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ST. ANTHONY, SILVER PLATE AND MONTE CASINO CLAIMS 

VANCOUVER ISLAND, B . C .  

1. INTRODUCTION 

Gracey Resources Inc. contracted NVC Engineering Ltd. to carry out an 

exploration program on its Vancouver Island property. Although the general 

area has been explored to some detail, no previous work has been recorded 

on the claims and the work performed at this time was a grass root 

exploration attempt to locate any mineralization within the claim area. 

The work carried out consisted of geological mapping, a geochemical soil 

survey, geophysical surveys and rock sampling. D. Cukor, geologist, was in 
charge of field programs under the overall supervision of V. Cukor, P.Eng. 
Line cutting and geochemical surveys were completed by November 1987 when 

extensive snow cover precluded further work. The remainder of the program 

was completed in April 1988. 

All assays on geochemical and rock samples were conducted by General 

Testing Laboratories of Vancouver. 

A total budget of about $80,000 was spent on this part of the program. 

I engineering ltd. 



2. REVIEW 

2 . 1  SUMMARY AND CONCLUSIONS 

The Silver Plate Property is underlain in part by the Sicker 

Volcanic rocks which, elsewhere on Vancouver Island, host 

economically important precious metals and base metal deposits. 

Two grids, soil sampled, revealed small and scattered silver and 

copper geochemical anomalies. Very strong and extensive 

geochemical gold anomalies overlie the Sicker strata and their 

contacts with the Island Intrusives. On grid 1, the anomaly is 

also associated with a magnetic high anomaly and conductive EM 
zones. 

Several rock samples collected within geochemical soil anomalies, 

returned significantly anomalous (although not economical) gold 

assays. Most of these samples also fall in the areas of poor 

rock exposures and proper evaluation, mapping and sampling of 

these showings has yet to be done. It should also be accompanied 

by power trenching. 

2 .2  RECOMMENDATIONS 

The next stage of exploration should expand geological 

prospecting and sampling of the Sicker Group - Island Intrusive 
Contact Zone in the northern part of the St. Anthony Claim, 

snowbound during the described program. Very detailed mapping of 

the total area of geochemical gold anomalies, accompanied by 
extensive sampling should also be carried out. All areas with 
anomalous gold values in rock samples should be power trenched 

(using a backhoe or a bulldozer), mapped and sampled. 

F i l l  in lines for better defining EM conductors are also 

necessary to better understand structure of the property. 

B engineering ltd. 



If the next stage produces positive results, the showings should 
be diamond drill tested in the following stage of exploration. 

2 . 3  COST ESTIMATE 

1. Geoloyic- of NW part 
___I of claims, with samplinp; 
- Geologist and Assistant - 21 days 

2. Bulldozer trenching200 hours CJ $120 

- Mobilization, demobilization, 
road building 

- Geological supervision, mapping, 
s amp 1 ing 

3 .  Fill in geophysical survey 

- Line establishment 
- Surveys 

Assays compilation 

Data compilation, report 

$10 , 000 

24,000 

7,500 

5,000 

3,000 

5,000 

8,000 

- 7,500 

$70,000 

Engineering and management fee 8,000 

Contingencies 7,500 

TOTAL BUDGET $85,500 

If encouraging results are encountered during this outlined 

stage, it is estimated that a budget of about $125,000 will be 
necessary for a diamond drill program in the following stage. 

P engineering ltd. 



~ 

- 4 -  

-- 
3.  PROPERTY 

3 . 1  LOCATION .- 

Gracey Resources '  p roper ty  i s  loca ted  i n  t h e  southern  p a r t  of 

Vancouver I s l and ,  about 25 k i lomet res  sou theas t  of Po r t  Albern i  

and 50 k i lomet res  west of Duncan, B . C .  The claims a r e  on t h e  NTS 
92C 15/E. The proper ty  i s  cen t r ed  a t  about n o r t h  l a t i t u d e  48' 

585' and west l a t i t u d e  124O 3 5 ' .  

The e a s t e r n  p a r t  of t h e  proper ty  l i e s  along t h e  N i t i n a t  River, it 

is  wi th in  t h e  MacMillan Bloedel Tree Licence and t h e  company is 

requi red  t o  o b t a i n  necessary  permi-ts f o r  exp lo ra t ion  ac t iv i t ies .  

3 . 2  ACCESS 

The proper ty  i s  r e a d i l y  a c c e s s i b l e  by t h e  e x i s t i n g  roads.  The 

access  t o  t h e  proper ty  a r e a  is provided by a good q u a l i t y ,  a l l  

weather g rave l  road from t h e  lumber camp on N i t i n a t  Lake and then  

fol lowing t h e  N i t i n a t  River Val ley.  From t h a t  road, var ious  

p a r t s  of  t h e  claims can be reached by R network of  unused logging 

roads.  

3 . 3  CLAIMS 

Three contiguous mineral  c la ims comprise t h e  S i l v e r  P la te  

proper ty .  The claim names and corresponding record d a t a  are as 

fol lows:  

- Claim Name No. Units  ~ Record -. _ _  No. - __ Recording Date 

S t .  Anthony 20 

S i l v e r  P la te  20 

Monte Casino 20 

2009 

200 1 

2002 

August 5 ,  1987 

August 21, 1987 

August 24, 1987 
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Claims were loca ted  on t h e  modified g r i d  system by G .  W .  Batycki.  

Gracey Resources obtained,  subsequent ly ,  100% i n t e r e s t  i n  a l l  t h e  

claims.  

The claims s t r a d d l e  t h e  Vic tor ia -Albern i  Mining Div is ion  

boundary, although a l l  l e g a l  corner  pos t s  l i e  wi th in  t h e  V i c t o r i a  

Mining Divis ion.  

3 . 4  TOPOGRAPHY AND CLIMATE 

The S t .  Anthony proper ty  i s  loca ted  wi th in  t h e  I n s u l a r  Mountain 

Belt of Vancouver I s l and .  I t  i s  between e l eva t ions  of 100 t o  

1,140 metres above sea l e v e l .  T o t a l  topographical  r e l i e f  is 

1,040 metres.  The N i t i n a t  River v a l l e y  on t h e  e a s t  s i d e  of t h e  

claims forms t h e  low p a r t  from where t h e  t e r r a i n  rises s t e e p l y  i n  

t h e  e a s t e r l y  d i r e c t i o n .  The s lopes  are mostly s t e e p  t o  rugged, 

w i th  t h e  top  f a i r l y  l e v e l .  Streams form s t e e p  s ided  and deep 

canyons. 

The c l imate  of t h e  a rea  i s  t y p i c a l  f o r  t h e  west coas t  reg ion  wi th  

an abundance of atmospheric p r e c i p i t a t i o n .  Lower p a r t s  of t h e  

claims have mild win te r s ,  whlle  t h e  top  p a r t s  a r e  snow bound from 

October t o  l a t e  Apr i l .  

The high humidity of t h e  a rea  enhances t h e  r ap id  growth of t h e  

f o r e s t ,  which is  gene ra l ly  intergrown wi th  t h i c k  underbrush. 

This  o f t e n  hampers s u r f a c e  examinations and imposes ex tens ive  and 

c o s t l y  l i n e  c u t t i n g .  

El engineering ltd. 
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4 .  GEOLOGY 

- 4 . 1  REGIONAL GEOLOGY 

General geologica l  f e a t u r e s  of t h e  area a r e  shown on t h e  GSC open 

f i l e  821 map by J .  E .  Muller,  1973-1981, s c a l e  1:125,000. The 
map produced by Fyles  (1955) covers only t h e  no r theas t  corner  of 

t h e  claim a rea .  

According t o  t h e  publ ished d a t a  a v a i l a b l e ,  t h e  genera l  area is 

under la in  by J u r a s s i c  t o  Paleozoic  s t r a t a ,  mainly of vo lcanic  

o r i g i n ,  which a r e  in t ruded  by I s l and  In t rus ions  composed of 

g ranod io r i t e  and qua r t z  d i o r i t e  ( s e e  f i g .  4 ) .  

The geologica l  formations show a genera l  northwest alignment and 

t h e  main s t r u c t u r a l  t r ends  follow t h e  same d i r e c t i o n .  Regional 

deformation has obviously caused shallow fo ld ing  along 

nor thwes ter ly  axes ,  and is  r e g u l a r l y  a s soc ia t ed  wi th  northwest 

t r end ing  f a u l t s  and shear  zones.  These l a t e s t  mostly form 

in t e r fo rma t iona l  con tac t s .  

The most important f e a t u r e  i s  t h e  presence of t h e  S icker  group 

s t r a t a  i n  t h e  proper ty  a r e a ,  s i n c e  t h e s e  u n i t s  have an economical 

s i g n i f i c a n c e  elsewhere i n  t h e  a r e a .  

4 .2  ECONOMIC GEOLOGY 

The Sicker  Volcanic Bel t  i s  hos t  t o  s e v e r a l  g o l d - s i l v e r  and base  

metal  d e p o s i t s .  The b e s t  known a r e  Lara, Lynx-Myra ( t h e  

announced 1979 reserves  were: 15 mi l l i on  tons  of 5 .3% Zn, 

2.2% C u ,  0.3% Pb, 1.1 o z / t  Ag and 0.07 o z / t  Au), Twin J. Mine 

(produced 300,000 tons averaging 6.12% Zn, 1.32% Cu, 0.6% Pb, 

2.05 o z / t  Ag and 0.075 o z / t  Au). 

The c l o s e s t  t o  t h e  S i l v e r  P l a t e  group a r e  t h e  gold showings on 

t h e  Olsen Claims where ex tens ive  d r i l l i n g  and t renching  

B engineering ltd. 
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reportedly returned gold values and assays up t o  3 oz/t gold from 

the Canon Vein. 

On the Kitkat and Platinum group claims (north of the Silver 

Plate group), grab samples assayed gold-silver-platinum values 

and samples from the Logan Claims (adjoining the Silver Plate to 

the north) also returned significant gold values. 

The Carol and Heather Claims (east of the Silver Plate) were 

investigated to determine the economic significance of 

occurrences of massive sulfides accompanied by anomalous values 

in gold, silver and zinc. Mineralization of the same type as 
found on the Logan and Carol-Heather Claims is also found on the 

Silver Plate Claims. 

4 . 3  LOCAL GEOLOGY 

Detailed geological mapping of the outcrop on the Silver Plate 
group of claims revealed the presence of rocks of three main 

formations. To the east, on the Silver Plate Claim, rock 

outcrops mainly consist of alkali basalts and mafic flows of the 

Nitinat Formation. Part of these can possibly belong to the 

flows of the Jurassic Bonanza Group. 

To the west, on the St. Anthony Claim, rock outcrops mostly 

consist of greywacke, argillite, felsic tuffs and mafic 

intrusives of the Myra Formation. Both the Nitinat and Myra 

formations are parts of the Paleozoic Sicker group. 

On the western side, the strata of the Myra Formation are 

intruded by Island Intrusives consisting of light, greenish grey, 

medium to coarse alkali granite and fine equigranular diorite. 

These rocks cover the west part of the St. Anthony Claim and 

extend south, where they are exposed in road cuts over most of 

the Monte Casino Claim. 
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The contact between the Myra Formation rocks and intrusives is 
mainly abrupt - a fault zone. This is most ljkely part of the 

block faulting and shearing caused by the regional stress 

produced hy the regional deformations. 

The main types of alterations are silicification and 

chloritization, mainly related to shear zones and intrusive 

contacts. 

4 . 4  MINERALIZATION 

During the exploration of the Tania and Heather Claims, two 

interesting northwest trending structures were encountered, 

contalning ankerite and grey quartz mineralized with pyrite and 

minor chalcopyrite. In one of these striictures, dioritic rocks 
associated with the Jurassic intrusive Invade sheared andesite. 

Abundant inclusions of Myra volcanics occur in the intrusive 

along the contact margins and are locally recrystalized to form 
hybrid intrusive phases similar to the dark green dioritic rocks 

that extend southward from the Logan Claims into the northeast 

part of the Silver Plate Claim. 

There are several types of contact and shear related 

mineralization found on the Silver Plate group of claims that may 

be roughly subdivided as to mode of occurrence into the 

following: 

1 .  Fine to medium grained disseminated sulphite (euhedral 
pyrite) in the fine siliceous matrix material of graphitic 
quartz veins containing subnngulnr to rounded chloritized 

fragments of granitic intrusive. 

2. Coarse irregular euhedral pyrite associated with shears in 

slightly retrograde chloritized granite. 

i engineering ltd. 
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Sheared quartz veins/stringers containing blebs and 

irregular dissemination of anhedral pyrite being replaced by 

variable amounts of bornite, chalcopyrite with occasional 

wispy stringers of tetrahedrite. 

Massive sulphide in stringers (rip to 20 cm width) consisting 

of coarse euhedral to subhedral pyrite with small amounts of 
gangue, small stringers of quartz with epidote. 

Scarn type mineralization - magnetite with small irregular 
stringers of pyrite and chalcopyrite. Gangue consists of 

small irregular stringers of quartz and epidite. 

Fine to medium massive euhedral pyrite and tetrahedrite in 

large (up to 0.5 metres thick) quartz veins, exposed every 

several metres, associated with the sheared contact between 

chloritized marginal dioritic intrusive and basaltic flows. 

Fine to medium (some coarser fractions) disseminated 

euhedral pyrite associated with heavily chloritized 

gossanous shears in reLrograded volcanic units and 

associated radiating silicified fractures. 

first two types of minrrnlixntion are considered low 

temperature and found in intrusive units, related to fractures 

and shears along the contact brtwern Island Intrrisives nnd mixed 

volcanics of the Myra Formation. 

The next three types of occurrence (designated 7, 4 and 5) are 

htgher temperature and similar in mineralogy. These types occur 

in the randomly oriented stringers associated with block faulting 

closely related to mafic intrusives in Myra volcanic and 

sedimentary units. 

i engineering ltd 



. 
- 10 - 

The last two types are also considered too low in temperature to 

be of major significance and associated with heavily retrograded 

volcanics in large post intrusive fau1.t~ and shears. 

One large fault on the St. Anthony claim is of some interest and 

consists of a zone approximately 20 metres in width that contains 

crushed gouge consisting of retrogressively altered volcanics, 

small silicified stringers and a crushed gouge consisting of clay 

kaolinite and oxidjzed gossanous sulphlde (samples 1932-1940, 

however, did not produce positive results). 

A 1  thongh gnochrmlcal samples prodncrd cxcellent values on both 
grids, rock samples so far returned only several significant 

precious metal values. These samples are: 

1904 
1923 

1924 

1944 
I945 

1953 

0 . 0 5 5  

0.011 

0 . 0 2 5  

0.011 

0.012 

0.051 

0.16 

0 . 0 5  

0 . 0 6  

0 . 0 5  

0 . 0 5  

0 . 2 0  

In addition, sample 1910 returned 0,007 oz/t A u  and 0.2 oz/t Ag. 
These samples, although they did not produce economi.c values, are 

very signifjcant since they occnr within the structure which is 

overlain by a strong and extensive geochemical gold anomaly. In 

addition, the ontcrop is fairly scarce in both areas and full 

extent of the mineralized outcrop remains, for now, unknown. 

