
-  

-  

-  

-  

-  

-  

1999 REPORT OF GEOLOGICAL, GEOCHEMICAL 
AND GEOPHYSICAL WORK 

ON THE 
YREKA PROPERTY 

British Columbia 
Nauaimo Mining Division 

92USE 
Latitude 50*27’3O”N 

Longitude 127*34’OO”W 

For 

- 

TALLTREE RESOURCES LTD. 
1104 - 750 West Pender Street, 

Vancouver, B.C., 
V6C 2T8 

by 

KENNETH E. HICKS, P. GEO. 

Felipe Vallese 2202 
(1406) Buenos Aires, Argentina 



- 

- 

SUMMARY 

The Yreka Cu-Zn property is situated 24-km south-southwest of the town of Port Hardy on 
northern Vancouver Island in southwestern British Columbia. Skam hosted high-grade copper 
mineralization has been the focus of exploration and mining efforts since the turn of the century. 
In addition, zinc, molybdenum and gold occurrences are found within the property borders. 

The most significant economic deposit in the area was the Island Copper mine, a large copper- 
molybdenum-gold porphyry deposit located 16 kilometers northeast of the Yreka property. 
During its production from 1971 to 1997, the mine produced copper concentrate containing 1.3 
billion kilograms of copper, 3 1 million kilograms of molybdenum, 3 1.7 million grams of gold, 
336 million grams of silver and 27,000 kilograms of rhenium. It was the third largest copper 
mine in Canada. In addition to porphyry mineralization, the Island Copper mineralized area was 
also host to copper skam mineralization (the Northwest Zone). 

In 1998 Talltree Resources Ltd. conducted an initial exploration program of prospecting, rock 
and soil geochemistry. A total of 83 rock samples and 285 soil samples were collected from the 
property area. Two areas were selected for detailed sampling and examination: Lower Blue 
Grouse and Clyde (Figure 4). Results were encouraging in the North Arm (Cu and MO) prospect 
and the Upper Blue Grouse area (Cu, Zn, Au). 

The efforts of the 1999 exploration program consisting of property mapping, prospecting, soil 
geochemistry and VLF-EM in the North Arm creek, Upper Blue Grouse and the Tuscarora areas. 
A total of 3 1 rock samples were collected and analyzed for 30 element ICP and FAA gold. A 
total of 491 soil samples were collected on the Canyon Grid and the Tuscarora grids, following 
up on the 1998 areas. A total of 12.5 line km of VLF-EM was carried out on the grids. 
Approximately 11 days were spent conducting geological and prospecting traverses. 

Results from the 1999 work program indicate an area of strongly anomalous copper and 
molybdenum concentrations in soils over the North Arm Creek area. The combination of 
anomalous levels of both elements, together with the discovery of a dense quartz-stockwork zone 
and visible molybdenum in hand specimen is a very positive indication that porphyry-style 
mineralization might exist on the property. 

The Blue Grouse and Tuscarora prospects were found to contain high concentrations of zinc in 
rock samples and this contributed to the hypothesis that a mineralogical zonation might exist on 
the property. MO and Cu would represent proximal mineralization while zinc would be distal to 
the intrusive heat source. 

Recommendations for future exploration involve a detailed airborne survey of the entire 
property, correlation with ground information and, given positive results, a second phase of 
aggressive diamond drilling with a helicopter-supported rig. 
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1. INTRODtiCTION 

This report was prepared at the request of J. Minni, president of Talltree Resources Ltd., 1104 - 
750 West Pender Street, Vancouver, B.C., who controls the claims under option. This report and 
the general focus of the 1999 work program on the Yreka property described within it are based 
upon the conclusions and recommendations of the previous work program and report in 1998 
authored by Chris Baldys, P. Geo. Therefore, readers are advised to refer to the 1998 report for a 
detailed version of the historical property data and regional geology. 

The CD, BF, Bern, and Micha 5 claims form a contiguous group called the “Yreka property”, 
situated 24 km south-southwest of the town of Port Hardy on northern Vancouver Island in 
southwestern British Columbia (Figure 1). 

The property is host to Cu-Zn skarn mineralization and is underlain by sedimentary, volcanic and 
intrusive rocks of the Wrangellia Terrane of the Insular physiographic belt (Figure 2). 

Copper skarn mineralization was discovered on the Yreka property at the turn of the century and 
was the target of intermittent exploration and production until 1979. A total 145,334 tonnes of 
ore averaging 2.71 percent copper, 3 1.22 g/t silver and 0.34 g/t gold was mined. Noranda 
Explorations Ltd. delineated the deposit by diamond drilling and underground development in 
1953-56. Most of the production took place between 1965 and 1967 by a joint venture between 
Mitsubishi Metal Mining Co. and Yreka Mines Limited. 

The Yreka property has had considerable historical exploration since the turn of the century. 
Numerous geochemical, geophysical and geological programs have been completed on the Yreka 
and to a lesser extent on the surrounding occurrences. The potential for developing an economic 
deposit on the property lies within three areas: 1) greatly expanding the tonnage of the known 
mineralization at the Yreka mine itself 2) defining a geological resource in the outlying 
occurrences such as the Blue Grouse or Tuscarora through detailed drill testing or 3) the 
discovery of a Cu-MO resource of porphyry-style mineralization in the North Art-n creek area. 
Expanding the tonnage of the Yreka deposit is considered unlikely considering the great amount 
of drilling carried out by Noranda in locating the “blind” deposit. The other two avenues are 
considered to be geologically possible. 

2. LOCATION, ACCESS AND TOPOGRAPHY 

The Yreka property is located in the northern part of Vancouver Island, B.C. (Figures 1 and 2), 
centered at approximately 50’27’30”N Lat., 127”34’OO”W Long (UTM 5,590,50ON and 
601,700E). 

The nearest settlement is Port Alice, the site of a pulp mill, situated across Neurotsos Inlet, 3.5 
km southeast of the property. The inlet is the southeast arm of Quatsino Sound, which leads 
westerly to the Pacific Ocean. Access to a dock on the property is by boat from Juneau Landing 
near Port Alice or Coal Harbour at Holberg Inlet 12 kilometers southwest of Port Hardy. A 1.9- 
km reconditioned road leads from the dock to the property workings. 

The west side of Vancouver Island is well known for rugged terrane, high relief and high annual 
precipitation. The property extends from tidewater up the mountainside to the west, and 
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CLAIM NUMBER TYPE RECORD REGISTERED EXPIRY DATE 
NAME OF UNITS NUMBER OWNER 

CD 16 MGS 353373 C.DYAKOWSKI JAN. 25,200l 
BF 6 MGS 353335 C.DYAKOWSKI JAN. 25,200l 
BERN 4 MSG 361294 C.DYAKOWSKI JAN. 24,200l 
MICHA 5 1 2 POST 361321 C.DYAKOWSKI FEB. 19,200l 

The claims are currently under option to Talltree Resources Ltd. of Vancouver B.C. The Edison 
Crown Granted claim (Lot #244) is contained within the perimeter of the claim group boundary 
but is not part of the Yreka property (Figure 3). The property is approximately 675 hectares in 
size. 

4. PROPERTY HISTORY AND DEVELOPMENT 

The Yreka copper deposit was discovered at the end of the last century, the first claims being 
staked in 1898 and 1899. By 1903 the property was equipped with an aerial tram, a ten-drill air 
compressor powered by a Pelton wheel, ore bunkers, and a wharf. In that year 2500 tons of 
copper ore, of unknown grade, was shipped from the Clyde workings on the property. In 1903 
the Northwestern Smelting and Refining Company assumed control of the property from Yreka 
Copper Company, however all work ceased in 1904. 

A new wharf, ore bunkers and aerial tramway were erected in the spring of 19 17 and a shipment 
of 900 tons of 3% copper ore was made, but the property was again abandoned later in the year. 

No further work was done on the property until 1952, when it was taken over by Noranda 
Exploration Company Limited. In 1953 the company conducted detailed mapping and “X-Ray” 
diamond drilling. Two short holes were drilled at the portal of Tunnel # 1 on the Clyde 
workings. One hole intersected 18.5 feet of 1.42 % copper. 

Underground sampling indicated similar average copper grades in sulphide zones mapped in 
Tunnels # 1,2 and 3. Gold assays of up to 0.05 oz/t and silver up to 3.0 oz/t were returned from 
chip samples of the best mineralized sections. At Upper Blue Grouse they outlined an area of 
mineralization approximately 34 metres long and 5 - 10 metres wide on a steep northerly facing 
scarp immediately south of, and across Canyon Creek from the Clyde prospect. Nine samples 
taken later by Green Eagle Mines Ltd. in 197 1 averaged 0.42 % copper and 1.30 % zinc ( Poloni, 
1971). 

