opt) over widths of 2 meters 
with locally higher grade zones across l-2 meters. The best trench result in the above area 
included 1.6 meters of 1.433 opt Au (trench 13). 

A total of 463.2 meters of trenching was completed in 81 trenches in the North Grid area. 
Results of the trenching indicated significant gold values over significant widths and lengths. The 
best trench result was from Trench 4 which yielded 3.59 opt gold across 5.5 meters. Based on 
the trench results in conjunction with the geological mapping, four main gold bearing structures 
were outlined as follows: 
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Structure Mineralization TvDe Width(m) Length(m] Gradetoot Au\ 

S-l Sulfide 3.0 100 0.74 
S-2A Sulfide/minor hematite 2.3 365 0.71 
H-l Hematite 5.2 191 0.74 
H-2 Hematite 1.5 18 2.62 

In addition, trenching and geochemical sampling indicated an increase in cobalt values 
southeast portion of the above zones tested. Highest cobalt value in a trench was 0.71 % 
1.5 meters in trench 9, the most southerly trench. 
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in the 
across 

A magnetometer and VLF EM survey were conducted over a portion of the established North 
Grid area. The contoured magnetic date shows a definite northeasterly orientation coincident 
with the general geological trend. One significant magnetite mineralization present within the 
zone. A second anomaly is along the eastern edge of the survey area and is entirely underlain by 
ice. The plotted VLF EM data shows a general high coinciding with the general geology in the 
survey area. 

A total of 1070.16 meters of drilling was completed in 13 drill holes located from a single pad east 
of trench 47. The holes tested a 40 meter strike length of the H-l structure along four diierent 
azimuths. 

The most significant intersections were returned from the two southeastern drill sections which 
tested the downdip extent of mineralization exposed in trenches 4 (5.5 meters of 3.5 opt gold), 14 
(3.11 meters of 3.77 opt gold) and 15 (7.5 meters of 0.76 opt gold). Hole 95-8 intersected 1.7 
meters true width grading 1.67 opt gold at a drilled depth of 14 meters (beneath trench 4) while 
hole 95-10 (beneath trench 14) intersected 4.21 meters true width grading 1.85 opt gold at a 15 
meter depth. 

GEOLOGICAL SURVEYS 

RePional Geology 

The Clone 1 claim lies in the Stewart area., east of the Coast Crystalline Complex and within the 
western boundary of the Bowser Basin. Rocks in the area belong to the Mesozoic Stuhini Group, 
Hazelton Group and Bowser Lake Group that have been intruded by plugs of both Cenozoic and 
Mesozoic age. 

According to CF. Greig, in G.S.C. Open File 293 1, portions of the general Stewart area as well 
as to the north of the claim are underlain by Triassic age Stuhini Group. The Stuhini Group rocks 
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are either underlying or in fault contact with the Hazelton Group. These Triassic age rocks consist 
of dark grey, laminated to thickly bedded silty mudstone, and fine to medium grained and locally 
coarse grained sandstone. Local heterolitic pebble to cobble conglomerate, massive tufficeous 
mudstone and thick bedded sedimentary breccia and conglomerate also form part of the Stuhini 
Group. 

At the base of the Hazelton Group is the lower Lower Jurassic Marine (submergent) and non- 
marine (emergent) volcaniclastic Unuk River Formation. This is overlain at steep discordant 
angles by a second, lithologically similar, middle Lower Jurassic volcanic cycle (Betty Creek 
Formation), in turn overlain by an upper Lower Jurassic tuff horizon (Mt. Dilworth Formation). 
Middle Jurassic non-marine sediments with minor 
unconformably overlie the above sequence. 

volcanics of the Salmon River Formation 

The lower Lower Jurassic Unuk River Formation forms a north-northwesterly trending belt 
extending from Alice Arm to the Iskut River. It consists of green, red and purple volcanic 
breccia, volcanic conglomerate, sandstone and siltstone with minor crystal and lithic tuff, 
limestone, chert and coal. Also included in the sequence are pillow lavas and volcanic flows. 

In the property area, the Unuk River Formation is unconformably overlain by middle Lower 
Jurassic rocks from the Betty Creek Formation. The Betty Creek Formation is another cycle of 
troughfilling sub-marine pillow lavas, broken pillow breccias, andesitic and basaltic flows, green, 
red, purple and black volcanic breccia, with self erosional conglomerate, sandstone and siltstone 
and minor crystal and lithic tuffs, chert, limestone and lava. 

The upper Lower Jurassic Mt. Dilworth Formation consists of a thin sequence varying from black 
carbonaceous tuffs to siliceous massive tuffs and felsic ash flows. Minor sediments and limestone 
are present in the sequence. Locally pyritic varieties form strong gossans. 

The Middle Jurassic Salmon River Formation is a late to post volcanic episode of banded, 
predominantly dark colored siltstone, greywacke, sandstone, intercalated calcarenite rocks minor 
limestone, argillite, conglomerate, littoral deposits, volcanic sediments and minor flows. 

Overlying the above sequences are the Upper Jurassic Bowser Lake Group rocks. These rocks 
mark the western edge of the Bowser Basin and are also located as remnants on mountain tops in 
the Stewart area. These rocks consist of dark grey to black elastic rocks including silty mudstone 
and thick beds of massive, dark green to dark grey, fine to medium grained arkosic litharenite. 

According to E.W. Grove, the majority of the rocks from the Hazelton Group were derived from 
the erosion of andesitic volcanoes subsequently deposited as overlapping lenticular beds varying 
laterally in grain size from breccia to siltstone. 
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D, Aldrick’s work to the north of Stewart has shown several volcanic centers in the surveyed 
area. Lower Jurassic volcanic centers in the Unuk River Formation are located in the Big 
Missouri Premier area and in the Brucejack Lake area. Volcanic centers within the Lower 
Jurassic Betty Creek Formation are in the Mitchell Glacier and Knipple Glacier areas. 

There are various intrusives in the area. The granodiorites of the Coast Plutonic Complex largely 
engulf the Mesozoic volcanic terrain to the west. East of these (ii the property area), smaller 
intrusive plugs range from quartz monzonite to granite to highly felsic. Some are likely related to 
the late phase offshoots of the Coast plutonism, other are synvolcanic and tertiary. Double 
plunging, northwesterly - trending synclinal folds of the Salmon River and underlying Betty Creek 
Formations dominate the structural setting of the area. These folds are locally disrupted by small 
east-over-thrusts on strikes parallel to the major fold axis, cross-axis steep wrench faults which 
locally turn beds, selective tectonization of tuff units and major northwest faults which turn beds. 

_- 
Geonhvsical Survevs 

On May 17 and May 18, 1996, Scintrex Limited flew an airborne geophysical survey over two 
areas, Zones 1 & 2 (Fig. 3 and 4), of Teuton Resources Carp’s Stewart Properties centered 
about 12 km SE of Stewart, B.C.. Both areas are elongate along a NW-SE axis and are separated 
from but parallel to each other. The larger area measures about 15 km by 6.5 km and the smaller 
area measures about 6 km by 3 km. 

The survey was flown using an Astar 350 B 1 helicopter using the registration number CF-EHS. 

The mean terrain clearance was a nominal 60 meters. Traverse line spacing was approximately 
200 m with orthogonal check lines flown close to the outer edges of the survey area. 

A second survey approximately 5 km by 2.5 km, Zone 1, was flown at about 100 m spacing inside 
the larger area (Zone 2). A single tie line was run orthogonal to the main NE-SW orientated 
survey lines. 

The navigation system utilized for the survey was a PNAV-486 (PICODAS) using a Bendix-King 
KRA-1OA Radar Altimeter and a GPS sample interval of 1 reading per second. 

The processed survey results have been presented as coloured maps for the survey areas at the 
scales of 1:20,000 and 1: 10,000 for a detail area; total field and total field reduced to pole 
magnetic contour maps, apparent resistivity for two frequencies (Cp-930 and 4170 Hz), anomaly 
symbols map in two different versions, VLF of the summed residual field, and finally base maps 
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with total magnetic contours and EM symbols. For the purposes of this report, black line copies 
are presented in Figures 4-l 5. 

VLF EM Survev 

The VL,F data was obtained using a Totem 2A Airborne VLF system. Two stations: Seattle 
(NLK) as line station and Maine QUA) as the orthogonal station were simultaneously recorded 
at a sample rate of 10 readings per second. The receiver height was about 44 meters above 
ground level (agl). The data is presented in Figure 6 and 7 as summed field strength maps. 

The two VLF maps (Figs. 6 & 7) do not provide any detailed correlation with known geology 
(Fig. 1) other than verification of regional geologic formation trend NW-SE, particularly in Figure 
6. 

In Figure 6 there appear to be a number of roughly linear features running approximately east- 
west (eg. lines 6 182OOON and 6 1 SSOOON). There is not any known geological basis for these 
lineaments. 

The data in Figure 7 is a repeat of a portion of the data in Figure 6, but at a flight line separation 
of 100 m instead of 200 m. Highs and lows are not correlative although the regional trend, NW- 
SE, is apparent in both sets of data. 

There does not appear to be any correlation between either known mineral occurrences or known 
ice field configuration (Fig. 4). 

EM Survevs 

The EM system utilized was a Scintrex HEM-5 Frequency EM system. The system had two sets 
of coils: 

- vertical coaxial coils using frequencies of 875 and 4800 Hz, 
and - horizontal coplanar coils using frequencies of 930,4 170, and 35000 Hz. 

The EM “bird” height was about 30 m agl. Readings were recorded at the rate of 10 samples per 
second. 

Vertical Coaxial Coils 

-- The coaxial coil EM results are presented as a number of anomalies on topographic maps (Figures 
8, Zone 2, and 9, Zone 1). 



Teuton Resources Corp. 
Skeena Mining Division 
Stewart, British Columbia 
ReDort on Airborne Survey- Clone Proiect 

11 

Minor anomalies of unknown meaning are seen in both Figures 8 and 9. It is interesting to note 
the anomalies seen in the detail area (Zone 1 in Figure 9) occur only on flight paths flown between 
the flight paths flown at approximately 200 m separation as shown in Figure 5. The anomalies are 
not coincident with any known mineralized showings (Figure 4). They also do not appear to have 
any relationship to either known topography (Figures 8 and 9) or to the proximity of boundaries 
of ice (glaciers) with topography. 

