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S U M M A R Y 

Vananda Gold Ltd., since its inception in 1987, has spent or caused to 
be spent ca. $2 million in direct exploration expenses on their 6,000 acre, 
Texada Island property. Of this amount, Freeport-McMoRan Gold Co. spent 
$1.4 million during their two year option period in 1988 and 1989. The work 
has mainly focused on the Vananda Camp in the northern section and areas 
surrounding the Texada Iron Mine in the southern sector. To date, 34  
diamond drill holes totalling 9,000 metres (29,000 feet) have been drilled 
with soil sampling, airborne geophysics, ground magnetics, VLF, induced 
polarization and geological mapping completed on 80% of the land package. 

During 1991, Vananda Gold spent $200,000 on diamond drilling and • 
induced polarization. In the Vananda Camp, at the Little Billie Mine area, 
5 holes, totalling 1,300 metres, were drilled to extend and confirm the 
mineral inventory outlined by the mine in 1951 and by Freeport in 1989. In 
addition, 10 km. of induced polarization was re-surveyed on the Little Billie 
Grid and 4.5 km. of new data was collected over the LaFarge Quarry, 
southeast of the Little Billie grid. In the southern area, 29.5 km. of induced 
polarization was completed on the Eagle Grid and detailed, follow-up 
induced polarization was done on the Sandy Grid. 

As a result of 1991 drilling at the Little Billie Mine, approximately 
200,000 tons of copper-gold skarn grading 0.32 opt Au, 1.0 opt Ag and 
2.05% Cu is now drill indicated. Induced polarization anomalies trending 
southeast for 500 metres from this resource, indicate a total potential for 
1,000,000 tons of similar grade ore within 250 metres (800 feet) of surface. 

In the southern sector, peripheral to the Texada iron, copper deposits, 
which produced 20 million tons of magnetite and copper ore with gold 
credits, chargeability anomalies from the induced polarization surveys on 
the Eagle and Sandy Grids indicate potential sulphide-rich skarns extending 
north from the mine workings. 

On the Eagle grid, a 1,000 metre by 600 metre chargeability anomaly , 
follows a north trending diorite body with chalcopyrite-bearing skarn along 
its western contact. The anomaly is also, in part, on strike to the north of 
copper ore that was mined underground along the flat lying, volcanic-marble 
contact on the northern extension of the Texada Mine. North of this anomaly, 
four smaller chargeability highs within areas of low magnetic relief, suggest 
the presence of pyrite, sphalerite mantos and chimneys similar to the 
Quarry Manto, 800 metres west of the grid, that grades 0.23 opt gold. 
Ranging in strike length from 200 metres to 300 metres with possible 
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thicknesses of ten to fifty metres and an indicated depth extent of up to 350 
metres, the mantos represent significant targets. 

On the Sandy Grid, an IP chargeability anomaly with dimensions of 700 
metres by 500 metres, extends north from the Lake Deposit, a magnetite -
pyrrhotite deposit, into an area of low magnetic relief more indicative of 
pyrite, chalcopyrite mineralization. Near the northern end of this anomaly, 
pyrite mineralization at surface in the Lake Fault returned a gold assay of 
1.123 ounces per ton in a 0.6 metre chip sample. DDH 89-26, intersected 
2.2 metres of 0.302 opt gold in silicified pyrite, 100 metres vertically below 
this surface mineralization. 

The overall potential of the southern half of the property proximal to the 
Texada iron, copper deposits, as suggested by the chargeability anomalies 
and the thicknesses of the ore mined, is significant. Given the overall 
dimensions of the IP anomalies, the "room for potential*' can be stated as: 

1. Eagle anomaly: 24,000,000 tonnes: Cu (Au) ore, 
2. Manto anomalies: 24,000,000 tonnes; Zn, Au ore, 
3. Sandy anomaly: 22,000,000 tonnes; Cu, Au ore. 

A phase 1 test of the IP anomalies in the southern sector is recommended. 
Diamond drilling totalling 4,050 metres with additional geophysics to help 
prioritize the targets, for a total cost of $360,000, should indicate the source 
of the anomalies. At the Little Billie, 2,500 metres of drilling and 10 days of 
IP are required to test the strike extension of the known deposit. Cost for this 
work would be $200,000. 

Assuming the anomalies are shown to have economic significance, phase 
2 drilling would rapidly escalate into a 30,000 metre, multi-drill program, 
costing $1.75 million. 
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Introduction: 

The following report describes the work supervised by the writer for 
Vananda Gold in 1991 and encompasses information pertinent to the 
specific areas of interest. Intended only for Vananda Gold's internal use, it 
is not an Engineering Report for use in a Prospectus or Statement of Material 
Facts . 