Noranda carried out more diamond drilling at higher elevation in 1954 followed by underground 
development on two levels in 1955 and 1956 at the central and northern part of the main skarn 
zone. No production was reported during this period. 

By 1956 a total 40,388 feet of diamond drilling (EX and AX size), 6103 feet of drifting and cross 
cutting and 1723 feet of raises were completed on the property ( Poloni, 1971). 
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The property was dormant between 1958 and 1964. In 1965, Minoca Mines Ltd., jointly owned 
by Mitsubishi Metal Mining Co. Ltd. (49%) and Yreka Mines Ltd. (5 l%), prepared the property 
for production based on the ore resource figure of 154,22 1 tonnes grading 3.7% copper and 
41.15 g/t silver. Based on Noranda’s exploration work from 1953 to 1956, this figure was 
classified as “measured geological resource”. An additional indicated resource was estimated at 
45,359 tonnes of 2.6 percent copper and 34.29 g/t silver (MINFILE reprint from Northern Miner, 
1965). 
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Production between the commencement of milling in November, 1965 and cessation of 
operations at the beginning of October 1967 was 133,572 tonnes of ore, grading 2.9% copper, 
32.79 g/t silver and 0.36 g/t gold (MINFILE, 1989). 

In 1970 the property was optioned by Green Eagle Mines Ltd from KAkre. The company 
conducted airborne electromagnetic and magnetometer surveys over the main part of the 
property as well as ground geophysical and geochemical surveys over the Tuscarora and Upper 
Blue Grouse areas. In addition, reconnaissance stream sediment sampling was carried out along 
the creeks to the south and north of Canyon Creek. Copper, zinc and molybdenum anomalies 
were located in creeks draining the slopes of Upper and Lower Blue Grouse prospects to the 
south of Canyon Creek. 

In 1972 IS0 Explorations Ltd., who optioned the property from Green Eagle Mines Ltd., 
conducted geochemical and geophysical surveys on nine prospective areas in the vicinity of the 
Yreka Mine workings. The main focus of ISO’s w-ork was the targets surrounding the Yreka 
deposit. It did, however, include the northern (Superior) and the southern (Clyde) limits of the 
skarn horizon. A majority of the target areas were surveyed by MAG, VLF, self-potential and 
soil geochemistry surveys. A total of 1,844 feet of drilling at Cornstock-Edison was performed to 
test two copper-silver showings discovered in 1971 and 1972. The down dip extension of one of 
the showings (No.8) was intersected. The best assay yielded 1.92 % copper across 5.9 metres. 
Two holes drilled in the North Arm Creek were aimed at testing a VLF conductor. One hole 
was lost in bad ground at 46 feet. The second hole was drilled to I 16 feet. No mineralization, 
only pyrite, was intersected ( Crossley, 1972). 

In March and May 1998 Talltree Resources Ltd. conducted an exploration program aimed at 
evaluating the economic potential of the property. Initial examination was done by using boat 
access from Coal Harbour located 15 kilometres northeast of the property. Subsequently a camp 
with a 5-man crew was established on the property to conduct detailed work on two selected 
exploration targets. A total of 135 man-days were spent on the property. 

The exploration work consisted of rock and soil geochemistry surveys, prospecting and line 
cutting. A total of 83 rock samples and 285 soil samples were collected from the property area. 

Two areas were selected for detailed sampling and examination in 1998: Lower Blue Grouse and 
Clyde. Blue Grouse is an old prospect with showings comprising trenches and open cuts. The 
Clyde area surrounds old underground exploratory workings, which have seen little surveying 
since the 1950’s. It is situated 300 metres south of the former Yreka Mine. Geological evidence 
suggests that the skarn horizon of the main zone reaches its greatest thickness in this area. A part 
of the footwall zone branches off and traverses the steep hill to the northeast (Baldys, 1998). 



- 

- 

- 

- 

_ 

- 

- 

- 

- 

- 

- 

_ 

7 

5. REGIONAL GEOLOGY AND METALLOGENY 

The generalized geology of northern Vancouver Island is shown in Figure 4. The oldest rocks 
encountered in the Quatsino Sound area belong to the Upper Triassic Vancouver Group and 
comprise tholeitic flood basalts (Karmutsen Formation) at the base, overlain by thinly bedded to 
massive limestone (Quatsino Formation) and intercalated marine shale, siltstone and impure 
limestone (Parson Bay Formation). Above it, the Lower to Middle Jurassic Bonanza Group is 
composed of mafic to felsic volcanic and lesser intercalated sedimentary rocks laid down in both 
submarine and subaerial environments. The Bonanza Group is unconformably overlain by 
marine to non-marine Upper Jurassic (?) to Cretaceous elastic sequences and localized Tertiary 
volcanic rocks. The Mesozoic strata are intruded by Lower to Middle Jurassic granitoids of the 
Island Plutonic Suite, and mafic to felsic dykes and sills of Karmutsen, Bonanza and Tertiary age 
(Perello et al, 1995). 

The regional structure of northern Vancouver Island is dominated by block faulting. The blocks 
being bounded by prominent northwest to west-northwest-trending, normal or strike-slip faults 
which dip steeply northeast. 

The collisional and volcanic arc tectonics of the Wrangellia Terrane give rise to a large number 
and variety of mineral deposits. Exhalative massive sulphides ( Myra falls, H-W), Cu-MO-AU 
porphyry ( Island Copper), Au, Cu and Fe skarns ( Yreka, Merry Widow) are just some 
examples of the wide range of mineral deposit types in this terrane. 

Timing of mineralization can be divided into two age groups. The first is within the Triassic 
Sicker Group volcanics and are represented primarily by exhalative massive sulphides like the 
H-W deposit. The second major period of mineralization is related to volcanic and plutonic 
activity in the Early to Mid Jurassic. This is best represented by the porphyry and skam 
mineralization at Island Copper and adjacent areas. At Island Copper a wide quartz-feldspar 
porphyry dyke intrudes the volcanic sequence. The mine produced copper concentrate 
containing 1.3 billion kilograms of copper, 3 1 million kilograms of molybdenum, 3 1.7 million 
grams of gold, 336 million grams of silver and 27,000 kilograms of rhenium. 

6. PROPERTY GEOLOGY 

6.1 STRATIGRAPHY 

New- mapping data collected in 1999 is correlated with stratigraphic subdivisions used in the 
1998 report by Baldys. The basic framework of geological units is the same (Figures 8a, 8b). 

Sediments and volcanics of the Lower to Middle Jurassic Bonanza Group are the best exposed 
stratigraphy on the Yreka property. The highest stratigraphic unit is seen above the upper Blue 
Grouse area and consists of a cliff-forming porphyritic and amygdaloidal flow. This is 
correlated with the JBF3 unit of the Bonanza Group. Underlying this is the most important unit in 
term of receptiveness for skam mineralization. A new debris slide that occurred in the winter of 
1998 in the area of third creek has exposed a thick (unmineralized) section of this unit. It is 
comprised of a thick sequence of mainly bedded limestones, lesser tuff and angular breccias 
intruded by narrow dioritic dykes. The limestones ranged from arenaceous near the base to black 
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argillaceous and finally fossiliferous (crinoidal) limestone. This dominantly limestone package is 
the .JBtls subdivision. A mafic volcanic flow unit is shown within the area between the Upper 
and Lower blue grouse but appears to pinch out laterally in the Edison creek area to the 
northwest. The Lower Blue grouse and the Tuscarora area are underlain by a package of thin- 
bedded tuffs, calcareous tuffs and thin-bedded limestones. A coarse heterolithic debris flow with 
limestone and sedimentary clasts possibly marks a transition between regimes. Finally, the 
lowest stratigraphic unit encountered in the Bonanza Group is mafic flows and breccias in the 
area of the Gold Adit in the lower reaches of Canyon Creek (JBFI). 

Limestone exposed on the shoreline is tentatively correlated with the Upper Triassic Quatsino 
Formation. The intervening Parson’s Bay Formation, consisting of limestone and impure 
limestone are suggested to be absent in this area. 

6.2 INTRUSIVES 

Dykes and sills of felsic porphyries and quartz-diorite that are probably comagmatic with the 
Upper Bonanza Group volcanics intrude the bedded sequences. A large number of small quartz- 
feldspar and feldspar porphyry intrusions, usually one to several metres in thickness, are found in 
the Yreka skarn zone and the 3rd Creek slide area. Many appear to be sill-like, and conform to 
the existing bedding while others definitely cut stratigraphy. 