Horizontal Coulanar Coils 

The results of the Horizontal Coplanar Coil surveys are presented in Figures 9 and 11 (4170 Hz) 
and Figures 10 and 12 (930 Hz). 

The Zone 1 results are compatible with Zone 2 results when they cover common ground. 

The high (4170 Hz) frequency results appear to approximately map the presence of surface 
(higher resistivities) as well as the bedrock surface exposures and assumed near surface (thin ice) 
subcrops. 

The 930 Hz frequency map is deeper probing and while tracking the 4170 Hz frequency data it 
also reveals the presence of low (50 ohm-m) resistivity zones with two trends. The major trend is 
NW-SE roughly parallel with known surface geological contacts. A secondary NE-SW trend 
(parallel to flight paths) occurs in several areas. It is possible the resistivities are a reflection of 
varying thickness of ice. However, the variation in resistivity fi-om less than 10 ohm-m to greater 
than 1,000 ohm-m coupled with the close correlation with total magnetic field and the alignment 
of resistivity anomalies parallel to the regional strike of geochemical formations suggest the 930 
Hz resistivity survey may be of significant value in mapping formations and/or altered zones 
within the formation. 

Many of the resistivity anomalies are shifted to either the SE or the SW of the “corresponding” 
magnetic anomalies. 

The low resistivity zones could represent areas of high rock alteration caused by thermal water, 
intrusions and/or mineralized fluids. If this is the case the EM Horizontal Coplanar data might 
prove useful for locating economic targets both off and on the ice fields that occur in the project 
area. 

EM anomalies detected during the survey are listed as follows: 
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Total Field Mapnetics 

The total field magnetic survey was done with a Scintrex MAC-3 Cesium Magnetometer at a 
sensor height of abut 44 m agl. The data was recorded at the rate of 10 readings per second with 
a sensitivity of 0.0 1 nT. 

Total magnetic field maps for Zone 2 (which includes Zone 1) and Zone 3 are given in their 
correct relative positions to each other in Figure 5. The higher total field values over all of Zone 
3 as opposed to only a portion of Zone 2 may reflect a higher magnetic content (eg. magnetite) in 
Zone 3 rocks to that of the Zone 2 rocks. It may also represent a different type of rock coming 
closer to the surface than in Zone 2. 

The Total Field Magnetics for Zones 2 and 1 are plotted on topography in Figure 14 and 15. As 
can be seen the magnetics tend to be highly anomalous in areas of topographic highs. As the 
survey was flown at a constant ground clearance of about 44 m it can be safeiy assumed that 
much of the magnetic data anomalies are associated with the magnetic mineral content of the rock 
formations and not due to fluctuations in the height of the helicopter above the ground. 

Again it should be noted that there appears to be a SW or SE offset of the EM resistivity 
anomalies relative to the magnetic anomalies. The economic implications, if any, of this 
observation is not understood at this time. 

The magnetic data does appear to delineate the regional direction of the rock formations and 
therefore may be helpful in mapping geological units covered by the glaciers and ice sheets in the 
project area. 

GeoDhvsical Discussion 

It appears that a flight path separation of approximately 200 m is adequate in the project area. 
The attempt to fly at 100 m spacing (ie. in between the 200 m line spacing) does not appear to 
either significantly improve the quality of the data or to give uniformly better coverage. The 
plotted flight paths strongly point out the problems associated with temperature changes on ice 
fields and the steepness of some of the terrain. It might be better to conduct surface geophysical 
surveys to provide data on line spacing of less than 200 m in the project area. 

The Total Field Magnetics and Horizontal Coplanar Coil surveys appear to have provided the 
most useful and trustworthy data. However, any conclusions on this subject matter should be 
made only with ground truth surveys completed over anomalies and trends of geologic and/or 
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economic interest. Also some ground truth surveys should be done in areas of little or no 
anomalous results so as to provide meaningful comparison of anomalous and background results. 

The ground truth surveys should include a geologist with the geophysical team which should also 
have an experienced geophysicist on site. Fist-time field surveys should include geologic 
mapping as well as magnetic, Horizontal Loop EM (Coplanar Horizontal Coils) and Frequency 
Domain Induced Polarization capability. The results of this type of operation should be jointly 
evaluated by the field geologist and geophysicist. 

Once a ground truth survey has been completed a more detailed analysis of the airborne data 
collected in 1996 can be attempted in areas of interest. 

CONCLUSIONS 

--=- 

1. 

2. 

The property which lies within a belt of Jurassic volcanic rocks extending from the 
Kitsault area, south of Stewart, to north of the Stikine River is host to numerous gold 
deposits. 

During the period May 17 to 19, 1996, an airborne geophysical survey (VIF EM and 
Magnetics) was flown over two areas (a closer spaced survey inside a larger more widely 
spaced survey) centered approximately 12 km SE of Stewart, B.C.. 

3. A total of 72.3 line kilometers and 524.5 line kilometers were surveyed in Zone 1 and 
Zone 2 respectively. 

4. 

5. 

Results of the survey indicate numerous VIF anomalies throughout the surveyed area. 

Results for the magnetic survey show strong correlation between magnetic highs and 
intrusive and mafic volcanic rocks. 

6. Further work consisting of ground follow-up work recommended to further test the VIF- 
EM anomalies as well as any magnetic anomalies. 

RECOMMENDATIONS 

_-= 

Further ground geophysics consisting of magnetic surveys is recommended in 
bearing shears. Spacing should be on 25 m centers on line spaced 25 m apart. 

the area of the gold 
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CERTIFICATE 

I, Edward R. Kruchkowski, geologist, residing at 23 Templeside Bay, N.E., in the City of 
Calgary, in the Province of Alberta, hereby certify that: 

1. I received a Bachelor of Science degree in Geology from the University of Alberta in 
1972. 

2. I have been practicing my profession continuously since graduation. 

..== 
3. I am a member of the Association of Professional Engineers, Geologists and 

Geophysicists of Alberta. 

4. I am a consulting geologist working on behalf of Teuton Resources Corp. 

5. This report is based on a review of reports, documents, maps and other technical data on 
the property area and on my experience and knowledge of the area obtained during 
programs in 1974 - 1996 and work done by myself on the property during 1994,1995 and 
1996. 

6. I authorize Teuton Resources Corp. to use information in this report or portions of it in 
any brochures, promotional material or company reports. 
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Statement of ExDenditures 

Field Personnel--Period May to December 1996: 
E. R. Kruchkowski, Geologist 

7 field days @ $300/day 
J. E. Wyder, Geophysicist 

3 days @ $450/day 

Food and Accommodation 
E. R. Kruchkowski 
7 days @ $SO/day 

Report Costs 
Report and Map preparation, compilation and research 

E. Kruchkowski, P. Geol. 4 days @ $300 
Secretarial/word processing 
Copies, reports, jackets, data entry, etc. 

Vehicle Rental 
E. R. Kruchkowski 
1 week @ $300/week including mileage 

Supplies 

Airborne Geophysics 
Mobilization - prorated 

596.8 line kilometers @ $95 

G.S.T. 

$2,100 

% 1,350 

$350 

1,200 
300 
500 

$300 

$300 

17 

% 4913.28 
% 56.696.00 

61,609.28 
43 12.64 

% 65,921.92 

Total: % 72,321.92 

Of this amount, $11,100 is to be allocated to Statement of Exploration #3095781 

The balance will be applied against Statements of Exploration yet to be filed (at which time 
another assessment report will be submitted). 
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EQUIPMENT AND PARAMEXERS OF AIRBORNE SURVEY 



TEUTON RESOURCE CORPORATION 

COST QUOTATION FOR 
AlREIORNE GEOPHYStCAL SURVEY. 

STEWART, B.C. 

Quote #113 

Scintrex Umited 
Akbama Systems & Surveys Division 

222 Snidercroft Road 
Concord, Ontario 

14K 185 
Canada 



COST QUOTATION # 113 

CLIENT: Teuton Resource Corporation 

ARF3A: Stewart, B.C. 

TYPE OF SURVEY: 

AIRCRAFT: 

EQUIPMENT: 

LINE SPACING: 

H&copter-borne EM/Ma&VLF/GPS 

Aerospatiale SA-350 (ASTAR) or equivalent 

As in Appendix 2 

Traverse lines 100 meters over center 
Traverse lines 200 meters on outside 
Tie tines at 500 meters 

SURVEY SIZE: 

TERRAIN CLEARANCE: 

AreaOne297km 
AreaTwo 144km. 
Total 441 km appmximateIy 

. 
60 meter non&al hobpter altitude in keeping 
with normal sa&ty cxmsidesaths. Speed 90 - 100 

FEE SCHEDULLE: Mobilization / dcmobtltation 

Data acqahition & processiq 

IBTXMATED PROJECT COST: 

Standby afkct S dnys 
(For mag diurna& WeJitlW) 

S 6,OOO.OO 

S 95.00 per km 

$ X,750.00 per day 

For 441 line kilometers S 47,895.OO 

TXMING: Survey would be down in April, 1996 

TERMS OF PAYMENT: 
On signing - 30 % of estimated cost 
On completion of flying - 50% of e&mated cost 
On delivery of final products - balance owing 



*-. 
NOTl$S; QUOTATICbN 113 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
.a 

90. 

11. 

Standby charges will appty on a pro-rated bask only when production IS not possibl+ due to 
circumstances beyond Scintreti reasonable central, such as magneti dIsturbsnoes,. weather, 
government interference, eta. NQ standby tilt charged on days where MQCB than 100 km are 
flown and accepted. 

Gaps in excess of 150% of the nomlnot nne spacing for a distance greater than 1,000 m&et-S 
will be teflown at the contractor’s expanse. 

Scintrex will make every effort, consistent w!th safety, to maintain the aircraft at a ground 
clearance permitted by normal safety considerations. 

Magnetomater noise shail be less than H-O.1 nT. 

Magnetic diurnal; Scintrax will resurvey that or portions of fines of which the trace of the 
ground magnetometer shows either a depattUre exceeding 20 nt from any chord 5 minutes 
long or the slope of the diurnal exceeds +/- 40 nt during any chord 5 mint&es tong. 