The report does not describe historical work on the claims, location, 
access, physiography, claim status and underlying property agreements as 
these are suitably covered in previous engineering reports. It should be 
noted, however, that the Eagle and Sandy Claim Blocks are recent additions 
to the land holdings subsequent to Vananda Gold's prospectus. 

To assist in understanding the economic targets sought in the Eagle 
and Sandy grid areas, the writer has also included a description of the 
Texada Mine's deposits and the work by Freeport to evaluate their gold 
content. 

Texada Iron Mines: 

The iron, copper deposits in the southern portion of the claim block 
produced 20,000,000 tons of magnetite, chalcopyrite skarn ore developed in 
Quatsino Fm. marble and the Karmutsen basalt peripheral to the irregular, 
northwest margin of the Gillies Bay quartz monzonite stock. At the close of 
the mine in 1976, reserves were listed as 1,200,000 tons of 40% Fe and 
0.42% Cu. 

The mine initially consisted of large, steeply plunging magnetite pipes 
mined by open pit. When followed to depth with underground development, 
additional bodies of magnetite skarn within embayments in the quartz 
monzonite and thick, flat lying bodies of copper rich-skarn at the basal 
contact of the Quatsino limestones and the underlying Karmutsen yolcanics 
were discovered. Figure 2 illustrates in cross section, the geometry of the 
various ore zones and their relationship to the granite and volcanics. 

The basic structural control for the emplacement of the intrusives and 
the ore deposits is probably the northwest trending, left lateral Holly, Lake 
and Marble Bay fault zones (Figure 1), and a conjugate set of north-south 
faults now occupied by dykes. The vertical Prescott and Paxton ore pipes 
were both elongated to the northwest and the Yellow Kidd plunges steeply 
to the southeast. The Lake skarn has a northwesterly foliation developed in 
the skarn and follows the Lake Fault to the northwest. Embayments in the 
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Gillies Bay Stock also trend northwesterly controlling the Le Roi and South 
Yellow Kidd orebodies. 

Copper production in the mine totalled 28,000 tons once a copper 
circuit was added to the mill, with gold credits of 31,200 ounces or 0.256 
ounces of gold per ton of copper concentrate. Gold assays were not made on 
the copper ores, although historically, two small satellite deposits in the 
early 1900's, the Lake and Prescott, produced 186 ounces of gold from 1850 
tons of ore. 

To evaluate the possibility that significant gold enriched zones might 
have been overlooked in the mine, Freeport undertook a sampling program 
in the open pits and, as the underground workings were not easily 
accessible, selected samples from coarse rejects and drill core. Most of the 
areas in the mine, particularly the copper-rich zones, were sampled and 
analyzed for gold and 32 element ICP. 

Three hundred samples were taken in the pits, with the majority from 
the Paxton. The zones with greater than 0.01 opt Au were averaged (Table 
1), showing three to ten metre intervals of 0.02 to 0.08 opt Au; 0.4 to 1.0 opt 
Ag and 1% to 3% Cu. Averaging the intervals on the floor of the Paxton pit, 
the copper-rich zones average 0.028 opt Au, 0.50 opt Ag and 1.4% Cu. 

The Boulder Nest Pit, immediately north of the Paxton pit yielded 
better gold results for the program with a five metre interval of chalcopyrite-
rich skarn grading 0.074 opt Au, 0.86 opt Ag and 3.35% Cu. 

In the Lake Pit, massive magnetite, pyrrhotite-rich skarn was sam­
pled, returning negligible gold values. Drill core was unavailable, however 
composited coarse rejects from the mineralized intervals in the underground 
drill holes were available. Of the 102 samples submitted, 3 samples 
returned values over 1,000 ppb Au with the highest value being 1280 ppb 
Au, 40 ppm Ag and >10,000 ppm Cu. At the close of the mine in 1976, 
460,000 long tons of 44% Fe and 0.15% Cu, remained in the underground 
workings. 

Elsewhere in the underground mine workings, the best gold values, 
obtained from the coarse reject sampling, were 3,200ppb Au, 33 ppm Ag and 
>10,000 ppm Cu from a 10 foot interval in the Le Roi. One 3.5 foot interval 
of core from a coarse calcite, chalcopyrite vein in the Midway deposit, 
returned a gold value of 0.37 opt Au. Finally, eight coarse reject composite 
samples from the copper-rich North Extension deposit, returned values of 
65 ppb Au to 1100 ppb Au. 
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TABLE 1: SIGNIFICANT PAXTON ASSAY RESULTS—1988 

width oz/T oz/T %Ci 
(m) Au Ag 

Wall Sample: 

Pa 2 3 0.016 0.56 0.84 
Pa 3 4 <.006 
Pa 4 1 0.017 0.47 1.12 
Pa 5 3 0.038 0.76 2.26 
Pa 6 2 0.018 0.39 0.81 
Pa 7 4 0.019 0.41 1.10 
Pa 8 4 0.030 0.65 n.a. 
Pa 9 4 0.034 0.88 n.a. 
Pa 10 6 0.070 0.34 0.92 
Pa 11 3 0.024 0.55 1.07 
Pa 12 3 0.065 0.12 3.11 
11050N 9 0.032 0.76 n.a. 