6.3 STRUCTURE 

Minor variations of bedding orientations are found in the sedimentary and tuffaceous layers, 
however no solid evidence of minor or major fold structures or stratigraphic repetitions was 
found. The structure is essentially homoclinal with an average strike of approximately 135” and 
dip of 35” southwest ( Figures Sa, 8b). The BC Minlile report on the Yreka reports that “the 
rocks have been folded about a northwest plunging and trending axis”. 

The most prominent regional fault orientation is the northeast trending Brooks Peninsula Fault 
Zone which cuts across the southern reaches of Neroutsos Inlet, south of the Yreka property. 
Coincidentally, many of the creek drainages on the property follow minor fault or shear zones 
parallel to that orientation. The significance or more importantly correlation of these minor 
structures to mineralization is unknown at this time. 

6.4 ALTERATION AND MINERALIZATION 

The bedded limestone and calcareous tuffs within the JBt12 and JBt subdivisions of the Bonanza 
Group appear to have been the “receptive hosts” of the majority of the alteration and 
mineralization evident on the Yreka Property (Figures 8a, 8b). A large amount of this calcareous 
rock has undergone a pervasive silicification, resulting in hard, blocky fracturing outcrops. 
Exposed at the very end of the access road, vertically below the Yreka workings, is medium- 
bedded limestone, partially silicified and with irregular patches of tremolite. This exposure 
displays the erratic occurrence of talc-silicate formation within the general area of contact 
metamorphism. 
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r- New rock outcrops in the North Arm slide area exposed a number of shear related gossans with 
narrow zones of calcite-quartz and ankerite veins with abundant sulphides. The T & P showing 
and the Upper Showing are examples of this type of mineralization. The veins have a general 
orientation of 245 degrees with a vertical dip. A 1 meter wide fine-grained quartz monzonite 
dyke trending 162 degrees with a vertical dip was also exposed by the slide. 

A well-developed quartz stockwork outcrop was discovered in the 5+50NW, 0+23SW area of 
the Canyon Grid. A sample (JL99-1) collected from outcrop in this area contained visible 
molybdenite in the general area of closely spaced veining pervasive through the silicified 
limestone host ( Figures 8a, 8b, Appendices II and II). 

The 3rd Creek slide area showed a nearly continuous rock exposure through the very little in the 
way of silicification or mineralization in contrast to the Tuscarora and Blue Grouse areas. 

The mineralization at the Yreka deposit is hosted by a garnet skarn which is 500 metres long and 
30 -100 metres wide. It strikes in a northwesterly direction, appears conformable to bedding and 
contains calcite, biotite, chlorite, hedenbergite, epidote, quartz, magnetite and sulphides. Most of 
the copper-gold-silver production came from a high-grade sulphide zone of limited size. It was 
oval-shaped with a steep southwest dip with dimensions approximately 15 meters wide by 49 
meters long by 60 meters high. The average mined grade from this zone was 2.9% Cu (Baldys, 
1998). 

The presence of garnet in skam within the Yreka area appears to be unique compared to other 
mineralized locals. Silicification and only weak talc-silicate formation are found in the 
Tuscarora and Blue Grouse zones. This lends credence to the hypothesis that a mineralogical 
zonation is discernible on a property-wide scale. 

Pyrrhotite is pervasive throughout most of the property. It occurs as fine-grained dissemination 
as well as massive replacements generally devoid of other sulphides. 

7. 1999 WORK COMPLETED 

A total of 3 1 rock samples were collected and analyzed for 30 element ICP and FAA gold 
(Figures Sa, 8b). A total of 491 soil samples were collected on the Canyon Grid (Figures 5a-5d), 
Lower Blue Grouse (Figures 6a-6d) and the Tuscarora grids (Figures 7a-7d), following up on the 
1998 areas of coverage. A total of 12.5 line kms of VLF-EM was carried out ( Figures 5e,5f, 7e, 

70. 

Rock samples were collected from a wide area throughout the property wherever economic 
mineralization was found. No attempt was made to resample the existing Clyde or Yreka 
w-orkings in detail. A total of 3 1 reconnaissance rock samples were collected from various areas 
of the property. These include the Upper and Lower Blue Grouse, Tuscarora, North Arm creek 
and the Gold Adit. Sample descriptions, locations and analytical results are listed in Appendix 
III. Rock samples were located whenever possible through either relative coordinates to 
preexisting soil grid lines and/or GPS coordinates taken in the field. 
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Soil sample coverage followed up on the 1998 recommendations by extending a grid from the 
North Arm prospect up into the Upper Blue Grouse area. The existing 1998 Grid #2 (now the 
Tuscarora grid) was extended to the west to cover a prospective area between the Clyde Prospect 
and lower Edison Creek. This also corresponded to a multi-element anomaly in the lower 
Tuscarora creek. Additional samples were collected and coverage extended on the 1998 Grid # 1 
( now the Lower Grouse Grid) to follow up Cu + Zn anomalies near the ridge nose. A new grid 
was established in the North Arm - Canyon Creek-Upper Blue Grouse areas ( called the Canyon 
Grid) to follow up evidence of MO near the lower reaches of North Arm creek. 

Reconnaissance mapping was carried out in the newly exposed areas of the North Arm and 3’d 
Creek slide areas together with traverses to most of the known areas of interest ( Figures 8a, 8b). 
The “Gold Adit”, a small exploratory working mentioned in the 1972 IS0 assessment report was 
“rediscovered” in Canyon Creek just below the Lower Blue Grouse grid area. The adit itself was 
collapsed; however, samples of float material from outside the adit workings were collected for 
analysis and the results are displayed in Appendix III. Whenever possible, GPS coordinates were 
collected on grid locations and property landmarks in order to tie them into a relocateable 
coordinate position. 

Within the Canyon and Tuscarora grids, approximately 12.5 line-kms of VLF-EM were 
completed during the 1999 field program. This was carried out in an attempt to correlate the soil 
geochemistry and reconnaissance mapping with possible structural features such as faults, which 
can be the loci of mineralizing fluids in a skam system. In addition, other conductive bodies such 
as massive sulphides might be detected (Figures 5e, 5f, 7e, 7f). 

8. 1999 WORK PROGRAM RESULTS 

8.1 RECONNAISSANCE ROCK SAMPLING RESULTS 

The Tuscarora area rock samples returned values very anomalous in zinc ( highest > 99999 ppm 
Zn) or greater than 10% Zn. Copper values ranged from 1000 to 3000 ppm. Silver was slightly 
enriched with the highest values in the range of 7.0 ppm. All samples contained very low gold 
values. 

The Upper Blue Grouse and Lower Blue Grouse areas generated moderately anomalous zinc 
values to 19408 ppm or roughly 1.9 % Zn. Copper values had a high of 10095 ppm ( 1%) but 
were generally in the 500 - 2000 ppm range. The best sample (KH140999-3), returned the 
highest copper, zinc, as well as silver and gold values in this area. 

Samples collected from North Arm creek area contained very little in terms of zinc values but 
did contain copper in the 500 - 2000 ppm. The only rock sample strongly anomalous in MO 
(JL99-1) was taken on the Canyon grid, close to North Arm creek and had a value of 1027 ppm 
MO. Visible molybdenite was seen (Figures 8a, 8b). 
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8.2 SOIL GEOCHEMISTRY RESULTS 

Canyon Grid: The northwest corner of the grid, immediately adjacent to North Arm Creek shows 
3 well defined cluster of samples anomalous in Cu and MO. This is in the vicinity of the Quartz 
Stockwork outcrop and visible Molybdenite. There appears to be an approximate upslope 
termination of this geochemical anomaly on line 750N. Zinc has a slightly larger dispersion of 
the elements plotted. This multi-element anomaly is considered a high priority in follow-up 
work. The highest Cu value is 1885ppm which is 50m upslope of the highest MO value of 
144ppm. An isolated MO value of 188ppm occurs on the northeastern part of the grid. 

Lower Blue Grouse Grid: (Figures 6a-6d) Copper and zinc appear to have a good correlation 
along the nose of the ridge although the zinc values are more consistent in magnitude. Arsenic is 
momalous in the same general area but does not show the same geochemical dispersion train. 
The distribution of zinc appears to indicate a zinc enrichment parallel to the ridge connecting the 
Upper and Lower Blue Grouse. 

ruscarora Grid: (Figures 7a-7d) The 1999 work on the Tuscarora grid did not show the 
:xtension of a strong Cu-Zn anomaly on line 200s. Therefore, the termination of the anomaly 
occurs at the end of the 1998 line. Arsenic appears to be the only element which shows a 
:onsistent multi-point anomaly on line 00s. Copper, zinc, and molybdenum values on the 1999 
;rid are minimal or single point anomalies. 