EM noise level not to exoeed 5ppm on the in-phase and quadrature channels over a distance 
of 1 km excluding geofogioal and cultural noise. 

The survey wilt not commence until approval has Wan given by the Client. 

A Post flight dlfferentiat OPS system will ba used. The flight path of the aircraft wit1 tm 
recovered in the field using the In field processing center. Any gaps or deviations that 
exceed specifications will be ruflown or filled in at Schtfex expense. 

AH Quoted fsss are In Canadian Dollars payable directly to S&r&s bank In Toronto. 

AIt fees at NET of any withholding taxes. value added taxes, state or local taxes, duties. 
customs, etc. that may apply. 

OCCupafmnal Meatth and Safety Is a fundamental issue at Scintrex. Scintrex will comply with 
att appticable health and safety regulations while under contract to our dients. 
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APPENDIX 1 

DELNERABLE J’ROWC7S QUOTE 113 

1. DiQitab Data: 

a) The diiital data will bs suppkd on magnetoQptica1 disk @ 1 .O Gb or 0.5 Gb fom& 
or as epacified by the dent. 

b) Line-Located-Lavetled data till be provided 6s fOllows: 

Raw EM data 
Raw compensated magnetic data 
Raw diurnal magnatlc data 
Raw MF-EM data 
Level&l EM data (horizontat coih) 
Levelted magnetic data 
Barometrfc Altimeter data 
Radar Altimeter data 
Positioned data based on the WGS 84 spheroid, UTM, or as specified by the 
Company 

-- 

2. Maps: 

4 
b) 
4 
d) 
8) 
f-l 
0) 
h) 

PmHminary - P 
Final -F 

, 

EM Symbol Map, Scale 1:20,000 (P,F) 
EM Resistivity Map (for two 6ekted frequencies), Scale 1:20,000 (F) 
VLF Total Field Map (summed residual of fieid strength), Se&e t:ZO,oQo (F) 
Total Magnetic intensity (TMI) btackline contours, Scale 3r20.000 (P,F) 
TMI Reduced-to-the-Pole (RTP) blacklina contours, Scale 1:20.000 (F) 
Flight Path superimposed on base with EM symbols. S&e 1:20,000 (F) 
Ffight Path superimposed on base with mag ContourS, Scale t:20,000 (F) 
Total Magnetic intensity colour contours, Scale 1:50,000 (F) 

Three (3) copies of each map to be provided. 

Filtered (V8tiiCal gradlent or *enhanced”) m8gnetic contours can be provided. 

3. Fin61 fmrqa Proascsing Produob (Comp&necrtary ~8rV~OS): 

image processing will be carried out by Scintttex using an in-house geophysicat image 
processing system. 

Scintrex will provide a montage of different images produced in hardcopy by an HP 65OC Ink 
Jet plotter. 

4. D&very Sohedulcs: 
Final rnaprs will b6 delivered by May 15, 1 BW3. 



HELICOPTER-BORNB Bf#vLP~0NETlCS 

1. SCINTREX LIMITED 

2. SURVEY AIRCRAFT 

a. SURVEY ECWIPMENT 
3.0. The Scintrex HEM-V Electromagnetic System 

3.0.1 General Description 
3.0.2 The Herr Totem 2A Airborne VLF ElectromaQnetic System 

3.1 
3.0.2.1 General Description 

The Scintrex Airborne Cesium Magnetometer 
3.1.1 General Description 
3.1.2 The CS-2 Cesium Magnetometer Sensor 
3.9.3 The 8dntre~ MEP-1010 Cesium MaQnstometer Total-Field Cesium 

Magnetometer 
3.1.4 The Scintrex AAM- Towed-Bird Airfoil and Tow Cable 

3.3 
3.4 

3.6 

:*; 
318 

3.9 

3.10 

The POAS-1000 Data Acquisition System 
The GPS Satellite Navigation System 
3.4.1 General Description 
3.4.2 7he Scintrex PNAV-2001 Naviiation InterfacelDisplay Computer 
3.4.3 The NovAtel GPSCard Receiv& and Accessories 
Radar Altimeter 
Barometric Altimeter 
Airborne Analog Recorder 
The Scintrex CBS-2 Base Station Cesium Magnetometer 
3.8-l General Descrfption 
The Scintrex VFPR-3 Video Flight Path Recorder 
3.9.1 General Description 
3,9.2 The Scintrex CAM-loo0 Digital Video Mixer h&dub 
Field Office Computer 

4. FIELO 6PERATlONS 
4.1 System Tests 
4.2 Quality Control Procedures 



APPEtdDlX TWO 

1. SCINTREX LIMITED 

ScintreX Is a major supplier of instruments for the worki’s mineral 3rd QrOundWater 
exploration market, sect.triQ market, analytkal and atmospheric environmental market and 
the nuckonics market. Each year, Scintrex exports its products to an average of 70 dlfferent 
countries. Of our approximate@ 160 employees, approximately 30 are continuously working 
to research end cievelop new produots for the above mantloned markets. 

Scintrex has four major divisions; Airborne Systems and Surveys, Earth Sciences, Security 
and Analytic8l Products and Nucleonics. 

Tha Airborne Systems and Surveys Diiiston provides airborne Qeaph@Cal Data acquisitton 
and processing services to the minerals and oil exploration industries. surveys are 
conducted using both fixed-wing and helicopter survey aircraft. 

The Alrborne Division is slso responsible for the research and development, design, 
manufacktre and sale of equipment to the minetat and oil explamtion me&et, for epplications 
in the air. Scintrex is the world’s foremost supplier of &bomb geophysical explorstlon 
equipment. Our Airtime Caslum Magnatometefs are the industry standard, and are in use 
with more than 50 organisatlons involved in airborne remote sensing applications. 

Sclntrex limited is located at: 

222 Snidercroft Reed 
Concord, Ontario 
L4K 186 
Caneda 

Tel; (SOS) 669-2280 
Fax: (905) 869-9334 

The Company is 8 registered Ontario Corporation. 



_a--- 2. 8URVEY AIRCIRAFT 

Type 
Aefospjh’ale SA35OB - ASTAR 
(Of equivalent) 

Endurence - hours 2.5 
Optimum Survey Speed Range-km/hf go- 120 

It is anticipated that Canadian Hellcoptefs out of Teffaca will pfotide the helicoptef fOf use 
on this project. An experienced *bird” pilot will also be ptovidad. 

3. SURVEY EQUIPMENT 

. 

. 

. 

. 

. 

. 

. 

. 

. 

. 

Scintrex HEM-V Electronic Console 
Totem 2A VLF Pfocesslng Console 
Scintrex Ml?-1010 Magnetic Ceslum Magnetometer Signal Processor Module. 
Picodas PDAS-1000 Oigttal Data AcquloitIon System. 
Picodas PNAV-2001 Navigation ryatem. 
Scintrex VFPR-3 Ftight Path Recorder. 
NovAtel QPSCard Differential Navtgatton Bystem. 
Terra TRA 3500 Radar Altimeter. Or King KRA-1OA 
Rosemount Dlgltal Barometric Altimeter. 
RMS OR-33 Anatogue Recorder. 

_- 

in Towed m 

l Scintfex HEM-V five ffequancy tnnrmitting and receiving coils 
. Scintrex CS-2 rpllt beam Cestum Vapouf Magnetometer 
. Hetz Totem IlA VLF-EM Receivef 

. Scintfex CBS-2 Base Station Cesium Magnetometer. 
l NovAtal GPSCard Base Station. 
. Per-&urn PC based Field Computer. 
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3.0.1 HEM System 

The Scintrex system is a multi-coil ek3ctromagnetii system which measures 
the inphase and quadrature responses from P number of co&pairs installed 
in a tubuler bird, towed beneath a hstlcopter. These responses are then 
passed to the EM Receiver Console where they are processed into their 
inphase and quadrature components. This data is then recorded by an on- 
board data acqubition system. 

A Scintrex HE&V system consists of a towed-bird airfoil containing a number 
of transmit and receive -iIs and an electronic control console which includes 
a number of signal analyzer modules, transmitter control modules and’system 
montton. 

The HEM-V Electromagnetic system Is comprised of the following sub- 
systems: 

t an 7-metre long towed bird Kevlar airfoil sensor/drag skirt 
assembly, complete with five transmitting and five receiving 
coils, frequencies of 900 Hz (coaxial and coplanar) and 35 
kHr (coplanar) 

l Tow cable with weak Ilnk mechanism 
4 Keviar spreader bar and drag skirt assembly 
l a reck-mountable electronic console with 5 signal analyzer 

modules 
l minor spare parts klt 
. cabling and connectors 

P5g* 4 Scintrex LImIted 



HEM-V SYSttiM 3PECll’lGATlON3 

Tp3: Tow&-bird, symmetric dipala canfIguration operated_ at a 
nominal survey altitude of 30 metms. 

Coil Orientation: Two veticat co-axial transmitter/receiver coil-palrs and ttvse 
horizontal coplanar transmifferhcetver coil-pairs. 

Measured Parameters: In-phase end out-efghase components in parts per mlllion 
@pm) of the secondary f&Id with respect to the primary fiskI 

Coil Separation: 

Dipole Moment; 

Time Constant: 

Noise Levels: 

6.7 metres. 

225 ampere-turns-m2 at 900 Hz. 

0.1 seconds 

TypIcally 2 ppm with base level drift neqllgibls due to 
operational procedures. Computer processing reduces this 
noise to below ‘I ppm. 

Coil Frequency 
I 

Cell Ortentu#on 

870 Hz Vertical coaxial 
I 

920 lit 

4,784 Hz 

4,164 Hz 

36,000 l-k 

Horizontal 
copranar 

Vertical coaxial 

Horitonta! 
coplanar 

Horizontal 

6.7 m I1.Q 

6.7 m I, Q 

6.7 m I 1. Q 

Resolution 

0.10 ppm 

0.10 ppm 

0.20 ppm 

0.20 ppm 

0.50 ppm 

The internal noise of the EM system is less than 2 ppm of the transmitted 
field. A total of ten EM channels of information will be sampled at 0.1 sec. 
intervals or approximately every 3 m&es along the survey Ulna. with a tiITN! 
instant of 0.2 ma. Additionally, there is a 60 Hz power-line channel for 
noise monitoring. 