Floor Samples: 

Pf 1 5 0.017 0.48 0.92 
Pf 2 5 0.082 1.36 3.14 
Pf 3 4 0.036 0.61 1.75 
Pf 4 9 0.010 0.24 0.78 
Pf 5 1 0.018 0.48 1.07 
Pf 6 1 0.030 0.04 1.25 
Pf 7 20 0.021 0.44 1.70 

Averages: 5 0.028 0.50 1.40 

NB: n.a.= not assayed 
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Eagle Grid: 

An induced polarization survey utilizing a gradient array was conducted 
over 29.5 line kilometres of cut line on the Eagle grid (Figure 1). Using an 
1,800 m current electrode spacing (AB) and a 50 m pot spacing (MN), the 
approximate depth of penetration for the survey is 300 metres as determined 
by a factor of 0.165 times the AB spacing based upon the shallow, non-
conductive overburden and the bedrock resistivities (pers.comm., 
Hendrickson, 1991). 

The chargeability plotted and contoured in milliseconds on Figure 3, 
defines a broad anomaly of greater than 17 milliseconds between 2+00 N and 
13+00 N and approximately 0+00 and 8+00 W (Figure 3a). The feature 
encompasses a NNE trending dioritic intrusive (Figure 7), that lies irregu­
larly between 0+00 and 3+00 W. In 1962 and 1968, Texada Mines drilled 
eleven holes on six, 30 metre spaced fences, along the easterly dipping, 
western margin of the diorite. The most northerly hole, H-2, intersected 
disseminated to massive chalcopyrite grading up to 2.45 % over 3 metres in 
a 30 metre thick skarn coincident to the central axis of the chargeability 
high. 

To locate the depth of the chargeability high, L 7+00 N was detailed by 
re-surveying using 4 different AB spacings; the original 1800 metre, a 1000 
metre, a 500 metre and a 200 metre separation. This system was modelled 
after a similar survey in Albania (Langore et al, 1989) that located disseminated 
to massive sulphide mineralization at depths of 400 metres to 500 metres 
(See Appendix I for an extract of the paper). Using the 0.165 factor on the AB 
spacing to estimate the depth of penetration for the current, the chargeability 
is plotted as a depth profile on Figure 4, and clearly shows the anomalous 
chargeability is developed approximately 250 metres below surface in three 
distinct zones over a total width of 500 metres. With the exception of a 
narrow chargeability high at 2+25 W, coincident to the central axis of the 
anomaly, the two shallow arrays show no evidence of the chargeability 
anomaly in the deeper arrays. 

Figure 5, illustrates the projection of the gently dipping limestone, 
volcanic contact, host for the bulk of the copper-rich skarn in the mine 
(Figure 2), through the centres of the chargeability anomalies (Figure 4). 

East of 2+00 W, the NW diorite, as defined from drill holes, has no 
chargeable response, but an apparent flat lying, sharp increase in chargeability 
is developing at the base of the section. This feature is on the projection of 
the deep 18-106 and North Extension ore bodies in Texada Mines (Figure 2), 
that were typically above 2% Cu with gold credits. 
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The total field, ground magnetics (Figure 6), highlites the magnetite 
bearing Northwest Diorite and the magnetite rich, amphibole skarns developed 
at the western contact. The magnetic contour map also reveals five 
northwest trending structures (Figure 7), cutting the diorite, parallel to the 
main, auriferous Holly structure. Flanking the diorite to the west, is a broad 
magnetic high or "shoulder" to the diorite, that is coincident to the broad IP 
chargeability anomaly. This feature could be indicating the presence of flat 
lying magnetite lenses in the skarn, analogous to Texada Mines, and/or a 
broad shoulder to the diorite, underlying the volcanic contact. Both 
scenarios would be favourable indications for the presence of a large skarn 
coincident to the IP anomaly. 

Predicting the tonnage and grade potential of the anomaly without drill • 
holes is intuitive at best. The flat lying copper ores in the mine varied from 
10 feet to 100 feet in thickness with copper grades averaging from 1% to > 
3%. As the mine was concerned with mining iron, copper was not developed 
unless closely associated with magnetite. During the life of the mine, gold 
values were not determined in the mine workings. However, the limited 
sampling carried out by the writer in 1988 on drill core and composite assay 
rejects, showed that gold values were depressed in the iron-rich skarns and 
from 0.02 opt to 0.08 opt in the copper-rich skarns. 