8.3 GEOPHYSICS - VLF-EM - RESULTS 

4 number of strong conductors were found and are displayed in Figures Se, 5f, 7e, 7f. Refer to 
;he soil geochemistry and rock sampling results. 

VLF-EM on the Tuscarora Grid shows a strong conductor axis trending northwest, which is 
3arallel to stratigraphy at that point. This could be interpreted as bedding parallel shears, which 
were prominent in the exposed outcrops. 

4 similar response was found at the Canyon Grid with possible shear zones parallel bedding. The 
:onductors have an east-west strike on the lower half of the grid where the geochemical values 
ire at background levels. They appear to deflect to a roughly northerly trend in the area of the 
momalous Cu, MO, and Zn geochemistry. 
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9. CONCLUSIONS 

The Yreka property has been a focus of copper exploration since the turn of the century. Cu, Zn, 
MO and less amounts of other elements are contained within skarn and/or talc-silicate rocks as a 
result of contact metamorphism with an adjacent intrusive. To date no large intrusive body has 
been discovered on the property. It is postulated to reside at depth below Comstock Mtn 
( Figures 8a, 8b). 

Soil geochemistry and prospecting have been effective in defining a crude mineralogical 
zonation of copper and zinc concentrations on the property. Higher grade copper mineralization 
at the Yreka and Clyde workings are considered to be higher temperature and proximal to the 
intrusive body. The occurrence of molybdenite near North Arm creek to the south of the Clyde 
workings is also considered to indicate that an intrusive source is close by. Zinc-rich sulphide 
occurrences at the Tuscarora and the Upper and Lower Blue Grouse Showings occur peripheral 
to the old working, distal to the hidden intrusive. In addition, while the peripheral occurrences 
are zinc rich their copper values are still significant and worthy of follow-up. If the same model 
of lateral zonation is carried into the third dimension, these zinc-rich occurrences might possibly 
become more copper rich with an increase in depth as they approach the proposed intrusive 
contact. The occurrence of pyrrhotite as opposed to magnetite as the dominant Fe-oxide suggests 
a more reducing, possibly higher temperature formation than the oxidizing conditions prevalent 
for the creation of magnetite. . 

VLF-EM geophysics was successful in defining a number of high conductivity zones. However, 
they do not correlate with the known areas of anomalous geochemistry or with the signature of 
sulphide zones exposed in outcrop. Therefore, these anomalies are suggested to be conductive 
faults rather than massive sulphides. 

The samples of high sulphide float from the area of the Gold adit indicate an arsenic-rich 
precious metal occurrence outside of the Cu-Zn mineralized zone. Insufficient evidence is 
available to draw definite conclusions but this might possibly point to a peripheral gold zone 
which might be expected in porphyry related mineralization. 

The specific controls on the mineralization within the property boundary are not well defined. 
Skarns, by their genesis, can be erratic in the distribution of mineralization even within a 
restricted area because of host lithology, structures, depth of formation and many other factors. 
This fact, together with the rugged terrain and considerable extent of cover, make prospecting 
difficult. The correlation of anomalous Cu and MO soil geochemistry and the outcrop of 

molybdenite at the North Arm prospect is a very good indicator for the possibility of Cu-MO 
porphyry-style mineralization in the area (Figures 8a, 8b). 
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10. RECOMMENDATIONS 

Future exploration on the Yreka property should concentrate on determining if a large 
concentration of mineralization does exist on the property. From the information gathered to 
date, high concentrations of copper and zinc sulphides are intimately associated with pyrrhotite 
within skarn rock. High concentrations of magnetic pyrrhotite will be readily detectable with an 
airborne survey. Porphyry-style Cu-MO mineralization should be closely associated with a large 
intrusive body which should have a distinctive magnetic signature. Therefore, a detailed 
property-wide helicopter magnetic, radiometrics and EM survey would be useful in locating 
magnetic targets as well as providing a mapping tool. However, there are magnetite bearing 
mafic flows in the stratigraphy which might cause problems as well the pervasive disseminated 
pyrrhotite. 

The solution would be the compilation of all previous geological, geochemical and ground 
geophysical data onto a common base to be used for interpreting the airborne data. With careful 
calibration and redundancy checks of differential GPS readings from the survey, the correlation 
of ground and airborne data should be adequate. 

Once the airborne anomalies have been interpreted and ground-checked, drill testing of 
significant anomalies should be carried out using a helicopter supported fly rig. Emphasis should 
be on defining the limits of a geological resource. 
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11. PROPOSED EXPLORATION BUDGET 

PHASE 1: 
a) Compilation of all previous data into a single database, interpretation 

and plotting on a detailed oxthophoto. 

(70ST 

$10,000 

b) Property-wide Helicopter magnetometer, radiometrics and multi- 
frequency EM survey on tightly spaced lines of 50 meters and 
approximately 3 km long ( 150 line-km total) 

$30,000 

otal budget Phase 1: ~,ooo1 

PHASE 2: 

Drill testing of significant anomalies using a helicopter-supported diamond drill fly rig, 

ITEM 
1) Helicopter Support 100 hours @ $8OO/hr 
2) DrilI Site Preparation (5 sites) 
3) Permitting and Environmental 
4) Diamond Drilling NQ size (all inclusive) 

2000 meters @ $1 OOlmeter 

COST 
$80,000 
$8,ooo 
$3,000 

$200,000 

5) Assays 30 % (2000 metres) @ $25.00 $17,500 
6) Travel $7,000 
7) Personel: 

Geologist ($3OO/day * 1 month) $9,000 
Core Technician (!§2OO/day * 1 month) $6,000 
Cook/Expediting ($2OO/day * 1 month) $6,000 

8) Reporting, Consulting Geologist ($3OO/day * 10 days) $3,000 
9) Food, Materials (7 - 8 man crew * 1 month) $15,000 
10) Field Camp Equipment, Supplies $5,000 
11) Communications $2,000 
11) Truck Rental $70/day * 1 month $2,000 
12) 4-Wheel Drive ATV Rental $30/dav * 1 month $l.OOo_ 

Subtotal $364.500 
Contineencv (10%) $35,500 

otaJ budget Phase 2: 
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STATEMENT OF QUALIFICATIONS 

I, Kenneth Elbert Hicks, of Calle Felipe Vallese 2202, Suite 4A, in the capital city of 
Buenos Aires, in the country of Argentina, hereby certify that: 

1. I am a Professional Geologist residing at the above address. 

2. I graduated with a Bachelor of Science (Honours) degree in Geology from the University of 
British Columbia in 1982. 

3. I have practiced my profession on a continual basis since graduation. 

4. I am a registered Professional Geoscientist in the Province of British Columbia in good 
standing. 

5. I do not have, nor do I expect to receive, any direct or indirect interest in the mineral 
properties that are the subject of this report. 

6. The interpretations contained within this report are based upon my personal experience on 
the Yreka property on northern Vancouver Island as well as a review of available relevant 
literature in the public domain. 

7. I consent to the use of this report in a Prospectus or Statement of Material Facts for the 
purpose of a public or private financing. 