The gold bearing area present in the northeast corner of the 

Silver Plate claim is most likely the southeast extension of the 
gold structure discovered on the Logan claims. 

1 engineering lid 
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Further work to evaluate the strength and size of the gold 

bearing area is  warranted and should include more detailed 

geological mapping, sampling and bulldozer trenching. 

The above listed samples representing only a small portion of the 

total number are just the ones with anomalous gold values. The 

total list of samples with the descriptions is at the end of the 

report i n  Appendix A; assay results are shown in Appendix B. All 
rock sample locations are shown on the Local Geology Map, fig. 5. 

1 engineering lid. 
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5. GEOCHEMICAL SURVEY 

5.1 GENERAL DESCRIPTION OF SURVEY 

In preparation for the surveys, two grids were cut. One, the 

lower and eastern most grid, grid 1, in the area where the 

mineralized zone from the Logan Claims i s  expected to extend, and 

the second, grid 2, at the high altitude, cut from the middle of 

the claim group westward. 

During the field work, a total of 558 samples were collected 

along the grid llnes, mostly at SO metre intervals. Soi l  samples 

were taken, preferably from the "B" horizon and, on locations 

where not developed, any fine material was sampled. In the 

swampy areas with organic material, no samples were taken. 

All samples were packaged in standard soil sample envelopes, 

dried in the field and shipped to General Testing's lab in 

Vancouver to be assayed fo r  gold, silver and copper. 

Separate procedures were used for gold-silver assay and copper 

assays. After oven drying samples, they wcre screened to -50 
mesh. A 10 gram sample from the -50 mesh fraction was then fire 
assayed. The metallic bead produced WRS crushed, dissolved and 

processed for gold and silver by Atomic Absorption. A 1 gram 

sample was separated from the -SO mesh fraction and dissolved in 
hot aqua regia, and processed fo r  copper by Atomic Absorption. 

Six geochemical plans were constructed to show an outline of 

anomalous areas. 

5 . 2  DISCUSSION OF RESULTS 

a. 

A statfsttcal evaluation of the samples taken in the larger 
area (including surrounding properties) shows that the 

1 engineering ltd. 
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anomalous threshold is about 40 ppb Au and significantly 

anomalous values are over 60 ppb gold. On grid 1 (see 
fig. 6)  a number of samples assayed extremely high values 

( 1 3  samples run over 1,000 ppb gold), indicating a possible 

presence of free gold in the soil. On the northern part of 

the grid, high values tend to be spotty. On the lines 11, 

12 and 13,  however, such values are formed within a large 

zone and this area should be further investigated. 

On the upper grid (grid 2 - see fig. 7), several areas of 

significantly anomalous gold values are outlined; the 

highest value is 740 ppb gold. The alignment of anomalous 

zones clearly prefers the northwest-southeast trend, which 
is also the strike of the major fault zone tn the area. The 

upper grjd definitely deserves to be enlarged and further 

explored in greater detail. 

The statistical evaluation of the silver assay results 

indicated a fairly high anomalous threshold of 1.20 ppb Ag 

and significantly anomalous should be considered all values 

higher than 1.75 ppm Ag. 

On grid 1 (see fig. 81, only several values reached the 

significantly anomalous level and these are scattered aver 

the grid area. No significant coincidence between the gold 
anomelies and anomalous silver values is encountered. 

On grid 2 (see fig. I)), anomalous zones also indicate the 

northwest trends, similar to the gold anomalies. Three 

parallel northwest-southeast trending anomalies are 

outlined, generally coinciding with the gold anomalies. 

1 engineering lid 
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The statistical evaluation indicates an anomalous threshold 

of 80 ppm Cu; values over 120 ppb are significantly 

anomalous. 

On grid 1, there are very few anomalies, mostly consisting 

of single samples (see fig. 10). Although these are 

scattered over the grid, all of the copper anomalies, except 
those on L 7 ,  L8 and L18, are related to gold anomalies. 

However, the copper anomalies are much more restricted in 

areal extent than the gold anomalies. 

On grid 2 (see fig. ll), the anomalies are restricted to the 

southeast corner of the grid occurring much in the same area 

as the silver anomalies. Indeed the correlation between the 

copper anomalies and gold and silver anomalies is fairly 

good - all copper anomalies, wholly or partially, overlap 

gold and/or silver anomalies, though the shapes and sizes  of 

anomalies do not correspond well. 

i engineering lld. 
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6. GEOPHYSICAL SURVEYS - 

6.1 GENERAL DESCRIPTION 

The geophysical surveys consisted of Ground Magnetic and VLF-EM. 

The Megnettc and VLF surveys were run simultaneously, both 

utilizing the Scintrex IGS-I1 system. 

The pert of the system dedicated to magnetics utilizes two 
console units, one set up as the base station, the other as the 

portable unit, and two similar proton precession sensors 

measuring total magnetic field. The base station and field unit 

are time synchronized so that the background field, diurnal 

variations and micro pulsations can be filtered from the data. 

The base station was programmed to measure the field and record 

the readings at five second intervals. 

The VLF unit was set up to receive signals from two stations: NKL 
Seattle, Washington, 2 4 . 8  kHz and NPM, Lualualei, Hawaii, 

2 3 . 4  kHz measuring the horizontal field strength and the in-phase 

or quadrature and out-of-phase components of the vertical field. 

The instrument uses A three coil system, one horizontal and two 

vertical coils, all at 90' angles to each other. The system is 

set to automatically adjust fo r  topographical shadowing of 

signals. 

6 . 2  GROUND MAGNETIC SURVEY 

The ground magnetic survey was performed on both grids utilizing 

the IGS system. The base station was set up on two separate 

locations, one for each grid because of access reasons. Thus the 

two sets of data have separate magnetic bases. 

Grid 1 gives a total magnetic relief of 1,836 gammas, a low of 
-34  gammas and a high of 1,802 gammas. The map, fig. 1 2 ,  

displays a strong signature - a high running SE-NW with a strong 

1 engineering lld. 
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low to the north of it. The high corresponds closely with the 

outcrop pattern of the alkali basalts of the Sicker group (see 

fig. 51, and with the trend of the geological units in general. 

Grid 2 shows a much weaker pattern. The general trends are 
"W-SSE. The highs are generally linear and narrow. The highest 

and lowest values are part of a strong dipole. The dipole high, 

registering 785 gammas, is at L5, 675W and the low, -1,240 gammas 

is at L3. 600W. 

6 . 3  VLF-EM SURVEY 

The VLF-EM Survey displays several interesting anomalies on 

grid 1, see figs. 14 and 15. The Seattle survey shows several 

strong anomalies. Anomaly A is the strongest, running more than 
1,000 metres i n  length. This parallels the magnetic signature. 

Anomaly B is in part coincident with anomalies 3 and 4 on the 

Hawaii plot. Anomaly C gives a very strong signature on lines 

L10, L11 and L13. Anomaly D is running at a small angle to the 
grid and is difficult to interpret, closer spaced lines are 

necessary. If indeed it runs as interpreted, it stretches nearly 

1,500 metres. 

On the Hawaii plot, the strongest anomaly is  the one labeled 1 .  

It occurs roughly in the area of Seattle, Anomaly A .  Anomaly 2 

has a corresponding anomaly on Seattle (unlabeled). Anomalies 3 

and 4 have been mentioned earlier. 

There are several. other shorter, unlabeled anomali.es in the area 

of Anomalies 2 and 3 .  These occur on both stations and in the 

area of high magnetics. On the north side, these anomalies are 

truncated by the Rift Creek Fault (see fig. 5). 

8 engineering ltd. 
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Grid 2 contains comparably fewer anomalies. Anomaly A on Seattle 
stretches over a length of approximately 250 metres. Anomaly 1 

on Hawaii, consisting of two parallel conductors separated by 

75 metres, i s  over 300 metres in length and Anomaly B, also 

consisting of two parallel conductors, may be over 350 metres in 

length. Anomaly 2 may actually splay off Anomaly 1. 

Respectfully Sybmitted - , 
I 

May 1988 

D. Cukor, Geologist 

NVC ENGINEERING LTD. 

1 engineering ltd. 
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DESCRIPTION OF ROCK-SAMPLES 
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Sample No. 

1901 

1902 

1903 

1904 

1905 

1906 

1907 

1906 

1909 

_____. DESCRIPTIONS OF ROCK SAMK' 

Description 

- Irregular calc-silicate stringers in green silicified 

basalt with fine, euhedral disseminated pyrite. 

- Rock chip sample. 

- Irregular calc-silicate stringers in basalt with fine 

disseminated pyrite (5-10%). 

- Rock chip sample. 

- Silicified basalt with fine euhedral disseminated 

pyrite (10%). 

- Rock chip sample. 

- Silicified shear with quartz vein and occasional 

hematite in medium groined gabro. 

- Rock chip sample. 

- Similar to previous sample. 

- Same as sample 1904 

- Silicified shear zone in ch 

no apparent mineralization. 

- Character rock chip sample. 

Irite-aml i ba ! sc it - 

- Minor dissemlnated pyrite in fine grained basalt. 

- Calc silicate vein 20-30 cm thick with fine 

dissemlnated pyrite-chalcopyrite (stained by malachite) 

in fine to medium grained basalt. 

- Rock ship sample. 

1 engineering ltd 



Sample No. 

1910 - 

1911 

1912 

1913 

1914 

1915 

1916 

DescripJLoA 

Sheared quartz vein with rolled sulphide stringers 

contalning pyrite, chalcopyrite malachite and bornite, 

in light green, brecciated basalt. 

Chip sample of vein (10 cm). 

The same as 1910. 

Chip sample of silicified hangingwall material 

(1.0 metres). 

The same as 1910. 
Chip sample of silicified hangingwall material 

(1.0 metres). 

White quartz vein material with solution cavities 

containing druzy crystalline quartz. 

Coarse euhedral pyrite replaced by chalcopyrite. 

Grab sample of localized float. 

Fine euhedral disseminated pyrite in light greenish 

grey fine to medium grained siliceous diorite. 

Rock chip sample. 

Gossanous massive sulphide stringer (10-12 cm wide) in 

dark green fine chloritixed volcanics. 

Rock chip sample. 

Fine fracture controlled pyrite parallel to retrograded 
shear in well frnclured, dark green chloritized 
volcanics. 

Rock chip sample. 

I! engineering lid. 



Sample No. 

1917 - 

1918 

1919 

1920 

1921 

1922 

1923 

___ Descriptioq 

Fine fracture controlled pyrite parallel to retrograded 

shear in well fractured, dark green chloritized 

volcanics. 

Rock chip sample. 

Fine fracture controlled pyrite parallel to retrograded 

shear in well fractured, dark green chloritfzed 

volcanics. 

Rock chjp sample. 

White quartz vein material with stringers of chlorite 

and epidote. 

Grab sample of float. 

Well fractured dark green chloritized volcanics 

Rock chip sample. 

Well fractured dark green chloritized volcanics with 

fine disseminated pyrite. 

Rock chip sample. 

Well fractured dark green chloritized volcanics, 

oxidized with fine disseminated pyrite. 

Rock chip sample. 

Light green fine sillcified crystal tuff or marginal 

phase of intrusive diorite, well oxidized (gossanous) 

chloritized shear. 

Hematite after pyrite. 

Rock chip sample. 

I! engineering ltd. 
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Sample No. Description 

1924 - Graphitic quartz stringer (approx. 20 cm thick) 

containing subangular fragments of altered granite in 

granite. 

- Medium to fine disseminated pyrite. 

- Rock chip sample. 

1925 

1926 

1927 

1928 

1919 

1930 

- Irregular silicified strjnger containing epidote in 

light green chloritized basalt with fine to medium 

irregular fracture controlled pyrite, chalcopyrite with 

secondary bornite at fracture intersections. 

- Rock chip sample. 

- Similar to 1925 (fine to medium irregular fracture 

controlled pyrite, chalcopyrite with secondary bornite 

at fracture intersections). 

- Rock chip sample. 

- Similar to 1925, silicified stringer (fine to medium 

irregular fracture controlled pyrite, chalcopyrite with 

secondary bornite at fracture intersections). 

- Rock chip sample. 

- Small ( 3  cm) quartz vein and associated stringer 

containjng coarse euhedral pyrite in dark green 

chloritized basalt. 

- Rock chip sample. 

- Malachite epidote in fractured chloritized basalt. 

- Rock chip sample. 

- Maclachite epidote in dark green fine chloritized 

basalt. 

- Rock chip sample. 

I! engineering Itd 



Sample No. 

1931-1939 - 

1940-43 

1944 

1945 

1952 

1953 

1954 

1955 

Descr iptioy! 

Coarse sulphide silicified stringers, gossanous 

abundant fractures in large shear zone. 

Grab samples of gouge material. 

Irregular masses of coarse euhedral pyrite along 

sheared fractures in alkali granite. 

Rock chip sample. 

Massive sulphide, fine tetrahedrite with wispy 

stringers and irregular blebs of anhedral pyrite. 

Grab sample of float exposed in road bed. 

Light green medium to fine chloritized basalt, 

pyritized. 

Rock chip sample. 

Large quartz vein approximately 50 cm wide, exposed for 

10 metres in creek bed with fine disseminated pyrite 

and massive sulphide pyrite, tetrahedrite and 

chalcopyrite in chloritized diorite. 

Rock chip samples along veins. 

Sample from the silver showing. 

SP1 quartz bein containing pyrite 

SP sample with abundant pyrite. 

St. Anthony 002 silicified oxydized rock. 

1 engineering lid 
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A S S A Y  C E R T I F I C A T U  
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Date: May 3 ,  1988 CERTIFICATE OF ASSAY 

SGS SUPERVISION SERVICES INC. @SGS General Testing Laboratories Divlslon 
1001 East Pander Street. 
Vancouver, B.C.. Canada. V6A 1 W2 
Telephone: (604) 254-1 647 
Telex: 04-507514 

We hereby cedily that the lollowing are the resulfs 01 assays on: 

MAFIKED 

1901 

1902 

1903 

1904 

1905 

906 

907 

908 

909 

__ 
GOLD __ 

o z / s t  

1.002 

1.002 

1.002 

I. 055 

1.002 

1.003 

1.003 

1.005 

1.002 

__ 
SILVER __ 

o z / s t  

0.08 

0.05 

0.03 

0.16 

0.05 

0.03 

0.05 

0.03 

0.08 

xxxx.  