Given the above, the best estimate of grade and tonnage potential for 
the IP target assumes a strike of 1,000 metres times the width of 500 metres 
times a thickness of 15 metres and a specific gravity of 3.2 g/cc provides a 
figure of 24 million tonnes or converting by 1.1:26.4 million tons. Assuming 
a grade of 2 % Cu and 2 grams of gold (0.058 opt), the contained metal 
content would be 1 billion pounds of copper and 1.5 million ounces of gold. 
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Manto Targets; Eagle grid: 

North of the above described chargeability anomaly, four distinct 
chargeability highs (Figure 3a), were located by the survey. These have low 
magnetic relief and show no response in the VLF profiles. Prospecting the 
lines indicates the presence of fine grained to sugary marble but no evidence 
of sulphide concentrations indicative of the chargeability highs. Soil 
geochemistry has anomalous zinc, cadmium, arsenic, copper and gold 
scattered around the IP highs suggesting substantial "leakage" could be 
occurring up vertical faults and dykes that both cut and flank the anomalies. 

The IP indicates 200 to 300 metre strike lengths with widths of 20 to 50 
metres. A depth profile of Line 15+00 N (Figure 8), shows the chargeability 
start within 50 metres of surface and continue to a depth of at least 350 
metres. Assuming an average strike length of 250 metres, a width of 25 
metres and 300 metres of depth extent a tonnage potential of 6 million 
tonnes, using an SG of 3.5, is possible for each anomaly. As the anomalies 
are not magnetic, nor conductive, mineralization similar to the sphalerite, 
pyrite-rich manto, located 800 metres west in the quarry (Figure 6), and 
grading 0.23 opt gold, is a model candidate for the source of these IP 
anomalies. Pyrite may also be possible and was encountered in Ideal 
Cement drill hole # 432 (Figure 7), on Line 23+00 N at the eastern edge of 
the northern most IP anomaly. Ideal's drill logs describe 25 metres of 
disseminated pyrite and goethite at the bottom of the hole, no assays were 
done for gold and base metals. As this appears to be flanking the anomaly 
it may be pyrite dispersed about a manto or chimney. 
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Sandy Grid: 

Gradient IP was conducted over the Sandy grid (Figure 1) in 1988 using 
a 2,400 metre current electrode or AB separation. Abroad, NNW trending, 
subtle chargeability anomaly was delineated from L 12+00 N to L 20+00 N 
(Figure 9 & 9a), that when contoured averages 400 to 500 metres in width. 
Lying to the west of the Lake Fault, the chargeability high is developed 
northwest from a moderate magnetic high into an area of low magnetic relief 
(Figure 10). 

In 1989 Freeport McMoRan Gold drilled nine holes (Figure 11), into the 
anomaly with seven holes bottoming in slightly pyritic volcanics, which are 
flat lying 20 to 80 metres below surface (Figure 12). Hole 89-26 Figure 13), 
collared at 18+30 N; 3+00 W, located 2.2 metres of massive pyrite grading 
0.302 opt gold, 100 metres below surface and vertically below a sulphide-
rich shear zone, grading 1.123 opt gold over 0.6 metres. Hole 89-27, drilled 
below #26, did not locate the mineralization but bottomed in the basalt on 
the down thrown side of the Lake Fault. 

In 1991, it was suggested by Vananda Gold's geophysical consultant. 
Grant Hendrickson of Delta Geosciences, that the source of the IP was up 
to 350 metres deep and not the pyrite at the shallow volcanic contact in 
DDH's 22, 23, 24 & 25. To test this theory. l ine 16+00 N was detailed using 
five current electrode (AB) separations with readings taken between the base 
line and 8+00 W. With chargeability plotted in profile (Figure 14), it is clear 
that the response is strongest between 300 to 350 metres below surface. As 
Line 16+00 N has four drill holes, 89-22 through 89-25 (Figure 15), the 
shallow, pyritic volcanic contact is defined and has only a modest increase 
in the chargeability. The main chargeability highs are another 100 metres 
beneath the deepest hole, 89-25. It is also noteworthy that a 1 metre section 
of+10,000 ppm Cu (> 1% ) in hole 89-25 is coincident to the chargeability 
spike at 3+50 W in the shallow AB spacings. 

To provide a geological explanation for the IP anomaly, the Lake deposit, 
500 metres south (Figures 2 & 11), if projected north along the Lake Fault, 
would lie under the volcanics about 350 metres below surface as illustrated 
in Figure 15. The down thrown side of the volcanics, which would be the base 
of a potential ore deposit is already established from drill hole 89-27 (Figure 
13), 230 metres north of section 16N. The ground magnetic survey (Figure 
10), shows the marked difference between the magnetic response over the 
magnetite, pyrrhotite-rich Lake Deposit and the chargeability anomaly, 
which indicates the anomaly is derived from non-magnetic, chargeable 
material, such as pyrite and chalcopyrite. 
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Also significant is the presence of a residual gravity high of 0.5 milligals 
(Figure 11), coincident to the higher chargeability portion of the IP anomaly. 
Although initially suspected to be a density contrast between marble and 
limestone, the specific gravity of the marble has recently been determined 
to be 2.73 g/cc which is the same specific gravity for limestone as determined 
by Ager and Baretta in 1979. Consequently the residual gravity might well 
be reflecting a massive skarn and/or sulphide body coincident to the 
chargeability high. 