The EM system wili be calibrated with an external coil at the start and end of 
the sunrey, and with an internal coil approximately three times per hour during 
survey flights. 

Paqe 6 Saintrex Llmtted 
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The EM system will be phaaad with an external ferrite rod before each survay 
flight. 

Most sferlc actlvlty or noise ts limited to 2.0 ppm or less. 

Scintrex HEM-V systems are exoellent tools for the exploration of conductive 
targets In Conductive to hlghty resistive environments, mapping earth 
materials for englneerlng and hydrological applications, and identifying 
bedrock conductors in conductively complex environments. These systems 
are capable of detecting wnductive bodies in excess of 175 m&es beneath 
the bird in resistive terrain. The system’s symmetry results in data that is 
easily interpretable, yidding peaks over conductors, and also tends itself well 
to computer processing techniques. 

The appllcatlons for which Scintrex HEM-V systems can and have been 
employed are: 

* 
. 
* 

base metal surveys 
dlamondiferous kimberiite explomtion 
mapping of fault zones for engineering end mining 
applications 
mineral exploration 
precious metals exploration 
sand and gravel mapplng 
geothermal mapping 
shallow sea bathymetric mapping 
mapping of fresh water/salt water interfaces 
permafrost mapping 
sea ice thickness mapping 

The HEM-V system finds genarat application in helicopter-born8 EM 
exploration for the mapping of geologic81 structures and iithology, as welt a8 
classifying bedrock conductors as part of a wide conductive structure or a 
potential ore body. Many materiels 110 within the resistlvity Fangs of the HEM 
system. ,This includes dlssemlnated sulfides, kimberiites, sand and gravel, 
hydrothermal after&ion zones and rock units having resisthritles as high as 
8,000 Ohm-m. 
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THE SCINTREX HEM-V HELICOPTER+ORNE ELECTROWGWElET1C SY8T1EM 

f?ESlS rlvn-Y 

Scintrex’ HEM-V system defines structures very well, due to the high 
spatial resolution of approximately 3m aiOnQ the flight tine. Sma!l, 
possibly important fsatures, $uch as faults and elteration zones are 
easily detected. 

1 Data acquired by Sctntrex’ HEM-V system can be inverted to make 
excellent, high quality redstivity maps, which is one of the main 
parameters of an EM sufv8y. 

DEPTH Depth of penetration wtth a Sclntrex HEM-V system is typically 1OOm 
to 200m. A wide ore body (highly conducting half-space) mey be 
detected quite easily to depths of 200 me!res or more. while a narrow 
ore b&y (thin vertical conductor) can be detected at depths of 100 
metfes or more. 

MAGNETIcs Scintrex’ MAC-3 cestum magnetometer system has a sensitivity of 
0.001 nT, sampling at 10 times per second. fhls permits vefy high- 
resolution magnetic mapping. 

JNTERPRE~ABJLIT interpretability of Scintrex’ HEM-V system data is very good. Th/n 
Y conductors are easy to differentiate. 

EPITtiERMA L The target in the prospecting for epithermal gold are alteration zones. 
GOLD These targets are best located using high frequency EM preferabty In 

the 30 kllz to 40 kHz range. Sclntrd HEM-V system features a 35 
kHz frequency, which makes It Ideal for this kind Of survey. 

POSf77ONINQ Scintreti HEM-V system use’s Q real time differential GPS navigation 
system, providing an ‘In-flight” accuracy of better than +/- 5 m. 

Pop ‘1 Sdntrrx Llmitd 



3.0.2 JHERm’= SYSTEM 

3.0.2.1 OENERAL DESCRIPTIQ~ 

The TOTEM 2A IS a two frequency system, It can receive stgnals from two 
VLF transmtiers In the 15 to 25 KHz range. simultaneously. The transmitter’s 
are located worldwide. The parameters normally measured are the Change 
in total field and the vertical quadrature field. The sign of the quadrature 
polarity Is also recorded. 
The simultaneous dual frequency operation ensures that transmftters can be 
selected to provide good coupling with conductors of any orientation. 
Because of Its small size, light weight, easy installation and ease of 
opertltion, the TOTEM 2A is an Ideal add-on to any airborne geophysical 
survey system. 

The TOTEM 2A Airborne VLF-EM System wouM consist of the following 
items: 

t . one processing console 
2. one set of receiving coils 
3. one pre-amplifisr 
4. onboard caMes 

Airborne VLF data are mainly used for the interpretation of large scale 
geological features such as faults and conducting rock units. Under 
favourable ckcumstances, smaller canductors, due to sulphide mineralization 
(as an example) may be revealed. Other spplicatlons include groundwater 
expiOmtiOn and the measurement of overburden conductivity and thickness. 

3.1 cintrex Airborne Ceslum MB 

3.1.1 Qeneral thaoription 

Sclntrex’ magnetometers are the most advanced, high-sensitivity, airborne 
magnetomatera commerclafly wailable, and may be utilized with the sensor 
instailed in a towed blrd alrfoit (for towing beneath a helicopter or fixed-wing 
aircraft). or in an airiOi1, commonly called 8 “stingaP attached to the tail, 
wingtip Or even the nose of a fixed-wing aircraft. 

Several versions of this magnetometer are now available. utilizing up to as 
many as four sensor?~, with either passive compensation or automatic 
sof’tware compensation, ail with 0.001 nT resolution, sampling as fast as 10 
times each second. 

Scintrex airborne cesium magnetometers and gmdiometen have become the 
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industry standard, end are in everyday use, worlti, by many govemmenl 
agencies, oil and mining companies and contracting companies. 

The Scintrex MAC-3 Airborne Ceslum Magnetometer for USC In helicopter, 
towed-btrd installations is provided complete with the foollOWing: 

a) 
b) 

C) 
d) 
d) 

e) 
9 

one Scintrex W-2 ceaium magnetometer senaof 
a Scintrex MEP-1010 real-ttme sofhtvare magnetometer 
processor module 
a Scintrex AAM-1 towed-bird airfoil 
a 30 to 35 meter tow-cable complete with weak-llnk mechanism 
a Scintrex PDAS-IOOOA magnetometer power supply/ 
booster console with two 28 VDC to 32 VDC booster 
modules for the CS-2 sensor 
on-board cabling 
manuals . 

3. t .2 The CS-2 Ceslum Magnetometar Senaot 

tn simplest terms, a cesium magnetometer sensor comprises a miniature 
atomic absorption unit from Sikh a signal proportional to the intensity of the 
ambient magnetic fAda is derived. An elcctron~c console converts this signal 
(called a larmor sign&) Into magnetic field strength in nanoTeslas(nT) for 
display and recording by a data acquisition system. The constant of 
proportionality which reiates the larmor Signal to the intensity of the magnetic 
field is called the “gyromagnetic ratio of &sctrorW. For the Cesium-133 atom, 
this Is very accurately known to be 3.49856 Hz&T. This la about 82 times 
higher than the common proton precession msgnetometer, and is the reason 
that the ceolum msgnetometer has a better sensittvity. 

The three main elements of the CS-2 ceslum sensor are a cesium lamp, an 
absorption cell contolning ceslum vapour and a photosensitive diode, all 
mounted in a common optical axis within a cytinder 63 mm in diameter by 173 
mm in length. This sensor ekment of the CS-2 is then typfcally connected by 
a 3 meter long muttl-conductor coaxial cable to another cylinder. which 
contains the electronics for the sensor. 

3. I .3 The Solntrex MEP-1010 Total-Fiefd Cesfum Magnetometer 
Processor Modufe 

Despite the high Inherent sensitivity of Scintrex oesium magnetometer 
sensors, the reading resolutfon and cycling rates of previous cesium 
magnetometer were limited by the ability of essentially analog electronic 
circuiUy to prooess the Larmor SignaL Typical performance was O.Ol nT twice 
per second or 0.1 nT 0-n timer per second. With the new Scintrex MEP 
magnetometer and gradkuneter pmcessor modules and console. it is normal 
to achieve 0.001 nf ten times each second. 

Digital signal processing has long been used to enhance aawite imagery 

. 
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and to IZOO& the &fi&n~y of radar and sonar systems. What is new Is the 
actvent of low cost, h@h spe.& mlcroprocsa~on dedgnad to handle real time 
digital data. Thus It Is feasible :O apply advanced signal proosssing to high 
sensitivity magnetometer using c8sium sensofs. 

TO achieve a resorution of 0.009 nT at rates of ten times per second, the 
microprocessor based MEP modules 8nd consotes measure the Larmor 
Signals 8t high rates, controtled by a high stabilky clock. The meafurement 
bandwldm is seWtable fmtn 0.15 to 2 HZ and constant tlrne delay digital filters 
are applied for the selected b8ndwidth. The MEP-1030 is 8 module that 
installs inside the PDAS-1000 D8t8 Acquisition System {described below). 
which is designed to accept the Iarmor frequency outputs of 8 single CS-2 
cesium magnetometer sensor. The software resident in the MEP-1010 is 
capable of !%solving tna Lermor frequency outputs from this sensor to O.OO? 
nT (1 pt). ten times per second, with very wide bandwidth. 

3. I .4 The SaIntrex #MM-l Tc+wed-%frd Aitiil and Tow Cable 

The #W-l magnetometer towed-b\rd aiffoit Is basically a hoWw Kevlar tube. 
2.5 meters long, with 8 bulbous nose into which a C-S-2 cesium sensor and 
hand-aligned gimbal mount are Instsrlled, end a hollow tail compartment into 
which the CS-2 sensor electronics and (optionally) a TOTEM 2A VW receiver 
coils and preamplifier 8ssembly are inst8lled, Fins are also provided at the tail 
of the Mfoii to stabilize the bird In flight. 

The tow cable is constructed of a three conductor coaxial Cable and a Kevlar 
strain member, enclosed in a meshed conduit. The length crf this tow cable 
varies with each system, depending usually on the type of heticopter befng 
utiliied. if the helicopter is expected to be a medium sized mode\, such a 8811 
Jet Ranger, Aero Sputiale A-Star or Lama, 8 30 to 35 meter tow cable should 
be sufficient. The tow cable will be attached to the helicopter by mean3 of a 
weak link assembly. 