Ore 

xxxxxxx:  

OTE REJECTS RETAINED ONE MONTH FVLPS RETUNED TMWE MONTHS ON REOWST FVLPS 
AND REJECTS WILL BE STORE FOR A MAXIMUM OF ONE YEAR 

File: 8804-2954 

TO: N.V.C. ENGINEERING LTD. 
Ste. 304 - 1720 B a r c l a y  Street  
V a n c o u v e r ,  B.C. 
V6G 2Y1 

xxxxxxx1 xxxxxx xxxxxxx 

3 
2 

L X X X X  



CERTIFICATE OF ASSAY 

SGS SUPERVISION SERVICES INC. File: 8805-1050 

TO: N . V . . C .  ENGINEERING LTD. 
SGS General Testlng Laboratorlea Division 

S te .  304 - 1720 Barclay S t r e e t  
1001 East Pender Street, 
Vancouver, B.C.. Canada. V6A 1 W2 
Telephone: (604) 254-1647 
Telex: 04-507514 

' We hereby cerfifv lhal lhe lollowing are fhe results 01 assays on: Ore 

MARKED 

JWSA 001 
002 
003 
004 
005 
006 
007 
008 
009 
010 
011 
012 
013 
014 
015 
016 
017 
018 
019 
020 
02 1 
023 
024 
025 
026 
027 
028 
029 
030 
031 
032 
033 
034 
035 
036 
037 
022 

1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1932 
1933 
1934 
1935 
1936 
1927 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 
1946 
1931 

-- 
GOLD 

o z l s t  

0.007 
0.002 
0.002 
0.002 
0.002 
0.004 
0.002 
0.005 
0.002 
0.002 
0.002 
0.006 
0.004 
0.011 
0.025 
0.005 
0.002 
0.005 
0.002 
0.002 
0.002 
0.005 
0.004 
0.002 
0.002 
0.002 
0.002 
0.002 
0.004 
0.002 
0.002 
0.002 
0.002 
0.011 
0.012 
0.006 
0.002 

__ 
SILVER __ XXXX) xxxxxxlI 

Vancouver, B.C. 
V6G 2Y1 

xxxxxxx: :xxxxxx: 

: hued  I 

:xxxxxx1 :xxxxxxxxx 

4OlE REJECTS RETAINED ONE MONTH WLPS RETAINED THREE MOIlTHS ON REQUEST PULPS 
AND REJECTS WILL BE STORE FOR A MAXlMW OF ONE V W .  

!LL REPORTS ARE THE CONFIDENTIAL PROPERTV OF CLIENTS PUBLICATION OF STATE-MENTS 
,ONCLUSION OR EXTRACTS FROM OR REGARDING OUR REPORTS IN NOT PERMITTED WITHOUT 
IUR WRITTEN APPROVAL ANY LI*BILITV Al7ACM.D THERETO IS LIMITED TO THE FEE CHIRGED \ .d Wona - PROVlNcUL ASSAVER ~- 

L.- Analflical end Consulting Chemists, Bulk Cargo Specialists, Sun'eyors, hspeclors, Samplers, Weighers 
MEMBER. h e n c a n  Society For Tesmp MBtermIs The Amerran 01 Chemlsls saclev . Cmnadlan Tmmg Ass(x1~11x) 

REFEREE AND OR OFFICUL OIEUSTS HYI: Na1m.l Mulute 01 CHI- PioaVClll The h r c m  01 ChnusL' Sockty 
O F F W L  WEIQHAUSTERS HYI: V- Boud 01 Tr& 



CERTIFICATE OF ASSAY Date: May 12, 1988 

SGS SUPERVISION SERVICES INC. SGS General Testing Laboratories Division 
1001 East Pender Street, 
Vancouver, B.C.. Canada. V6A 1 W2 
Telephone: (604) 254-1647 
Telex: 04-507514 

We hereby ceftifv that the following are the results of assays on: Ore 

I HARKED 

JWSA 038 1947 
039 1948 
040 1949 
041 1950 
042 1951 

~ 

GOLD 
~ 

o z l s t  

0.002 
0.002 
0.002 
0.002 
0.002 

__ 
SILVER ___ xxxxx: :xxxxxx1 

File: 8805-1050 

TO: N.f.C. ENGINEERING LTD. 

xxxxxxx xxxxxxx. xxxxxxx: :xxxxxxx 

NOTE REJECTS RETAINED ONE MONTH PULPS RETAINED THREE MONTHS. ON REOUEST PULPS 1 AND REJECTS W U  BE STORE FOR A MUlMUM OF ONE YEAR. 

ALL REPORTS ARE THE CONFIDENTIAL PROPERR OF CLIENTS PUBLICATON OF STATE-MENTS 
CONCLUSION OR EXTRACTS FROM OR REGARDING OUR REPORTS IN NOT PERMITTED WITHOUT 
OUR WRITTEN * W R O V N  ANY L I *BLIN ATTACHED THERETO IS LMITED TO THE FEE CHARGED 

/ PROVINCUL ASSAVER 
L 

Analytical and Consulting Chemists, Bulk Cargo Specielists, Surveyors, Inspectors, Samplers, Weighers 



CERTIFICATE OF ASSAY Date: May 16, 14b8 
SGS SUPERVISION SERVICES INC. File: 8805-1050 
General Testing Labontorler Division 
1001 East Pender Street, TO: N . Y . C : .  l i N G 1 : i E E R I N G  LTD. 
V a f " W ,  B.C., Canada. V6A 1 W2 
Telephone: (6w) 254-1647 Vancouver, B.C.  
Telex: 04-507514 V 6 G  2Y1 

-- t@tSGS 
S t e .  304 - 1720 Barclay S t r e e t  

* We hereby certify fhaf the following are the resulfs ol essays on: Ore 

_ I  W K E O  

I 
I 

I 

I 

I 
I 

I 
I 

I 
I 

I 

I 

1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 
1921 
1922 
1923 
1924 
1925 
1926 
1927 
1928 
1929 
1930 
1931 
1932 
1933 
1934 
1935 
1936 
1937 
1938 
1939 
1940 
1941 
1942 
1943 
1944 
1945 

0.006 
0.002 
0.002 
0.002 
0.002 
0.004 
0.002 
0.005 
0.002 
0.002 
0.005 
0.006 
0.004 
0.010 
0.016 
0.004 
D.002 
0.004 
0.002 
D.002 
3.002 
3.002 ;g: 
E; 
!% 
1.002 
1.002 
1.002 
I * 002 
1.006 
1.010 

__ 
SILVER - 
oz/st 

0.20 
0.12 
0.03 
0.02 
0.02 
0.08 
0.05 
0.05 
0.03 
0.02 
0.09 
0.08 
0.02 
0.05 
0.06 
0.08 
0.02 
0.05,' 

- 

9.05  
0.06 

YD 0. 
- 0 9 2  
-0.05 
0.02 
0.02 
0.02 
0.02 

xxxxx: :xxxxxx: 

note: 

/p 

NOTE REJECTS RETAINED ONE MONTH FULPS RETAINED THREE W T H S  ON REOUESl PULPS 1 AND REJECTS W U  BE STORE FOR A W l M M  OF ONE YE#R 

A&. R E W R l S  ARE 1ME CONFIDthlIA,. PROPERW OF CLlEhTS FUBLEAlON OF SlAlE.MEhlS 
CONCLUSlOh M( EXlRAClS FROM OH REGARDING OUR REPORTS lh hOT PERMITTED WITI(OUT 
OJ1 WRlnEh W F F O V N  * N I L I * B L ~ W A ~ * C ~ D l ~ R E T O I S U U l T E O 1 0 l ~ Y E  CHMDED __ 

:xxXxxxx 

/-, 

cxxxxxxx 

teche-ks 

on pagc 

xxxxxx 

2 ..... 

~~ 

Analytical and Consulfing Chemists. Bulk Cargo Specialists, Surveyom, Inspactom, SamDlm. Weiahers 



CERTIFICATE OF ASSAY Date: May 16, 1968 
File: 6805-1050 

TO: N.7.C. ENGINEERING LTD. 
SGS SUPERVISION SERVICES INC. 
General Testing bboratorles Division 
1001 East Pender Street, 
Vancouver, B.C., Canada. V6A 1W2 
Telephone: (604) 254-1647 
Telex: 04-507514 

We hereby certifv that the following are the results of esseys on: 

I ULRKEO 

I 

I 

I 

I 

I 
I 

I 

I 

I 

I 

I 

I 

1946 
1947 
1948 
1949 
1950 
1951 

0.006 
0.002 
0.002 
0.002 
0.002 
0.002 

___ 
SILVER - 
oz/st - 

0.10 
0.02 
0.02 
0.02 
0.02 
0.02 

. 
1' 

-', / J 
/" 

- 

xxxxxxx 

< 
7--, 

/--..\\ 
\ 

./ 
.... __,' 
. . -  

Ore 

:xxxxxxx 

NOTE REJECTS RETAINED ONE MONTH PULPS RETAINED THREE MCUTW ON REQUEST PULPS I WDRUECTS W I U  BE STORE FOR A U W U M  OF ONE VEAR 

:xxxxxxx: xxxxxxxa 

run 03 

cxxxxxx> xxxxxxxxx 

ALL REWRTS *RE THE CONFlDEWlM PROPERlY OF CLEWS PU0LlCATlON OF STATE+AENTS 
CONCLUSION OR EXTRACTS FROM OR REGIRDING OUR REPORTS IN NOT PERMITTED WITHOUT 
OUR WRITTEN APFfIOVU A" LIbBLITI A l l A C W  THERETO IS M I T E D  TO THE FEE C H I R W  

I 



CERTIFICATE OF ASSAY Date: HAY 17, 1986 
SGS SUPERVISION SERVICES INC. 8805-1356 
Gonoral Torting labor at or lo^ Dlvlrlon 
1001 Eest Pender Street. TOI N.V.C. F.hGINEERIKG LTD. 
Vancouver, B C , Canada V6A 1 W2 Ste. 304 - 1720 barclay Strwt 

r Telephone (604) 254-1647 Vancluver, B.C. 
Telex 04-507514 v6G 2Y1 

le hereby :t 'Yy that the tollowing are the results ol assays on: Ore 

! W K E D  

I 

I 

I 
I 
I 

I I 
I 

I 

I 

I 
I 

1952 

1959 

1954 

1955 

- 
GOLD - 

oz/s  t - 

0.005 

0.051 

0.003 

0.002 

- 

- 
SILVER - 

02/81 - 

0.0s 

0.20 

0.02 

0.02 

- 

XXXX :xxxxxxx 

I NOTE REJECTS RETAINED My MONTM FULPS RETAINEDTMREE MONTHS ON REQUEST FULPS 
AND REJECTS WUL BE STORE FMI  A MAXIMUN OF CUE YEAR 

KXXXXXXI KXXXXXXX :xxxxxxx x x x x x x ILULI 

U L  REWRTS *RE THE CONFIDENTIAL PROKRTY OF CLENTS FUBCICATION OF STATE.MENTS 
CONCLUSION OR EXTRACTS FROM OR REGAFOING OUR REPORTS IN NOT PERMITTED WI1K)UT 
OLR WRITTEN MWIOVN ANY LIABUITY ATTACMD TtERElO IS LWITEO TO THE FEE CWRGED " 

/ 



CERTIFICATE OF ASSAY 

SGS SUPERVISION SERVICES INC. SGS General Testing hboratorles Dlvlslon 
1001 East Pender Street, 
Vancouver. B.C., Canada. V6A 1W2 
Telephone: (604) 254-1647 
Telex: 04-507514 

Ye hereby ceftify thaf the lollowing ere the results ot assays on: 

UIRKED 
I 

1 Gl-L#l  8+50 W 
9+00 
9+50 

lottoo 

Gl-L#2 3+00 W 
I 

I R+50 
9+00 

1 o+oo 

I ~ i - ~ # i i  ot50 w 
1too 
1+50 
2+00 
2+50 
3+00 
3+50 
4+50 
5tOO 
6+50 
7 t O O  
7t50 
at00 
8+50 
9tOO 
9+50 

lot00 

I 
I 

I 

I 

I 

I 

I 

;1-L#12 1+00 w 
1+50 
2too 
3tOO 
3t50 
4+00 
4+50 
5tOO 
6tOO I 6+50 

0.02 
0.02 
0.02 

12.2 

08.0 
28.1 
3.4 
0.07 

0.09 
3.3 
1.4 

10.3 
0.15 
3.8  
0.14 
0.03 
0.83 
2.4 
1.8 
0.18 
4.3 
2.0 
0.11 
0.06 

( 2 . 2  

4.8 
0.12 
0.8 
0.04 
0.03 
0.03 
0.03 
0.02 
0.02 
0.65 

S U E R  

As(PPn 

0.5 
0.2 
0.3 
0.5 

1.0 
1.7 
1.0 
0.3 

0.3 
0.5 
0 . 3  
1.0 
0.5 
0.7 
0.3 
0.5 
0.5 
0.5 
0.7 
1 .o 
1.0 
0.8 
0.5 
0.5 
1 .o 
0.2 
0.7 
0.2 
0.2 
0.2 
0.8 
0.7 

0.5 
0.7 

170 

:opper 

:u (ppm) 
21 
6 

. 14 
34 

37 
23 
47 
28 

23 
27 
22 
57 
16 
59 
41 
57 
72 
56 
79 

178 
71 
39 
48 
41 
& 2  

6 
39 

7 
15 
16 
39 
23 
62 
31 
47 

Date: uecember 23, 1987 
File: 8711-2553 

TO: N . V . C .  E N G I N E E R I N G  LTD. 
304 - 1720 Barclay Street 
Vancouver, B.C. * 

V6G 2Y1 

soil samples 

' \  

1 
I T 

inued o page 2 /1 ..... 
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RIFEREE AND w (YFICUL olEuisrs ~ r n  wimw NIIUI. o( 03- P~OOUCII * VM 01 ~rmut - 
wfcu WEIWUSRRS mn v- ~ o r d  a 110. 

Y t Y B E R  bnw- Socieh fm l m n o  U.lerua lh *mi- lX Ormils bsrw . cvudun 1-l.q *urn*- 

, 



CERTIFICATE OF ASSAY ~ ~ t ~ :  December 23, 1987 

me: 8711-2553 SGS SUPERVISION SERVICES INC. 