The western side of the IP profile (Figure 14), between 6+50 W and 8+00 
W shows the chargeability high is probably developed at the limestone, 
volcanic contact on the western flank of the volcanic horst. This would be 
in a similar position to the flat lying, copper-rich skarn developed at the 
limestone-volcanic contact in the floor of the Paxton pit (Figure 11), 400 
metres west of the Lake Fault. 

Potential for the Sandy grid anomaly can be estimated using a strike 
length of 700 metres by a width of 500 metres and a thickness of 20 metres 
(typical thickness for the Lake and Paxton ore) times a specific gravity of 3.2 
g/cc. to provide a "room for" potential of22,400,000tonnes or approximately 
25,000,000 tons of sulphide-rich skarn. Only drilling can deteraiine grade. 
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Little Billie: 

The Little Billie Mine was first operated in the 1890's and continued 
intermittently to 1951 producing 70,000 tons of ore grading 0.18 opt gold, 
0.6 opt silver and 1.3 % copper above the 600 foot level, the lowest working 
level in the mine. Diamond drilling in 1988, 1989 and 1991 has indicated 
and inferred approximately 195,000 tons grading 0.324 opt gold, 1.01 opt 
silver and 2.05 % copper in one continuous body below the 600 foot level 
(Figure 17). 

In May of 1991, gradient array, induced polarization was once again 
carried out on the Little Billie grid (Figure 18). Previous surveys in 1988 and 
1989 had defined a very strong chargeability high southeast of the Copper 
Queen Mine that was drill tested without success and was so strong that a 
subtle chargeability high, resistivity low extending off the southern end of 
the Little Billie mineralization was not considered significant. 

The recent gradient survey (Figure 18), using an AB spacing of 1125 
metres, obtained a weak (5 millisecond) anomaly on Line 6 North between 
6+75 E and 7+25 E, directly above the mineralized skarn in DDH 89-9. A 
very weak trend extends from this point to the north along the axis of the 
mineralization. Assuming the depth extent of the gradient IP is 0.165 times 
the AB spacing, the known ore is below focal point of this gradient block and 
would not produce a significant response. Because of the close proximity of 
the ocean to the Little Billie mineralization, it is not possible to increase the 
AB spacing sufficiently to focus on the mineralization. 

Extending from the anomaly on Line 6 N directly over the mineralization, 
the chargeability increases in intensity along an arcuate trace to the south 
and east. The chargeability plan (figure 18), clearly shows four strongly 
anomalous zones developed along a 500 metre trend. The resistivity plan 
(Figure 19), defines this trend as a distinct resistivity low developed at the 
southern flank of a resistivity high, indicative of the Little Billie quartz 
diorite. 

The magnetic plan (Figure 20), also defines the Little Billie stock as a 
magnetic high coincident to the resistivity high. A significant portion of the 
magnetics are caused by magnetite alteration developed along the margin of 
the quartz diorite and within a small copper-rich, magnetite skarn pod 
located in DDH 79-1 (Figure 16). In comparing the chargeability plan to the 
magnetic and resistivity plans, the chargeability anomaly is clearly devel­
oped along the indicated contact of the Little Billie Stock. 

A Gradient IP profile along Line 6 N (Figure 21), shows the chargeability 
anomaly is a vertical feature, attenuating to depth and to surface, along the 
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margin of a steeply dipping resistivity high indicative of the quartz diorite. 
The similarity to the present copper, gold skarns in the Little Billie is striking. 

The potential for additional ore in the Little Billie is totally dependant 
upon the source of the chargeability anomalies. Assuming that the IP is 
responding to similar grade copper, gold skarn as already defined, the 
resource could increase by a factor of 5 times as indicated by the 500 metre 
strike extent of the chargeability high. It should also be noted that the 
present resource would have been significantly larger had not it been mined 
out above the 600 level. 
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Overall Potential: 

Skarns at Fortitude, Nevada and Hedley, B.C. have well defined 
zonation from copper-rich central cores to copper, gold and finally gold-rich 
skarns at the outer margins of their hydrothermal systems. On the Texada 
Property, this zoning is suggested by the surface mineralization distributed 
around the Texada mine. 

