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ABlICOON RESOllllCffi roc

Bingo and Peso Properties
Vancouver Island British Columbia

1 INmODOCTION

The owner of the property Abacorn Resources Inc has contracted

NVC Engineering Ltd to carry out geological geochemical and gecphysical
evaluation of the property s potential The exploration work which con

sisted of linecutting geological ffi3pping geochemical soil survey ffi3gnetic
and VLF EM surveys corrmenced in November 1987

To cover the whole area of interest the Squeak claim was located

as part of the program

During the late part of December and through January frequent
snowfalls impeded the program making soil sampling very difficult Logging
on the Peso claims also interfered with the program Part of the grid

J
constructed on this claim has subsequently thus been destroyed

J

D Cukor Geologist was in charge of the field program Janes

Wieck Geologist carried out part of the geological ffi3pping and geophysical
surveys Overall supervision was by V Cukor P Eng

The program covered two separate claim groups the Bingo Group and

the Peso Claims located about 2 5 kilometres apart Although the area saw

some exploration in the past the work done by NVC Engineering Ltd was a

grass root program A total of 82 000 was spent

The location of the ICP for the Bingo claim was found to be fairly
accurate in comparison to the staking record however the location on the

ffi3p for the LCP for the Bango claim differs considerably from its real

position in the field Thus the Squeak claim had been located during the

program to cover the area of interest
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2 REVIEW

2 1 SIMoIARY and CXNWSIONS

The Bingo property is underlain by rretasediments of the Leech

River Fonnation and metadiorite of the Wark Gneiss Fonnation and the

Peso claim geolcgy is rrostly represented by the Jurassic Bonanza Group
The San Juan and Survey Mluntain faults are the rrejor structural

elements in the area and they are rreinly responsible for today s

distribution of geological units The Survey Mluntain fault also appears

to have provided the environment for emplacement of gold mineralization

on the Bingo property The graphitic silicified shears were indeed

found elsewhere to enhance precipitation of gold and produce extra

ordinary rich gold mines The Survey Mluntain fault is just such a

zone 3 30 rretres wide and limited sampling soil and rock indicated

the presence of gold One of the samples JW 6 assayed as high as

28 oz t gold and 3 oz t silver This entire zone should be further

explored in great detail

On the Peso claim there is a presence of widespread pyrite minerali

zation in sheared volcanics The pyrite content in such localities

reaches up to 20 numerous samples assayed between 01 and 07 oz t

gold and 1 to 2 oz t silYer This claim represents another valuable

target and warrants further detailed exploratory work

2 2 REXXMoIElIDlTIONS

The Bingo Peso properties definitely warrant further work which

should be carried out in two stages
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2 2 REJXMlElIDTIONS Cont d

Quring the first stage on the Bingo claim grid lines spaced at

50 metres should be interpolated between existing lines oyer the

graphitic shear in the ontcrt zone between the intrusive and metasedi

ments These lines should be about 600 rretres long This newly

constructed grid and the equivalent portion of the old grid should then

be soil sampled at 25 metre intervals The entire contact zone

should be geologically I1BPped in great detail Where overburden

covered it should be trenched by backhoe and rocks extensively

sampled Special attention should be given to the area of sample JW 6

On the Peso claim the entire grid should be soil sampled at 50

metre intervals The localities of all rock samples collected during

the last program should be hoe trenched I1Bpped in detail and

extensively sampled

The second stage should be contingent on the results of the first

stage If positive results are achieved the second stage should

diamond drill test all areas of interest It is estimated that about

3 000 feet of B Q drilling should be sufficient for that purpose

1
J

J

J
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2 3 COOT ESTIMATE

Stage 1

Linecutting Bingo l5 kIn

Soil sampling Bingo Peso 700 @ 8 ea

Trenching hoe 50 hrs @ 600

Sampling napping

Assays

Data canpilation Report

Contingencies

Stage 1 Budget

5 000

5 600

30 000

12 000

10 000

10 000

5 000

77 600

Stage 2

Diamond drilling 3 000 @ 25 ea

Bulldozer Support

Geological Supervision

Assays 300 samples @ 15 ea

Mobilization demobilization

Data compilation Report

Contingencies

Stage 2 Budget

75 000

5 000

8 000

4 500

5 000

12 000

15 000

124 500

J

l
J

Summary of Estimated Costs

Stage 1

Stage 2

Total Estimated Budget

77 600

124 500

202 100

6 engineering lid
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3 PROPERTY

3 1 IOCATION

The properties are located about 15 kIn west of Shawnigan lake on

the southern part of Vancouver Island and about 40 kin northwest of

l
J

Victoria B C

J

The property is located in the Victoria Mining Diyision on NlS

Sheet 92 B 12 W The centre of the Bingo group is at the north

latitude 480 36 and west longitude 1230 51 The Peso claim is located

at approxirrate latitude 480 38 N and longitude 1230 50

3 2 c

The access to the property area is provided by the all weather

Port Renfrew road fran Shawnigan lake Lcw quality logging roads

provide 4 x 4 access to yarious parts of the claims

The best acccmrodation is provided in Duncan B C at a distance

of 45 kIn fran the property This is also a good supply centre for

field necessities and for machinery contracting

3 3 CLlIMS

The property consists of two separate non contiguous groups

Bingo Group

Claim Name No Units Record No Anniyersary Date

j
BINGO

BANGO

SQUEAK

20
15

20

1953
1972
2074

June 26 1987
June 29 1987

February 4 1988

6 engineering ltd
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3 3 ClAIMS Cont d

Peso Group

Claim Name No Units Record No Anniversary Date

PESO 12 1971 June 29 1987

1
The Bingo Bango and Peso claims were acquired by the Canpany frcrn

Ruza Resources Ltd while the Squeak claim was located during the pro

gram

1

J

J

3 4lOFXRAIHYand CLIMATE

J

J

I
J

The Bingo Bango and Squeak claims are located on the peaks to the

west of Mt Lazar its southwest slopes and the Weeks Lake Valley

Elevations are between 520 rn and 820 rn above sea level for a total

relief of 300 m The topography is varied Yirtually flat in the

valley and on the plateau on top of the hill The side hill is mx1erately

steep transected by deeply carved and steep sided gullies

The vegetation on the claims is second grCMth timber The regene

rating forest is thickest and tallest in the yalley with the trees up

to 10 rn in height On the hilltop the trees are 1 5 metres in height

on average Old logging slash covers most of the property

The Peso claim covers ground between the Koksilah River bottan over

the ridge to the south and down into the valley of a creek which is a

tributary of the Koksilah The claim is situated between 220 and 550 m

above sea level for a total relief of 330 m The north facing slope

of the KOksilah River valley is steep to very steep In sare places

j
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3 4lllaiRAPHY and CLIMATE Cont d

slopes are nearly cliffs The ridge top is relatively flat and the

south slope is rrodeiate

The vegetation on the Peso claim varies scme areas are forested

by first growth parts of these areas are under active logging scme

by regenerating second growth Much of the claim is covered by fresh

logging slash

Climate of the Bingo Peso properties is fairly typical for the

West Coast The SUlllll2rs are usually hot and relatively dry Atnos

pheric precipitation is h gh in the other seasons Winters are cool

to moderately cold with variable amounts of snowfall year to year

The tops of the hills made bare by logging are subject to fairly

high winds during winter storms The generally rroderate climate and

high precipitation are condusive to fast vegetation growth

Timber and water for exploration purposes is available on the

property

I engineering lid
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1
J Placer gold was discovered on the southern part of Vancouver Island

around 1864 first on the Leech River and then on the Sooke San Juan

Sombrio and Jordan Rivers and Meadow and Floodwood Creeks Subsequent

production was carried out on several locations but the records were

J
poorly kept

The potential for the presence of tile lode gold deposits was

rrentioned for the first time in GSC ir 96 H C Cooke in 1917 A number

of gold showings were discovered in the area since the IrOst premising to

date is the Valentine Mountain deposit of Valentine Gold Corporation

1
J

located about 6 kIn southwest of the Squeak claim On that property narrow

quartz veins were reported to contain free gold one of the yeins assayed

J
34 95 oz ton Au over 17 an width Visible gold was also reported fran the

drill core

J

J

The area now covered by the Bingo and Peso claims was explored in

the past to only a yery limited extent Prior to 1987 no ground survey was

carried out on the Bingo group However in 1981 Gulf Minerals Canada Ltd I
I
I

I
I

held a large block of claims to the southeast and callpleted a Dighem

airborne EM survey A large northwest striking conductor outlined on

1
I

J

these claims extended also over the area now coyered by the Bingo group

J
No follow up work was carried out and the claims were allowed to lapse

The earliest recorded exploration and development in the area of

J

1

the Peso relates to the Robertson Crown Grant immediately to the northeast

of the Peso claim boundary see L 48 G on the Claim Map Silyer bearing

rocks were discovered in the bed of the Koksilah River by Robertson in

1865 prior to the acquisition of the claim in 1880

Ii enlllneerlng lid
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4 HISllJRY Cont d

By 1917 approximately 250 feet of drifting was carpleted on the

Robertson Crown Grant Workings consisted of an upper and lower adit driven

on two steeply dipping sheared vein structures trending roughly northeast

and ranging in width from 18 inches to 4 feet The same year a prospecting
trench was carpleted 200 feet aOOve the level of the Koksilah Riyer

Mineralization in these sheared veins consisted of disseminated

argentiferous galena and sphalerite in small seams or lenses BCDM MMAR

1917 Samples of ore material collected in 1928 from the lowest dumpsite

produced assays of 0 4 oz ton silver 2 6 lead and 7 zinc BCDM MMAR 1928

In 1978 the Peso and surrounding ground was held by the Union

Miniere Explorations and Mining Corporation Ltd The same year a recon

naissance scale geochemical survey outlined several irregular but roughly
north trending lead and zinc soil ancrralies in the central area of the Peso

claim

In 1985 Imperial Metals Ltd conducted a reconnaissance silt sampling

program on the north and south forks of the Koksilah River to the east

downstream from the Peso claim The survey reconfirmed the ancrralous

concentrations of gold on the north fork of the Koksilah suggesting a local

source for the gold in the area of the Peso claim Assessnent Report Jtl4528

Ii engineering ltd
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5 1 RffiIONAL cmTOOY