1001 East Pender Street, TO: N.V.C. ENGINEERING 

Telephone (604) 254-1647 
Telex: 04-507514 

Sefi General Testing Laboratories Dlvlsion 

c Vancouver. B.C.. Canada V6A 1 W2 

( Page 2 ) 

r 

We hemby cerUfy Ihef Iha lollowing are he  mulfs of assays On: s o i l  samples 

i 

I 

I G1-L#13 

I 

I 

I 
I 
I 
I 
I 

I 

Gl-L#14 

7+00 W 
7+50 
8+00 
8+50 
9+00 
9+50 
lQt00 

Ot50 W 
1+00 
1+50 
2+00 
3+00 
3+50 
4+00 
4+50 
5+50 
6+00 
6+50 
7+00 
7+50 
8+00 
6+50 
9+00 
9+25 

1+00 w 
1+50 
2+00 
2+50 
4+50 
5+00 
5+50 
6+00 
6+50 
7+00 
7+50 

0.02 
0.11 
0.04 
0.02 
0.02 
0.02 
0.02 

0.07 
0.03 
0.72 
0.02 
0.02 
0.09 
0.09 
0.12 
0.12 
0.03 
0.02 
0.02 
0.07 
0.12 
0.08 
0.18 
0.02 

Q .  32 
0.02 
0.02 
0.02 
0.02 
0.04 
0.02 
0.09 
0.03 
0.02 
0.02 

- 

- 
SYVER - 

&(PPl - 
0.5 
0.3 
0.5 
0.8 
0.7 
1.0 
0.7 

0.7 
, 0 . 3  
0.2 
0.5 
0.3 
0.7 
0.2 
0.3 
0.5 
0.3 
0.7 
0.5 
0.3 
0.3 
6.3 
0.8 
1.5 

0.8 
0 . 3  
1 .o 
0.5 
1.3 
0.8 
1.0 
1 .o 
1.8 
1.7 
0.8 

I 

w 
37 

. 16 
20 
44 
32 
45 
32 

26 
66 
12 
35 
29 
71 
15 
30 
80 
15 
54 
54 
20 
18 
38 
16 
43 

23 
39 
23 
23 
31 
41 
31 
38 
204 
37 
49 

continu 3 .... 
I NOTE REJEClSRElAlNEDONE MONTH FVLPSRETAINEDTHREE UONlHS O N R E W E S I  WLPS 

AND R t K C l S  WILL BE STORE F M I  A MAXIMUM OF ONE lLuI 



CERTIFICATE OF ASSAY Date: December 23, 1987 
file: 8711-2553 

SGS SUPERVISION SERVICES INC. @ SGS General Testing Laboratories Dlvlsion TO: N.V.C. ENGINEERING LTD. 
1001 East Pender Street, 
Vancouver. B.C.. Canada. V6A 1 W2 
Telephone: (604) 254-1647 
Telex: 04-507514 

We hereby cerliiy lhal h e  lollowing ere h e  results ol assays on: 

Gl-L#14 

zl-L# 15 

;1-L#16 

8+00 W 
8+50 
9+00 
9+50 

1 0+00 

0.1.50 W 
1+00 
1+50 
2+00 
2+50 
3+00 
3+50 
4 t O O  
4t50 
5+00 
5+50 
6+00 
6+50 
7 t O O  
8 t O O  
8t50 
9tOO 

lot00 

0+50 w 
1too 
1+50 
2too 
2+50 
3tOO 
3t50 
5tOO 
5t50 
6tOO 
6+50 
7+00 
7+50 

GOW 

Lu (ppn 

0.10 
0.02 
0.08 

0.02 

0.05 
0.03 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.03 
0.08 
0.02 
0.02 
0.03 
0.02 
0.02 
0.02 
0.02 

0.06 
0.03 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.10 
0.02 
0.02 
0.02 
0.02 

n. 14 

- 
SILVER - 

AS(PPl - 
1.2 
1.0 
1.2 
0.7 
1.0 

1.2 
0.7 
1.0 
1.0 
1.7 
1.2 
1.3 
1.0 
1.0 
0.7 
1.2 
1 .o 
0.3 
0.3 
0.8 
1.2 
0.5 
1.0 

1.7 
1.5 
2.3 
2.0 
2.5 
1.3 
1.2 
0.9 
0.8 
1.0 
0.6 
0.6 
0.7 

lopper 

-sLLn!a 
28 
.39 
35 
12 
26 

34 
I26 
67 
33 
55 
79 
49 
65 
53 
24 
33 
39 
4 
6 

26 
11 
13 
14 

88 
.13 
50 
57 
85 
75 
82 
28 
18 
32 
14 
13 
31 

soil samples 

xxxxx 

1016 REJEClSRElAINEOON MONTH WLPS AETAINEDTUFEE MONTHS O N R E a J E S l  R l lPS  
ANDROECIS W l L L B E S l O R E f O R A W W U M f f  ONEYEW 

XXXXXX1 

S te .  304 - 1720 B a r c l a y  Street 
Vancouver, B.C. 

( page 3 ) 

xxxxxxx. 

_.__ 

ntinued 

:xxxxxxY 

I page 1 

cxxxx 

I 

..... 



CERTIFICATE OF ASSAY Date: December 23, 1987 
SGS SUPERVISION SERVICES INC. 'Ie: 8711-2553 

TO: N . V . C .  E N G I N E E R I N G  LTD. 
. @SGS General Testing Laboratorles Dlvislon 

1001 East Pender Street, 
Vancouver, B.C.. Canada. V6A 1 W2 
Telephone: (604) 254-1647 
Telex: 04-507514 

We hereby ceftily that the lollowing are the results of assays on: 

v J  Gl-L#16 

I 

I G1-L#17 
I 

I 

I 
I 
I G1-L#18 

I 

I 

I 

I 

8+00 W 
8+50 
9+00 
9+50 

0+50 W 
2+00 
2+50 
3+00 
3+50 
4+00 
4+50 
5+00 
5+50 
6+00 
6+50 
7+00 
8+50 
9+00 
9+50 
lot00 ' 

0+50 W 
1+00 
1+50 
2+00 
2+50 
3+00 
3+50 
4+00 
4t50 
5+00 
5t50 
6+00 
8t50 
9+00 
9t50 
l&OO 

WLLl - 
J (PPm - 
0.02 
0.12 
0.02 
0.02 

0.04 
0.09 
0.02 
0.03 
0.02 
0.02 
0.03 
0.02 
0.03 
0.03 
0.02 
0.02 
0.13 
0.05 
0.04 
0.02 

0.03 
0.05 
0.04 

0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.03 
0.04 
0.03 

0.04 

- 
SILVER - 

k ( P P m  - 
0.1 
0.4 
0.2 
0.8 

0.6 
1.1 
0.7 
0.6 
0.7 
.0.2 
0.1 
0.6 
0.7 
0.4 
0.6 
0.7 
0.6, ' 
0.9 / 
0.8 : 
1.0, 

.0.9 
0.9 
0.6 
0.7 ~ 

0.7 
0.8 
1.0 
0.8 
0.2 
0.4 
1.1 
0.7 
0.6 
0.7 
0.3 
0.7 

C o p p e r  

c u  (PPl 

9 
.21 
26 
43 

75 
72 
80 
55 
32 
13- 
2 
16 
29 
12 
38 
30 
14 
25 
58 
52 

124 
50 
49 
32 
27 
10 
179 
25 
37 
15 
30 
9 
21 
27 
43 
64 

so i l  s a m p l e s  

XXXXX) 

- 

NOTE REJECTS RETAINED ONE MONlH FVlPS RETAINED THREE MONTHS ON REOUEST PULPS I AND REJECTS WILL BE STORE FOR A W W U M  OF ONE V E I R  

xxxxxx xxxxxx 

- 

Lontlnl  

KXXXXXX: 

on p a g e  . . . . . . . . 
ALL REPORTS ARE THE CONFIDEWIN PROPERN OF C L E W S  RlBLlCAllON OF SlAlE+AENTS 
CONCLUS~ON OR EXTRACTS FROM OR REGARDIMS OUR REPORTS IN NO1 PERMITTED WllHOUT 
OUR WRITTEN AFWIOVU A W  LIAEILIN ATTACMF.0 THERETO IS LLIITED 10 THE FEE CHARGED 

movmcw ASS*'N( - 
Analylical and Consulling Chemists, Bulk Cargo Specialists. Surveyors. Inspecton, Samplers. Weighera 

UEYMR * m i u n  5 o w w  For 1nln0 U.I.~YII 0 Tm *nnr.n 01 Ormils Sacrw CVVM T-lma -Im 
REffREf W O  LM4 WFICUL UIEUISTS fCfi N m m *  Nlaute  01 OuwQ Pirmcla 0 T h .  * m * u n  Cd Omnu'sowh 

OIfcUU WEn3UAtASlfRSCLYI v-lhwdo1l.ld. 



I CERTIFICATE OF ASSAY Date: December 23, 1987 
me: 8711-2553 SGS SUPERVISION SERVICES INC. @ SGS General Testing Laboratories Division TO: N.V.C. ENGINEERING LTD. 

1001 East Pender Street, 
Vancouver. B.C.. Canada. V6A 1 W2 
Telephone: (604) 254-1647 
Telex: 04507514 

We hereby cerfity fhaf the foNowing are the msu/ts of assays On: 

G 1-L# 19 

I-L#20 

Ot50 W 
1+00 
1+50 
2+00 
2t50 
3+00 
3+50 
4+00 
4+50 
5tOO 
5+50 
6tOO 
6+50 
7+50 
8+00 
8t50 
9too 
9+50 

lot00 

0+50 W 
1too 
1t50 
2+00 
2+50 
3+00 
4 t O O  
4t50 
5+00 
5+50 
6+00 
6t50 
7+00 
8+00 
8t50 
9t00 
9+50 

10+00 w 

- 
GOLD - 

,u(ppm. 

0.02 
0.04 
0.02 
0.16 
0.02 
0.16 
0.04 
0.03 
0.04 
0.04 
0.04 
0.03 
0.03 
0.02 
0.03 
0.03 
0.11 
0.02 
0.02 

0.03 
0.02 
0.02 
0.02 
0.02 
0.02 
0.03 
0.02 
0.02 
0.03 
0.03 
0.02 
0.03 
0.03 
0.08 
0.02 
0.03 
0.03 

- 

SYVER 

5(  PPm) 

0.9 
1.2 
0.4 
0.3 
0.3 
0.6 
0.1 
1.0 
1.5 
1.2 

-0.3 
1.0 
0.7 
1.3  
1.5 
1.8 
1.2 
0.9 
1.1, 

0.9 
1.2 
1.3 
1.5 
1.2 
1.3 
1.1 
0.8 
1.1 
1.1 
1.5 
0 .7  
0.9 
0.9 
1.1 
0.7 
0.7 
0.9 

h p p e r  

:u (ppm: 

74 
.48 
28 
12  
31 
40 
9 

13 
19 
26 
8 

21 
9 

22 ' 

40 
63 
52 
29 
30 

32 
28 
33 
34 
19 
21 
20 
38 
12 
25 
28 
23 
28 
39 
44 
21 
27 
32 

so i l  s a m p l e s  

xxxxxx xxxxxxx KXXXXXXI 

m t i n u e c  

K X X X X X X X 

)age 6 . 

I 

... 
UOlE REJECTS RElAlNEDONE MONTH FVWS RElAINEDlUREE UONTnS ONREWESl U P S  

ANDREJECTS WILL BE STORE FOR A W X W  of ONE Y W  



CERTIFICATE OF ASSAY Date: December 23, 1987 

SGS SUPERVISION SERVICES INC. 

1001 East Pender Street. 
Vancouver, B.C., Canada. V6A 1 W2 
Telephone: (604) 254-1647 
Telex: 04-507514 

. @ SGS General Testing Laboratorles Divlslon 

File: 8711-2553 

TO: N.V.C. ENGINEERING LTD. 

( p a g e  6 ) 

- 
We hereby cerfify Ihef the foiiowing ere Ihe reSulfS of ess8ys on: s o i l  s a m p l e s  

Ot.50 W 
1+00 
1+50 
2+00 
4+00 
4+50 
5+00 
6+00 
7+00 
7+50 
8+00 

ot50 W 
2+00 
3+00 
3+50 
4+00 
4+50 
5+00 
6+00 
6+50 
7+00 
7+50 

1+00 w 
1+50 
2+00 
3+50 
6+00 
6+50 
7+00 
7+50 
8+50 
9+50 

lot50 

- 
GOLD - 

u (PPm - 
0.04 
0.02 
0.02 
0.03 
0.02 
0.03 
0.02 
0.04 
0.04 
0.02 
0.02 

0.02 
0.06 
0.03 
0.02 
0.32 
0.03 
0.02 
0.02 
0.03 
0.03 
0.03 

0.03 
0.02 
0.02 
9.02 
0.02 
0.02 
0.03 
0.02 
0.02 
0.02 
0.02 

- 
SILVER - 

k ( P P m  - 
0.7 
0.8 
0.5 
1.5 
0.5 
1.3 
0.5 
0.4 
0.9 
0.3 
0.3 

0.8 
0.5 
1.1 
0.8 
0.3 
0.9 
0.7 
0.8 
0.9 
0.7 
1.6 

2.1 
1.2 
1.1 
1.7 
1 . 3  
1.5 
0.8 
0.5 
1.1 
1.3 
0.3 

Copper 

Cu (ppm: 

42 
76 
113 
181 
96 

247 
96 
76 

202 
71 
37 

188 
94 

382 
134 
48 

159 
117 
102 
219 

7 
14 

50 
29 
30 
22 
27 
18 
15 
8 

21 
9 
b 

xxxxxx 

O l E  REJEClSRElAINEDONE MONIH FUlPSRRNNEDlHPEE MONTHS ONRLOUESl U P S  
AND HLlEClS WILL 8€ SlORE FOR A WMUU OF ONE Y E u l  

:xxxxxxx 

I '  I 
I I 

> 

:xxxxxx: xxxxxxx2 

P a g e  7 

C 

.... 

U REPORTS ARE THE CONFlDrNllll PROPERTY OFCLLNTS RI0LICAlK)N OF SlAlE-MEN15 

uil W R l T l E N ~ V N  A N I L I * B I 1 I T I A W I C M T I f R ~ O I S L U I T E D l O l ~ F t E  CHARGE0 
ONCLUSION on Enwcis  FROM on nEcUU)iffi OUR REPOFITS IN NOT PERMII TED WIT*OUT 



CERTIFICATE OF ASSAY Date: December 23, 1987 
File: 8711-2553 SGS SUPERVISION SERVICES INC. SGS General Testlng Laboratories Dlvislon 

1001 East Pender Street, 
Vancouver, B.C.. Canada. V6A 1 W2 
Telephone: (604) 254-1647 
Telex: 04-507514 

TO: N.V.C.  ENGINEERING LTD. 