On the Eagle grid, lines 8+00 N and 9+00 N at 4+00 W, which is central 
to the chargeability high, copper-rich skarn with gold values of 1640 ppb 
and 2130 ppb is developed along vertical dykes. On the more distal margins 
of the system, the sphalerite, pyrite manto in Ideal Cements' limestone 
quarry grades 0.23 opt Au and a 0.5 metre thick massive, silicified pyrite vein 
off the north end of the NW diorite grades 0.65 opt Au. 

Within the Sandy grid, massive pyrite in the Lake shear assayed 1.123 
opt gold and drill hole 89-26 intersected 2.2 metres of 0.302 opt gold in 
massive pyrite. At approximately 6+00 W on line 16+00 N, chalcopyrite 
skarn developed on the contact of a dyke graded 800 ppb gold. 

Although the above does not provide a grade nor confirm the presence 
of a deeply buried skarn system, it does indicate a change in chemistry that 
might be reflected in the major targets. 

These targets represent the following overall tonnage potential: 

Northwest Diorite: 24,000,000 tonnes 
Mantos: 4 @ 6 MM Tonnes: 24,000,000 tonnes 
Sandy Grid: 22,000,000 tonnes 

TOTALS: 70,000,000 TONNES 

Grades for these should only be generalized until drill holes locate the 
sources of the anomalies. Suffice to say the writer would categorize them as 
follows: 

Northwest Diorite: Copper with gold credits 
Mantos: Zinc with ore grade gold 
Sandy Grid: Ore grade copper and/or gold 

While the tonnage estimates assume large, regular bodies of ore, the IP 
contour plots, the depth profiles and the ore actually mined in the Texada 
deposits suggest that a number of smaller zones with varying thickness and 
grades should be expected and that areas of internal waste will exist as will 
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zones of anomalous thickness and grade. Hopefully all will average out to 
the above approximations. However if only 25 % of the above actually turns 
out to be ore, the mine would still be a major deposit in Canada. 

Recommendations and Budget: 

A. Geophysics: 

1. Eagle Grid: The gradient IP coverage should be expanded to cover Ideal 
Cement's quarry and extended to complete the northern end of the grid over 
the Lucky Jack showing. At least two additional gradient IP profiles should 
be done as well as deep penetrating E M over the main chargeability anomaly 
to define any conductive zones that could be construed as massive sulphide 
bodies. 

2. Sandy Grid: Line 18 N should be profiled with the gradient IP to locate 
the northern extension of the IP anomaly with respect to DDH's 89-26 & 27. 
It is possible that 89-26 could be deepened to test the chargeability anomaly. 
Additionally down hole E M and IP should be done on DDH 89-27 to test for 
disseminated and/or massive sulphides in the fault zone immediately west 
of the drill hole on the bottom volcanic contact. As with the Eagle Grid, a deep 
penetrating E M survey should be conducted over the IP anomaly to test for 
possible conductive massive sulphides. 

3. Little Billie: Additional lines over the chargeability high extending from 
the known mineralization should be done to control additional diamond 
drilling. Several of these lines should be extended to the southwest (grid 
west) to profile the Florence and Security areas as a weak chargeability 
feature was located in the original Walcott 2400 metre AB gradient IP work 
over these areas. Down-hole IP and E M should also be done on drill holes 
89-8 & 12 as a final test for sulphides that could have been missed and as 
a further test of the large IP feature southeast of the Copper Queen. 

B. Diamond Drilling: 

1. Eagle Grid: 4 drill holes totalling 1,400 metres (4,600 feet) are proposed 
to test the four principal chargeability anomalies on Line 7 N. 

2. Manto Targets: At least one 250 metre (800 foot) hole to test each of the 
four IP chargeability highs is required. 
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3. Sandy Grid: 3 drill holes totalling 1,250 metres (4,100 feet) to test the 
three chargeability highs on the Line 16 N profile and at least one 400 metre 
hole to test the IP anomaly west of the DDH 89-26 & 27 drill holes, 230metres 
north of Line 16 N. 

4. Little Billie: Drill 5 sections with 2 holes per section to test the 
southeasterly trend of the IP anomaly. Approximately 500metres per section 
for a total of 2,500 metres (8,000 feet). 

C. Estimated Cost: 

Sandy and Eagle: 

Geophysics: 8 days @ $1,500 (including helpers) $12,000 

Diamond Drilling: 4,050 m (13,500') @ $65/m 265,000 

Geological and field support: 50,000 

Management Fee @ 10 % (assumes JV1 33.000 

Totals: 360,000 

Little Billie: 

Geophysics: 10 days @ $1500/ day $15,000 

Diamond Drilling: 2500 m @ $65/m 162,500 

Geological and field support: 25.000 

Totals: (assumes no J V for Little Billie) $202,500 
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induced polarization survey performed by Delta Geoscience under 
the direction of Grant Hendrickson, owner of Delta Geoscience. 