Signed: 

Kenneth E. Hicks, P. Geo. 
Dated: October 1999 



36 

- 

- 

- 

P 

-  

-  

-  

1999 WORKPROGRAM 
ON TJ3E YRRKA PROJECT, 

ITEMIZED COST STATJMENT 

PERSONNEL: 
C.I. Dyakowski, P.Geo 

Prow Manager 
13 days I@ 4OO/day 

B.Fitch, 
Field Coordinabr 
32 days @ $300&y 

Ken Hicks, P. Gee 
Field Geologist 
Fieldwork: Sept 4 to Sept 16 (13 days @ 300&y) 

Integrex Engineering 
Geophysical Survey (VLF-EM) and Geological Field Work 
20 days @ $225/day 

J. Lucke 
Geophysical Survey (EM and Mag) 
11 day-s @ S275lday 

T. Jones 
Line Cutting Soil Sampling and Prospecting 
12 days @ $175&y 

P. Poissant 
Line Cutting Soil Sampling and Prospecting 
33 days @ $175&y 

M. Grace 
Line Cutting Soil Sampling and prospecting 
22 days @ $175&y 

s. Dyakowski 
Helper 
13 &ys @ %lOO.OO/day 

TRANSPORTATION: 
Toyota P/U truck 

2 days @ $100.00 

Chevrolet 4x4 pick-up truck 
10 days @ $100.00 

Ford F250 4x4 pick-up truck 
13 days @ $100/&y 
Fuel 

$5200 

$9600 

$3900 

$4500 

$3025 

$2100 

s5775 

$3850 

$1300 

$200 

$1000 

$1300 
$436 

Thomas Cook Group (Travel company) 
J. Lucke: Flight from Castlegar to Port Hardy retum $698 
J. Wiiiams : Flight from Vanwuver to Port Hardy return $333 

Fbcific coastal Airlines 
K. Hicks: 
s. Dyakowski: 
J. Lucke 

Flight fkom Port Hardy to Vancouver 
Flight from Port Hardy to Vancouver 
Penalty for changing return 

$390 
$170 
$100 
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Quatsino Sound Marine Transportation Ltd Water Taxi-19 trips 
AquaseaIndustries 

Barge 
BC Ferries 

$1827 

$550 
$533 

ACCOMMODATION: 
Field Camp 

169 man days @ $%/day 
Hotels 
Mist meals and groceries 

RENTALS: 
Northern Exposures 

2 ATV’sfor 33 days 
Magnetometer 
Rho&a VLF-EM 

3 wks @ $15O/wk 
chainsaw 

4 wIcs @ $lOO/wk 
Honda Generator 

4 wks @ lOO/wk 
ASSAYS: 

Acme Analytical Labs Ltd 
TELEPHONE: 
BC Tel Mobility 
Autotel 

$10140 
$723 
$894 

$2260 
$100 

$450 

$400 

$4643 

$206 
$361 

EXPLORATION SUPPLIES: 
Neville Crosby Miscellaneous items 

WCB 

TOTAL 1999 PROPERTY EXPENDITURES 

$304 

$2076 

$69744 
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APPENDIX v: 
ANALYTICAL PROCEDURES - ACME LABS 
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ACME 
Analytical Laboratories Ltd. 

- 852 East Hastings Street, Vancouver, British Columbia, Canada V6A 1 R6 

Telephone: (604) 253-3 158 - Facsimile: (604) t53- 17 16 * Toll free: l-800~990-ACME (2263) * e-mail: acme~labs@mindllnk.bc.ca 

METHODS ANDSPECIFICATIONSFOR ANALYTICALPACKAGE 
GROUP 1D - 30 ELEMENT ICP BYAQUAREGIA 

Analytical Process 

ITI 

1 Weigh out 0.5g into% I 

Calibration St~~xiards 

and Reagent Blauks 

added to sequence 

to ICP correcls data 

for inlet ferences and r 

drill. Opcralor 

impccts Raw Data 

ICI’ data and olhcr 

Analytical Report 

+ 

Verification and 

Certification by a 

BC Certilied 

Assaver 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
* 

I 
1 
I 
I 
. 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

Comments 

Sample Preparation 

Soils and sediments are dried (60°C) and sieved to -80 
mesh (- 177 microns), rocks and drill core are crushed 
and pulverized to -100 mesh (-150 microns). Plant 
samples are dried (60°C) and pulverized or dry ashed 
(55OOC). Moss-mat samples are dried (6O”C), pounded 
to loosen trapped sediment then sieved to -80 mesh. At 
the clients request, moss mats can be ashed at 550°C 
lhen sieved to -80 mesh although this can result in the 
potential loss by volatilization of Hg, As, Sb, Bi and Cr. 
A 0.5 g split from each sample is placed in a test tube. 
A duplicate split is taken from 1 sample in each batch 
of 34 samples for monitoring precision. A sample 
standard is added to each batch of samples to monitor 
accuracy. 

Sample Digestion 

Aqua Regia is a 3: 1:2 mixture of ACS grade cont. HCl, 
COLIC. HNO, and demineralized H,O. Aqua Regia is 
added to each sample and to the empty reagent blank 
test tube in each batch of samples. Sample solutions 
are heated for 1 hr in a boiling hot water bath (95°C). 

Sample Analysis 

Sample solutions are aspirated into and ICP emission 
spectrograph (Jarrel Ash AtomComp model 800 or 
975) for the determination of 30 elements comprising: 
Ag, Al, As, Au, B, Ba, Bi, Ca, Cd, Co, Cr, Cu, Fe, K, 
La, Mg, Mn, MO, Na, Ni, P, Pb, Sb, Sr, Th, Ti, U, V, 
W, Zn. 

Data Evaluation 

Raw and final data from the ICP-ES undergoes a final 
verification by a British Columbia Certified Assayer who 
then signs the Analytical Report before it is released to 
the client. Chief Assayer is Clarence Leong, other 
certified assayers are Dean Toye and Jacky Wang. 

Document: ICP30M&Sdoc 1 Date: Novcrnbcr IS, 1995 1 Prepared By: J. Gravel 
I 

Servinc the rrlininrz 8. exoloration industn’es worldwide hx over 25 years. 
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ACME 
Analytical Laboratories Ltd. 

852 East Hastings Street, Vancouver, British Columbia, Canada WA 1 R6 
Telephone: (604) 253-3 158 * Facdnlle: (604) 253- 1716 * Toll free: l-800~990-ACME (2263) l e-mall: aune~labs@mindllnk.bc.ca 

METHODS AND SPECIFICATIONS FOR ANALYTICAL PACKAGE 

GROUP 3~ - Au BY WET EXTRACTION 

Analytical Process I Comments 

I Sample Preparation 

Rock anti Drill Core 

Soils and sediments are dried (60°C) and sieved to 
-80 mesh (-177 microns), rocks and drill core are 
crushed and pulverized to -100 mesh (-150 

microns). Plant samples are dried (60°C) and 
pulverized or ashed (550°C). Sediment in moss 

mats is recovered by disaggregation then sieved to 
-80 mesh. A precise quantity of the fine fraction 
(client may select from 10 g to 150 g sample 
weights) is weighed. In every analytical batch (34 

samples) a duplicate split is added from a 
randomly selected sample to monitor precision. 
Reference materials (in-house control standards) 
are also added to each batch to monitor accuracy. 

Soils. Sedinlenfs. Vegetnlion 
Label, Pulverize and Sieve 

samoles to -80 Mesh 
1 

, 

V I 

Label, Crush 1 

& Pulverize 

1 

Digest in hot 

(95°C) aqua regia 

\1 

Extract into 

MlBK 

Add 

Calibration 

Standards, 

and Internal 

Standards 

and Verification 

based on all 

standards 

Final Verification 

and Certification 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Sample Digestion and Extraction 
Aqua Regia is a 3: 1:2 mixture of ACS grade cont. 

HCI, cont. HNO, and demineralized H,O. Aqua 
Regia is added to each sample and to the empty 
reagent blank test tube in each batch of samples. 
Sample solutions are heated for 1 hr in a boiling 
hot water bath (95°C). After cooling, MIBK is 
added and the samples are shaken to extract Au 
into the MIBK phase. 

Sample Analysis 
Sample extracts are aspirated into a graphite 
furnace AAS (Varian model SpectrAA lOPlus) for 

the determination of Au. 

Data Evaluation 

Raw and final data from the undergoes a final 
verification by a British Columbia Certified 
Assayer who then signs the Analytical Report 
before it is released to the client. Chief Assayer 
is Clarence Leong, other certified assayers are 
Dean Toye and Jacky Wang. 

Document: me.th3A.doc 1 Date: January 3 I, 1997 1 Prepared By: J. Gravel I 

Senfhg the mining & exploration industries worldwide for over 25 years. 



ACME - 
Analytical Laboratories Ltd. 

852 East Hastings Street. Vancower. British Columbia, Canada V6A 1 R6 

Telephone: (604~ 253-3 1 s8 - Facsimile 

ME .TIIODS 

acme-IabQiSTARxa 

‘: (604) 253- 17 16 - Toll free: l -800~990-ACME (2263) - e-mail:- 

AND SPECIFICATIONS FOR ANALYTICALPACKAGE A 
GROUP 6 - PRECIOUS METAL ASSAY 

c 
Analytical Process 

Ezrzizz 

z Comments 

i Sample Preparation 
i Rocks and drill core are crushed to -8 mesh (-0.25 cm), 

Label, crush to -8 mesh /,.‘l:L,-::“‘~, 

duplicates and standards 

analytical batch to monitor accuracy. Results are 

reported in imperial (oz/t) or metric (gmitonne) measure. 
to sample sequence ’ Re-nrrn/~~ 

\1, pwrr pulp 

Add Fire-Assay Ilux and 

fuse in he-assay ovens 

k 
C’upel f~dbuttons lo 

~recover dore beads 

\I/ 
Weigh then digest dore 

beads in nitric acid 

Ses 

v w 

Welgli Digest in aqua 

using regia. analyse < 

micro on ICP 3 0, 

balance ICP 6 

\L \1 

Data adjusted based on 

calibration standards and 

blanks. hc-assay Supervisor 

reviews data quality. 