Ne hereby certify fhaf the fof/owing are the resu/fs of assays on: soil samples 

W K E O  
I 

G2-L#5 I 

I 
I 

I 
I 

I 

I 

I 
I 
I 

I 

I G >  L#6 

0+50 W 
1+00 
1+50 
2+50 
3+00 
3+50 
4+00 
5+00 
5+50 
6+00 
6+50 
7+00 
8+00 
8+50 
9+00 
9+50 
0+50 
1+00 
1+50 
2+00 
2t50 
3+00 
3+50 
14+00 
14+50 
15+00 
15+50 
16+00 
17iOO 
17+50 
18+00 
18+50 
19+00 
19+50 
20+00 

1+00 w 
1 +50 

I 

- 
GOLD - 

I(PPm) __ 

0.04 
0.04 
0.02 
0.02 
0.02 
0.10 
0.02 
0.18 
0.07 
0.03 
0.05 
0.03 
0.02 
0.02 
0.02 
0.02 
0.02 
0.12 
0.05 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.03 
0.02 
0.05 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 

0.06 
0.04 
- 

__ 
S U E R  - 

g(PPm) - 
1.5 
1.9 
2.0 
1.1 
0.9 
1.3 
0.9 

0.9 
1.9 
1.1 
0.4 
1.6 
1.2 
0.3 
0.5 
1.3 
1.1 
0.5 
0 . 3  
0.4 
0.3 
0.1 
0.3 
0.5 
0.4 
1.2 
0.5 
0.5 
0.4 
0.4 
0.4 
0.3 
0.3 
0.3 

1.2 
0.9 

1.5 

- 

:opper 

cu (PP' 

46 
k 2 
167 
66 
25 
26 
34 
253 
30 
59 
25 
8 
49 
41 
5 
11 
9 
25 
6 
6 
4 
3 
3 
4 
10 
4 
8 
9 
5 
3 

3 
4 
4 
6 

42 
33 

3 

xxxxxx1 :xxxxxx: XXXXXXX 

:ontinu 

xxxxxxx. 

on page 

LXXXX 

1 . . . . . . . 
I NOTE REJECTS HEIAINED M y  MQYlH PULPS RElNNEOTHR€E MONlHS ON REWEST R L P S  

AN0 RUEClS  W U  BE STORE F O R  A HuyluI OF ONE YCIR --- I 

.--  
,- 

/' 
M L  AEPORTS ARE 1HE CCUFIOEWIAL PAOPERTYOFCLENlS PUSLlCllloN OF SlAlE.HEN1S 

O M  WRlllCN lppROVU ANY LWUlW A W A C M T ~ O  IS LWllED 10 1WZ FEE CHARGED CONCLUSlONW E~TR*CTSFRDHORR~G*ADINOOURREPORlSINNOlPERHl~EDWilHOUT / 
I RIovlNclALAssAvEa 



CERTIFICATE OF ASSAY Date: 3ecember 23, 1987 

File: 8711-2553 SGS SUPERVISION SERVICES INC. SGS General Testing Laboratorles Dlvlslon 
1001 East Pender Street, TO: N.V.C. ENGINEERING LTD. 
Vancouver, B.C.. Canada. V6A 1 W2 
Telephone: (604) 254-1647 
Telex. 04-507514 

( page 8 ) 

We hereby certify fiat fhe tollowing am fhe results 01 assays on: soil samples 

Z2-L#6 2+00 w 
2+50 
3+00 
4+50 
5+00 
5+50 
6+00 
6+50 
7+00 
7+50 
8+00 
9+00 
9+50 
11+00 
11+50 
12+00 
12+50 
13+00 
13+50 
14+00 
14+50 

2 L#7 1+00 w 
2+00 
3+00 

' 3+50 
5+00 
6+00 
6t50 
7+00 
7+50 
8+00 
8+50 
10+50 
11+00 
11+50 
12+00 

0.02 
0.02 
0.04 
0.03 
0.08 
0.10 
0.17 
0.03 
0.04 
0.04 
0.04 
0.09 
0.06 
0.14 
0.03 
0.11 
0.03 
0.03 
0.03 
0.09 
0.02 

0.03 
0.09 
0.04 
0.06 
0.02 
0.07 
0.04 
0.04 
0.03 
0.03 
0.02 
0.03 
0.04 
0.03 
0.86 

- 
SILVER - 

Ag( PPO - 
2.7 
2.3 
2.0 
2.1 
0.9 
1.2 
1.3 
2.0  
2.0 
1.5 
1.2 
0.4 
0.3 
1.5 
1.6 
1.2 
0.9 
0.8 
1.1 
0.5 
0.8 

0.9 
1.7 
1.5 
1.6 
1.2 
0.9 
1.3 
1.6 
1.1 
1.7 
1.7 
1.3 
1.5 
1.2 
0.3 

Copper 

c u  (PPM 

127 
136 
52 
55 
21 
26 
36 
51 
49 
51 
23 

7 
5 
13 
17 
7 
7 
8 
9 
6 

28 

19 
60 
100 
112 
27 
55 
34 
56 
16 
6 
32 
26 
26 
9 
7 

xxxxx 

)TE REJCCIS HETAINEDONE MONTH WLPS AETAlNEDlIlREE MONlHS ONREOUEST WLPS 
U1DHUECISWII lBESlOREfOHAU*XY*UM(XONEYUR 

KXXXXXX: 

I contii 

. 

KXXXXXX 

d on pa 

- -_ 

:xxxxxx2 

9 .... # 

- 
4 

7- 

xxxxx 



CERTIFICATE OF ASSAY Date: December 23, 1987 
SGS SUPERVISION SERVICES INC. file: 8711-2553 @ SGS General Testlng lnboratorles Divlslon 
1001 East Pender Street. 
Vancouver, B.C., Canada. V6A 1 W2 
Telephone: (604) 254-1647 
Telex: 04-507514 

We hemby cedi& Ihet Ihe tollowing ere he msulfs 01 assays on: 

:2 L#7 

;2 L#8 

12+50 W 
13+50 
14+00 
14+50 
15+00 
15+50 
16+00 
16+50 
17+00 
17+50 
18+00 
18+50 
19+00 
19+50 
20+00 

0+50 W 

1+50 
6+00 
8+00 
9+50 
10+00 
11too 
11+50 
12+00 
12+50 
13+00 
14+50 
15+50 
16tOO 
16+50 
17+00 
17+50 
18+00 
18+30 

1too 

- 
GOW - 

u(ppm1 - 
0.04 
0.03 
0.10 
0.05 
0.03 
0.11 
0.09 
0.02 
0.09 
0.03 
0.39 
0.03 
0.05 
0.03 
0.03 

0.07 
0.04 
0.02 
0.03 
0.02 
0.02 
0.10 
0.04 
0.09 
0.04 
0.03 
0.03 
0.03 
0.02 
0.04 
0.02 
0.02 
0.02 
0.03 
0.11 

- 

- 
S U E R  - 

Q(PPm - 
1.1 
0.9 
0.3 
0.3 
0.1 
0.3 
0.3 
0.3 
0.1 
1.3 
0.1 
0.3 
0.3 
0.4 
0.1 

0.9 
1.1 
1.3 
0.3 
0.9 
0.4 
0.7 
0.5 
0.3 
0.8 
0.3 
0.3 
0.1 
0.1 
0.3 
0.1 
0.1 
0.1 
0.1 
0.4 

- 

:omer 
Cu (ppm 

11 
4 4 
8 
5 
4 
4 
5 
6 
6 
8 
4 
9 
4 
5 
3 

69 
48 
72 
13 
36 
15 
29 
14 
7 

20 
5 
13 
4 
3 
11 
5 
3 
4 
3 
5 

TO: N.V.C. ENGINEERING LTD. 

( p a g e  9 ) , 

s o i l  s a m p l e s  

X X X W  

lOlE REJECTS RETAINED ONE MONTH FUlPS RETAINED 1HREE -1- O N  REOUESl FVLPS 
AND RLlEClS WILL BE STORE FOR A W W U M  OF ONE Y U R  

[XXXXXXX 

bge 10 . 
.--. . 3 

1- -- -7 REPORTS ARE THE CGUFIDENTIN PRORRW OF CLIENTS RlsLICAlON OF SlAlE.MENlS 
.ONCLUSION W fX lRAClS FROM OR REGAADIffi OUR REPORIS IN NOT PERMlllEO WIII+3ul 
)LR W A l l l t N  APPROVAL *NILUBILIlY A l l ~ : H O T ~ E R E T O I S L ~ I T E O l O l l Y  FEE CMARGEO L. Wong 

[ pRov!NcuLLssIvER 



CERTIFICATE OF ASSAY 

SGS SUPERVISION SERVICES INC. SGS General Testing Laboratories Divielon 
1001 East PeoderStreet, 
Vancouver, B.C.. Canada. V6A 1 W2 
Telephone: (604) 254-1647 
Telex: 04-507514 

r 

We hereby ceftity vlaf the ioNowing am the resulfs oi assays on: 

4+50 
5+00 
5+50 
7+00 
7+00 
7+50 
8+50 
9+00 
9+50 
1 Otoo 
11 +oo 
12+00 
14+00 
14+50 
15+50 
16+00 

2 LHlO 8+50 
9+00 
9+50 
1 Otoo 
10+50 
11+00 
11+50 
12+00 
12+50 
13+00 
13+50 
14+00 
14+50 
15+00 
1% 50 
16+00 
16+50 
17+00 
17+50 
18+00 

G2 L#9 4+00 W 

- 
Gow - 

u (PP' 
0.03 
0.16 
0.07 
0.20 
0.10 
0.03 
0.04 
0.04 
0.06 
0.49 
0.09 
0.07 
0.10 
0.10 
0.04 
0.04 
0.05 

0.07 
0.05 
0.09 
0.14 
0.07 
0.03 
Q.08 
0.09 
0.10 
0.07 
0.10 
0.16 
0.05 
0.07 
0.16 
0.10 
0.35 
0.16 
0.79 
0.18 
- 

- 
SILVER - 

Ag( PP' 
1.1 
0 . 3  
0.9 
0.3 
0.7 
1.1 
0.4 
0.5 
0.5 
0.5 
0.4 
0.9 
1.1 
0.4 
0.7 
0.9 
0.4 

0.7 
0.7 
1.2 
1.1 
0.3 
0.5 
0.8 
0.3 
0.4 
0.3 
0.1 
0.1 
0.4 
0 . 3  
0.1 
1.5 
0.3 
0 .3  
0.1 
0.1 

- 

Copper 

Cu (ppm 
29 
7 
37 
10 
39 
41 
16 
8 
8 
6 
12 
11 
19 
6 
4 
9 
6 

11 
12 
80 
21 
7 
9 
23 
6 
5 
12 
13 
8 
14 
6 
6 
6 
3 
5 
6 
4 

3 l E  RfJEClS RElAlNEOONE MONlH PULPS RC-AINED THREE MONTHS ON REOUESl PULPS 
AND R O E C l S  WILL BE STORE FOR A MAXIMUM OF ONE YEAR 

TO: N . V . C .  E N G I N E E R I N G  LTD. 

( page 10) 

soil samples 

KXXXXXX 

Dale: December 23, 1987 
File: 8711-2553 

xxxxxxx: 

/ co1 

LXXXXXX 

tnued o age 11 ... 
~L REPMIIS ARE 1HE CONFIDENTIAL PROFFRN OF CLIENTS PUBLICATION OF SlAlE.MENlS 

U7 W R I l l E N I P R ( 0 V N  AWLlA0ILIW A ~ ~ ~ D l ~ R ~ O l S L ~ l l E D l O l ~ ~ C ~ G ~  
r ... . . . __. . __ ,/ ~NCLUSIWOR E ~ H * C ~ S F R O M O R R E G * R D I ~ ~ ~ W R R E R Y I ~ S I N N O ~  PERMITTED WI~HOUT 



CERTIFICATE OF ASSAY Date: December 23,. 1987 
We: 871 1-2553 SGS SUPERVISION SERVICES INC. 

. @ SGs General Testing Laboratories Divirion 
1001 East Pender Street. 
Vancouver, B.C., Canada. V6A 1 W2 
Telephone: (604) 254-1647 
Telex: 04-507514 

We hereby certify that the ldlowing 818 the resulfs ol asseys on: 

G2 L#10 

2 L # l l  

2 L#12 

L G2 

18+50 W 
19+00 
19+50 
20+00 

10+50 W 
11+00 
11+50 
13+00 
15+00 
15+50 

17+00 
17+50 
18+00 
18+50 
19+00 
19+50 

10+50 
11+00 
11+50 
12+50 
15+00 
15+50 
16+50 
18+00 
18+50 
19+00 
19t50 
20+00 

16+50 

3+50 N 
6+50 
7+00 
8+00 

- 
GOLO - 

0.24 
0.06 
0.14 
0.10 

0 . 0 3  
0.09 
0.04 
0.04 
0.07 
0.08 
0.08 
0.07 
0.06 
0.02 
0.04 
0.04 
0.07 

0.10 
0.02 
0.07 
0.05 
0.09 
0.02 
'0.05 
0.08 
0.12 
0.02 
0.56 
0.03 

0.06 
0.04 
0.06 
0.04 

__ 

- 
SYMR - * 
0.1 
0 . 3  
0.1 
0.1 

0 . 3  
0 . 5  
0.4 
0.1 
0.1 
0.1 
0 . 3  
0.1 
0.1 
0.3 
0.1 
0.1 
0.7 

0.1 
0.1 
0 . 3  
0.1 
0.1 
0.5 
0 . 4  
0.8 
0 . 4  
0.1 
0.1 
0.1 

0.5 
0.7 
0.4 
0.5 

Eopper 

Cu (ppm 

6 
. 4  

5 
5 

9 
21 
21 
6 
2 
3 
4 
4 
4 
4 
3 
11 
38 

2 
2 
4 
3 
3 

34 
5 
16 
8 
6 
3 
a 

36 
49 
18 
44 

TO: N.V.C. ENGINEERING LTD. 

( page 11 1 ' 

s o i l  samples 

xxxxxx: 

I 

O l E  REJECTS RETAINEO ONE H O i l H  WWS RRAINED 1UREE MOUlUS ON REOUESl FILPS 
AND REJECTS WILL BE STORE FOR A UAXIHUM W ONE Y W  

~xxxxxxx  

I 

I 

i n t  inued 

~ 

xxxxxxx> 

...... 

cxxxxx 



CERTIFICATE OF ASSAY Date: December 23, 1987 
SGS SUPERVISION SERVICES INC. File: 8711-2553 

SGS General Testing Laboratories Division 
TO: N . V . C .  ENGINEERING LTD. 1001 East Pender Street, 

Vancouver, B.C.. Canada. V6A 1W2 
Telephone: (W4) 254-1647 
Telex: 04-50751 4 

- 
We hereby ceriify lhel the following ere the results of assays on: 

R.S. N-7 01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
30 
31 ~~ 

32 
33 
34 
35 
38 
39 L.F.  
40 L . F .  
39 R.F. 
40 R.F. 
41 R . F .  
42 R.F. 