3. I am a graduate of the University of British Columbia with a B.Sc. 
in Majors Geology (1974) and that I attended the University in 
1966-1970 and 1973-74. 

4. I have practised my profession for 21 years since 1970 in Canada, 
the USA, South Africa, Namibia and Portugal. 

5. I own shares ofVananda Gold Ltd. and I expect to receive additional 
shares through my continuing services to Vananda Gold Ltd. 

6. I am Fellow of the Geological Association of Canada, # F1065. 
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A C H I E V E M E N T S IN 
COPPER S U L P H I D E E X P L O R A T I O N IN ALBAN IA 

WITH IP AND E M M E T H O D S 1 

L . L A N G O R E 2 , P . A L I K A J 3 a n d D . G J O V R E K U 2 

A B S T R A C T 

L A N G O R E , L . , A L I K A J , P. and G J O V R E K U , D. 1989. Achievements in copper sulphide explora­
tion in Albania with IP and E M methods. Geophysical Prospecting 37, 975-991. 

The copper sulphide exploration programme in Albania involves a number of geophys­
ical methods. The most important ones are the Induced Polarization (IP) and the T U R A M 
methods. This paper reports some recent achievements in increasing the depth of investiga­
tion and in discriminating sulphide ore textures by the IP, spectral IP and T U R A M methods. 

I N T R O D U C T I O N 

A l b a n i a , a country in the A lp ine ophio l i t i c belt, is r i ch i n copper sulphide ore depos­
its. M a n y geophysical methods inc lud ing IP , resistivity, S P , mise-a-la-masse, E M , 
gravity, magnetic and underground geophysical methods arc used in A l b a n i a in the 
exp lorat ion for such ore deposits. Because o f the geological environments and 
terrain condi t ions, the I P method plays a major role. T h e other methods ment ion-
eed above prov ide add i t iona l in format ion to make up for the disadvantages of 
I P invest igat ion. Together w i th geological and geochemical surveys, they provide 
effective, integrated explorat ion surveys in the search for copper sulphide deposits. 
I P surveys are usual ly carried out w i th gradient arrays us ing electrode separations 
AB = 600 - 1000m, MN = 2 0 - 4 0 m , and 100 x 2 0 m or 50 x 2 0 m survey grids. 

We describe case histories o f deep sulphide exp lora t ion by the I P method, some 
results of a t ime-domain spectral I P method for the d i sc r iminat ion of sulphide ore 
textures, and surface and dr i l lho le T U R A M surveys for massive copper sulphides. 

1 Received February 1988, revision accepted January 1989. 
3 Geophysical Enterprise, Tirana, Albania. 
3 Department of Geophysics, Faculty of Geology and Mines, Envcr Hoxha University, 

Tirana, Albania. 
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T H E I N D U C E D P O L A R I Z A T I O N M E T H O D 

The I P method has been successfully used in the copper sulphide explorat ion in 
A l b a n i a since about 1963 (Lubon ja and Frasher i 1965). The I P anomalies have been 
decisive in def ining many copper ore deposits i n the volcanogenic or volcano-
sedimentary formations (Avxh iu 1979; Frasher i et al. 1986). But dur ing the last 
decade, as in many other countries, two important problems of I P research have 
emerged: greater depth of exp lora t ion and attempts to dist inguish textures of 
var ious sulphide ores. 

Deeper copper exploration 

The I P anomal ies are related to sha l low sulphide ore deposits, usual ly d o w n to 
100 m and occas ional ly to about 200 m, whereas deeper explorat ion is required by 
the Geo log i ca l Service. The l imits to the depth of invest igation i n electrical methods, 
in add i t i on to the dimensions of the minera l deposits, are connected with the trans­
mitted power, sensitivity of the receiver and the signal-to-noise rat io. 

Since 1981, when a new, more powerful I P technique was introduced, the depth 
of invest igation for copper exp lora t ion has increased markedly . The high power of 
the transmitter and improved sensitivity and stabi l i ty of the receiver ( IPC-7/15 k W , 
I PR -10 A , S C I N T R E X ) have permitted the use of l ong gradient arrays or deep vertical 
electrical soundings of induced po lar i za t i on (VES- IP ) w i th m a x i m u m separations of 
AB = 4400 m, MN = 200 m (Lubon ja et al. 1985). There has also been improve­
ment in data processing and interpretat ion. 

The fo l low-up measurements are often carr ied out w i th lines of deep V E S - I P or 
gradient arrays w i th different separations, e.g. AB « 200, 400, 600, 1000, 1500 or 
2000 m. Chargeabi l i ty or resistivity responses for every separation are plotted at 
points located at the approx imate depth o f investigation Ht. The geological data are 
plotted on the same section and terrain correct ions for proper locat ion of responses 
are also carried out. Th i s type of representation was cal led a " r e a l s e c t i o n " by 
A l ika j (1981). It shou ld not be taken as an exact electrical section of the under ly ing 
m e d i u m ; rather it is a convenient schematic plot of results, which has proved suc­
cessful in many geological environments. 