1
J

Three major lithostratigraphic regions lTB3t in the property area

separated by regional fault zones These regions include the Northern

Insular Belt the Inner Pacific Belt and the Outer Pacific Belt brought

together in the Late Mesozoic to Early Tertiary ages by a combination of

strike slip and thrust faulting

The major east west trending San Juan Fault separates the Peso

claim area fran the rest of the property This major structural line

ament trends from Mount Todd eastward to Cobble Hill The Peso claim

lying north of the fault is underlain by pillow basalts breccia tuffs

and in some flows of the Karmutsen formation overlying the Bonanza

tuffs and flows

The Bingo group of claims lie south of the San Juan Fault and are

located along the northwest portion of the Survey Mountain Fault which

separates the Inner Pacific and Insular geological belts This fault

appears as a major northwest trending structural unconformity separating

the highly deformed cherts argillites and volcanic units of the Leach

River Formation from the diorite gneissic metadiorite and amphibolite

associated with the Wark Gneiss complex

1

1

1

J

1

1

J
1
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5 2 WCAL GEJUXY

Geology on the Bingo property consists of two main rock assemblages

Chloritized diorite and gneissic diorite of the Wark Gneissic Complex

outcrop in the northern half of the property while well foliated chlorite

j

I

J

J

sericite schist sheared argillite chert and volcanic sediments of the

Leech River Formation are found outcropping in the southern half see

Figure 5

The Survey Mountain Fault separates the Wark Gneiss and the Leech

River Formation This fault was found actually to be a fault zone

1
J

almost 300 m wide at its widest striking approximately 130 and dipping

near yertically The zone consists of several large graphitic shears

and faults three main ones all hosted by the volcanic units of the

J
Leech River Formation These structures are well exposed in numerous

roadcuts and can be traced for several hundreds of metres along strike

J

1

1

J
1
J

through the fault scarp on the eastern half of the Bingo property The

steep inclination of these faults and shears repetitiye bedding and

structural features observed in chert pelitic and volcanic schists

suggest that tlEWark Gneiss was upthrust with respect to the sediments

of the Leech River Formation I

Of the three main structures aforementioned the most prominent

one is the active thrust of the Survey untain Fault It forms a

1
j

prominent ridge that breaks the western slope of the fault scarp

trending north along the centre of the claim group This fault is

surrounded on both sides by silicified graphite schist and light

green sheared lapilli tuff These units are crossbut by numerous

discordant Slightly oxidized calc silicate stringers
j

1
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5 2 IOCALrFnTCGY Cont d

Geology of the Peso claim consists almost exclusively of the

Bonanza Group volcanics except for the northern boundary of the claim

where the Kannutzen Volcanics to the north are brought into fault contact

with the Bonanza Group to the south

OUtcrops of the Bonanza Group yolcanics consist of basaltic and

rhyolitic tuff breccia and resistive flows of silicified vesicular

basalt These rocks have been intruded along regional bedding planes

by a shallow southeast dipping dioritic sill approximately 25 metres in

thickness Sill intrusive rocks consist of fine to medium grained

chloritized diorite and porphyritic diorite

The main fault bounding the Kannutsen Fonnation fran the Bonanza

Group splays into at least two subsidiary faults which trend southwest

fran the main zone and cut upward through the hillside fOrrrUng slight

topographic depressions in the centre of the plateau at the centre of

the claim

The main fault zone is composed of several distinct shears exposed

in road cuts over a width of approximately 50 metres These shears

generally contain rocks that are heavily fractured well oxidized and

contain numerous anastomosing shears

Mineralization on the Peso property is associated with shear and

fault structures and of finely disseminated pyrite in clay

altered silicified gouge and fine to medium grained disseminations

of euhedral pyrite chalcopyrite and sphalerite in the well fractured

oxidized basalts and basaltic breccia

J
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5 2 IJJCAL GFnTlhY Cont d

The centre of the main fault contains an antiformal drag structure

along the hanging wall north side of the break This structure is well

exposed in road cuts below the west side of the fault scarp and is

defined in semi competent retrograde graphitic schist layered with

moderately to heavily oxidized vuggy quartz stringers

A less active possibly dormant subsidiary shear 50 metres to the

north of the main thrust zone consists of a 10 to 20 metre wide zone of

alternating silicified graphitic schist graphitic schist sheared

argillite and minor chloritic schist This same sequence of units is

also repeated approximately 75 to 100 metres south of the main thrust in

outcrop exposed along the roadside

Toward the centre of the subsidiary shear to the north a large ir

regular network of stained and oxidized quartz stringers and yeins appear

to have been injected into a zone of brecciation within graphitic units

Mineralization associated with these structures consists of minor

amounts of pyrite cornnonly replaced by limonite and hematite in associa

tion with chlorite contained in fractures adjacent to silicified

stringers and fractures containing fine druzy euhedral pyrite in graphitic
schist

The Peso claim is located approximately 2 kilOlletres north of the

Bingo and Bango claims immediately west of the Robertson Crown Granted

mineral claim Lot No 48G The western portion of the claim consists

of a low lying plateau that terminates in a ridge toward the eastern

boundary of the claim

J

1

J
1

J

1
J

1

1

J
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5 3 MINmALIZATION

Gold lode exploration on the properties within the Leech River

Complex were so far geared toward the quartz veins in the metaseQiments

and metavolcanics These mostly represent metarrorphic sweats with gold

usually present in the zones rich in pyrite pyrrhotite and or arseno

pyrite Such mineralization type seems to be prevalentm the Peso claim

toqnd tll and associated with major shears Presence of copper zinc

silver mineralization in quartz yeins is also possible

In the Leech River Complex very little or no attention was given
to carbon and or graphite zones as potential gold precipitants The

significance of carbon graphite gold lodes was well established in

Witwatersrand in South Africa and in the gold deposit of Carlin Nevada

The graphitic shear zone mapped at 3 30 metre widths on the Bingo

claims could indeed represent a dld reducing media which could pre

cipitate gold remobilized during the regional metarrorphism process

The presence of gold in this particular structure has been established

by both geochemical soil sanpling and limited rock sanpling the best

sanple assayed 280 oz t gold and 30 oz t silver

Rock sanples taken on the Bingo claims and Peso claim returned the

following values

Bingo Claims

l
J

Sample Au oz t Aq oz t Cu Pb Zn

JW Ol 008 13 009 017 011
JW 02 010 16 007 037 006
JW 03 008 07 007 006 004
JW 04 003 05 004 005 003
JW 05 007 14 007 007 009
JW 06 280 30 010 005 007

6 engineering ltd
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5 3 MINmALIZATION Cont
I d

Bingo Claims Cont d

Sample Au oz t Ag oz t CU Pb Zn

JW 07 002 06 006 005 003
JW 08 002 05 005 004 005
JW 09 002 08 009 009 007
JW IO 002 08 004 004 003
JW ll 002 05 003 003 003

Peso CLaim

PJW l2 002 07 004 007 011
PJW 13 050 l5 006 011 016
PJW 14 016 14 007 005 010
PJW 15 072 24 005 007 011
PJW 16 014 28 007 015 011
PJW 17 074 30 014 Ol8 088
PJW 18 014 27 009 007 006
PJW 19 074 28 010 009 010
PJW 12 002 16 003 005 004

Sample rerun

The sample locations are shown on the 100al Geology Plans Figures

5 and 6 and description of individual samples is given in the Appendix

A All assay certificates are appended in Appendix B

l

J

j
l
J
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6 GEIlCHEMICAL SURVEY

A total of 339 soil samples were collected on the Bingo group and

73 samples were taken on the Peso claim Samples were collected along the

cut and surveyed grid lines Extensiye snowfall caused the suspension of the

geochemical survey on the Peso claim after completion of sampling over only

J

a small portion of the claim area Subsequently this portion of the grid

1
J

had been greatly obliterated by the logging operations in January 1988

Soil samples were taken from the B horizon wherever a good soil

deyeloprent was encountered General Testing of Vancouver processed all

l
J

samples by drying screening to 50 msh and producing the mtallic bead

l
J

by fire assay This bead was crushed dissolved in aqua regia and assayed

for gold and silver by atomic absorption

i

J
Geochemical gold assays produced several areas of decisively

anaTl310us results on the Bingo group of claims Most of the anaTl3lies are

I
l

encountered over the contact zone between intrusive and m tasedimnts and a

number of highly anaTl310us readings appear to be associated with the

graphitic and silicified shear see Figures 7 and 8

Silver results seem to be somewhat erratic and are scattered over

1
j

the whole grid area On the average it appears that the background for silver is

fairly low in the general area of the Bingo group as well as in the surveyed

J
part of the Peso claim

The future exploration program should definitely include the construc

1

tion of fill in grid lines on the Bingo claims and resampling of the area of

interest the entire contact zone at 25 m spacing The entire Peso grid

should be geochemically sampled at 50 m intervals

1

I engineering ltd
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I7 GIDPHYSICAL SURVEYS

These consisted of Ground Magnetic and VLF EM surveys The

Magnetic and VLF surveys were run simultaneously both utilizing the

Scintrex IGS II system

The part 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 s lar proton precession sensors measuring total magnetic field