0.02 
0.02 
0.03 
0.04 
0.03 
0.02 
0.02 
0.02 
0.07 
0.04 
0.04 
0.03 
0.03 
0.04 
0.04 
0.04 
0.04 
0.03 
0.04 
0.04 
0.04 
0.04 
0.03 
0.04 
0.03 
0.03 
0.02 
0.02 
0.03 

0.4 
0.3 
0.4 
0.5 
0.7 
0.5 
0.5 
0.1 
0.1 
0.8 
0.9 
0.5 
0.7 
1.5 
0.5 
0.8 
0.9 
0.5 
0.4 
0.5 
0.4 
0.5 
0.7 
0.7 
0.5 
0.7 
0.4 
0.3 
0.5 

Copper 

Cu (ppm 
8 
7 
7 
12 
11 
15 
10 
6 
6 

39 
32 
30 
51 
84 
11 
35 
15 
7 
7 
5 
6 
7 

12 
10 
9 

10 
5 
3 
5 

s o i l  samples 

xxxxxx 

IOTE RCJECTS RRAINED ONE MONTH WLPS RElNNED THREE YaYlHS ON REQUEST U P S  
*NO R W C T S  WILL BE SlORE FOR A MAXIMUM OF CUE YEAB 

:xxxxxxx xxxxxxx <XXXXXX> cxx 

PROVWYL Ass*YER 

!U REPOAlS ARE THE CONflDEHTIAL PROERW O f  CLIENTS WULlCAllON OF SlAlE+KNlS 
.ONCLUSION OR EXTRACTS FROM OR REGARDING OUR REPORlS IN NOT PERMITTED Wl lnOUl  
)UAWRlllCNbPUUlVM ~ N Y L l ~ l L I N A W A C H E D l ~ R E T O I S L M I T E D 1 0 l ~ f ~ E C H * R G E D  - 



CERTIFICATE OF ASSAY Date: January 14, 1988 

1001 East Pender Street, 
Vancouver, B.C.. Canada. V6A 1W2 
Telephone: (604) 254-1647 
Telex: 04-507514 

File: 8711-3051 . SGS SUPERVISION SERVICES INC. 
General Terting Labontorlor Dlvlslon 

TO: N.V.C. ENGINEERING LTD. 
Ste .  304 - 1720 Barclay Street 
Vancouver, B .C.  
v6c 2Y1 

We hereby ceMy that the following are the results of essays on: 

BL G2 

;1 L # l  

;1 L#2 

1+50 S 
2+00 
2+50 
3+00 
3+50 
4+50 
5+50 
6+50 
7+50 
8+50 
9+50 

oo+oo w 
1+00 
1+50 
2+00 
2+50 
3+00 
3+50 
4+00 
4+50 
5+00 
5+50 
6+00 

7+00 
7+50 
8+00 

Ck50 W 
2+00 
2+50 
3+50 
4+50 
5+00 
5+50 
6+00 

6=50 

- 
GOLD - 

LU (PPI - 
0.06 
0.03 
0.05 
0.02 
0.02 
0.02 
0.02 
0.05 
0.02 
0.03 
0.05 

0.05 
0.02 
0.02 
0.05 
0.04 
0.02 
0.02 
0.02 
0.02 
0.03 
0.03 
0.03 
0.02 
0.02 
0.02 
0.02 

0.02 
0.02 
0.02 
0.03 
0.02 
0.02 
0.02 
0.02 

___. 

- 
SILVER - 

153 ( PPm: - 
0.7 
1.0 
1.2 
1.1 
1.3 
1.1 
0.7 
0.9 
0.6 
0.6 
0.8 

0.8 
1.0 
1 . 2  
1.0 
1.1 
0.7 
0.6 
0.8 
0.9 
1.1 
0.2 
0.8 
0.7 
0.4 
0.2 
1.0 

0.4 
0.6 
0.6 
0.9 
0.3 
0.4 
0.8 
0.4 

Copper 
c u  (PPn 

135 
58 
112 
66 
49 
50 
76 
43 
20 
14 

120 

114 
31 
51 

124 
100 
20 
26 
16 
42 
62 
8 

61 
24 
22 
5 

59 

59 
14 
15 
70 
59 

7 
14 
50 

soil samples 

x x x x x >  xxxxxxx x x x x x x x :  

tinued c 

KXXXXXX: 

YOTE REJECTS RETAINED ON Motan FULFS RETAINED THREE w i n s  ON REWEST PUCPS 
AND REJECTS W U  BE STORE FOR A MMUM OF CUE V E U l  

h L  HEPQ(1S ARE 1bE CONF DENlllr PROPERTY OF CLIENTS FUBCIWTONOC SlATE+4tP.lS 
30hC.USfOh OR OnRAClS F R W  OR REGAROING OUR REPORTS IN NOT PERMln+O WllnOIll  
XA W R I T T E N W W O V U  AhV LIABLIN A l l A C e D  I l € R t 7 O I L U I l E D l O l r Y  N CHARGED Y 

= L. Uone 

: x x x x x x 

.... 



CERTIFICATE OF ASSAY Date: January 14,  1988 

1001 East Pender Street. 
Vancouver, B.C., Canada. V6A 1 W2 
Telephone: (604) 254-1647 
Telex: 04-507514 

.SGS SUPERVISION SERVICES INC. File: 8711-3051 
General Testing LsbORtOrle6 Dlvlrlon 

TO: N.V.C. ENGINEERING LTD. 

- We hereby certity that the following are the results 01 essays on: 

M K E O  

G 1  L#2 

G1 L#3 

s1 L#4 

6+50 W 
7+00 
7+50 
8+00 

0+50 W 
1+50 
2+00 
2+50 
3+00 
3+50 
4+00 
4+50 
5+00 
5+50 
6+00 
6+50 
7+00 
7+50 
8+00 
8+50 
9+00 
9+50 

woo w 
ot50 
1+00 
1+50 
2+00 
2+50 
3+00 
4+00 
4+50 
5+00 
k 5 0  
6+00 
6+50 
7+00 

~ 

GOLD 

" ( P P n  

0.02 
0.02 
0.02 
0.02 

0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.03 
0.02 
0.03 
0.03 
0.04 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 

0.02 
0.02 
0.02 
0.03 
0.02 
0.03 
0.03 
0.03 
0.03 
0.06 
0.03 
0.03 
0.03 
0.03 
- 

0.8 
0.3 
1.3 
0.8 

0.7 
0.8 
0.7 
0.9 
0.8 
0.8 
0.7 
0.7 
0.6 
0.9 
0.7 
0.7 
0.9 
0.8 
1.0 
0.9 
0.7 
1.1 

1.2 
0.4 
0.6 
0.7 
1.1 
0.8 
0.9 
0.9 
1.3 
1.2 
1.0 
1.2 
0.9 
1.3 

:opper 

Cu (ppm 

58 
40 

7 
26 

13 
59 
34 
66 
58 
53 
32 
11 
76 
18 
11 
19 
54 
33 
51 
78 
50 
69 

53 
73 
33 
57 
57 
68 
62 
67 
37 
91 
68 
50 
53 
48 

s o i l  samples 

x x x x x x  

OTE REJECTS RETAINED ONE MONTH PULPS RETAINEO THREE MONTHS ON REMlEST RXPS 
*NO REJECTS W U  BE STORE FOR A MAXMUM OF ONE VE*R 

xxxxxxx 

I 

ixxx 

...... 

R t W H l S  ARE THE CONFIMNTIAL PROPERTY OF C-ENTS RIBLCATOh OF STATE.MthTS 
.ONCLUSION OR txTRAClS FROM OR REGIRDING OUR REPORTS IN NO1 PERHIWED Wllr(0UT 
)uR WRIWEN*PPROVAL ANY LIASLITY A l l A C M  T ~ O d L U I T E D T O T t i E  FE€ C W G M  



CERTIFICATE OF ASSAY Dale: Junuury  14,  1988 
File: 8711-3051 SGS SUPERVISION SERVICES INC. 

General Testlng Inboretorlee Dlvlelon 
1001 East Pender Street. TO: N.V.C. ENGINEERING LTD. 

- -  t@’SGS ~ 

Vancouver, B.C., Canada: V6A 1 W2 
Telephone: (604) 254-1647 
Telex: 04-507514 

We hereby certity that Ihe following are Ihe results 01 assays on: soil samples 

I WRKED 

1 G1 L#4 

I 

I G1 L#5 

I 

I 

I 

I 

I 

I 

I 

1 .  

I G1 L#7 

G 1  L#6 

7+50 W 
8+00 
8+50 
9+00 

0+50 W 
1+00 
2+50 
3+00 
3+50 
4+00 
4+50 
8+00 
8+50 
9+00 

1 OtOO 

Ot50 W 
1+00 
1+50 
2+00 
2+50 
3+00 
3+50 
4+00 
4+50 
5+00 
6+00 
6+50 
7+00 
7+50 
8+00 
8+50 
9+50 

0+50 
1too 

0.02 
0.04 
0.05 
0.03 

0.05 
0.05 
0.04 
0.03 
0.03 
0.03 
0.04 
0.23 
0.03 
0.02 
0.02 

0.02 
0.02 
0.04 
0.02 
0.03 
0.03 
0.03 
0.03 
0.03 
0.02 
0.02 
0.02 
0.03 
0.02 
0.02 
0.02 
0.02 

0.02 
0.02 

0.9 
0.9 
0.8 
1.0 

0.9 
0.6 
1.1 
0.8 
1.3 
0.8 
0.6 
0.4 
0.8 
0.7 
0.7 

0.6 
0.4 
0.7 
0.7 
0.6 
0.8 
0.6 
0.3 
0.8 
0.6 
0.3 
0.4 
0.4 
0.7 
0.2 
0.2 
0.2 

0.4 
0.3 

Copper 

cu (PPm 

46 
87 
70 
75 

96 
53 
67 
33 
67 
53 
57 
49 
38 
41  
62 

33 
67 
51 
61 
29 
55 
73 
38 
66 
78 
77 
80 
33 
43 
33 
30 
16 

54 
24 

xxxxx 

NOTE REJECTS RETAINED ON€ MONTH PULPS RETAINED THREE MCUTWS ON RECUEST RKPS I AND REJECTS W U  BE STORE FOR A MAXIMUM OF M YEAR 

KXXXX) 

I 

.xxxxxx 

:inued 

:xxxxxxx xxxxxxx 

*u REWRTS ARE THE CONFIDENlIAL PROPERN OF CLlENlS WBLICATION OF STATEMENTS 
CONCLUSION OR EXTRACTS FROM OR REGARDING W R  REPORTS IN NO1 PERMlTlED WITHOUT 1 OUR WRITTEN APPROVN ANY LIA0LIN A T l A C H D  THEYRRO IS LMllED 10 T H  FEE C M G E D  



CERTIFICATE OF ASSAY Date: January 14, 1988 
File: 8711-3051 SGS SUPERVISION SERVICES INC. SGS General TO8tlnQ Laboratories Dlvlslon 

1001 East Pender Street, 
Vancciiver. B.C.. Canada. V6A 1 W2 

TO: N . V . C .  E N G I N E E R I N G  LTD. 

Telephone: (604) 254-1647 
Telex: 04-507514 

We hereby cetiity that the fdlowing are Uie results of ssseys on: soil s a m p l e s  

G1L#7 

G1 L#8 

1 L#9 

1+50 W 
2+00 
2+50 
3+00 
3+50 
4+00 
4+50 
5+ 50 
6+00 
6+50 
8+00 

10+00 

Ot50 
1+00 
2+00 
2+50 
3+00 
3+50 
4+00 
4+50 
5+00 
5+50 
7+50 
8+00 
9+00 
9+50 

lot00 

0+50 w 
1+00 

1 L#5 B.L. OtOOW 
1 L#9 B.L. 9+00S 
- otoo w 

___ 
GOLD __ 

A u  (pr 

0.02 
0.02 
0.02 
0.02 
0.03 
0.03 
0.03 
0.22 
0.02 
0.02 
0.02 
0.02 

0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.03 
0.03 

0.02 
0.02 
0.02 

0.02 

- 

__ 
SILVER __ 

Q(PPn __ 

0.4 
0.1 
0.3 
0.7 
0.6 
0.2 
0.3 
0.2 
0.2 
0.2 
0.4 
0.3 

0.4 
0.5 
0.2 
0.2 
0.1 
0.1 
0.1 
0.3 
0.4 
0.1 
0.8 
0.6 
0.7 
0.3 
0.4 

0.7 
0.2 

0.2 

0.5 

Copper  

Cu (ppm 

35 
13 
35 
84 
76 
46 
55 
51 
34 

7 
6 

11 

17 
52 
58 
11 
13 
1 2  
14 
25 

101 
11 
42  
34 
52 

7 
8 

16 
22 
17 

20 

xxxx:  

OTE REJECTS RETAINED ONE MONTH PULPS RETAINED THREE MONTHS ON REMKST RllpS 
AND REJECTS W U .  BE STORE F W  A MAXlMUM OF ONE V M  

cxxxxxx: xxxxxx:  

i u e d  or 

xxxxxx:  

vge 5 . 

I -7 

x x x x x x  

.... 

v 
LL REFORTS ARE THE CONFIDENTIAL PROPERM OF CLIENTS RIBLICATKWI OF STATE-MENTS 
DNCLUSION W EXTRACTS FROM OR REG*RDING M I A  REPORTS IN NOT PERMITTED WITHOUT 
Ky( WRlTlEN - V M  A W  LIASLITY A l T A C H D  THERETO IS WITEOTO T H  FEE CHbJ3LRGED 

1 Wnag [ m v I N c l M * s s * v w  



CERTIFICATE OF ASSAY Date: January l k ,  1988 
file: 8711-3051 SGS SUPERVISION SERVICES INC. SGS General Testlng Laboratorlee Dlvlelon 

1001  East Pender Street, TO: N . V . C .  E N G I N E E R I N G  LTD. 
Vancouver. B.C.. Canada. V6A 1 W2 
Telephone: (W) 254-1647 
Telex: 04-507514 

We hemby certify the1 the tollowing 818 the results of essays on: soil samples 

MARKED 

G1 L # 8  BL 8 4 0 s  
otoo w 

G1 L # 6  B . L .  
otoo w 

G1 L 1 0  B . L .  1OtOOS 
otoo w 

__ 
GOLD - 

(PPl  - 

1.02 

1.02 

1.02 

0.9 

0 . 5  

0.3 

X X X X I  

OTE REJECTS RETAINED O I E  MONTH WlPS RElAlNEO THREE HONTHS ON REQUEST FIAPS 
AN0 REJEClS WILL BE STORE FOR A WIMUM (x ONE Y U R  

KXXXXXXJ xxxxxxx xxxxxxx KXX 

’L REPORTS AHf lnf CONfdJtNIIAr I’IUFfhW OF CL+NlS  WBLLAIKYIOf  SlAlE.MENlS 
0hC.bSIONOR LXTRICTSfHOUOHHEGIRDlNG WRREFC+3lS I N N 0 1  PLRMlllEDW 1HWl 
IUA WHllTtN APPROVU AhV LIABYIW A l l U n E O l H E R O O I S r U ~ l E D 1 0 l H E  FEE C W E O  



APPENDIX 3 

INSTRUMENTATION 



. 

W IGS-2 SYSTEM 

1.0 INTYOUUCTLON 

1.1 Ceneral l n f o r m a t i o n  

The IGS-2 I n t e g r a t e d  Geophysical  System is a p o r t a b l e  
microprocessor-based i n s t r u m e n t  w h i c h  a l l o w s  more t h a n  one type of 
s u r v e y  measurement t o  be performed by a s i n g l e  o p e r a t o r  d u r i n g  a 
s u r v e y .  