The depth of investigation H , for a given region is determined experimental ly 
over a known geological cross-section (prospect-by-prospect). In our experience 
//, « (0.125-0.2) AB in different geological env i ronments ; this is compat ib le wi th 
theoretical studies of homogeneous media (Roy and A p p a r a o 1971) or of heter­
ogeneous media (Frasher i 1987). 

The fo l lowing two case histories o f deep I P exp lorat ion for copper sulphide ores 
come from the Cent ra l M i r d i t a distr ict . 

The P 102 sulphide ore deposit. F igure 1 presents a cross-section of the P102 
sulphide ore deposit in the Cent ra l M i r d i t a district. The ore bodies are located 
wi th in a disseminated sulphide zone at about 300 m depth, on the south-east part of 
the cross-section (stations 100-130). T h e mineral ized zone (pyrite 5-20%) occurs in 
the upper volcanogenic series, near the contact w i th the lower volcanogenic series. 
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M o s t of the upper part of the geological cross-section is covered by an argil laceous 
clastic series, 40-250 m thick. These sediments have a low electrical resistivity (30-80 
Qm) and present difficulties for I P measurements with low-power transmitters. 

The ore bodies consist of pyrite and chalcopyri te of massive or veinlet texture. 
Between stations 116 and 126 a sha l low (30-80 m depth) ore deposit occurs due to 
the overthrust of the volcanogenic rocks to the north-west. A n I P survey using a 
gradient array w i th AB = 2000 m and MN — 40 m and a 20 m measurement inter­
val was carr ied out. T h e t ransmit t ing t ime was T = 4 s, whi le the receiving time was 
l = 2 s . The number of slices (windows) o f the decay curve was x = 3 and the refer­
ence slice was y = 2 (the middle one). 

The I P survey profile contains three anomalous zones. The first one is related to 
the k n o w n ore deposits on the southeast part o f the cross-section. Chargeab i l i ty is 
rather high in magnitude ( M , = 15 m V / V or %o) due to two levels of sulphides. The 
second zone (Ma = 10.5%o) lies o n the north-west part of the cross-section (stations 
— 70 to —40) and is related to the k n o w n weak disseminated sulphides. The third 
zone is centred between the stations 20 and 50 and its magnitude is M„ = 8%o on a 
background of 4-5%o. The source o f this anomaly was u n k n o w n . The low values of 
the resistivity parameter ma in ly reflect the thickness of argi l laceous clastic sedi­
ments. 

The fo l low-up of this cross-section was conducted by eight deep Schlumberger 
V E S - I P wi th a m a x i m u m separat ion of AB = 3000 m. T o plot the " real section ", 
the approx imate depth of invest igat ion H , a 0.2 AB is determined .over the k n o w n 
part of the ore deposit. 

The " r e a l s e c t i o n " shows a corre la t ion between the shape of the chargeabi l i ty 
contours and both levels of sulphides on the south-east part. The same feature was 
conf i rmed for the north-west part w i th k n o w n weak sulphides. Under the th ird 
anomalous zone of the I P gradient survey (between stations 20 and 50), a deep 
chargeabi l i ty anomaly wi th M , = 8%o was obtained. Th is one was interpreted as 
related to a thick sulphide zone at an approx imate depth of 375 m. The S-476 
borehole, dr i l led to verify this anomaly , intersected a concentrated sulphide zone, 
about 60 m thick, precisely at a depth of 375 m. The sulphide content is very s imi lar 
to that in the k n o w n ore deposit, but the texture is ma in ly disseminated and rarely 
veinlet. 

The P 76 sulphide ore deposit. The cross-section in F i g . 2 presents the same 
geological environment as that in F i g . 1, but 1300 m south-west of the P 102 ore 
deposit. The k n o w n sulphide ore bodies occur w i th in the disseminated zone between 
stations 116 and 154, at a depth of 220-280 m. The I P gradient anomaly , centred 
between stations 90 and 110, is due to bo th the most shal low part of the sulphide 
zone and the th inn ing out of the argi l laceous clastic sediments in this sector. The 
chargeabi l i ty is M , = 1 l%o, o n a backg round of 3-5%o. 

The fo l low-up measurements (with six deep V E S - I P ) of this cross-section again 
showed a corre lat ion between the shape of chargeabi l i ty contours and the sulphide 
zone. Moreover , these contours present an interesting anomaly (Ma = 9.5%o) a round 
stations 66-80 at a depth of 500-600 m. Th i s one was not detected by the IP gra­
dient survey because of the great depth of the zone. 
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