The base station and field unit are time synchronized so that the back

ground field diurnal variations and pulsations can be filtered from

the data The base station was programned to measure the field and record

the readings at five second intervals

The VLF unit was set up to receiye signals from two stations

NKL Seattle Washington 24 8 KHz and NPM Lualualei Hawaii 23 4 KHz

measuring the horizontal field strength and the inphase and out of phase

or quadrature components of the vertical field The instrument uses a three

coil system one horizontal and two vertical coils all at 900 angles to

each other The system is set to automatically adjust for topographical

shadowing of signals

7 1 MAGNElIC SURVEY

On both the Bingo and Peso claims the survey was done on a precut

grid with 100 metre spaced lines and 25 metre stations Readings

are shown on two 1 5 000 plans see Figures 9 and 10 Relative

readings shown on the plans were arrived at by deducting 55 700 gammas

from the corrected total magnetic field yalues

The magnetic relief on the Bingo claims grid is generally low

I engineering lid
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7 1 MAGNETIC SlIRVE Cont d

Prior to the survey it was expected thdt the part of the property under
lain by metasediments would show considerably lower readings than the
area underlain by the intrusive However the survey data are fairlyflat with only several small areas with the relative readings of over

1
I

200 gannas If any structural trends are indicated they show an
alnost east west orientation which also does not conform to the general
orientation of the geological structures

Ground magnetics responded much better on the Peso claim Total
magnetic relief is nearly 2700 gannas The intrusive is quite clearly
delineated with values of over 1000 gannas in general associated with
it The highest and the lowest yalues however seem to be associated
with shears The highest value at 2 00 W BL is about 125 m south of
the mineralized shear where sample PJW 12 and PJW 13 05 oz tAu
were taken The lowest is associated with the rrost northerly of the
shears which trend at 650

The magnetic pattern follows the lithostratigraphic trend rrost

Closely in the southwestern portion of the map area where faulting and

l
J

J
J

1
1

shearing was not observed

I
J

J

J

6 engineering lid



J

J
J

J

J

J

J

19

7 2 VLF EM SURVEY

On both the Bingo property and the Peso claim the VLF EM Survey

was run utilizing toK stations Seattle and Hawaii The Hawaii data

did not reveal any significant conductors on either property as was

to be expected since the structures run at roughly 900 to the direction

to Hawaii Thus the Hawaii plots have been omitted fran this Report

The survey for Seattle on the Bingo properties is presented as a

trace of the conductors see Figure 11 The three conductors occupying
the centre of the plot correspond directly with the known shear zones

of the Survey Mountain Fault As expected the graphitic shear zones

which host the target quartz veins act as excellent conductors and

their aligrurent is optimal for being picked up by the Seattle station

The toK southerlllIDst conductors occur in areas of little outcrop and

shears could not haye been picked up by geological mapping However

these toK conductors are also significant since both traverse areas of

gold soil geochem anomalies L8 OOE 2 00 S and L18 00 E

7 00 S for one and L13 00 E 7 50 S for the other

The survey on the Peso claim did not reyeal any significant

conductors The shear zones are not graphitic and the sulphides are

fine grained and disseminated thus the expected conductivity of the

targets is low The data on this claim is presented as stacked profiles

see Figure l2

J u
engineering ltd
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STATEMENT OF COSTS ON THE ABACORN RESOURCES INC PROJECT ON THE
PESO AND BINGO BANGO SQUEAK MINERAL CLAIMS

Total expenditure on entire project 83 860 00

Since the projects were identical for both the Peso and the Bingo
Bango Squeak properties the expenditure toward the individual
properties is allocated according to property size

Peso 12 units 18 of total area 15 094 80
Bingo Bango Squeak 55 units 82 of total area 68 765 20

TOTAL COSTS 83 860 00



engIneenng Itd 3D 1720 Barclay Streot Vancouver B C V6G 1K

Tel 60 688 7859

ABACOllN llESOURCES INC

Vancouver D C March 5 19130

Invoice J 523

Rxploration progl am on the Binflo and Peso claims Vancouver Island

Staking and recording Squeak Claim

Linecutting
412

Geochemical soil sampling samp1es

Magnetic and electromagnetic surveys

Geological mapping rock sampling

@ 12

Assays

Equipment rental

Data correlation preparing report drafting etc

Engineering supervision management

cf

14 500

4 41
17 500

8 500

5 850

8 550

12 000

7 500

fotal charges 1q t

v
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CEnIFICATE

I VLADIMIR CUKOR of 304 l720 Barclay Street in the City of

Vancouver Province of British Columbia DO HEREBY CERTIFY that

1 I am a Consulting Geological Engineer with NVC Engineering Ltd
with business address as above

2 I graduated fran the University of Zagreb Yugoslavia in 963
as a Graduated Geological Engineer

3 I am a Registered Professional Engineer in the Geological
Section of the Association of Professional Engineers in the
Province of British Columbia Registration No 7444

4 I have practiced my profession as a Geological Engineer for
the past twenty five years in Europe North America and South
America in engineering geology hydrogeology and exploration
for base metals and precious metals

5 I have personally supervised the work described in this Report
and have reviewed all available information on these properties

6 I have no interest direct or indirect in the properties of
Abacorn Resources Inc nor do I expect to receive any

7 I hereby consent to the use of this Report by Abacorn Resources
Inc for organizing public financing

March 9th 1988
v

V Cukor P Eng
NVC ENGINEERING LTD

J I engineering lid
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DESCRIPTIONS OF ROCK SAMPLES
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ROCK SllMPLE DESClUPlIONS BIlD BImCIAIMS

Sample

JW Ol

JW 02

JW 03

l

JW 04

JW 05

JW 06

JW 07

JW 08

JW 09

JW 10

l
J

JWll

6 englnee lnglld

Description

light grey crystalline quartz stringer approximately 4 5
em thick exposed in dark grey fine chlorite sericite
graphite schist
rock chip sample of material exposed in road cut

slightly oxidized vuggy crystalline quartz float
grab sample of float from road side

silicified shears in medium to fine grained slightly
gneissic fractured chloritized granodiorite
rock chip sample of material exposed in road cut

discordant silicified tension fracture exposed in fine
grained phyllitic chlorite sericite schist
lightly stained and oxidized
rock chip sample of material exposed in road cut

irregular discordant quartz stringers exposed in well
foliated layered chlorite sericite and graphite schist
rock chip sample of material exposed in road cut

irregular yellowish quartz stringers in brecciated graphiticschist
rock chip sample of material exposed in road cut
sample taken over 2 metre interval

dark grey to blaCk fine grained graphitic schist
gossanous on weathered surface
rock chip sample of material exposed in road cut

silicified contact dark grey to black graphitic schist
and light green chlorite schist
rock chip sample of material exposed in road cut

quartz stringers tension fractures in fine grained chlorite
serecite schist
slightly gossanous in appearance
rock chip sample of material exposed in road cut

large irregular quartz stringers in sheared black argillite
and chlorite schist
vuggy appearance large quartz crystals hematite limonite
replacing pyrite
rock chip sample of material exposed in road cut

rusty exposure of graphitic chlorite sericite schist
rock chip sample of material exposed in road cut



i

J

ROCK SllMPLE DEroUPTIONS PESO CIAIMS

Sample

PJW l2

J PJW 13

J
PJW 14

PJW 15

Description

oxidized subcrop consisting of fine to medium grained
brecciated basalt

heavily oxidized along fractures soil and talus dark
reddish brown
fine to medium grained cliss3ninrtaeuhedral pyrite up to
15

grab sample of float

fine grained chloritized brecciated vesicular basalt

heavily fractured oxidized
fine to medium disseminated pyrite l5

dark green fine to medium grained chloritized basalt
fine disseminated euhedral pyrite lO
rock chip sample of material exposed in road cut

green gossanous talus and soil sample
sample of material exposed in road cut

PJW 16 dark green brecciated basalt irregular quartz carbonated
stringers
fine disseminated euhedral pyrite up to 10
rock chip sample of material exposed in road cut

PJW 17 light grey siliceous gouge with irregular anastomosing
chloritized stringers
firedisseminated euhedral pyrite 10
rock chip sample of material exposed in road cut

PJW 18 heavily oxidized and fractured basalt adjacent to shear
zone

rock chip sample of material exposed in road cut

PJW 19 light grey silicified basalt adjacent to sheared contact
between diorite and basalt
fine diseminated pyrite 10 l5
rock chip sample of material exposed in road cut

6 engIneering lid
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CERTIFICATE OF ASSAY Date

File

Maz ch 3 1988

8802 2960SGS SUPERVISION SERVICES INC
General Testing laboratories Division
1001 East Pender Street
Vancouver B C Canada V6A 1 W2

Telephone 604 254 1647

Telex 04 507514

TO N V C ENGINEERING LTD
304 1720 Barclay Street
Vancouver B C

V6G 2Y1

We hereby certify that the tolowing are the resuls at assays on Ore

MARKED

JW 01
JW 02
JW 03
JW 04
JW 05
JW 06
JW 07
JW 08
JW 09
JW 10
JW 11

PJW 12
PJW 13
PJW 14

PJW 15
PJW 16
PJW 17
PJW 18
PJW 19

LVJW 20

J

J

l
J

l
J

l

1

1

GOLD SIlVER

Copper Lead Zinc xxxxx XXXXXXXXJXXXXX
oz st oz st

Cu Pb Zn

0 008 0 13 0 009 0 017 0 011
0 010 0 16 0 007 0 037 0 006
0 008 0 07 0 007 0 006 0 004
0 003 0 05 0 004 0 005 0 003
0 007 0 14 0 007 0 007 0 009
0 280 0 30 0 010 0 005 0 003
0 002 0 06 0 006 0 005 0 003
0 002 0 05 0 005 0 004 0 005
0 002 0 08 0 009 0 009 0 007
0 002 0 08 0 004 0 004 0 003
0 002 0 05 0 003 0 003 0 003
0 002 0 07 0 004 0 007 0 011
0 050 0 15 0 006 0 011 0 016
0 016 0 14 0 007 0 005 0 010
0 072 0 24 0 005 0 007 0 011
0 014 0 28 0 007 0 015 0 011
0 074 0 30 0 014 0 018 0 088
0 014 0 27 0 004 0 007 0 006
0 074 0 28 0 010 0 009 0 010
0 002 0 16 0 003 0 005 0 004