The on-board oectfon of the tow cable will consist of 8 coaxial cabI&. The 
length is customized to suit the hellcopter. Theta cabtes will be attached to 
the tow cable outside the fuselage by means of low-disconnect force 
connectors. . 
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3.3 Thr PDAS~IOOO Data Aep 

The PDAS-1000 is the newest member of the SCintIX3K family Of Data Acquisition 
Systems, and is most commonty used in airborne geoph@cat surveying. The three 
main functions fulfilled by the POAS-1000 are: 1) system control and mOnltOnng, 2) 
data acquisition and 3) data playback and analysis. 

The POAS-1000 is a fully IBM PC compatible microcomputer, built around an 80486 
CPU board, All data coitection routines, checking buffeting, recording and verlficatton 
are software controlled for maximum fletibitii. A modular concept has been used for 
both the software and the hardware to psllovv for future expandability. The sensors 
used with the PDAS-1000 may include radlometric, magnetic and eiectro-magnetic, 
Other instruments such as navigation/positioning systems, altimeters, video 6r 
camera flight path recovery systems are also readily interfaced. Digital data may be 
recorded on a floppy disk or on the PEAS-?0ClO’s internal hard disk. Data b,eIng 
recarded may be monitored on the PDAS-1000’s front panel mounted, 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, or on any g-pin or 24-pin dot-matrix printer. 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 instailed 
various processor modules. These modules include: 

. a range of 0.001 nn10 cps resoiution MEP cesium 
magnetometer/gradiometer processors, that can accept Larmor 
inputs from up to 4 sensors 

e an NovAt& 3951 R GPSCard Inletface with survey grtd flying software 
and a cockpit display for use with a variety of boppkr and Inertial 
(INS) navigation systems 

The airborne survey data will be digitally recorded directly onto the PDAS-1000’s 
internal hard disk. On completion of the days ftying, the survey data which has been 
stored on the hard disk wif? be backed-up to the units bulk-in streaming tape cartridge 
recxxder, or altemativety on to a floppy disk. This cartridge or disk would then be sent 
to the computer centre so that the data may be processed. 

3.4 The CPR flatsllite Navlmstem 

3.4.1 General O~ootlption 

Gtobat Positioning Systems, or GPS, are the ultimate in navigation and 
positiontng system for aerial surveying. GPS is a system which provides 
accurate positional information, based on signals received from a 
constellation of 24 satellites. GP3 Is a system that has been developed by 
the U.S. Department of Defence for militery use. The military version is called 
P-code GPS, however. a civil version exists, called CIA-Code, and it Is this 
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v4rsion which we discusa hem. 

Each satellite transmits ofi two frequencies simu\tansous!y, to permit the 
measurement and CorrectIon of atmospheric. refraction errors. By making 
timeof-arrival measurements o)rs these sIgnale from four or more NAVSTAfts 
simultaneously, the QPS user Is able to determine latitude, longitude and 
aftitude (X, Y end 2). 

GPS brings a number of important benefits to aerial surveying. First&, the 
coord\nates of the sunrey aircraft (horkontal and vertical) 8fe provided On a 
continuous basis. This not onty Improves the quality of survey navigation and 
reduces Its cost, it also simplifies data complktion 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 8 reusable 
positioning system. Surveys Wwn at different ttmes In the same area may be 
precisety correlated in position, making it easy to repeat survey lines of to fly 
gap-filler lines, etc. 

The Scintrex QPS system Is based on the NovAtel 3951R GPSCard. 12- 
channel NAVSTAR GPS receiver, and includes a F&mote, 3951R GPSCard 
receiver instalkd in the aircraft, and a differential base station utilizing a 
second 3951R QPSCard set-up at the base of survey operatins. This 
Wstem is capable of providing “Real-time” or “Post-Survey” differential 
corrections. Accuracy of the differentially corrected positions is +/- 5 meters. 

3.4.2 The Sointrex PNAV-2001 Navlgatlon Inte~acWDispfry Computer 

The PNAV-2001 is a navigation computer daslgned to utilize the outputs of 
navigation systems such as GPS or “range-range“ radio location systems, for 
special navigation tasks. such as way-point navigation end survey grid 
navigatfon. 

The three modes of operation are: 

MAP MODE 
This mod8 is used to display the area in “full view” to verify the shape 
and size of the area. and the number of survey fines coveting the 
areas. 

GRID MODE 
The pibVnavQator will use the Qtld Mode to f?y the survey lines. The 
grid lines are always vertically oriented on the display and the map 



will rotate I 80 when the aircraft is turned around. The pilot/navigator 
can ZOOM IN or ZOOfvl OUT to view the survey arediines in tnore 
detail. 

WAYPOINTS MODE 
This mode is used to navigate from point to point. The piiotlnavigator 
can enter waypoints snd use this mode to navigate to and from the 
survey area. The whole fiight is dlsptayed in “Real Ttme”. 

Other important features of the PNAV-2001 are: 

l 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 tine. 

c The PNAV-2001 continuously updates and dispiays numeric 
information such as: heading, latitude and longitude or UTM 
ooordinates, crosa track, line number. ground spead. distance 
to go, OPS time, PDOP (data quality), altitude in meters, and 
tYbOr6. 

l The PNAV-2001 provides a steering of pilot indicator to assist 
the pilot/navigator to “steer” sccurateiy along the propased 
flight-line. 

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

3.4.3 The HovAkl OPSCard Reoalver and Aooessorieo 

The OPS receiver used in this system h a NovAtel395lR GPSCard receiver, 
designed for use in a PC-compatibte laptop or desktop computer. The 
GPSCard supports a host of unique functions and capabilities as standard 
features. 

The 72 dedicated channels of the GPSCsrd independently track the code and 
carrier phase of 12 GPS satellites. The wide bandwidth RF front end, high 
rate muiti-bit sampling and digital signal processing features yield precise 
code phase tracking eapablitty with improved interference immunity. The dual 
serial data ports and the assorted inpuvoutput strobes provide support for 
integration with external systems, real-time differential positioning, remote 
receiver control, data logging and ttme transfer. 
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3.S 

The Radar Altimeter emp+wcf II-I the aeromagnstic %~rvey will be a Terra VU 
3500flRI 40. This altimeter IS a Ilght-weight compact instrument desl9ned for 
aircraft. The sftimaler ope&es from 0 to 10,000 feet over all types of terrain. 
Leading edge trackjng guamtim that the altitude indicated Is the one to the nearest 
object. 

The typIcal accuracy of me system is 2% of height. The analog output of 2.5 mV Per 
foot is lineer from 0 to 500 feet. Resolution is 15 cm. 

The time constant of the altimeter Is 0.1 second. All circuits are continuously 
monitored and a falling system’s integrity is immediately indlcateU. should a 
malfunction occur, The analog voltage will be recorded digitally ten times per 
second. AnaQ recording on the RMS will also be included. 

The sample rate will be set to once every 0.1 seconds, or nomlnafty every 7 meters. 

__F--- 

A King KRA-IOA single ham radar altimetet is nOmally used. The unit operates 
from 50 to 2,500 feet providing a continuow analog output that is approprlatety 
scaled and recorded by the data acquisition system. 

Accuracy is typically 5 % as spedfled by the manufacturer. 

The unit has a bulit in self test featuts. Airborne operators and pilot check the 
reading of unit on every take off and landing by comparing the radar altimeter 
reading with the known length of the tow cable which is normally 100 feet. 
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Scintrex will provide a Rosemount 1247 M barometric prassurb transducer adapted 
for high resolutkn airborne survey operations. The unit is interfaced to the airoraft 

static pressure system and to the acquisition computer which aCXXpt3 i&5 output, 
converts it to millibars and passes It to the analog and dlgital recorders. The 
barometric altimeter will be sampled instantaneously ten times per second, or 7.0 
meters. Resolution is 1 part per million or t.2 centimeters. 

The sample rate till be set to one every 0.1 seconds, or nominally every 7 meters. 

3.7 &i&jxd# An- 

The RNIS-OR33 Instruments Model QR33 Graphic Recorder is en instrument Of 
advanced design Incorporating a non-mechanical. thefmal printing system generating 
a precise high quality record on B chart 321 mm (12.625 Inch) tide. 

This micro-oomputer based recorder is controlkd by the Picodas FDA&1000 
Acquisition system which can provide selection and adjustment of recorded 
parameters as required by survey oonditlons. Pararnetsrs for all data recorded on 
the chart are printed at the start of each survey Right, in addltion to this, Mne number 
and start fid are recorded at start of each line, line number, end fld as well as 
operator8 comments and time are recorded at the end of each line. Time from the 
digital clock is printed on one margin of the chart with flduclal numbers on the 
opposite side. Each trace has an idantlfier printed at regular intervals. 

. 

3.8 

3.8.1 General Desorfptlon 

The Cl3S-2 Base St&ion C&urn 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-megnetlc 
tripod and is connected to a processor and PC-Datalogger by a long sensor 
cable. The CBS-2 operates from 8 72 VDC power source. 

The CBS-2 features: 

l 0.0% nT resolution over 20,000 nT to 100,000 nT tangs 
c high Oradiant tolaranoe 
l automatic tuning 
c sampling rate of 40 times per second 
l real-time RS-232C data out@ to an IBM-PC compatible 

&a&t;logger for display and storage on either h8rd or floppy 
* I 
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l data displayed on LCD screen ~1s traces in simuletion of en 

enabg chart recorder 
l oparntaa on 42 VOC power 

The CBS-2 C&slum Base Station Magnetometer camprises the followlng: 

c a magnetometer pfocessor card 
. a caslum sensor motinted on TV nonmagnetic tripod 
* a 30m long sensor cable 
l a 12 VDC power suppty 
c an RS-232 cable and adapters 
l Sclntrex praprietary Base Station Magnetometet Software 
l an PGc0mpatlble Digita! Ratalogger 

3.S The Sohtcmt VFPR-3 Vldao Fm 

3.9.1 Gensnl Desorlptlon 

So that the posItion of the helicopter/aircraft in relation to the recorded 
geophysical data can be verlfbd, and to albw LdentificatIon of cultural 
features, Scfntrex includes a vFPR-3 Wdeo Flight Path Recorder in this 
system. The VFPR-3 conalats of the followirq l&ma: 

. a video camera with Q wide-angle, auto-iris IWIS 
. I rack-mountable console oontainfng a VHS recorder, 6 ins. 

monitor. camara controls and power supply 
. a CAM-1000 vi&o flight pmth signal m’&er module for 

Instaliution In the PEAS-1 000 
. a ground playback system consisting of a 19 ins. colour 

monitor, a VW3 recorder ldentlcal to the unit in the airborne 
recording sub-system 

. a 1101220 V AC power supply 
l all necessary interconnect cables and manuals. . 