No 

I’rccious metal assay data and 

other 1requested analyses are 

conihined 3s 3 linal i\nalytical 

Report. hletallics testing gives’ 

Au ill - IO0 mesh. -t 100 mesh 

and a weighted average. 

\L 

Ses 

fTiiial Vcrilic3tiw and 

Ccc-tilicaticrtl hy a UC 

Certified Assayel 

riffle split to 250 g splits then pulverized to -100 mesh 

(-I 50 or -200 at client’s request). Duplicates of crushed 

(rejects) and pulverized (pulp) material are added in each 

analytical batch (34 samples) to monitor sample inhomo- 

geniety and analytical precision, respectively. One assay 

ton (29.2 *O.O Ig) or two assay ton (58.4 l O.OIg) splits 

are weighed. High-grade gold standard STD Au-l (Ag- 

2 if Ag assay requested) and a blank are added to each 

3 For metallics testing, a IKg (or larger) split is pulverized 

!  and sieved to -100 mesh (-150 or -200 mesh at client’s 

II 
request). A representative I or 2 assay ton split of the 

3 
undersize (- 100, -I 50 or -200 mesh) fraction is assayed. 

: 
Material remaining in the sieve (oversize fraction) is 

: 
collected, weighed and assayed in total. 

II I Sample Digestion 

i Fusing at 1000°C for I hour with fire-assay fluxes 

: containing a PbO litharge and Ag inquart liberates all 

i Au, Pt and Pd. After cooling, lead buttons are recovered 

i and cupelled at 950°C to render Ag *Au &Pt *Pd dore 

: 
beads. Beads are weighed then leached in I mL of cont. 

I 

: 

HNO3 at >95’C to dissolve Ag leaving Au sponges. 

! Sample Analysis 
Large Au sponges >2 mm weighed by micro-balance 

(gravimetric determination). Small flakes are digested 

by adding G mL of 50% HCI to the HN03 solution then 

determined by ICP-ES (Jarrel Ash Atom-Comp model 

SO0 or 975). Pt and Pd are also determined by ICP-ES. 

Every Ag fire assay is accompanied by a wet assay. Ag 

concentrations <IO oz/t are reported from the wet assay, 

results 210 ozft are from the fire assay. Au metailics 

testing reports concentrations of Au in the -100 mesh 

fraction, the +I00 mesh fraction and the calculated 

weighted average of these fractions. 

Data Evaluation 
Raw and final data undergoes a final verification by a 

British Columbia Ccrtilied Assayer who then signs the 

Analytical Report before it is released to the client. 

Chief Assayer is Clarence Leong, other certified assayers 

are Dean Toye and Jacky Wang. 

Document: AssayAu.doc / Date: March 5, 1997 1 Prepared By: J. Gravel I 

Serving the mining & exploration industries worldwide For over 25 years. 



ACME 
Analytical Laboratories Ltd. 

852 East Hastings Street, Vancouver, British Columbia, Canada V6A 1 R6 hxv_ lab e i ffiw kit 

Telephone: (604) 253-3 158 * Facsimile: (604) 253- 17 16 * Toll free: l-SOO-990-ACME (2263) * e-mail:- . . 

METHODS AND SPECIFICATIONS FOR ANALYTICAL PACKAGE 

GROUP 8 - WET ASSAY FOR COPPER 
. 

Analytical Process 

Receive 

SalllpleS 

\L 
Sort and Log Rock nrrcl Drill Core 

Samples vegcfnfiorr 

\L 3r 

Soils. Sdinwnr.~ Ash at 

Oven Dry at 60°C‘ 550°C 
I 

Label, Crush 

& Pulverize 

to - IO0 mesh 

Weigh I .OOUg into f--- 

100 ml Ilask: weigh 

duplicate splits and < 

standard STD R-l. 

add these to sample Re-split 

sequence 
I 

Calibr~lion Stan&d 

and Re:lgent Blanks 

ailtled to sequence 

ofsamule solutions 

& Re-analvze 

An&ed by ICI’-ES 

\L 
Computer attached 

to ICI’ curl-ects tlnla 

Ibr inlcrl’erences anti 

drift. Opcral~r~- 

inspects Raw IMa 

IC‘P tlaia 3nd other 

requested analyses 

combined as 3 linal 

Analytical Report 

Verilication and 

C’erlilication by 3 

Comments 

Sample Preparation 
Soils and sediment samples are rarely assayed, however 
the procedure is provided for completeness. Assaying is 
recommended for rocks and drill core where 
concentrations exceed 5000 ppm. Rocks are crushed to 

-8 mesh (-0.25 cm) prior to riffle splitting. 250 g splits 
are pulverized to -100 mesh. A reject duplicate split 
and pulp duplicate split is taken from one sample in 

every 34. These measure the subsampling error due to 
sample inhomogeniety (reject split) and precision of the 
analysis (pulp split). Precisely 1.000 10.002g of pulp 
are added to 100 ml volumetric flasks. Standard STD 
R-l and a blank are added to each batch of 34 samples 
during weighing to monitor accuracy. 

Sample Digestion 

30 ml of Aqua Regia (3: 1:2 ACS grade cont. HCl, 
cont. HNO, and demineralized H,O) is added to each 
flask. Sample solutions are heated for 1 hr in a boiling 

water bath (95°C) then cooled for 3 hrs. Demineralized 
H,O is added to bring the volume to the 100 ml mark. 

Sample Analysis 

Sample solutions are aspirated into and ICP emission 
spectrograph (Jarrel Ash AtomComp model 800 or 
975) for the determination of Cu. A concentrated Cu 
solution standard is analysed together with the samples 

to monitor accuracy. 

Data Evaluation 

Raw and final data from the ICP-ES undergoes a final 
verification by a British Columbia Certified Assayer who 
then signs the Analytical Report before it is released to 
the client. Chief Assayer is Clarence Leong, other 
certified assayers are Dean Toye and Jacky Wang. 

Document: Assay(‘u.doc 1 Date: November 20. 1995 1 Prepared By: .I. Gravel 
I 

Serving the mining 8. exploration industries worldwide for over 25years. 
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YREKA PROJECT 1999 

VLF SURVEY FIELD DATA 

CANYON GRID 

Grid Coordinate 

Line Station 

200s 0 

25E 
SOE 
75E 

1OOE 

125E 

15OE 

175E 

2DOE 

22SE 

250E 

27!5E 

BIDE 

312E 

32SE 

337E 

3XIE 

375E 

4CQE 

425E 

450E 

475E 

4S7E 

150s 0 

25E 

50E 

75E 

1OOE 

125E 

15OE 

17SE 

2ooE 

225E 

2SDE 

275E 

287E 

3CQE 

325E 

350E 

375E 

4CYJE 

Page 1 

Seattle, WA - NLK 

nPhase Quadrature Remarks 

-8 
-7 

5 

-9 

-9 

-12 

-10 

-10 

-17 

-15 

-12 

-12 

-17 

-23 

-78 

-120 

-130 

-96 

-68 

57 

-49 

48 

-54 

-4 

-6 

-3 

-6 

-5 

-12 

-5 

-7 

-8 

-12 

-20 

-57 

-SD 

-103 

82 

-6s 

52 

48 

-11 

-12 

-12 

-16 

-18 

-21 

-19 

-16 

-21 

-20 

-17 

-6 

0 

+6 

+13 creek gully at 324E 

+8 

+6 

+I0 

+I4 

+lO edge of slope 

+lO down-slope 

+lO down-slope 

+6 down-slope 

-10 

-14 

-14 

-14 

-14 

-21 

-24 

-19 

-18 

-12 

+2 

+8 

+2 

+7 

+14 

+12 

+lO 

+lO 

VLF Survey Data : Canyon 
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VLF SURVEY FIELD DATA 

CANYON GRID 

Grid Coordinate 

Line Station 

Seattle, WA - NLK 

InPhase Quadrature Remarks 

050N mm/ 
175W 

lXM/ 

126W 

1ODVV 

75w 

Eow 

2sw 

0 

25E 

37E 

5OE 

62E 

75E 

87E 

ICKE 

112E 

125E 

237E 

150E 

I62E 

175E 

187E 

MOE 

212E 

22SE 

IOON 212W 

175W 

15ow 

125/V 

1CXlW 

7sw 

m 

2sw 

0 

2SE 

XlE 

62E 

75E 

IDOE 

112E 

12!5E 

150E 

175E 

2uDE 

223E 

+7 -13 

+7 -8 

+16 -7 

+I6 -8 

+13 -10 

9 -7 

+I0 -9 

+5 -8 

0 -3 

0 -1 large eroded spring/scour north of stn 

0 -1 

-14 +1 

-84 0 small creek at -58E 

-66 +6 

-64 +6 

-72 +4 

-60 +9 

-55 +I0 

-96 -4 

-82 0 at 160E, drk gry lst? dipping into slope 

-80 -5 

-88 -2 

-54 0 

-47 +4 small creek at 197E 

-42 +6 

-38 +8 base small bluff of lamellar tuff? 