PROVINCIAL ASSAVER

Analytical and Consulting Chemists Bulk Cargo Specialists SUNeyOrs pectoS Samplflrs Weighers

NOTE REJECTS RETAINED ONE MONTH PULPS RETAINED THREEMONTHS ON REQUEST PULPS
AND REJECTS WILL BE STORE FOR A MAXIMUM OFONE YEAR

ALL REPORTS ARE THE CONFIDENTIAL PROPERN OF CLIENTS PUBliCATION OF STATE MENTSCONCLUSION OR EXTRACTS FROM OR REGARDING OUR REPORTS IN NOT PERMITTED WITHOUT
OUR WRITTEN APPROVAL ANY LIABILITY ATTACHED THERETO IS LIMITED lOTHE fEE CHARGED

MEMBER Amoflc nSoCllty For lIsllng Mal rlals I Th Am rlcanOd Chemlsl SoCI ty Canadian reshnQ ocl 11on
REFEREE AND OR OFF CrAL CHEMISTS FOR NaUonlllllllllult01 QII dPfooocl The Ameflcan 011 Chtl1lllta Socllty

OFFICIAL WEIGHSTERS FOR Vancouvar Board Of Trlde



Ne hereby certify that he lollowing are the results 01 assays on

GOLD SIlVER

I MARKED xxxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxxx xxxxxx

i u ppm g ppm

L
E 22 50 0 10 0 4TB L

E 23 50 0 13 0 5

l
TB L HI3 0 00 S 0 02 0 7

1 00 0 03 0 5
2 00 0 03 0 2
3 00 0 03 0 3 I I4 00 0 02 0 5 1

f
5 00 0 02 0 3
6 00 0 02 0 4
7 00 1 06 1 3

V

f
8 00 0 41 0 7
9 00 0 12 0 3

1lOtOO 0 08 0 5 I
r

I
114 0 00 S 0 02 0 5 I1 00 0 02 0 5I 4 00 0 02 0 7 I
j

5 00 0 02 0 8

I 16 00 0 02 O I

7 00 0 02 0 71 I

j
8 00 0 02 0 8
9 00 0 03 0 3

10 00 0 0 0 4

118
1

1 00 S B 2 q 43 1 1

r 3 00 S B 2 22 0 8
4 00 S 14 0 4
6 00 S B 2 O lQ Q 4
7 00 S B 2 0 09 0 3
8 00 S B 2 0 02 0 4

J 9 00 0 02 0 4
10 00 0 03 0 3

l20 1 00 S B 2 0 02 0 4

IJ 2 00 S B 2 0 03 0 5

3 00 S B 2 0 03 0 5

1
con inued on page 2

J

I NOTE REJECTS RETAINED ONE MONTH PULPS RET NED THREEMONTHS ON REQUEST PULPS
AND REJECTS WILL BE STORE FOR A MAXIMUM OF ONE YEAR

1 ALL REPORlS ARE THE CONFIDENTIAL PROPERlfOFCLIENTS PUBLICATION OF STATE MENTSCONCLUSION OR EXTRACTS FROM OR REGARDING OUR REPORTS IN NOT PERMlneoWITHOUT L WongI
OUAWAITIENAPPROvAL ANY LIABILITY AnACHEOTHERETO IS LIMITED lOTHE FEE CHARGED

r PROVINCIAL ASSAYER

J
SGS

J

CERTIFICATE OF ASSAY

SGS SUPERVISION SERVICES INC
General Telltlnll Laboratorlell Olvllllon

1001 East Pender Street
Vancouver B C Canada V6A lW2
Telephone 604 254 1647
Telex 04 507514

Date February 17 1988

File 8801 2157

TO N V C ENGINEERING LTD
304 1720 Barclay Street
Vancouver B C

V6G 2Yl

SOIL SAfpLES

Analytical and Consulting Chemists Bulk Cargo Speciellsts Surveyors Inspectors Semplers Weighers
MEMBER Amtnean Society For Tesllng Materials Th American 011 ChemIsts Socllly Ca chan Teliihng MlOClahon

REFEREE NJD OR OFFICIAL CHEMISTS FOR NallOnallnIlrlUla 01 O d Ploducl Th AmerICAn O CMrm l SocIIty
OFFICIAL WEIGHWA TERS FOR VanCOllYIl BoIrdat TIll



CERTIFICATE OF ASSAY Date February 17 1988

File 8801 2157
I
r SGS
J

SGS SUPERVISION SERVICES INC
General Testing Leboratorles Division
1001 East Pender Streel
Vancouver B C Canada V6A 1W2
Telephone 604 254 1647
Telex 04 507514

TO N V C ENGINERING LTD

page 2

e hereby certily that the tollowlng are the results at assays on

d

Soil samples
GOLD SILVER

XXXXXXXXl XXXXXXXXxxx XXX xx XXXXXXXX XXXXXXXX XXXXXXXXXMARKED

u ppm Ag ppm

JU20 4 00 S B 2 0 03 0 5

5 00 S B 2 0 06 0 3
6 00 S B 2 0 02 0 3

7 00 S B 2 0 03 0 4
9 00 S B 2 0 02 0 3 I

1000 S B 2 0 03 0 3 1

IL 21 1 00 S B 2 0 02 0 4 I
I

2 00 S B 2 0 02 0 5l 4 00 S B 2 0 02 0 5J
5 00 S B 2 0 02 0 8
6 00 S B 2 0 03 0 8

7 00 S B 2 0 02 0 7
I

9 00 S B 2 0 03 0 5
10 00 S B 2 0 06 0 5

1 22 1 00 S 0 02 0 7

2 00 0 02 0 3
3 00 0 02 0 4
4 00 0 02 0 1

I5 00 0 02 0 8
6 00 0 02 0 4 i

7 00 0 02 0 5
8 00 O O 0 8
9 00

0
24 0 7

l 10 00 9 04 0 7
J

4 00 N 0 02 0 5

J 6 00 0 02 0 4
7 00 0 02 0 5
9 00 0 02 0 2

J 23 1 00 S B 2 0 02 0 5

2 00 S B 2 0 06 0 5

1
3 00 S B 2 0 03 1 1

6 00 S B 2 0 05 0 4
8 00 S B 2 0 03 0 7

l
9 00 S B 2 0 02 0 4

10 00 S B 2 0 02 0 7 contim ed on pag

OTE REJECTS RETAINEO ONE MONTH PULPS RETAINED THREEMONTHS ON ReQUeST PULPSAND REJECTS WILL BE STORE FOR A MAXIMUM OFONE YEAR

uREPORTS ARE THE CONFIDENTIAL PROPERTY QFCUENTS PUBLICATION OFSTATE MENTS
ONCLUSION OR EXTRACTS FROM OR AEGARDING OUA REPORTS IN NOT PERMlTIED WITHOUT

L WongJUR WRITTEN APPROVAL AtiY LIABILITY AlTACHED THERETO IS LIMITED TOTHE FEE CHARGED

PROVINCIAL ASSAYER

l

Analytical and Consulting Chemists Bulk Cargo Specialists Surveyors Inspectors Samplers Weighers
MEMBER Am rlCln SocI 1y For T ltlng Mal fllli Thl Amlllcan 011 Chemltts Socllly Clnadlan TUllng AsaOCllllon

REFEREE AND OR OFFICIAL CHEMISTS FOR NllIonal lnatl1ut 01 OdNedProclJcll ThlAmenCln 0ChllNltl Socllty
OFFICIAl WEIGHWoSTERS FOR Vancouvor EIoatd Of Tlldo
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@SGS
CERTIFICATE OF ASSAY

SGS SUPERVISION SERVICES INC
General Testlnll laboratories Division

1001 East Pender Street
Vancouver B C Canada V6A 1W2

Telephone 604 254 1647
Telex 04 507514

Date February 17 I 1988

File 8801 2157

TO N V C ENGINE RING LTD

page 3

We hereby certity fha the lollowing are the results 01 assays on soil samples

GOLD SILVER xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxxx xxxxxxxx
MARKED

u ppm Ag ppn

L 24 2 00 S 0 02 0 5
3 00 0 03 0 4

I4 00 0 04 0 3
5 00 0 03 0 4

I
I I6 00 0 03 0 3

i7 00 0 04 0 5

I I8 00 0 03 0 6 I9 00 0 03 1 0 I l
1000 0 02 0 8

1 00 N 0 03 0 9
v

2 00 0 03 0 5
3 00 0 03 0 6
3 50 0 02 0 8

l 5 00 0 02 0 9
J 6 00 0 02 0 8

7 00 0 02 1 0
i 8 00 0 03 0 4I

I9 00 0 05 0 9
10 00 0 03 9 8 I

I
Ll 3 00 N 0 02 0 5

4 00 0 02 0 5
5 00 0 02 1 0
6 00 I 0 02 0 9
7 00 10 02 0 4

L 2 2 00 N 0 02 0 6

i
3 00 Q 02 0 6

4 00 0 02 0 8
5 00 0 02 0 6

f
5 1 00 S B 2 0 02 0 6

4 00 S B 2 0 02 1 0

500 S B 2 0 02 0 6
7 00 S B 2 0 02 0 8

10 00 S B 2 0 02 0 9
c ntinued n page 4

IJ NOTE REJECTS RETAINED ONE MONTH PULPS RETAINED THREE MONTHS ON REQUEST PULPSAND REJECTS WILL BE STORE FOR A tMXlMUM OFONE YEAR I
AU REPORTS ARE THE CONFIDENTiAL PROPERTY OFCLIENTS PUBLICATION OF ST TE MENTS

r
CONCLUSION OR EXTRACTS FADM OR REGARDING OUA REPORTS IN NOT PERMITTEO WITHOUT L WonglOUR WRITlEN APPROVAl ArN LIABILITY ATJACHED THERETO IS LIMITED TO THE FEE CHARGED