The VFPR-3 is available in either PAL or NTSC 0peratInQ system. 

3.9.2 The SaIntrex CAM-1 OOO Digital Vkiso MIxor Module 

The CAM-?000 is a module which is intemsfty maunted in the PDAS-1OOO 
and permits a camera to be employed with the survey system for the 
purposes of recording the &craft’s flight path track while on survey. 

The CAM-IOOO places referencing lnfotmotion on the recording tape overlaid 
0n the video signal. Thfs information can be as much or 8s little as the user 
requires, and could, for example, be fiducial, magnetometer total field value, 
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latitude end longitude (assuming a navigation system is available in the 
aircraft) and time. 

The positlon al the aircraft with respect to the ground can also be .recordad 
wlth a moving oursor overlaid on the video signal. This feature requires either 
the presents of a GPS or doppler navigation system in the aircraft. or some 
inclinometers, to provide pitch and roll information. When oparationel, this 
feature will show the true atm of the video camera, regardless of the aircraft 
attitude. 

3.10 Plold Oftks Corn- 

All data, including both airborne and ground data will be verified daily using a PC field 
computer. The flight path for each filght will ba plotted each day In a manner that will 
provide a oontlnually updated fl$ht path map of all fIying done to date. This will allow 
Mills for gaps in coverage to be flown in timely manner. Preliminary contours of the 
geophysical data will also be available for viewing using Gaosoft software, Nnning 
on a Pentium PC computer. 

4. FIELD OPERATJONS 

Assurance of a smooth running, fully coordinated flefd operations is gained through the 
setaction of experienced crews using IaCest state-of-theart equipment and software. 

If SUCceSSfUl with our proposal, preparations for moblllxation will commence lmmediat8iy 
upon receipt of such notification. For international oparations it is normat to raqulre 
assistance from the Company to obtain pannits and visas, and to set up liaison with local 
setVlo8S to prepare for the incoming elrcraft and associtied spare parts as well as 
geophysical and data processing equipment. 
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Before starting, and oontinuing during the eu~ey, the following system calibration 
checks will be performad. 

40.1 EM System 

The EM system till be cslibmtad with an external co\! at the start and end of 
the survey, and will be phased wtth an external far&e md befoore eech survey 
flight. In addltion, calibration of the EM system to m88SUCe “out-of-ground- 
affect” zero leveb, nuIt and Q-coil calibratfons wffl be fIown et high altitude at 
the beginning and end of each survey flight end at least twice during each 
survey flight, and finally. Q-coil and rere level calibrations will be performed 
apptotimatsly four times per hour, alfowing for the comptetion of tines. 

4.1. ? Magnetatnder - Fixed wing system 

HEAOINQ TESTS 
At the stert and end of the survey and foollowing any maintenance wok on the 
aircraft, test flights will be flown in a low gradient area over a prominent 
feature to demonstrate the level of the heading errors. These tines will be 
flown at 45 degree increments around the compass and the crossover point 
will be located from the GPS positionrng data. The maximum total heeding 
error betwaan any two compass points will be 4 nT. However, heading errors 
for the nominated ftlght dIrections will be less then f1 nT. 

AiRCRAFT MANOEUVRE . 
Manoeuvre no&e checks and compensation will be carried out in conjunction 
with the heading tests above. Manoeuvre noise will be compensated to less 
than +I- 0.10 nT peak to peak with normal rolls, yaws end pitches on the 
survey headings. 

PARALLAX ERROR 
Wetem pan&U wfll be determfned by reciprocal flights at sut%ey height and 
speed over a distinct magnetic feature. The results of the tests will be 
reoorded In analog and digital mode and will demonstrate a parallax of less - 
than 2 saconds. A more accurate determination of paratfax error can be 
made by obsetvation in the early stages of data processing. 

The above tests am not required for helicopter-borne systems since the sensor 
is beyond the infiuence of the fenomagnetlc properties of the hellcopter. 
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4.1.2 Spsatromer Syekm CMbration 

Before the start of, and at the completton of any survey requiring ca~lection 
of spectrometer data, spectrum plots of a cesium test source will be clone on 
each crysta\ detector to check resolution. This data till be collected in both 
analog and digital format. 

Before and after each day of survey, the spectrometer will be checked for 
accuracy in tha following manner: 

. Ceslum test source will be used to check individual crystal detector 
calibration. 

l A background fevel will be recorded. 
c Uranium hand samples wilI be placed in predetermined positions and 

the level will be recorded. 
l Thorium hand samples will be placed In predetermined p&ion and 

the level will be reco&ed. 

All tests will be recorded for a minimum of one minute and annotated in a 
clear and unique way. 

When in the air. a ‘low level test Ilne” will be flown. This line will be a 
minimum of fwe kilometers long and flown over well defined features so that 
it can be accurately repeated. A “high-level” test line will also be flown. This 
line till be a mtnlmum of five kilometers long and flown at a minimum height 
of five hundred meters above ground tavel. or if available, over a body of 
water at survey height and no closer than one kilometer from the shore. The 
same tests will be done (normally in the reverse order) at the end of the 
survey day. 

The data from these tests will be checked and will remain within a range of 
+/- 10% over the course of the survey. 

4.1.3 Altknetere 

Radar aftlmeter catibmtlon for linearity and accuracy will be checked on the ’ 
terrain clearance data using electronic cailbration procedures prior to survey 
commencement. 

The barometric artimeter will be adjusted to the same datum prior to each 
flight and local pressure variations tifl be monitored and recorded after each 
flight. 
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4.1 .A Nivl~ath Eq~ipmmt 

The GPS system will be tc&ed for absolute positional accuracy usfng known 
pOlntS and test lines. 

4.2 Qualltv M PrscedULd2 

Strict quality control procedures~wllt be adhered to throughout the WrveY involving 
statistical and graphical inspection of all data acquired. 

ScIntmx will provide the necessary personnet and computing equipment at the field 
base to enable data verification on a daily basis. 

Aircraft data tapes will be read to confirm data recovery and tabulations will be 
provided of minimum, maximum, mean and standard deviation of all geophysical 
data. Noise levels will be checked using a 4M difference operator. Profiles of all 
geophysical date can be plotted in the field. The flight path data will be plotted daily 
to check for data quality and navigational accuracy. Any data which does not 
conform to contract specifications will be discarded and refbwn at the Contractor’s 
expense. 
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AIRBORNE GEOPHYSICAL SURVEY IN STEWART 
BRITISH COLUMBIA 

FINAL REPORT 

ABSTRACT 

During the period of May 17 to 19, 1996, Scintrex carried out a multi-sensor high- 

resolution airborne geophysical survey, for Teuton Resources Corp., over three blocks 

located about 50 km south east of Stewart, British Columbia. The area was designated 

as Stewart Properties. 

The survey was part of a service contract signed with Teuton Resources Corp., 
Vancouver, B.C., to survey the exploration concessions in British Colombia, totaling 

approximately 128.1 km’ for this region. A total of 698.8 line-km of geophysical data 

with about 13.2 helicopter flying hours were expended. 

Data processing involved the data compilation, gridding and contouring of the 

geophysical data collected, using the processing center at Scintrex Limited, Toronto. 

EM anomaly identification was undertaken using a semi-automated process for picking 

and determination of the conductance using the response from a vertical plate model 

in free space with 300 X 600 m dimensions. 

The processed survey results have been presented as 8 maps for the survey areas at 

the scales of 1:20,000 and 1 :lO,OOO for a detail area; total field and total field 

reduced to pole magnetic contour maps, apparent resistivity for two frequencies (Cp- 

930 and 4170 Hz), anomaly symbols map in two different versions, VLF of the 

summed residual field, and finally base maps with total magnetic cotours and EM 

symbols. 
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1. INTRODUCTION 

1.1. General Considerations 
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These services are the result of the Agreement made on April 15, 1996 between 
Teuton Resources Corp., and Scintrex Limited to perform an airborne geophysical 
survey over exploration concessions the company is exploring in British Colombia. The 
survey consisted of about 698.8 i-km of electromagnetic, magnetic and VLF data. 

The data acquisition was carried out between May 17 to 19, 1996. The data 
processing started when the data was received at Scintrex’s Toronto office on May 
21 and was completed June 26, 1996. 

1.2. Survey Specifications and Deliverable Products 

The geophysical service as specified in the contract, was a helicopter-borne multi- 
parameter electromagnetic-magnetic-VLF geophysical survey, with flight lines 200 m 
and 100m apart, sensor flying height varying from 30 to 60 m, and sampling interval 
of 0.1 second except for GPS differential positioning at 1 .O second sample rate. 

Data compilation and processing were carried out by the application of Geosoft and 
Scintrex computing programs to generate the colour contour maps and other products. 
8 plots of the survey blocks were presented at a scale of 1:20,000, 1: 10,000 and one 
map at 1:50,000. EM anomalies were picked for all flight lines and are presented in 
a special symbol map. 

The survey report describes the procedures for data acquisition, processing, and final 
map presentation and the specifications for the digital data sets. A tabulation of the 
identified EM anomalies also forms part of this report (Appendix II). Detailed discussion 
and interpretation of the results were not part of this report. 

1.3. Relief and Vegetation 

The area consists of rugged relief with altitudes varying from 2500 to 7000 feet. 
The rugged areas extend from west to south-east of the largest surveyed zone. 

The valleys are carved from glacial movements. 

Vegetation in this region is composed of coniferous forests with trees varying in height 
from 10 to 15 metres. 