The IGS-2 is a modular s y s t e m  which can  e a s i l y  be c o n f i g u r e d  t o  
s u i t  d i f f e r e n t  and changing su rvey  r equ i r emen t s .  Reconf igu r ing  
the system is e a s y  and o f f e r s  bo th  o p e r a t i o n a l  f l e x i b i l i t y  and 
m i n i m a l  redundancy w i t h  a m i n i m u m  number of s p a r e  c o n s o l e s  a n d / o r  
modules. 

Uhen c o n f i g u r e d  w i t h  any of t h e  a v a i l a b l e  s e n s o r  o p t i o n s ,  t h e  
IGS-2 Sys tem C o n t r o l  Console becomes a me thod- spec i f i c  i n s t r u m e n t  
a c c o r d i n g  t o  t h e  s e n s o r  o p t i o n ( s )  u t i l i z e d .  In a d d i t i o n ,  t h e  
IGS-2 Console is a n  e l e c t r o n i c  notebook i n t o  which g e o p h y s i c a l ,  
g e o l o g i c a l  or o t h e r  d a t a  may be manually e n t e r e d  and d i g i t a l l y  
s t o r e d .  

Data is s t o r e d  i n  t h e  IGS-2 i n  an expandab le ,  s o l i d  s ta te  memory 
and can be o u t p u t  i n  t h e  f i e l d  by  c o n n e c t i n g  t h e  i n s t r u m e n t  t o  a 
p r i n t e r ,  t a p e  r e c o r d e r ,  modem o r  microcomputer. 

The 32 c h a r a c t e r  d i g i t a l  d i s p l a y  u s e s  f u l l  words i n  most cases, 
e n s u r i n g  c l e a r  communication. 
d i s p l a y e d  s i m u l t a n e o u s l y ,  a l l o w i n g  comparisons t o  be made a t  a 
g l a n c e  d u r i n g  a s u r v e y .  

The IGS-2 r e c o r d s  header  i n f o r m a t i o n ,  d a t a  v a l u e s ,  s t a t i o n  number, 
l i n e  number, g r i d  number and t h e  time of each o b s e r v a t i o n  in i t s  
i n t e r n a l  memory. Data are f i r s t  s o r t e d  by g r i d  number, t h e n  in 
o r d e r  of i n c r e a s i n g  l i n e  number and,  w i t h i n  each l i n e ,  by 
i n c r e a s i n g  s t a t i o n  number. I n  t h i s  way, t h e  d a t a  are o r g a n i z e d  
l o g i c a l l y  r e g a r d l e s s  of t h e  sequence i n  which t h e y  were taken.  
A n c i l l a r y  d a t a  can a l s o  be manually e n t e r e d  and r eco rded  at  a 
g iven  s t a t i o n ,  a l o n g  w i t h  t h e  s u r v e y  pa rame te r s .  

The ICS-2 may appea r  complex because of t h e  new mfc roprocesso r -  
based technology employed i n  i t s  des ign .  However, i t  does no t  
perform a n y  o p e r a t i o n  t h a t  is, i n  p r i n c i p l e ,  u n f a m i l i a r  t o  a n  
e x p e r i e n c e d  o p e r a t o r .  Only t h e  procedures  have changed. For 
i n s t a n c e ,  d a t a  can now be r eco rded  i n  t h e  memory of t h e  ICS-2 by a 

Both present and p r e v i o u s  d a t a  are 
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Figure 1GS:l 
The IGS-2 as Worn by an Operator 
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series of s imple k e y s t r o k e s ,  r a t h e r  t han  r e c o r d i n g  measurements by 
hand in a notebook. Likewise,  a n  e r r o r  S p o t t e d  in t h e  r e c o r d s ,  
which would be c o r r e c t e d  or  erased by hand. is  now c o r r e c t e d  by 
means of t h e  Edi t  f u n c t i o n  which a l lows  the error to be removed 
from memory, c o r r e c t e d ,  and then  r e f i l e d ,  or e r a s e d  a l t o g e t h e r .  

1.2 Product  Updates 

A t  S c i n t r e x  w are c o n t i n u a l l y  working i n  improve ou r  l i n e  of 
p roduc t s .  You may be n o t i f i e d  as i m p o r t a n t  changes occur  t o  
e i t h e r  t h e  s o f t w a r e  or hardware of our p roduc t s .  We would 
a p p r e c i a t e  h e a r i n g  from you i f  you a r e  i n t e r e s t e d  i n  our l a t e s t  
developments.  We would a l s o  v a l u e  h e a r i n g  from you about  any  
s u c c e s s e s ,  o r  problems you may have encoun te red  SO t h a t  we may 
a d v i s e  you. 
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TEE 18-314 WNETOLETER 

1.0 INTRODUCTION 

1.1 General  O u t l i n e  

This s e c t i o n  of t h e  manual d e s c r i b e s  i n  d e t a i l  t h e  p ro ton  
magnetometer me thod . 
A t h e o r e t i c a l  e x p l a n a t i o n  of t h e  magnet ic  method i s  g i v e n  f i r s t .  
Then t h e  t a b l e  MAG SETUP MENUS i s  p r e s e n t e d  f o r  r e f e r e n c e .  After 
t h i s ,  t h e  fo l lowing  t o p i c s  are d e a l t  w i t h  i n  d e t a i l :  

1 )  method enab l ing  p rocedures ,  
1 )  measuring p rocedures ,  
3 )  warning w s s a g e s ,  
4 )  equipment s e t u p  p r o c e d u r e s ,  
5 )  t r o u b l e s h o o t i n g  i n f o r m a t i o n ,  
6) s p e c i f i c a t i o n s  and 
7) parts l i s t .  

1.2  'he Magnetic Method 

The magnetic method c o n s i s t s  of  measuring t h e  magnet ic  f i e l d  o f  
t h e  e a r t h  as i n f l u e n c e d  by rock f o r m a t i o n s  having d i f f e r e n t  
magnetic p r o p e r t i e s  and c o n f i g u r a t i o n s .  The measured f i e l d  is t h e  
v e c t o r  sum of induced and remanent magnet ic  e f f e c t s .  Thus, t h e r e  
a r e  t h r e e  f a c t o r s ,  e x c l u d i n g  g e o m e t r i c a l  f a c t o r s ,  which d e t e r m i n e  
t h e  magnetic f i e l d .  T h e s e  a r e  t h e  s t r e n g t h  of t h e  e a r t h ' s  magnet ic  
f i e l d ,  t h e  magnetic s u s c e p t i b i l i t i e s  of  t h e  r o c k s  p r e s e n t  and 
t h e i r  remanent magne t ism. 

The e a r t h ' s  magnetic f i e l d  is s i m i l a r  i n  form t o  t h a t  of a bar 
magnet 's .  The f l u x  l i n e s  of  t h e  geomagnet ic  f i e l d  are v e r t i c a l  a t  
t h e  n o r t h  and s o u t h  magnetic p o l e s  where the s t r e n g t h  is approxi-  
ma te ly  60,000 nT. I n  t h e  e q u a t o r i a l  r e g i o n ,  t h e  f i e l d  is 
h o r i z o n t a l  and i t s  s t r e n g t h  is approx ima te ly  30,000 nT. 

T h e  primary geomagnet ic  f i e l d  is, f o r  t h e  pu rposes  of normal 
m i n e r a l  e x p l o r a t i o n  s u r v e y s ,  c o n s t a n t  i n  s p a c e  and time. Magnetic 
f i e l d  measurements may, however, v a r y  c o n s i d e r a b l y  due t o  s h o r t  
term e x t e r n a l  magnetic i n f l u e n c e s .  The magnitude of  t h e s e  v a r i a -  
t i o n s  i s  u n p r e d i c t a b l e .  In t h e  c a s e  of sudden magnetic storms, i t  
may r e a c h  s e v e r a l  hundred gammas o v e r  a few minutes.  It may be  
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n e c e s s a r y ,  t h e r e f o r e ,  t o  t ake  con t inuous  r e a d i n g s  of t h e  geomag- 
n e t i c  f i e l d  w i t h  a base s t a t i o n  magnetometer w h i l e  t h e  magnetic 
su rvey  is being done. An a l t e r n a t i v e  f i e l d  p rocedure  is t o  make 
p e r i o d i c  r e p e a t  measurements a t  conven ien t  t r a v e r s e  p o i n t s ,  
a l t h o u g h  t h i s  is a v e r y  u n r e l i a b l e  method d u r i n g  active magnetic 
s to rms  when i t  is important  t o  have p rope r  r e f e r e n c e  d a t a .  

The i n t e n s i t y  of magne t i za t ion  induced i n  rocks  by t h e  geomagnetic 
f i e l d  F is g i v e n  by: 

I kF 

where I i s  t h e  induced m a g n e t i z a t i o n  
k i s  t h e  volume magnet ic  s u s c e p t i b i l i t y  
F is t h e  strength of t h e  geomagnetic f i e l d  

For most m a t e r i a l s ,  k i s  v e r y  much less t h a n  1. If  k is n e g a t i v e ,  
t h e  body is s a i d  t o  be d i amagne t i c .  Examples are q u a r t z ,  marble ,  
g r a p h i t e  and rock s a l t .  I f  k i s  a s m a l l  p o s i t i v e  v a l u e ,  t h e  body 
is s a i d  t o  be paramagnet ic ,  examples of  which are g n e i s s  
( k  = 0.002). pegmat i t e ,  d o l o m i t e  and s y e n i t e .  If k i s  a l a r g e  
p o s i t i v e  v a l u e ,  t h e  body is s t r o n g l y  magnet ic  and i t  is s a i d  t o  be 
f e r r u n a g n e t i c ,  f o r  example, m a g n e t i t e  ( k  - 0 .3 ) ,  i l m e n i t e  and 
p y r r h o t i t e .  

The s u s c e p t i b i l i t i e s  of r o c k s  a r e  determined p r i m a r i l y  by t h e i r  
m a g n e t i t e  c o n t e n t  s i n c e  t h i s  m i n e r a l  is so s t r o n g l y  magnet ic  and 
so wide ly  d i s t r i b u t e d  i n  t h e  v a r i o u s  rock  t y p e s .  (Of c o n s i d e r a b l e  
impor t ance ,  a s  wel l ,  i s  t h e  p y r r h o t i t e  con ten t . )  

T h e  remanent m a g n e t i z a t i o n  of rocks  depends bo th  on t h e i r  composi- 
t i o n  and t h e i r  p r e v i o u s  h i s t o r y .  Whereas t h e  induced magnetiza- 
t i o n  is n e a r l y  always parallel  t o  t h e  d i r e c t i o n  of t h e  geomagnetic 
f i e l d ,  t h e  n a t u r a l  remanent m a g n e t i z a t i o n  may bea r  no r e l a t i o n  t o  
t h e  p r e s e n t  d i r e c t i o n  and i n t e n s i t y  of t h e  e a r t h ' s  f i e l d .  The 
remanent magne t i za t ion  i s  r e l a t e d  t o  t h e  d i r e c t i o n  of t h e  e a r t h ' s  
f i e l d  a t  t h e  time t h e  rocks  were las t  magnetized. Movement of t h e  
body th rough  f o l d i n g ,  e t c . ,  and t h e  chemical h i s t o r y  since t h e  
p r e v i o u s  m a g n e t i z a t i o n  are a d d i t i o n a l  f a c t o r s  which a f f e c t  t h e  
magnitude and d i r e c t i o n  of  t h e  remanent magnet ic  v e c t o r .  

Thus,  t h e  r e s u l t a n t  m a g n e t i z a t i o n  M of a rock  is g iven  by: 

M = Hn + kF 

where Hn is t h e  n a t u r a l  remanent m a g n e t i z a t i o n .  and  F is a v e c t o r  
which can  be comple t e ly  s p e c i f i e d  by i t s  h o r i z o n t a l  (H) and v e r t i -  
ca l  (2) components and by t h e  d e c l i n a t i o n  (D) from t r u e  n o r t h .  
S i m i l a r l y .  M,, is s p e c i f i e d  when I t s  magnitude and d i r e c t i o n  are 
known. Thus, c o n s i d e r a b l e  s i m p l i f i c a t i o n  r e s u l t s  i f  Mn = 0 ,  
whereupon M merely r educes  t o  kF. In t h e  e a r l y  d a y s  of magnet ic  
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p r o s p e c t i n g .  i t  was u s u a l l y  assumed that  there  was no remanent 
magnet i za t ion .  However, i t  has now heen e s t a b l i s h e d  t h a t  both  
i g n e o u s  and sedimentary rocks possess remanent m a g n e t i z a t i o n ,  and 
t h a t  the  phenomenon is  a widespread one .  



1.2 Theory of Opera t ion  

The Very LDW Frequency (VLF) E l e c t r o m a g n e t i c  k t h o d  measures  
v a r i a t i o n s  i n  t h e  components of  t h e  e l e c t r o m a g n e t i c  f i e l d s ,  se t  up 
by communication s t a t i o n s  o p e r a t i n g  i n  t h e  15 t o  30 kHz f r equency  
range.  These s t a t i o n s ,  l o c a t e d  around t h e  world,  g e n e r a t e  s igna l s  
f o r  t h e  purposes  of n a v i g a t i o n  and communication w i t h  submarines.  

I n  f a r  f i e l d .  above uniforul e a r t h ,  t h e  groundwave of t h e  v e r t i -  
c a l l y  p o l a r i z e d  V L F  radiowave has three f i e l d  components: 

1)  a r a d i a l ,  h o r i z o n t a l  e l e c t r i c a l  f i e l d ,  
2) a v e r t i c a l  e l e c t r i c a l  f i e l d ,  and 
3) a t a n g e n t i a l ,  h o r i z o n t a l  magnet ic  f i e l d .  

When t h e s e  t h r e e  f i e l d s  meet conduc t ive  bod ies  i n  t h e  ground,  eddy 
cur ren ts  are induced c a u s i n g  secondary  f i e l d s  t o  r a d i a t e  outwards 
from t h e s e  conduc to r s .  In  the Magnetic F i e l d  mode, t h e  IGS-2/ 
VLF-4 measures t h e  h o r i z o n t a l  f i e l d  and two components of t h e  
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ver t i ca l  f i e l d ,  normalized by t h e  h o r i z o n t a l  f i e l d  measurement. 
I n  t h e  E l e c t r i c a l  F i e l d  mode, i t  measures t h e  h o r i z o n t a l  magnetic 
and e l e c t r i c a l  f i e l d s .  