PROVINCIAL ASSAYER

Anatytlcal and Consulting Chemists Bulk Cargo Specialists Surveyors Inspectors Sampters Weighers
MEMBER Amencan Socllty For TeslLng Mal rlals The Amencln 011 Ctlmlsls Society Can tan Tesllllg AaaoeaIIOOREFE EE AND OR OFFICIAL CHEMISTS FOR Nallonallnlhlull 01 Oll dProducls I Th Amctncan 011 Chemllt Sacl ty

CV IfI 1J1l IIUU CD craft u
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CERTIFICATE OF ASSAY

SGS SUPERVISION SERVICES INC
General Testing laboratories Division

1001 East Pender Street TO
Vancouver B C Canada V6A 1W2
Telephone 604 254 1647

Telex 04 507514

Ome February 17

File 8801 2157

1988

N V EliGI NEEW G

pag 4

1e hereby certify thaI he folowing are the resul s of assays on soil samples
GOLO SilVER

XXXXXX XXXXXXXX XXXXXXXXX rXXXXXXXX xxxxxxxx XXXX

l
MARKEe

Au ppm Ag ppm

L 5 1 00 B 1 0 02 0 4
2 00 B 1 0 02 0 4
3 00 B 1 0 03 0 9
4 00 B 1 0 04 0 8
5 00 B 1 0 02 0 5

I
I

6 00 B 1 0 02 0 5 iJ 7 00 B 1 0 02 0 4
8 00 B 1 0 02 0 4 I

l 9 00 B 1 0 02 0 8 I

J 1
L 6 1 00 S B 2 0 02 0 6 IJ

2 00 S B 2 0 02 0 6 I

10 00 S B 2 0 02 0 5

r7
1 00 S 0 02 0 5
2 00 S B 2 0 02 0 6

I3 00 S B 2 0 02 0 5

I4 00 S B 2 0 02 0 8
I5 00 S B 2 0 02 0 5

6 00 S B 2 0 02 0 8 I I
7 00 S B 2 0 02 0 9 I
8 00 S B 2 0 02 0 4 I

10 00 S B 2 0 02 0 8

1 00 N 0 02 0 3
2 00 0 02 0 3
3 00 i p 06 0 6 1

4 00 0 02 O
5 00 0 92 0 5
6 00 0 Q2 0 5
7 00 0 02 0 4

J
8 00 0 02 0 6
9 00 0 02 0 8

IOtOO 0 02 0 4

JH8 1 00 S B 2 0 02 0 5
2 00 S B 2 0 08 0 9
4 00 S B 2 0 02 0 4
5 00 S B 2 0 02 0 8

I cant nued on page 5i
j

NOTE REJECTS RETAINED ONE MONTH PULPS RETAINED THREE MONTHS ON REQUEST PUi P
AND REJECTS WILL BE STORE FORAMAXIMUM OF ONE VEAR

I
lL REPORTS ARE THE CONFIDENTiAl PROPERTY OF CLIENTS PUBLICAliONOF 51ATE MENTSONClUSION OR EXTRACTS FROM OA REGARDING OUR REPORTS IN NOT PERMlTIEO WITHOUT

L WongJUR WRITIEN APPROVAl ANY LIABILITY ATIACHEe THERETO IS LIMITED TOTHE FEE CHARGED
C PROVINCIAL ASSAYEA

Analytical and Consulting Chemlsls Bulk Cargo Specialists Surveyors Inspectors Samplers Weighers
MEMBER Amencan SoCllly Fo Tlshng Millnlll Thl Amlrlcln 0lI ChlfI1Jsls Society Clrwllan T llng NlOCIlhonREFEREE AND OR OFFICIAL CHEMISTS FOR Nlhonllln htull 01 OlrHed ProduclS ThlArnIrlClrl Oil ChtINlI Socllty

OFFICIAl W lnHUJ TA C UlD u D I l u



We hereby certify that the lollowing are the results 01 assays on
I

I

1 L 8

l
l L8

l
i

i
1

l@SGS
J

MARKED

6 00 S B 2

7 00 S B 2
8 00 S B 2

9 00 S B 2
10 00 S B 2

I L 9

i
i

1 00 N
2 00

3 00
4 00

5 00
6 00
7 00
8 00

9 00

1 00 S B 2

2 00 S B 2
3 00 S B 2
4 00 S B 2

5 00 S B 2

6 00 S B 2

7 00 S B 2
9 00 S B 2

L9 1 00 N

2 00
3 00
4 00
5 00
6 00
7 00

8 00
9 00

10 00

CERTIFICATE OF ASSAY Dale February 17 I 1988

File 8801 2151SGS SUPERVISION SERVICES INC
General Testlnll Laboratories Division

1001 East Pender Street
Vancouver BC Canada V6A 1 W2

Telephone 604 254 1647
Telex 04 507514

TO N V C ENGINEERING LTD

page 5

soil samples
GOLD SILVER

xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxxx xxxxxxxxx

Au ppm Ag ppm

0 02

0 02

0 02
0 02
0 02

0 4

0 3

0 5

0 4
0 5

I

I IIi
I

I

I I
I

I

I
I

I

0 02
0 02

0 02
0 02

0 02
0 02
0 04
0 02
0 02

0 4
0 4

0 3 I0 3

0 5 I

0 4 I

0 5
0 4
0 6

0 9 I
0 5 I
0 11
0 5
O
0 5

0 4
0 6

0 02
0 02
0 02
0 02
0 02

0 02

O O

0 02

0 02
0 02

Q 02 O
IQ Q2 0 5

0 02 0 5
0 02 0 6
0 02 0 4
0 02 0 4
0 52 0 5
0 03 0 3

0 4

O p

c ntinued n page 6

Io

Jr
r Wong

I NOTE REJECTS RETAINED ONE MONTH PULPS RETAINED THREE MONTHS ON REaUEST PULPS
AND REJECTS WilL BE STORE FDA A MAXIMUM OF ONE YEAR

J AU REPORTS ARE THE CONFIDENTIAl PROPERTY OFCUENTS PUBLICATION OFSTATE MENTS
CONCLUSION OR EXTRACTS FROM OR REGARDING OUAREPORTS IN NOT PERMITTED WITHOUT

lOUR WRITTENAPPROVAl ANY LlABJLllY ATTACHED THERETO IS LIMITED TOTHE FEE CHARGED

i

PROVINCIAL ASSAYEA

AnalytIcal and Consulting Chemists Bulk Cargo Specialists Surveyors Inspectors Samplers Weighers
MEMlJER Amloean Soctlty For Tlshng Malloals Thl Amlncan 01 Chlmllls Socty Callacllan Tesllllg AalOClahon

REFEREE ANa OR OFFICIAL CHEMISTS FOR Nahonal mlllul 01 Ollse d P OOJcIs The AmeIICafl 011 ChemlllS Soctv
OFFICiAL WEIGHMASTERS FOR VanMlIIIRn t Of T



CERTIFICATE OF ASSAY Date February 17

File 8801 2157
J

@ SGS

l
J

SGS SUPERVISION SERVICES INC
General rlstlng laboratories Division

1001 East Pender Street
Vancouver B C Canada V6A 1W2
Telephone 604 254 1647

Telex 04 507514

T0 N V C ENGINEERING LTD

page 6

fe he eby certify thet the 101l0wing e e the resulls 01 esseys on soil samples

IJ GOLD SILVER
xXXXXXXX XXXXXXXX XXXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX

MARKED Au ppm Ag ppm

J
I L lO 1 00 S B 2 0 02 0 6

I
2 00 S B 2 0 02 0 6

3 00 S B 2 0 02 0 4

IJ 4 00 S B 2 0 02 0 5
5 00 S B 2 0 02 0 4

16 00 S B 2 0 02 0 4

II 7 00 S B 2 0 02 0 5
9 00 S B 2 0 02 0 5

0 02 0 4

I
1 00 N B 1

2 00 N B 1 0 02 0 5

3 00 N B 1 0 02 1 0

4 00 N B 1 0 02 0 8
5 00 N B 1 0 02 0 6
7 00 N B 1 0 02 0 5
8 00 N B 1 0 02 0 5

J L 11

10 00 N B 1 0 02 0 3
I

0 02 0 5 I1 00 N
2 00 0 02 05
3 00 0 02 0 8

J
4 00 0 02 0 6
5 00 0 02 0 8

6 00 0 02 0 8
7 00 p 02 0 4
8 00 r 0 02 O

L 9 00 0 02 0 4

J
10 00 b 02 0 8

L 12 1 00 N 0 02 0 4
3 00 0 02 0 3

4 00 0 02 0 4
5 00 0 02 0 4

6 00 0 03 0 8
8 00 0 02 1 1
9 00 0 02 0 9

10 00 0 02 0 6
continue on page 7

I
NOT E REJECTS RET A1NEO ONE MONTH PULPS RET NED THREE MONTHS ON REQUEST PULPS

AND REJECTS WILL BE STORE FOR A MAXIMUM OFONE YEAR

YJALL REPORTS AAE THE CONFIDENTIAL PROPERTY OFCLIENTS PUBLICATION OF STATE MENTS
C ONClUSION OR EXTRACTS FROM OR REGARDING OUR REPORTS IN NOT PERMITlED WITHOUT

1 JrIJ OUR WRITTEN APPROVAl ANY LIABILITY ATIACHEO THERETO IS LIMITED TOTHE FEE CHARGED Wnn
fr PROVINCIAL ASSAYER

l

J

J

AnelYticel and Consulting Chemists Bulk Cargo Specielists SUlVeyors Inspectors Semplers Weighers
MEMBER Amlflcan Society For T shng Mallflal I The Amencan 011 Chemlsls Soclllly C nadlan Ttsllng MsOCl lon

REFEREE AND OR OFFICIAL CHEMISTS FOR N 1I0oal11ll1l1Ule 01 QdH d P oducll The Amtllcan Od Chlrnllll Socltty
OFFICIAL WEIGHlofASTERS FOR Vanoou lf Board 01 Trodl