2. DATA ACQUISITION 

2.1 Survey Areas 
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The survey areas (see sketch Appendix I) and general flight specifications are outlined 

as follows: 

AREA LINE SPACING LINE DIRECT. TOTAL LINE KM AREA 

Zone 1 100/2300m N45OE/N45OW 72.3 LKm 12.4 Km2 
Zone 2 200/6200m N45OE/N45OW 524.5 LKm 97.7 Km2 
Zone 3 200/2600m N45OE/N45OW .- 102.0 LKm 18.0 Km2 

The airborne survey comprised a total of 698.8 l-km of geophysical data acquired from 

June 17 to 19, 1996 by surveying an area of 128.1 km2. About 13.2 helicopter flying 

hours were required to complete the survey block. 

The helicopter was based at the local airport in Stewart, British Colombia. 

2.2 Operations Base 

During the data acquisition the base station was located at the local airport in Stewart, 

British Colombia. 

2.3 Flight Specifications 

The flight line directions and spacings for the block were established by the client, 

following the principle of crossing the general geological structure with a normal angle. 

The block was surveyed in an north-east south-west direction. The line spacing was 

generally established at 200 m except for Zone 1 with was 100 m. A flight was not 

accepted if a deviation from the intended flight path was more than one-half of the 

nominal line spacing over a distance of more than 2 kms. 

The optimum terrain clearance adopted for the helicopter and instrumentation during 

normal survey flying was 60 m with sensors suspended below (mag at -15m, VLF at 

-15m, EM bird at -3Om). Actual terrain clearance of the helicopter varied between 40 

and 80 m and averaged 60 m because of the rugged topography. 

Normal helicopter airspeed averaged around 100 km/h. In areas of rugged terrain and 

depending on wind intensity, more variations were encountered. Data was recorded 

7 



using a 0.1 second sample rate resulting in geophysical measurements approximately 

every 2 to 3 meters along the survey lines. Sampling rates and resolutions for data in 

each channel are specified in the Table 2.1 below. 

TABLE 2.1 

Syj&m~ivi.: iJf &AjiiE~q:I:~ SAqgLING;&~Esi$~cI : : : R&$&$iQ.@ :: 1.: 
Total Field Magnetics 0.1 set 0.001 nT 

E.M. - 875, 930 Hz 0.1 set 0.10 ppm 

(4 channels) 

E.M. - 4170, 4800 Hz 

(4 channels) 

0.1 set 0.20 ppm 

E.M. - 35,000 Hz 

(2 channels) 

0.1 set 0.50 ppm 

VLF - 2 frequencies 

(4 channels) 

0.1 see 0.3% 

Radar Altimeter 

(1 channel) 

0.1 set 0.15 feet 

GPS Navigation 1 .O set 0.1 m 

2.4. Helicopter and Survey Instruments 

2.4-l . Helicopter 

The helicopter employed was an A-STAR AS 350 - 61. It was rented from Northern 

Mountain Helicopters Inc. of Prince George, B.C.. 

2.4.2. Electromagnetic System 

A Scintrex HEM-V System, with 5 frequencies and multi-coil geometry, installed in a 

7 m bird, was used with the configuration specified in Table 2.2 below. 

8 



875 Hz 

930 Hz 

4,800 Hz 

4,170 Hz 

35,000 Hz 

Table 2.2 

vertical coaxial I 6.54 m 

horizontal 

coDlanar 

6.54 m 

vertical coaxial I 6.54 m 

horizontal 

coolanar 

6.54 m 

horizontal 

I 

6.54 m 

coplanar 

I, Q I 0.10 13Dm 

I, Q I 0.20 ppm 

I, Q I 0.50 ppm 

The internal noise for normal flight conditions was typically less than 1.5 ppm of the 

transmitted field. The EM data related to the ten EM channels were sampled at 0.1 

second intervals or approximately every 3 m along the survey line. Additionally, the 

operator monitored the spheric events and the power-line noise levels as measured by 

the 60 Hz channel and output to the chart recorder. The EM sensor was towed by an 

external cable 30 m long, and was maintained at a nominal flight height of 30 m above 

the terrain. . I 

2.4.3. Airborne Magnetometer 

A Scintrex MAC - 3 Airborne Cesium Magnetometer was used on the survey. This 

system utilizes a split-beam, optically-pumped cesium vapor magnetic sensor, which 

is sampled at 0.1 seconds and which has an inflight sensitivity of 0.001 nT. The 

sensor capabilities guaranteed correct sampling of high magnetic gradient zones. The 

total field intensity range for this instrument is approximately 20,000 to 100,000 nT. 

The magnetometer sensor was transported and attached to a tow-cable 15 m below 

the helicopter. The noise rarely exceeded 0.1 nT for this contract. 

2.4.4. VLF System 

A Herz VLF system, Totem 2A model, was used to measure the total field and vertical 

quadrature components of both of the two VLF stations, operating in the range of 15 

kHz - 30 kHz. VLF channels were also sampled at a 0.1 second interval. The sensor 

was transported in the same auxiliary bird used for the magnetic sensor. 

The transmitters used in were chosen to be aligned with the main structural trends 
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of the area geology. Those were as follows: 

. -.? 

i i 

NAA, Cutler, Maine, USA 
NLK, Seattle, Wash., USA 

- 24.0 RHz 
- 24.8 kHz 

2.4.5. GPS Positioning System 

A Scintrex Differential GPS system comprising; a PNAV-486 navigation computer and 
NovaTe1951 R GPS Card 1 O-channel reciever was employed to provide positioning and 
navigation control. The system determines the absolute position of the helicopter in 
three dimensions, resulting in a position sampling accuracy of about 5 m. As many as 
7 to 10 satellites are monitored during all flight periods in order to provide continuous 
and actualized information to the pilot. This data is combined with base station GPS 
data in a post-flight correction procedure. The GPS positioning data were recorded at 
1 .O second intervals. There were problems caused by the misplacement of the GPS 
antenna on the helicopter which amounted to haphazard blocking of the signal from 
the satellites. 

2.4.6. Data Acquisition/Recording System 

A Scintrex PDAS-1000 data acquisition system was used to record and monitor the 
geophysical data. Data were also simultaneously recorded on hard disk and then ported 
to a laptop hard drive and dumped to the field computers for post-flight computer .- 
processing. 

2.4.7. Ancillary Equipment 

A Scintrex VFPR-3 Video Flight Path Recorder System, comprising a Panasonic colour 
video camera and a Sony VCR operating in 8 mm format was used to record the flight 
path of the helicopter. Time and fiducial information were superimposed on the video 
recording along with the uncorrected GPS position. 

A BENDIX-King KRA-10 radio altimeter system was used to record the terrain 
clearance with an accuracy of about 1 m. 

The altimeter was interfaced to the data acquisition system with an output repetition 
rate of 0.1 second. Recording was carried out in both digital and analog format. 

2.5. Ground Equipment 

2.5.1. Magnetometer and GPS Base Station 

-- 
A Scintrex CS-2 Cesium Magnetometer, with digital recording, was operated 
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continuously throughout the airborne data acquisition phase. The instrument was set 

up with a sampling interval of 2 seconds and sensitivity of 0.1 nT, to monitor the 

diurnal variation and periodic magnetic storms. At the end of the days work, the data 

stored in the magnetometer was transferred to the field workstation but not used in 

the data reduction. 

A ground base station GPS unit was also installed at the operations base to monitor 

GPS satellite correction data. The records from the base station GPS were used with 

the aircraft files to determine the differential correction (DGPS) of the flight path. 

2.5.2. Field Computer Work Station 

A dedicated PC-based field computer workstation was used for purposes of 

reproducing the geophysical data for quality control, plotting a corrected flight for 

navigation control and for copying and verifying the digital data. The data were then 

sent to Scintrex’s Toronto office on magneto-optical disk. 

2.6. Data Acquisition Procedures 

Data is collected in a binary format with a header file in ASCII and one binary file per 

line. As well, a binary file of the remote positioning information accumulates while the 

aircraft is surveying. 

The survey area in Stewart was initially planned by using the GPS Navtrain simulation 

program. For each block the coordinates as well as line spacing, direction, etc, were 

input in the program to compile the survey parameters and to generate the total line 

kilometers and the survey control files. These files were used by the operator for real 

time navigation purposes. 

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

system: 

a) 

b) 

cl 

An external coil was used to calibrate the EM system periodically and an internal 

coil was employed to check the system calibration by repeating the checking 

procedures at least twice per survey flight. The EM system was also phase 

adjusted with an external ferrite bar before each survey flight; 

The VLF system was tuned to two of the VLF transmitters located in the United 

States, according to the survey area location and flight line direction. In all cases, 

NLK and NAA were used for this survey. 

The magnetometer sensor performance was evaluated by the noise level showing 

up on the analog record (4th difference profile). 
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The field office routine comprised the compilation and data quality control, as follows: 

a) Reproducing of data in a multi-channel profile including: ten EM channels related 

to inphase and quadrature components for each one of the five EM frequencies, 

and the four channels of VLF total field and vertical quadrature components; 

b) Data quality.control involved checking the EM noise levels and drift, identifying 

the presence and amplitude of spherics, as well as implementing correct 

calibration procedures. For magnetic data, the noise envelope was measured by 

4th difference record; spikes due to cultural effects or sensor orientation were 

carefully monitored. VLF data was basically checked for data 

recording spikes and general noise levels; 

Video tape flight path checking to confirm cultural sources affecting data and 

anomaly locations; 

Plotting the base station magnetometer data files in order to reproduce the diurnal 

variation profile. For acceptance of magnetic data, the diurnal variations had to 

be less than 5 nT for a 5 minute period: 

I.. 
-- 

1 
i 

After the pre-processing, the data were organized in the Geosoft format data files. 

These files, including the geophysical and positioning information, were transferred to 

an optical disk for office processing purposes. 

2.7. Field Personnel 

The survey crew consisted of the following personnel: 

, 

i 

Dave Hayward Project Manager 

Damir Jamakosmanovic Systems Operator 

Cesar Perez-Castaiieda Dataman/Geophysicist 

The pilot and flight engineer were supplied by the Helicopter company (Northern 

Mountain Helicopters Inc.). 

General project management was under responsibility of Terry McConnell, General 

Manager, Systems and Surveys Division, Scintrex Limited. 

3. DATA PROCESSING 

3.1. Considerations 

_ 
Data processing involved applying the Scintrex Computer Mapping and Processing 
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routines to the data. The data center at Scintrex is configured in a PC environment 

with workstations based on Pentium 90 series computers, with high capacity hard 

disks and E-size Hewlett-Packard inkjet plotters. 