3 -20 Canyon Creek 253Drn further W 

0 -23 

+14 -13 

+ll -8 

+12 -10 

+I4 -8 

+lO -8 

+4 +2 small creek -5SW 

-8 +8 

-20 +lO 

30 +12 

-23 +I 1 creek at 4OE 8 m.g. gm-gry lst? o/c 

-58 -5 

-100 -8 

-75 -12 at creek w/ med-drk gry f.g. 1st o/c 

56 -2 

-47 0 

-38 +I 

-33 -1 

-25 +3 

-24 +6 ravine w/ small creek 

VLF Survey Data : Canyon 
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VLF SURVEY FIELD DATA 

CANYON GRID 

Grid Coordinate Seattle, WA - NLK 

Line Station InPhase Quadrature Remarks 

ISON 225~ 

1EW 

15wv 

125W 

loow 

75w 

5Dw 

25w 

0 

25E 

!3E 

75E 

ICQE 

125E 

154IE 

175E 

2mE 

225E 

200N 225\1\1 

175W 

15OW 

12SW 

1ooW 

75w 

5ow 

25w 

0 

25E 

5OE 

75E 

1DJE 

125E 

150E 

175E 

2fXE 

225E 

-12 -22 

+2 -24 

+Q -12 

+7 -6 

+5 +l 

-5 +18 

-23 +16 

-34 +24 

-45 +20 

-28 +18 

-43 +6 

-64 -7 

50 -7 

-27 +3 

-24 0 

-18 +4 

-19 +3 

-16 +6 

-28 +2 

-12 -13 

-7 8 

0 0 

0 0 

-21 +12 

-48 +16 

-50 +22 

46 +14 

-48 +I0 

-47 +4 

-39 +3 

al +5 

-27 -1 

-22 -2 

-17 +2 

-16 +2 

-21 +3 

36 -2 

-42 +l 

Canyon Creek at -215W 

creek at 98W 

creek at 35W 

creek at 53E 

small creek at 95E 

shallow nearly dry ravine 

large ravine, nearly dry 

east bank of Canyon Creek 

small creek at 115W 

small creek at 6DW 

creek with steep sides at 70E 

deep ravine w/ small creek at 11 OE 

ravine wl v.small creek at 158E 

overgrown ravine wl small creek -230E 

VLF Survey Data : Canyon 
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EM16 SPECIFICATIONS 

MEASiJRED QUANTITY 

SENSITIVITY 

RESOLUTION 

OUTPUT 

OPERATING FREQUENCY 

OPERATOR CbNTROLS 

POWER SUPPLY 

DIMENSIONS 

WEIGHT:.. 

Inphase and quad-phase components 
of-verticalxiagnetic field-as a 
percentage of horizontal primary 
,field; (i.e. tangent of the tilt . . 
.angle and ellipticity). 

Inphase: ClSO% 

Quad-phase: f 40% 

fl% 

Nulling by audio tone. Inphase in- 
dication from mechanical inclinometer 
and quad-phase from a graduated dial. 

15-25 kHz VLP Radio Band. Station 
selection done by means of plug-in 
units. 

ON/OFF switch, battery tbst push 
button, station selectoti.switch, 
audio vblume control, qgadrature dial, 

~inclinbmeter, 

6 disposable 'AA' cells, 

42 x 14 x 9cm 

Instrum+;. 1.6 kg 

Shipping: : 5 :i kg 
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PRINCIPLES OF OPERATION 
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The VLF-transmitting Stations Operating for communications 
with submarines have-a vertical antenna. The Antenna current 
is thus vertical, 
field around them. 

creating a concentric horizontal magnetic 
When these.mag.netic fields meet conduc- 

tive bodies.in the ground, there wfll be secondary fields 
radiating from these bodies. [Se& Figures 3 6 4). This 
equipment measures-the vertical components of these secondary 
fields. 

The EM16 is simply a sensitive receiver covering the,fre- 
quency band of the VLF-transmitting stations with means 'of 
measuring the vertical field components; 

The receiver&s two inputs, with two receiving coils built 
into the instrument. One coil has normally vertical axis 
and the -other.is horizontal. 

The signal from one of the coils (vertical axis) ii first 
minimized by tilting the;instrument. 
calibrated in.percentage; 

The tilt-angle is 
The remaining signal in this coil 

is fina-lly-balanced out by a measured percenta 
8 

e 
from the other &oil, after being.shifted by.90 

of a signal 
This coil 

is normally parallel:to.the .primary .field,(See instrument 
Block Diagram - Figure 2). 

:.. 
Thus, if the secondary signals are small compared to the 
primary horizontal field, the mechariical.tilt7angle is an 
accurate measure of the vertical real-component, and the 
compensation q/Z-signal.from the horizontal coil is a measu+-e 
of the quadrature vertical signal: 

- 

.-J------ --- -- . .  -.--- - -- 



-- 

-- 

- 

_ 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

--. 

Page 14 

SELECTION-OF THE STATION 

The mainetic field lines from the station are at right 
angles to the direction of the station. Always select 
a station which gives the field approximately at right 
angles to the main strike of.the ore bodies or.geological 
structure of.the area you are presently working on. In 
other words, the strike'of geology should point to the trans- 
mitter. (See .Figure 3). Of course, 245O variations are 
tolerable in practice. 

Tuning of the EM16 to the proper transmitting station is 
done by means,$2'f plug-in bits inside the receiver. The 
instrument takes two selector;units simultaneously. A 
switch is provided for quick switching between these two 
stations.. 

To change.a plug-in uni<,. open the cover on top of the instru- 
ment, and insert the proper plug. (Figure 10) Close the cover 
and set the. selector switch to the desired plug-in. 

On the following pages 'is a variety of information on the 
most commonly used (i.e. relikblel VLF Transmitters including 
transmission frequency, geographical location and. their 
scheduled maintenance. periods. 

-.-. 
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'FIELD PROCEDURE 

Orientation & Taking .a Reading. 

The direction of the survey lines should be selected approxi.- 
mately along the lines of the primary magnetic'.field 
angles to the direction to the. stition being used. 

;(,;zr;ight 

starting the survey, the instrument can be used to orient one- 
self in that. retipect.,:. By'turning,theinstrument..sideways, the 
signal is minimum when the instrument is pointing towards .the 
station, thus indicating that.the magnetic field is at right 
angles.to the receiving &oil inside the'handle.(Fig.ll). . . 

.To take.a read,$ng,.first orient the reference coil (in .the 
lower end .of the handle) along.the magnetic 'lines. (Fig.121 
Swing the instrument back and forth. for minimum sound intensity 
in the speaker, 'Use the volume control to set the sound level 
fer comfortable listening. ‘Then use, your'left hand to adjust 
the quadxature coxnponent dial.'ofi the front left corner of the 
instrument to .further.minimize the %ound< After. finding the 
minimum signal strength on both adjustments, read the inclino- 
meter by looking into the small lens, Also, mark down the 
quadrature re‘ading. 

While travelling &the next location you can, if you wish, 
keep the instrument in operating.pasition: If fast changes in 
the readings occur, you might take extra station's to pinpoint 
accurately the details of anomaly. 

The.dials inside the inclinometer are calibrated in positive 
and ne ative perdenfages 
from t e 2 

If.the instrument is facing 180° 
original direction of travel, the.polarities of the 

readings will be reversed. Therefore; in the-same area take 
the ?&adinqs always facinq in the same direction even when 
travelling in opposite way along the'lines, 

The lower end of the handle, will as a rule, point towards 
the conductor. (Figs.13 & 14) The instrument is so calibrated 
that when approaching the conduc-tor, 
in the in-phase component. 

the angles are positive 
Turn always in the same direction 

for readings,and mark all this on your notes, maps,.etc. 