CERTIFICATE OF ASSAY Dale February 17 1988

File 8801 2157J

SG5
O
o

SGS SUPERVISION SERVICES INC
General 1e6tlng Laboralorlel Dlvl6ion
1001 East Pender Street
Vancouver B C Canada V6A 1W2
Telephone 604 254 1647
Telex 04 507514

TO N V C ENGINEERING LTD

page 7

1
Ie hereby certify that the lollowing are the resulls 01 assays on

l
l

l

J

Soil samples

l

GOLD SILVER

MARKED xxxxxxx xxxxxxxx xxxxxxxx xxxxxxxxx lxxxxxxxx xxxx
Au ppm Ag ppm

L13 1 00 N 0 02 1 0
2 00 0 02 0 3
3 00 0 02 0 4
4 00 0 02 0 4 I

0 02 0 55 00
Ii6 00 0 02 0 8

I i I
7 00 0 02 0 5
8 00 0 02 0 4
9 00 0 02 13

10 00 0 02 0 4

L 14 0 00 N 0 02 0 4
1 00 0 02 0 6
2 00 0 02 0 4
3 00 0 02 0 5
4 00 0 02 0 6
5 00 0 02 0 8
6 00 0 02 0 5

I7 00 0 02 0 5
8 00 0 03 0 5

I
9 00 0 02 0 4 I

10 00 0 02 0 4

L 15 1 00 N B 1 0 02 0 4
2 00 N B 1 0 02 0 5

I3 00 N B 1 0 02 0 3
4 00 N B 1 0 02 0 6
5 00 N B 1 Q 02 0 6

I 6 00 N B 1 Q Q2 0 6
7 00 N B 1 O OT 0 4
8 00 N B 1 0 02 0 4
9 00 N B 1 0 02 0 5

10 00 N B 1 0 02 0 5

L 15 1 00 S B 2 0 02 0 5

J 2 00 S B 2 0 02 0 9
3 00 S B 2 0 02 0 8
4 00 S B 2 0 03 0 5 co tinued 0 page

0
NOTE REJECTS RETAINED ONE MONTH PULPS RETAINED THREE MONTHS ON REQUEST PULPS

JAND REJECTS WILL BE STORE FDA A MAXIMUM OFONE YEAR

lL REPORTS ARE THE CONFIDENTIAL PROPERTY OF CLIENTS PU8llCATIONOF STATE MENTS

L Wong
ONCLUSION OR EXTRACTS FROM OR REGARDING OUR REPORTS IN NOT PERMITTED WITHOUTUA WRITTEN APPROVAL ANY LIABILITY ATTACHED THERETO IS LIMITED TOTHE feE CHARGED

PROVINCIAL ASSAYEA

Analytical and Consulting Chemists Bulk Cargo Specialists Surveyors Inspectors Samplers Weighers
MEMBER American Society For Tesllng Mallnlls Thl Amineat 011 Chlmlals Society Canal han Teshng AssoaahonREFEREE AND OR OFFICIAL CHEMISTS FOR Nlhonlllnllrlull 01 olud P CI The AmlrlCal011 Chemls SocMity

OFFICIAl WEtGHM4STERS FORVancouver Board 01 Tran

J



I
J

SGS
o
o

1
We hereby certify that the tolowing are the results ot assays on

J

J

J

J

CERTIFICATE OF ASSAY Data

Fila
February 17 1988

8801 2157SGS SUPERVISION SERVICES INC
General Te6t1ng Laboratorle6 Division
1001 East Pender Street
Vancouver B C Canada V6A 1W2
Telephone 604 254 1647
Telex 04 507514

TO N V C ENINEERING LTD

page 8

l
J

GOLD SILVER XXXXXXXX xxxxxxxx xXXXXXXXl XXXXXXXXX XXXXXXXX XXXXXXXXMARKED
U ppm Ag ppm

L 15 5 00 S B 2 0 02 0 5
7 00 S B 2 0 02 0 4
8 00 S B 2 0 02 0 6
9 00 S B 2 0 03 0 6

10 00 S B 2 0 03 0 3

1I
L 16 1 00 N B 1 0 03 0 5 I2 00 N B 1 0 02 0 8

3 00 N B 1 0 02 0 2
4 00 N B 1 0 02 0 3

I 5 00 N B 1 0 03 0 6
j6 00 N B 1 0 02 0 2 I

7 00 N B 1 0 02 0 2

I 8 00 N B 1 0 02 0 3
9 00 N B 1 0 02 0 5

IOtOO N B 1 0 02 0 3

II Otoo S B 2 0 02 0 3
1 00 S B 2 0 02 O

II
2 00 S B 2 0 02 OS
3 00 S B 3 0 12 0 3
4 00 S B 2 0 02 0 2

I5 00 S B 2 0 03 0 3

I 6 00 S B 2 0 02 0 3
7 00 S B 2

Q
02 0 2

8 00 S B 2 e 03 0 3

I 9 00 S B 2 0 05 O
IOtOO S B 2 q 02 0 3

IL 17 1 00 N 0 02 0 2
2 00 0 02 0 3
3 00 0 02 0 2

I
4 00 0 02 0 3
5 00 0 03 0 3
6 00 0 02 0 3
7 00 0 02 0 2

I 8 00 0 02 0 2
9 00 0 02 0 3

10 00 0 02 0 2 cont inued on page 9
I NOTE REJECTS RETAINED ONE MONTH PULPS RETA NED THReE MONTHS ON REQUEST PULPSAND REJECTS WILL BE STORe FDA A MAXIMUM OF ONE YEAR

1
ALL REPORTS ARE THE CONfIDENTIAL PROPERTY OFCLIENTS PUBLICATlON OF 51ATE MENTS

L Wong
CONCLUSION OR EXTRACTS fROM OA REGARDING OUR REPORTS IN NOT PERMITTED WITHOUTI lOUR WRITTEN APPROVAL ANY LIABILITY ATTACHED THERETO IS LIMITED lOTHE FEE CHARGED

PROVINCIAL ASSAYER

dV

soil samples

J
J
1
J

J

1

Analytical and Consultmg Chemists Bulk Cargo Specialists Surveyors Inspectors Samplers Weighers
MEMBER Am rlcan SoCllty fot hshng Mlllnlr Tho AmarlCan 011 Chllm lsSocMlry C nachan T lIng NOClIIIQl1flEFEREE AND OR OFFICiAL CHEMISTS FOR Nahon INllllula 01 OIIaoad PIOWCla Th Arntncan011 ChetnlltJ Socltty

OFFICIAL WEIGHMASTERS FOR Vancouvtt Board 01 Trade



CERTIFICATE OF ASSAY

SGS SUPERVISION SERVICES INC
Goneral Testing laboratories Division

1001 East Pender Streel
Vancouver B C Canada V6A 1 W2
Telephone 604 254 1647
Telex 04 507514

Date Februury 17 1988

File 8801 2157
I

J

If1 SGS
D 10 N V C ENGINEERING LTD

page 9

We hereby certify that the lolowing are the results 01 assays on soil samples
GOLD SILVER

XXXXXXX XXXXXXXX XXXXXXXXX xxxxxxxx XXXXXXXXl XXXXXXMARKED

ppm Ag ppmAu

L 17 1 00 S B 2 0 02 0 5
2 00 S B 2 0 02 0 6

I4 00 S B 2 0 02 0 3
5 00 S B 2 0 02 0 2 I

II
6 00 S B 2 0 02 0 3 I7 00 S B 2 0 02 0 3
8 00 S B 2 0 02 0 3 I 19 00 S B 2 0 02 0 3

110 00 S B 2 0 02 0 3

L 18 1 00 N 0 02 0 2

I
0

J 2 00 0 34 0 81
3 00 0 02 0 3

f4 00 0 02 0 3
5 50 0 02 0 3

I 6 00 0 02 0 2
7 50 0 02 0 6 I
8 00 0 02 0 3 I

9 00 0 02 0 5 I10 00 0 02 0 3

0

I
I0 02

IL 19 u OO N B 1
I1 00 N B 1 0 02 0 2
I2 00 N B 1 I 0 02 0 3

i
3 00 N B 1 0 02 0 5 I6 00 N B 1

I

q 3I 0 02
8 00 N B 1 I 0 02 q 3
9 00 N B 1 020 02

10 00 N B 1 0 02 0 3

1 00 S B 2 0 02 0 3

J 2 00 S B 1 0 02 0 5
3 00 S B 2 0 02 0 3

I 4 00 S B 2 0 02 0 3
7 00 S B 2 0 02 0 2

I

8 00 S B 2 0 02 0 2 I

9 00 S B 2 0 02 0 3 i
0 2I 10 00 S B 2 0 02 continu d on

pagj 10

I NOTE REJECTS AETAINED ONE MONTH PULPS RETAINED THREE MONTHS ON AEQUEST PULPSAND REJECTS WILL BE STORE FOR A MAXIMUM OF ONE YEAR

ALL REPORTS ARE THE CONFIDENTIAL PROPERTY OFCLIENTS PuBLICATION OF STAIE MENTSCONCLUSION OR EXTRACTS FROM OR REGARDING OUR REPORTS IN NOT PERMITTED WITHOUT L Won
1

OUR WRITTENAPPROVAL ANY LIABILITY nACHED THERETO IS LIMITED TOTHE FEE CHARGED

PROVINCA1 ASSAYER

1 Analytical and Consulting Chemists Bulk Cargo Specialists Surveyors Ins ors Samplers Weighers

J

J

J I
MEMBER Almmcan SoC lry Fo Tesllng Mal nal Th American 011 ChIT1IIIS So 1y Canadllln T lIng AaooahonREFEREE AND OR OFFICIAL CHEMISTS FOR NallOrlallnllLlutl 01 CW501d P odJcts Th Amlncan Oil ChefN5la Soolly