Basically the processing consisted on four different steps, as follows: 

a. Post-flight processing to generate a flight path derived from the GPS locations. 

C. Generation of the Oasis database merging the position relative to the data. 

b. Geophysical data reduction in Oasis by application of correction procedures. 

d. Processing of the data and preparation of plot files by standard methods. 

During post flight processing, the GPS corrected positions are reduced and the survey 

data is imported into an OASIS binary database. The OASIS system is used for all 

merging, corrections, editing functions and preconditioning. Once this segment of the 

work is completed, specific X,Y,Z files are expqrted from the binary database ready 
for processing with GEOSOFT software. This system permitted on-site monitoring of 

data quality during survey, and allows immediate preliminary map production and 

follow-up of exploration anomalies and mapping targets. 

Different procedures were followed in order to process the data for map generation. 

According to the data character (i.e. magnetic, em or VLF), different correction 

procedures were applied and were standardized for all work in B.C. as outlined in the 

following section. 

3.2. Data Compilation 

3.2.1. Flight Path Generation 

After importing each survey flight into the database, the corrected GPS positions were 

merged for each successive flight. At this point, an X,Y,Z file containing an Easting 

and Nor-thing, together with a fiducial could be created in order to test the flight path. 

3.2.2. Magnetic Data 

No base station variation removal was carried out on the surveyed magnetic field 

because magnetic diurnal variation was minor at all times. The airborne total field data 

was leveled by the use of tie lines exclusively throughout the survey work. 

Data quality check was accomplished by computing the fourth difference and plotting 

the unlevelled data with the difference function. This technique permitted tracking the 

performance and deterioration of the magnetometer sensor as well as the noise levels 

which were superimposed on the data during survey activities. The bad data was 
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removed in a special column of the data base after copying the original data to a new 

channel, thus preserving the raw magnetic values. The manual editing consisted of 

occasional elimination of dropout spikes which were up to 1.5 seconds wide and were 

caused by the magnetometer loosing orientation while climbing up steep mountain 

faces. 

The levelling was carried out by adjusting the intersection points on the traverse lines 

such that the differences were minimized with the control lines. First a leveling 

intersection network is established and intersections are weighted according to their 

magnetic differences. For example an intersection on a sharp magnetic high having a 

high gradient may be weighted much lower than the average point or simply may be 

eliminated from the network. 

OASIS permitted visual examination of the intersections for each tie-line if manual 

editing was required. As well, the leveled line could be visually compared to the 

unleveled line at any time during the leveling process. The leveled data was then 
exported to an X,Y,Z file and a preliminary map was generated and inspected. 

The data were gridded by linear interpolation between the survey lines and then 

prepared for contouring by applying a Hanning filter to the gridded values. 

The IGRF field was not removed from the levelled total field because of large regional 

variations in the measured total field over relatively short distances. An FFT-based, 

two-dimensional operation was used to generate the Reduction-to-the-Pole version 

(RTP) of the total magnetic field map. I’ 

3.2.3. VLF Data 

The processing applied to VLF data involved first correcting for a 2.0 second lag 

(caused by the internal acquisition of the instument). Then the field strengths from the 

two stations were summed. A regional field was calculated from the summed values 

and then subtracted from the summed values such that the resultant residual 

contained anomalous wavelengths shorter or equal to one thousand meters. 

This filtering removes responses caused by long wavelength changes in signal strength 

and sharpens the short wavelength responses and produces a multi-directional image. 

However, all VLF maps can be very affected by terrain, resulting in anomalies 
displaying a high correlation with ridges that are parallel to the transmitter direction 

and that are moderately conductive. 

3.2.4. Electromagnetic Data 

Initially all channels of EM data were inspected for noise and noise characteristics 
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a flight by flight, line by line basis. Data falling within the allowable noise envelope 

were first treated with a non-linear filter (7.5 seconds width and 5% of tolerance) to 

reduce the amplitude of all spikes to within the acceptable noise envelope. Next, the 

data was treated with a lowpass, matched, recursive filter (0.3 second cutoff) to 

separate the signal from the remaining short period noise. This signal enhanced 

channel formed the basis for all further processing of the electromagnetic data in that 

channel. The procedure was then repeated for all EM channels. A visual inspection of 

the raw and filtered channels profiles at the same scale was carried out on every flight 

line. 

The EM data were then subjected to a semi-automated anomaly picking using the low 

and mid frequency coaxial coil pairs ( CX 875 Hz and 4,800 Hz) in order to ensure the 

highest resolution possible with respect to the anomalous zone nearest the surface. 

The technique was implemented by first calculating a residual for the inphase and 

quadrature components and plotting these at the same scale on the OASIS screen. As 

well, the original filtered component and the computed regional of the inphase 

component are plotted on the same screen to prevent the possibility of picking filter 

artifacts. 

r- 

! 

I 
i 

The picker then referred to the plots to pick the anticipated conductor locations and 

to the numerical window to check the digital values of the respective inphase and 

quadrature components. At this point the picker inserted an anomaly flag in the 

anomaly column such that he can export the amplitudes and location at the picked 

points only. The amplitudes are then used to interpret the conductance which could 

arise from a plate model (finite plate 600 X 300 m). The interpreted conductances 

were inserted into the database and an anomaly X,Y,Z file was re-exported and merged 

with the flight path in order to make an anomaly map. 

i 
Leveling of the EM channels was carried out on the coplanar coil pairs so that apparent 

resistivity map could be made. A table was constructed which consisted of averaged 

end point values of inphase and quadrature components of all sequential calibration 

flights along with their respective GPS times for each frequency. From this point a 

table file was made for each flight, for each component and for each frequency. 

The required frequencies (CP 930 and 4,170 Hz) was leveled by assuming a linear 

drifting had occurred between the calibration lines. A resistivity value was then 

extracted from a lookup table of half space resistivity grid values for that frequency 

and component. If non-linear drifting had occurred (common in mountainous terrain) 

the zero levels was manually adjusted such that leveling errors in the data were 

minimized. Finally, the lower limit of values below the signal to noise threshold were 

clipped to a constant value. As well, those values above the approximate value of the 

respective frequency were also clipped to a constant value depending on the 

coherency of the resistivity data. This data was then exported in X,Y,Z format such 
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that a resistivity map could be made. 

3.3. Map Generation 

3.3.1. General Characteristics 

A standard grid cell size of 25 m for 1:20,000 scale (and 1;50,000) and 20 m for 

1: 10,000 scale was used. Computer generated contour maps of total field magnetics, 

vlf and resistivity were typically created from their respective grids. Colour maps were 

produced by interpolating the grid down to an appropriate pixel size. This data is then 

incremented with respect to specific amplitude ranges to provide solid colour “contour” 

maps. Black-line contours were also superimposed on the colour maps using GEOSOFT 

merging routines. 

The UTM coordinate net was superimposed on the maps as well as the flight path. A 

colour pallet located at the right side of the map shows the different levels of intensity 

relative to the colour being mapped. Legend information identifying the client and the 

product is then added to the map surround. 

The characteristics that have been produced and presented for these surveys are 

described below: 

3.3.2. Magnetic Maps 

Two different magnetic map sets were produced: Total Intensity and the Total 

Magnetic Field Reduced to the Pole. The magnetic data were contoured using 5,20 and 

100 nT intervals. 

3.3.3. Electromagnetic Maps 

Contoured Apparent Resistivity Map at 930 and 4170 Hz - resistivity (in ohm-m), 

calculated using a half space formula for the horizontal co-planar frequencies of 930 

and 4170 Hz. 

EM Anomaly Symbol Maps - The symbols express conductance estimates for the 

anomalies detected by the vertical co-axial coils of 875 Hz and 4800 Hz. Each symbol 

shows the anomaly referenced by a letter, the frequency of the picked conductance 

and the conductance in Siemens based on a thin vertical plate 600 m X 300 m in 

dimension, separated in four different classes, as below: 

Class I - over 10 Siemens 

Class II - 5 2 10 Siemens 

Class lll- 1 < 5 Siemens 

Class IV - 5 1 Siemens 
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_ 3.3.4. Other Contour Maps 

----- 

The VLF data were presented in a colour version and tittled the Summed Residual VLF 

Field Strength Map. It was generated by processing of the total field measured by Line 

and Ortho stations. The VLF contouring information is presented in percent (O/b) of the 

primary field strength. 

3.3.5. Base Map 

A topographic base map was prepared for the survey areas at the scales of 1:2O,OOO 

and 1 :lO,OOO. The flight path and total magnetic intensity contours were 

superimposed on the base maps. 

3.5. 

One 

3.6. 

Digital Archives 

copy of digital grid archive was prepared. 

Data Processing Personnel 

Scintrex operations at the Data Center in Toronto was carried out by geophysicist Lily 

Manoukian. 

4. DELIVERED PRODUCTS 

4.1. Survey Report 

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

the survey results. In addition to computed maps a tabulation of identified anomalies, 

anomaly sources and their characteristics forms part of the report. 

4.2. Maps 

The following maps were presented to Teuton Resources Corp. as results of the 

airborne geophysical survey carried out over concessions the company possesses in 

British Columbia. 

4.2.1. Colour and Contour Maps 

. Total Magnetic Field 

Reduced to the Pole Total Magnetic Field 

Summed VLF Field Strength 

Apparent Resistivity Cp-930 Hz 
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. Apparent Resistivity Cp-4180 Hz 

. Total Magnetic Field of 2 zones combined 

4.2.2. EM Anomaly Map 

. EM Anomaly Symbols at Cx-875 and 4800 Hz 

4.2.3. Base Maps 

. Base Map with Em symbols path 

. Base Map with Total magnetic field contours 

4.3. Digital Archives 

One copy of the digital archived was supplied to Teuton Resources Corp.. 

4.4. Analog Records and Flight Path Videos 

All original analog chart records and video tapes available for each survey flight are 

delivered to Teuton Resources Corp.. Analog records are arranged in envelops and 

contain two sets of field profiles (EM/Magnetic and RadiometriclVLF data for each 

approved survey flight. Video tapes with flight path contain part or all of one complete 

flight. ._ 

SCINTREX LIMITED 

June 27, 1996 
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APPENDIX I 

SURVEY LOCATIONS 
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