THE INCLINOMETER DIALS 
. 

.The right-hand scale. isthe, in-phase percentage(ie.Hs/Hp as 
'a percentage), 
dip angle. 

This percentage i's'in fact the tangent of the 
TO compute the dip angle simply take the arc- 

tangent of the percentage reading divided by 100. See the 
conversion graph on the following page. 

The left-hand scale is the secant'of the slope of the ground 
surface. Ybu can use it to "calculate" your distance to the 
next-'station. aldng the slope of the terrain. 
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(1) Open both eyes. : 

(2) Aim the hairline along the slope to the next station' 
to about your eye level height above'ground. 

._ 
(3.1 Read on the left scale directly the.distance necessary 

to measure along the'slope to advance‘ 100 (ft) horizon- 
tally. 

We feel that this will make your reconnaissance work easier. 
The outside scale on the inclinometer is calibrated in degrees 
just in case you have use for it.' , 

PLOTTING TRE RESULTS 

For easy interpret,ation of, the results, it .is good practice 
to plot the actual curves directly on the survey line map 
using suitable scales for the percentacje readings'. fFig.15) 
The horizontal scale should be the same as your other maps on 

:the area for convenience. 

A more convenient form of this data is easily achieved by 
transforming the zero-crossings into peaks by means of a 
simple numerical filtering technique. 
described by D.C. 

This technique is 

Data", 
Fraser in his paper "Contouring of VIZ-EM 

Geophysics, Vol. 39, No. 6. (December 1969)pp958-967. 
A reprint of this paper is included in this manual for the 
convenience of the user. 

This simple data manipulation procedure which can be imple- 
mentsd in the .field.produces VLF-EM data which can be contoured 
and as such provides a significant advantage in the evaluation 
of this data. 
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INTERPRETATION 
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The VW primary field's magnetic component is horizontal. 
Local conductivity inhomogeneities will add vertical 
components. The total field is then tilted locally on both 
sides of a local conductor. This local vertical field is 
not always in-the same phase as the primary field on the 
ground surface. The EM16 measures the in-phase and quadra- 
ture components of the vertical field. 

.When the primary field penetrates the conductive ground and 
rock, the wave length of the wave becomes very short, maybe 
only few tens of meters, depending on conductivity and fre- 
quency. At the .same time the wave travels practically direct- 
ly downwards. .Zl%e amplitude of the field also decreases very 
fast, completely disappearing within one wavelength. 
magnetic field remains, however, horizontal. 

The 

Figure 16 shows graphically the length and phase angle of the 
primary field penetrating into a conductive material. 

The phase shift in radians per meter and the attenuation in 
nepers per meter (l/e) is: 

8 5 = Q’ where W =2!lf 

u = VoVr= 49X10w7 

u = conductivity 
mho/m 

Figure 16 also reminds us of the fact that all secondary fields 
have a small (or large in poor conductors) positive phase shift 
in the target itself due to its resistive component, and that 
the sedondary fields have another negative phase shift while 
penetrating back to surface from the upper edge of the tapget. 

The targets are located somewhere in the depth scale (phase 
shift scale in ,this case). Suppoae we have a semi-infinite 
vertical sheet target starting from the surface. Figure 17 
shows that the total integrated primary field inphase and 
quadrature flux has a value of + 0.5 and - 0.5 respectively. 

These two charts can be used to analyze the inphase and quadra- 
ture readings taken on both sides of the target. If one knows 
the actual conductivity of the overburden and the rock, the 
task is easier. Because of the many variables involved the 
precise analysis is usually impossible. 

The'most frequently encountered and easily solved problem is, 
however, the separation of surface conductors from the more 
interesting ones at-depth. This is easily done by observing 
the negative quadrature signals compared to the usually positive 
or zero ones from the surface targets. 
files in Figures 18 and 19. 

See the sample pro- 
This way we can often tell if we 

have a more interesting sulfide target under a swamp for example. 
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Another use for.the quadrature polarity is in the tracing of 
a fault or a shear zone. Normally these weak conductors 
give a fair amount of positive (the quadrature follows the 
in-phase polarity) quadrature. When we have a local sulfide 
concentration in these structures, we get a negative quadra- 
ture response. 

All the interpretation is made easier by other indications 
of.the depth to the target. The horizontal distance between 
the maximum positive and negative readings is about the same 
as the actual depth from the ground surface to the centre of 
the effective.area of the conductive body. This point is not 
,the centre of the body, but somewhat closer to the upper edge. 

Theoretically, t&depth 'h' of a spherical conductor with 
radius 'a' equals AX where Ax is the horizontal distance between 
the maximum points of the vertical field H, (Fig. 20a). The 
radius of the sphere is given by 

a = 1.3 h 3, H,(max). 

For a cylindrical conductor the depth 'h' equals 0.866X and 
the radius of the cylinder is given by 

a = 1.22 h H&m-)- 

In these equations.H, = 1 means 100% on the instrument dial. 

The determination of the depth is generally more reliable 
than the'estimation of the actual dimension a. The real 
component of H,, which we should use in these calculations, 
decreases proportionally for a poorer conductor and with the 
depth in conductive material. 

One can also draw some conclusions about the dip and shape 
of the upper area of the conductor by observing the smaller 
details of the profile. See the modelling curves.- 

A vertical sheet type conductor, if it comes close’to the 
surface, gives a sharp gradient of large amplitude and slow 
roll-off on both sides. (Fig. 29 t 20~). 

Horizontal sheets-should give a single polarity on the edge 
of it, and again the opposite way on the other edge.(Fiq.20f) 

When looking at the plotted curves, one notices that two 
adjacent conductors may modify the shape of the anomalies 
for each one. In cases like this, one has to look for the 
steepest gradients of the vertical (plotted) field, rather 
than for the actual zero-crossings. Forget the word "cross- 
over". Look for the centres of slopes on the in-phase for 
location of targets. See Figures 20d and 20e. 
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As with any EM, the largest and best conductors give the 
highest ratio of in-phase to quadrature components. In VLF 
however, the surrounding conductive material influences the 
results so much that it is almost an irrelevant statement 
except in a few cases. Also in practice most of the ore 
bodies are compos& of different individual sections, and 
therefore one cannot use the in-phase/quadrature ratio as 
the sole indicator of the.conductivity-size factor. In other 
words the characteristic response curves are flat, much 
flatter than with modelling. 

MISCELLANEOUS NOTES 

13 

2) 

3) 

4) 

It has been shown in practice that this instrument can 
be used (in proper areas) also underground in mines. The 
rails and pipes may cause background variations. It was 
found in one'mine even at 1400 foot level, that the signal 
strength was good: By taking readings at two directions 
At each station, one could obtain a very good indication 
about the location of the ore pockets in otherwise diffi- 
cult geology. 

On the other.haind a thick layer of conductive clay can 
suppress the secondary field to a negligibly small value. 

In mountainous areas one can expect a smooth rolling back- 
ground variation. However, the actual sharper anomalies 
induced by conductive mineral zonas can be usually easily 
recognized. Background variations can be effectively 
removed by standard numerical filtering procedures to 
emphasize local anomalies. + 

* 
Faults and shear-zones can give anomalies, but not with- 
out a reason. There must be conductivity associated with 
them. Reverse quadrature may indicate sulfide deposits 
in 'these structures. 

SERVICING 

Changing the batteries is done by removing the cover and 
changing the' penlight batteries one by one. Please notice 
the polarities marked on each individual cell. To test the 
condition of the batteries, turn the instrument on, press the 
push-button on the front panel. There should be a whistling 
sound in the loudspeaker if the batteries are in useable 
condition. If the sound is not heard, the battery voltage may 
be low, or the battery holders may be dirty or faulty. 

* Telford,' King and Becker, "VLF Mapping of Geological' 
Structure". 

+ D.C. Fraser, "Contouring of VIZ-EM Data". 
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It may be occasiona.lly necessary to clean the contacts qf 
the plug-in unit. For this, use a clean rag that is very 
slightly moistened with oil. The oily rag is good also for 
the battery terminals. 

If any repairs are necessary, we recommend that the instru- 
ment be shipped to Ceonics Limited for a thorough check-up 
and testing with proper measuring instruments. 

- - -_ - -  ---T-h- .-__ 