OFF 1 W IrI IJ cnal rna I b w



j CERTIFICATE OF ASSAY Date February 17 I

File 8801 2157

1988

5GS
J
J
J

We hereby certify that the lollowing a e he results 01 assays on

J
l
J

SGS SUPERVISION SERVICES INC
General Testing laboratories Division
1001 East Pender Street
Vancouver B

C
Canada V6A lW2

Telephone 604 254 1647
Telex 04 507514

TO N V C EhGINEERING LTD

page 10

J

GOLD SILVER
XXXXXXXX XXXXXXXXX xxxxxxxx xxxxxxxxxxxxxx XXXXXXXXXMARKED

U ppm Ag ppm

L820 1 00 N B 1 0 02 0 5
2 00 N B 1 0 02 0 2
3 00 N B 1 0 02 0 3
4 00 N B 1 0 02 0 2

1
5 00 N B 1 0 02 0 3
6 00 N B 1 0 02 0 2
8 00 N B 1 0 02 0 3
9 00 N B 1 0 02 0 2

I10 00 N B 1 0 02 0 2

IB L 5 50E O OON 0 02 0 3 I6 00E 0 02 0 3
6 50E 0 02 0 2
7 00E 0 02 0 3
7 50E 0 02 0 2
8 00E 0 02 0 3
8 50E 0 02 0 3
9 00E 0 02 0 2

I
9 50E 0 02 0 3

1O 00E 0 02 O

I15 00E 0 02 O I

I B L 15 50E A 0 02 0 2
B L 15 50E B 9102 0 2
B L 18 50E 02 0 3

I IB L L 16E O OON 02 0 2
B L L17 O OON Q 0 3

L 18 O OON 18 00E 0 02 0 3
B L L 20E O OON 8 1 0 02 0 3
B L 5 00 0 00 0 02 0 3
8 L 13 00 Otoo 0 02 0 3

1
1
r NOTE REJECTS RETAINED ONE MONTH PULPS RETAINED THREEMONTHS ON REQUeST PULPSAND REJECTS WILL BE STORE FOR A MUM OFONE YEAR

J All REPORTS ARE THE CONFIDENTIAL PROPERTY OFCUENTS PUBUCATlON OF STATE MENTSCONCLUSION OR EXTRACTS FROM OR REGARDING OUA REPORTS IN NOT PERMlTIEO WITHOUT
L Wong

OUAWAlnENAPPROVAL ANY LIABILITY TrACHED THERETO IS LIMITED lOTHE FEE CHARGED

PROVINCIAL ASSAVER
J

soil samples

J

j

J

1
1

Analytical and Consulting Chemists Bulk Cargo Spec allsts Surveyors Inspectors Samplers WeighersMEMBER Annmcan SocIety For TeSllng Malenlll The AmetlCat 011 Chemllts SocIOty eantlan Telling AsaOClllionREFEREE AND OR OFFICIAL CHEMISTS FOR NahonlllnshllJle 01 Otllled ProdJclS The Amencan011 Chem II SocIetyrvt Ji U J



CERTIFICATE OF ASSAY Dale ebruary 17 1988

File 8801 2156j
SGS

We hereby certify that the talowing are he results 01 assays on soil samples

J

J

SGS SUPERVISION SERVICES INC
General TOiling laboratories Division

1001 East Pender Street
Vancouver B C Canada V6A 1W2

Telephone 604 254 1647
Telex 04 507514

TO N V C ENGINEERING LTD
304 1720 Barclay Street
Vancouver B C

V6G 2Yl

J

GOLD SilVER
xxxxxxxx xxxxxxxx xXXXXXXXl xxxxxxxx fxxxxxxxxx XXXXXXMARKED Au ppm Ag pp

LH2 PESO 1 00 N 0 38 0 5
2 00 0 14 0 4
3 00 0 02 0 9
4 00 0 02 0 8
4 50 0 02 0 7
5 00 0 03 0 7
7 00 0 02 0 8

L 3 PESO 1 00 N 0 02 0 5
2 00 0 02 0 5
3 00 0 02 0 7
4 00 0 02 0 5
5 00 0 03 0 4
6 00 0 02 0 4
7 00 0 02 0 5

L 4 PESO 1 00 N 0 03 0 7
2 00 0 02 0 4
3 00 0 02 O
4 00 0 02 04
5 00 0 03 0 4
7 00 0 18 0

I L 5 PESO 1 00 N 0 02 0 3
2 00 0 03 0 4
3 00 f 0 02 0 3

I 4 00 0 02 0 7
5 00 0 02 0 5
6 00 0 02 0 7

I
7 00 0 02 0 5

L 1 PESO 1 00 N 0 02 0 4
2 00 0 02 0 5I

I 3 00 0 02 0 5
4 00 0 02 0 5
5 00 0 02 0 3

I 6 00 0 02 10

co 2tin ed o

I

LI NOTE REJECTS RETAINED ONE MONTH PULPS AETAINED THREEMONTHS ON REQUEST PULPS 1
AND REJECTS WILL BE STORE FOR A MAXIMUM OFONE YEAR

All REPORTS ARE THE CONFIDENTIAL PROPERlY OF CLIENTS PUBLICATION OF STATE MENTS
L Wong

CONCLUSION OR EXTRACTS FROM OR AEGAADlNG OUR REPORTS IN NOT PERMlneo WITHOUT

II OUR WAlnENAPPROVAl ANY LIABILITY ATIACHED THERETO IS LlMlTED TOTHE FEE CHARGED

PROVINCIAL ASSAYEA

J AnalytIcal and Consulting Chemists Bulk Cargo Specialists Surveyors Inspectors Samplers Weighers
MEMBER American SoCI ry For Tesltlg Mal rl ls The Arnencan 01 Chtmllil SoclOry Cao hao TehOQ Asoclllioo

REFEREE AND OR OFFICIAL CHEMISTS FOR NallonallnllllUle of OIIHed Produell The Amencan 011 ChtfTPIla SocIety
OFFICJoL WEIGHAlASTERS FOR VancowIIoItd Ot node



I

SGS

CERTIFICATE OF ASSAY

SGS SUPERVISION SERVICES INC
General TelltlnQ laboratorlel Division
1001 East Pender Street
Vancouver B C Canada V6A 1W2

Telephone 604 254 1647
Telex 04 507514

TO

1
We hereby certify that the tolowing are the results ot essays on

j

I
GOLD SILVER

MARKED
Au ppm Ag ppmJ

JL HI PESO

J1
L 3 PESO

I

J1LH6
J1
J1

B L

7 00 N
8 00

9 00
10 00

3 00 N
4 00
5 00
6 00

0 02
0 02

0 02
0 02

0 02
0 02
0 02
0 02

PESO 1 00 0 02

2 00 0 02
3 00 0 02
4 00 0 02
5 00 0 02
6 00 0 02
8 00 0 02
9 00 0 02

1OtOO 0 02

O OOW O OON 0 03
1 00W 0 03
1 50W 0 02
2 00W 0 02
2 50W fi 02
3 00W q 02
3 50W g 02
4 00W M2
4 50W 0 0
5 00W 0 02
5 50W 0 02
6 00W 0 02
6 50W 0 02
7 00W 0 03
7 50W 0 02
8 00W 0 02

1

soil samples

Dale February 17
I 1988

File 8801 2156

N V C ENGINEERING LTD

page 2

xxxxxxx xxxxxxxx xxxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx

0 8
0 7

0 3
0 4

0 3
0 5
0 4
0 4

0 3
0 3
0 3
0 7
0 3
0 3
0 4
0 5
0 4

0 4
0 4
0 3
0 4
0 3
0 3
0 3
0 5 I

0 4
0 3
0 3

0 3
0 3

0 3
0 5
0 7

l
l

I

I

J
NOTE REJECTS AET INED ONE MONTH PULPS REf INEO THREE MONTHS ON AEQUEST PULPS

AND REJECTS WILL BE STORE FOR A MAl MUM OF ONE YEAR

ALL REPORTS ARE THE CONFIDENTIAL PROPERTY QFCUENTS PUBLICATION OFSTATE MENTSCONCLUStON OR EXTRACTS FROM OR REGARDING OUR REPORTS IN NOT PERMITTED WITHOUT

contl d on lage

tl
L W0

3

PROVINCIAL ASSAYER

Analytical and Consulting Chemists Bulk Cargo Specialists Surveyors Inspectors Samplers Weighers
MEMBER Amlnc nSoclaty For TIslIng Moal nals The Amer Od Chllnlsls Soc III Can han T hng Assoclallon

REFEREE NO OR OFFICEAL CHEMISTS FOR NallOnallntlllule 01 CW dProo uls Th Amlncan O Chlmtlll SocMII
OFFICIIIL WEIGHIMSTERS FOR Vancouver Boarcl at Tracie



1

5GS
D
o

o
We hereby cerlily that the tollowing are he results 01 assays on

GOLD SILVER

o

o
B L

o

D
B L 19 50E O OON

n
I

DI
DJ
D

DI
D

0
d

I
o

I NOTE REJECTS RETAINED ONE MONTH PULPS RETAINED THREE MONTHS ON REQUEST PULPS
AND REJECTS WILL BE STORE FOR A MAXIMUM OF ONE YEAR

D ALL REPORTS ARE THE CONFIDENTIAL PROPERTY Of CLIENTS PUBLICATION OFSTATE MENTSCONCLUSION OR EXTRACTS fROM OR REGARDING OUR REPORTS IN NOT PERMITTED WITHOUT

II OUR WRITTENAPPROVAl ANY LIABILITY AnACHEDTHERETO IS LIMITED TOTHE FEE CHARGeD

J

l CERTIFICATE OF ASSAY Date

File

February 17 1988

8801 2 56SGS SUPERVISION SERVICES INC
General Testing laboratories Division
1001 East Pender Street
Vancouver B C Canada V6A lW2