1.3 What t h e  lGS-2/VLF-4 Measures 

As i t s  primary measurement, t h e  IGS-2/VLF-4 employs two m u t u a l l y  
o r thogona l  r e c e i v e  c o i l s  t o  d e t e r m i n e  t h r e e  p a r a m e t e r s  of t h e  
VLF-magnetic f i e l d .  These a r e :  1) t h e  h o r i z o n t a l  ampl i tude  
v e c t o r  i n  a d i r e c t i o n  p e r p e n d i c u l a r  to a l i n e  j o i n i n g  t h e  o p e r a t o r  
t o  t h e  s t a t i o n ;  2) t h e  ampli tude of t h e  component of t h e  ver t ica l  
f i e l d  v e c t o r  which is i n  phase w i t h  t h e  h o r i z o n t a l  v e c t o r ;  and 3)  
t h e  ampli tude of t h e  compoiient of t h e  ver t ical  f i e l d  v e c t o r  which 
is 90" o u t  of phase w i t h  t h e  h o r i z o n t a l  v e c t o r .  These t h r e e  
pa rame te r s ,  f o r  t h e  g i v e n  V L F  t ransmitter,  are r eco rded  s i m u l t a -  
neously.  Since t h e  ver t ica l  components a r e  e x p r e s s e d  as a 
pe rcen tage  of t h e  h o r i z o n t a l  v e c t o r ,  t hey  are a u t o m a t i c a l l y  
normalized f o r  any changes i n  t h e  ampl i tude  of t h e  t r a n s m i t t e d  
primary f i e l d .  

The primary f i e l d  from a V U :  s t a t i o n  can I n  f a c t ,  vary c o n s i -  
d e r a b l y .  F igu re  VLF:I is a r e c o r d i n g  of t h e  h o r i z o n t a l  f i e l d  
s t r e n g t h  from t h e  Annapol is  VL1: s t a t i o n  made i n  Toronto,  Canada. 
For the most p a r t ,  t h e  f i e l d  f l u c t u a t e s  modera t e ly  d u r i n g  t h e  
c o u r s e  of t h e  day due t o  changes i n  a tmosphe r i c  c o n d i t i o n s .  There 
a r e ,  however, more d r a m a t i c  changes i n d i c a t e d  on t h e  r e c o r d i n g .  
Towards evening there is a l a r g e  upwards swing i n  t h e  f i e l d  
s t r e n g t h ,  and a t  several p o i n t s  d u r i n g  the day,  b o t h  p a r t i a l  and 
t o t a l  d rops  i n  t h e  f i e l d  ampl i tude  can be observed.  In t h e  l i g h t  
of  these i r r e g u l a r i t i e s .  t h e  h o r i z o n t a l  f i e l d  d a t a  should always 
be cons ide red  w i t h  r e s e r v a t i o n  as i t  is d i f f i c u l t  t o  know whether  
changes a r e  caused by c o n d u c t o r s  o r  by v a r i a t l o n s  i n  t h e  s t a t i o n ' s  
s i g n a l .  

If t h e  primary f i e l d  s t r e n g t h  i s  c o n s t a n t ,  changes i n  t h e  ampli-  
tude of the h o r i z o n t a l  magnet ic  f i e l d  mainly r e f l e c t  v a r i a t i o n s  i n  
t h e  c o n d u c t i v i t y  of t h e  e a r t h .  Normally t h e r e  w i l l  be no ve r t i ca l  
magnet ic  f i e l d .  However, n e a r  a conduc to r .  a v e r t i c a l  f i e l d  w i l l  
be observed.  The r e l a t i v e  ampl i tudes  of t h e  in-phase and quadra-  
t u r e  Components may be used t o  i n t e r p r e t  t h e  c o n d u c t i v i t y - s i z e  
c ha rac  t e r i  s t i c s  of t h e  conduc to r  . 
To permit measurement of t h e  VLF-electr ic  f i e l d ,  a d i p o l e  
c o n s i s t i n g  of two c y l i n d r i c a l  e l e c t r o d e s  and 5 meters of  wire is 
used. When t h i s  d i p o l e  is c o r r e c t l y  l a i d  o u t ,  t h e  IGS-Z/VLF-4 
measures  t h e  in-phase and q u a d r a t u r e  components of t h e  h o r i z o n t a l  
e l e c t r i c  f i e l d  i n  t h e  d i r e c t i o n  of t h e  l i n e  j o i n i n g  t h e  o p e r a t o r  
and the t r a n s m i t t e r  s t a t i o n .  The phase r e f e r e n c e  i s  t h e  hori- 
z o n t a l  magnetic f i e l d .  
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The IGS-2/VLF-4 u s e s  t h e  magnet ic  and e lec t r ic  f i e l d  measurements 
t o  a u t o m a t i c a l l y  c a l c u l a t e  t h e  a p p a r e n t  r e s i s t i v i t y  of the e a r t h  
as well as t h e  phase a n g l e  between t h e  magnet ic  and e lectr ic  f i e l d  
components. I f  t h e  e a r t h  i s  uniform ( n o t  l a y e r e d )  w i t h i n  t h e  
d e p t h  of t h e  VLF measurement, t h e  phase a n g l e  between t h e  ho r i -  
z o n t a l  magnet ic  and e lectr ic  V L F  f i e l d s  w i l l  b e  45 d e g r e e s .  A 
non-uniform e a r t h  w i l l  g i v e  rise t o  o t h e r  phase a n g l e s .  

The fo l lowing  formulae are used f o r  r e s i s t i v i t y  and phase 
c a l c u l a  t i o n s  : 

Apparent B e s i s t i v i t y  C a l c u l a t i o n :  

where : 

p = a p p a r e n t  r e s i s t i v i t y  i n  ohm-meters 
l i t u d e ,  c a l c u l a t e d  

= h o r i z o n t a l  magnet ic  a m p l i t u d e ,  measured 
= V L F  s t a t i o n  frequency i n  Hertz  
= p e r m e a b i l i t y  of t h e  ground i n  H e n r i e s f m e t e r ,  a c o n s t a n t  

The r e s i s t i v i t y  c a l c u l a t i o n  h a s  a range of 1 t o  100,000 ohm-meters 
with a r e s o l u t i o n  of  1 ohm-meter. 

Phase Angle C a l c u l a t i o n  
The phase a n g l e  CP i s  expres sed  as: 

where : 

h ( 4 )  = h o r i z o n t a l  q u a d r a t u r e  VLF e lec t r ic  f i e l d .  
%,(I)  = h o r i z o n t a l  in-phase VLF e lec t r i c  f i e l d ,  phase r f e r e n c e d  t o  

t h e  h o r i z o n t a l  magnet ic  f i e l d ,  Hy. 

The phase  a n g l e  c a l c u l a t i o n  has a range of -180" t o  +160' w i t h  a 
r e s o l u t i o n  of 1". By d e f i n i t i o n  t h e  angle  is p o s i t i v e  when t h e  
e l e c t r i c a l  f i e l d  l e a d s  t h e  magnet ic  f i e l d .  



9.0 SPECIFICATIONS 

9.1 S tanda rd  Console S p e c i f i c a t i o n s  

D ig i t a l  Meplay 32 c h a r a c t e r ,  2 l i n e  LCD 
d i s p l a y  

Keyboard Input 14 keys for e n t e r i n g  a l l  
commands, c o o r d i n a t e s ,  heade r  
and a n c i l l a r y  i n f o r m a t i o n .  

Languageti E n g l i s h  p l u s  French is  
s t a n d a r d .  

~ ~ ~ ~ 

Standard Memory 16K RAM. More than  s u f f i c i e n t  
f o r  a d a y ' s  d a t a  i n  most 
a p p l i c a t i o n s .  

Clock Real time c l o c k  w i t h  day ,  
month, y e a r ,  hour ,  minu te  and 
second. One second resolu- 
t i o n ,  f l  second s t a b i l i t y  o v e r  
12 hours .  Needs keyboard 
I n i t i a l i z a t i o n  o n l y  after 
b a t t e r y  replacement .  

Digital Data Outpu t  
~ 

RS-232C serial  i n t e r f  ace f o r  
d i g i t a l  p r i n t e r ,  modem, micro- 
computer or cassette t a p e  
r e c o r d e r .  Data o u t p u t s  i n  7 
b i t  ASCII, no p a r i t y  format .  
Baud ra te  is keyboard selec- 
table a t  110, 300, 600 and 
1200 baud. C a r r i a g e  r e t u r n  
d e l a y  is keyboard s e l e c t a b l e  
I n  i n c r e m e n t s  of one from 0 
th rough  999. Handshaking is  
do ne t h r  o ug h X- ON / X-0 F F 
p r o t o c o l .  

Allows ICS-2 to act as a 
master fo r  o t h e r  i n s  trumenta- 
tlon. 

h a l o g  Output For a s t r i p  c h a r t  r e c o r d e r .  0 
t o  999 mV f u l l  scale v i t h  
keyboard selectable s e n s i t i v -  
i t i e s  of 10, 100 or 1000 u n i t s  
f u l l  scale. 

IGS: 9 - 1 



Console Dimensions 240 x 90 x 240 mm i n c l u d e s  
mounted b a t t e r y  pack. 

e i g h t 6  Console :  2.2 kg 
Conso le  w i t h  Non-rechargeable  
B a t t e r y  Pack;  3.2 kg. 
Console  w i t h  R e c h a r g e a b l e  
B a t t e r y  Pack: 3.6 kg. 

~- ~ 

Operating Temperature Range -40°C t o  +50°C p r o v i d e d  
o p t i o n a l  D i s p l a y  Heater i s  
used  below -2OOC. 

Power Requirements Can be powered by e x t e r n a l  1 2  
V DC or one  of t h e  B a t t e r y  
Pack O p t i o n s  l i s t e d  below. 

9.2 Battery Pack O p t i o n s  

B a t t e r y  P a c k  l i f e t ime  depel ids  o n  which B a t t e r y  Pack is  s e l e c t e d ,  
s e ~ i s o r ( s )  u s e d ,  reading t l i n t '  and ambient  t e m p e r a t u r e .  L l f e  
e x p e c t a n c y  would be 1 t o  10, e i g h t  hour s u r v e y  days .  

-~ 

bn-Rechargeable Battery Pack I n c l u d e s  b a t t e r y  h o l d e r  and 10 
d i s p o s a b l e  'C' ce l l  b a t t e r i e s  
f o r  i n s t a l l a t i o n  on  c o n s o l e .  
Used i n  low s e n s i t i v i t y  t o t a l  
f i e l d  magnetometry o r  VLF in 
t e m p e r a t u r e s  above  O O C .  

Weight i s  0.9 kg. 

Rechargeable Battery Pack I n c l u d e s  b a t t e r y  h o l d e r ,  6 
and Charger r e c h a r g e a b l e ,  non-magnet ic ,  

s e a l e d  l e a d - a c i d  b a t t e r i e s  and 
c h a r g e r  f o r  i n s t a l l a t i o n  o n  
c o n s o l e .  Best f o r  h i g h  
s e n s i t i v i t y  t o t a l  f i e l d  
measurements ,  a l l  g r a d i e n t  
measurements  and o p e r a t i o n  
below O°C. Pack we ighs  1.3 
kg. Charge r  s p e c i f i c a t i o n s  
are:  

o v e r l o a d  p r o t e c t e d  . 
140 x 95 x 65 mm, 

115/230 V AC, 50/60 Hz, 20  VA, 

IGS: 9 - 2 



8.0 SPECIFICATIONS 

8.1 Magnetometry S p e c i f i c a t i o n s  

Total  F i e l d  Operating Range 20,000 t o  100,000 nT 
( 1  nT = 1 gamma). 

Gradient Tolerance For Total Field: *5000 nT/m. 

Total F i e l d  Abaolute &curacy *l nT a t  50,000 nT 
*2 nT o v e r  t o t a l  f i e l d  
o p e r a t i n g  and t e m p e r a t u r e  
range. 

& S O l U t i O Q  0.1 nT. 

Tuning F u l l y  s o l i d - s t a t e .  Manual or 
a u t o m a t i c  mode is  keyboard 
se lec t  ab le .  

Reeding Tine 2 seconds. For portable 
r e a d i n g s  t h i s  is  t h e  time 
t aken  from t h e  push of a 
b u t t o n  t o  t h e  d i s p l a y  of t h e  
measured va lue .  

Cbntinuous Cycle Times Keyboard s e l e c t a b l e  i n  1 
second I n c r e n e n t s  upwards from 
2 seconds t o  999 seconds.  



9.0 SPECIPICATlONS 

Frequency Tuning Automatic d ig1  ta l  tuning. Can 
be tuned to  any frequency i n  
t h e  range 15.0 t o  29.0 kHz 
wi th  a bandwidth of 150 Hz. 
Up to  t h r e e  f requencies  can be 
chosen by keyboard e n t r y  f o r  
s e q u e n t i a l  measurements. 

F i e l d  Strength Range F i e l d s  as low as 100 mA/m can 
be received.  In  p r a c t i c e ,  
background noise  may r e q u i r e  
f i e l d s  up  t o  5-10 times t h i s  
level. Maximum received f i e l d  
is 2 mA/metre. These va lues  
are s p e c i f i e d  f o r  20 kHz. For 
any o t h e r  f requency,  calculate 
the  above l i m i t s  by mul t ip ly-  
i ng  by the  s t a t i o n  frequency 
i n  kHz and d iv id ing  by 20. 

Signa l  Filtering Narrow bandpass, low pass and 
sha rp  cut-of f high pass  
f i l ters.  

0.5 seconds sample i n t e r v a l .  
A s  many as 2 l 6  samples can be 
s tacked t o  improve measurement 
accuracy. 

1)  Hor izonta l  ampli tude,  2)  

and 3) v e r t i c a l  quadra ture  
components. Vertical 
components are d isp layed  as a 
percentage of h o r i z o n t a l  
component and are r e l a t e d  In 
phase t o  the  h o r i z o n t a l  
component. Their  range is 
*120X; reading r e s o l u t i o n  1%. 

Measuring Time 

VLF-Magnetic F i e l d  Components 
Ikasured  v e r t i c a l  in-phase component, 

VW-Hagnetic F i e l d  Sensor Two air-cored c o i l s  i n  a 
backpack mounted housing wi th  
an e l e c t r o n i c  l e v e l  f o r  
automatic  ti1 t compensat ion. 
The error i n  the  v e r t i c a l  
in-phase component is less 
than 1% f o r  t i l t s  up t o  f15'. 

VLF: 9 - 1 
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Geological contact: 
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-*-  inferred 

fault 

jointing in volcanic and intrusive units 

cleavage: fracture cleavage (basaltic dyke and intrusive units) - schistosity; sheared volcanic units 

A 1905 sample location 

LITHOLOGY 

Island lntrusives 

light greenish grey, medlum to coarse grained porphyritic/sericitic granite, alkali granite, light grey fine grained equigranular 
diorite and quartz diorite 

1 

Sicker Volcanics; 
Myra Formation 

dark green, medium grained equigranular massive basalt (mafic intrusive) 

medium to dark green, fractured,inhomogenous, chloritized, silicified greywacke, lapilli and crystal tuff, dacite, 
volcanic breccia, intrusions of chloritized diorite 

N it i n a t For mat i on 
. . * *  light to dark green, buff to rusty orange,finegrainea alkali basalt ( pillowsand maficflows). 

I 
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LOCAL GEOLOGY 

KCUKOR,f? Eng. - NVC ENGINEERING Ud.-VANCOUVER, 0.C 
DATE : May, 1988 FIG. ' 5  

VICTORIA and ALBERlW M.D., B.C. NTS 92C/15 
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