Telephone 604 254 1647
Telex 04 507514

TO N V C ENGINEERING LTD

page 3

soil samples

MARKED
xxxxxxxx xxxxxxxxx xxxxxxxx xxxxxxxx xxxxxxxx xxxxx

Au ppm Ag ppm

11 50e
13 50E
17 50E
0 50W

12 50
14 50E

0 02 0 3
0 02 0 4
0 02 0 5
0 02 0 4
0 02 0 7
0 02 0 4

0 02 0 4

J

i

t
r

L Wo t J
PROVINCIAL ASSAYER

Analytical and Consulting Chemists Bulk Cargo Specialists Surveyors Inspectors Samplers Weighers
MEMtJER Amencan SoCI ty For T hng Mal nltl Th Am rlCal 011 CMlTlll Soclllty Canadian Teabng AsaocIlIIOllREFEREE AND OR OfFICIAL CHEMISTS FOR Nahonallnalllule 01 OIIseed Products The ArMran O CMl1IIStI Society
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I
I

o

o

o

o

J

THE IGS2 SYSTEM

1 0 INTRODUCTION

1 1 General Information

The IGS 2 Integrated Geophysical System is a portable
microprocessor based instrument which allows more than one type of
survey measurement to be performed by a single operator during a
survey

J

J

The IGS 2 is a modular system which can easily be configured tosuit different and changing survey requirements Reconfiguringthe system is easy and offers both operational flexibility andminimal redundancy with a minimum number of spare consoles and ormodules

When configured with any of the available sensor options theIGS 2 System Control Console becomes a method specific instrument
according to the sensor option s utilized In addition theIGS 2 Console is an electronic notebook into which geophysicalgeological or other data may be manually entered and digitallystored

Data is stored in the IGS 2 in an expandable solid state memoryand can be output in the field by connecting the instrument to a
printer tape recorder modem or microcomputer
The 32 character digital display uses full words in most cases
ensuring clear communication Both present and previous data are
displayed Simultaneously allowing comparisons to be made at a
glance during a survey

The IGS 2 records header information data values station number
line number grid number and the time of each observation in its
internal memory Oats are first sorted by grid number then in
order of increasing line number and within each line byincreasing station number In this way the data are organizedlogically regardless of the sequence in which they were taken
Ancillary data can also be manually entered and recorded at a
given station along With the survey parameters

The IGS 2 may appear complex because of the new microprocessorbased technology employed in its design However it does not
perform any operation that is in prinCiple unfamiliar to an
experienced operator Only the procedures have changed Forinstance data can now be recorded in the memory of the IGS 2 by a

IGS 1 1
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Figure IGS 1
The IG8 2 a Worn by an Operator

IGS 1 2



1
J

series of simple keystrokes rather than recording measurements by
hand in a notebook Likewise an error spotted in the records
which would be corrected or erased by hand is now corrected by
means of the Edit function which allows the error to be removed
from memory corrected and then refiled or erased altogether

1 2 Product Updates

J
At ScintreK we are continually working in improve our line of
products You may be notified as important changes occur to
either the software or hardware of our products We would
appreciate hearing from you if you are interested in our latest

developments We would also value hearing from you about any
successes or problems you may have encountered so that we may
advise you

i

J

l

J

J

1
IGS 1 3
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I

J

o
THE KP 3 4 KAGNITOIETIR

J

1 0 INTRODUCTION

1 1 General Outline

This section of the manual describes in detail the proton
magnetometer method

A theoretical explanation of the magnetic method is given firs tThen the table MAG SETUP MENUS is presented for reference Afterthis the following topics are dealt with in detail

l

1 method enabling procedures
2 measuring procedures
3 warning messages
4 equipment setup procedures
5 troubleshooting information
6 specifications and
7 pa rts list

J

1 2 The Magnetic Method

The magnetic method consists of measuring the magnetic field ofthe earth as influenced by rock formations having different
magnetic properties and configurations The measured field is the
vector sum of induced and remanent magnetic effects Thus there
are three factors excluding geometrical factors which determinethe magnetic field These are the strength of the earth s magneticfield the magnetic susceptibilities of the rocks present andtheir remanent magnetism

J

J

J

The earth s magnetic field is Similar in form to that of II bar
magnet s The flux lines of the geomagnetic field are vertiCIIl atthe north and south magnetic poles where the atrength is approximately 60 000 nT In the equatorial region the field ishorizontal and its strength is approximately 30 000 nT

The primary geOll1agnetic field is for the purposes of notllla1mineral exploration surveys constant in space IInd time Magneticfield measurements may however vary considerably due to short
term external magnetic influences The magnitude of these variations is unpredictable In the case of sudden magnetic storms it
may reach several hundred gammas over a few minutes It may be

MP 1 1



L

J

necessary therefore to take continuous resdings of the geomag
netic field with a base station magnetometer while the magnetic
survey is being done An alternative field procedure is to make
periodic repeat measurements at convenient traverse points
although this is a very unreliable method during active magnetic
storms when it is important to have proper reference data

The intensity of magnetization induced in rocks by the geomagnetic
field F is given by

1 Q kF

J

where 1 is the induced magnetization
k is the volume magnetic susceptibility
F ia the strength of the geomagnetic field

l

For most materials k is very much less than 1 If k is negative
the body is said to be diamagnetic Examples are quartz marble
graphite and rock salt If k is a small positive value the body
is said to be paramagnetic examples of which are gneiss
k 0 002 pegmatite dolomite and syenite If k is a large

positive value the body is strongly magnetic and it is said to be
ferromagnetic for example magnetite k 0 3 ilmenite and
pyrrhotite

J

The susceptibilities of rocks are determined primarily by their
magnetite content since this mineral is so strongly magnetic and
so widely distributed in the various rock types Of considerable
importance as well is the pyrrhotite content

J
The remanent magn tization of rocks depends both on their composi
tion and their previous history Whereas the induced magnetiza
tion is nearly always parallel to the direction of the geomagnetic
field the natural remanent magnetization may bear no relation to
the present di rection and intensity of the earth s field The
remanent magnetization is related to the direction of the earth s
field at the time the rocks were last msgnetized Movement of the
body through folding etc and the chemical history since the
previous magnetization are additional factors which affect the
magnitude and direction of the remanent magnetic vector

l

Thus the resultant magnetization M of a rock is given by

M Mn kF

where Mn is the natural remanent magnetization and F is a vector
which can be comple tely specified by its ho rizontal M and ve rti
cal Z components and by the declination D from true north
Similarly Hn is specified when its magnitude and direction are
known Thus considerable simplification results if Mn 0
whereupon M merely reduces to kF In the early days of magnetic
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prospecting it was usually assumed that there was no remanent
magnetization However it has now heen established that both
igneous and sedimentary rocks possess remanent magnetization and
that the phenomenon is a widespread one

J
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1 2 Theory of Operation
i
J

The Very Low Frequency VLF Electromagnetic Method measuresvariations in the components of the electromagnetic fields set upby communication stations operating in the 15 to 30 kHz frequencyrange These stations located around the world generate signalsfor the purposes of navigation and communication with submarines
In far field above uniform earth the groundwave of the vertically polarized VLF radiowave has three field components

1 a radial horizontal electrical field
2 a vertical electrical field and
3 a tangential horizontal magnetic field

I
J

When these three fields meet conductive bodies in the ground eddycurrents are induced causing secondary fields to radiate outwardsfrom these conductors In the Magnetic Field mode the IGS 2VLF 4 measures the horizontal field and two componenta of the

VLF 1 1
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vertical field normalized by the horizontal field measurement
In the Electrical Field mode it measures the horizontal magneticand electrical fields

1 3 What the IGS 2 VLF 4 Measures

As its primary measurement the IGS 2 VLF 4 employs two mutuallyorthogonal receive coils to determine three parameters of the
VLFmagnetic field These are I the horizontal amplitude

vector in a direction perpendicular to a line joining the operatorto the station 2 the amplitude of the component of the verticalfield vector which is in phase with the horizontal vectorj and 3the amplitude of the component of the vertical field vector which
is 90 out of phase with the horizontal vector These three
parameters for the given VLF transmitter are recorded simulta
neously Since the vertical components are expreased as a
percentage of the horizontal vector they are automaticallynormalized for any changes in the amplitude of the transmitted
primary field

The primary field from a VLF station can in fact vary consi
derably Figure VLF I is a recording of the horizontal field
strength from the Annapolis VLF station made in Toronto CanadaFor the most part the field fluctuates moderately during the
course of the day due to changes in atmospheric conditions There
are however more dramatic changes indicated on the recordingTowards evening there is a large upwards swing in the field
strength and at several points during the day both partial andtotal drops in the field amplitude can be observed In the lightof these irregularities the horizontal field data should alwaysbe considered with reservation as it is difficult to know whether
changes are caused by conduc tors or by variations in the station I ssignal

If the primary field strength is constant changes in the amplitude of the horizontal magnetic field mainly reflect variations inthe conductivity of the earth Normally there will be no vertical
magnetic field However near a conductor a vertical field willbe observed The relative amplitudes of the in phase and quadrature components may be used to interpret the conductivity size
characteristics of the conductor

To permit measurement of the VLF electric field a dipoleconsisting of two cylindrical electrodes and 5 meters of wire isused When this dipole is correctly laid out the IGS 2 VLF 4
measures the in phase and quadrature components of the horizontal
electric field in the direction of the line joining the operatorand the transmitter station The phase reference is the hori
zontal magnetic field
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The IGS 2 VLF 4 uses the magnetic and electric field measurementa
to automatically calculate the apparent resistivity of the earth
as well as the phase angle between the magnetic and electric field
components If the earth is uniform not layered within the
depth of the VLF measurement the phase angle between the hori
zontal magnetic and electric VLF fields will be 45 degrees A
non uniform earth will give rise to other phase angles

The following formulae are used for resistivity and phase
calculations

Apparent Resistivity Calculation
2

1
p

21rf o Hy

where

J

p apparent reSistivity in ohm meters

Ex horizontal electric amplitude calculated
Ex Ex 1 2 Ex Q 2 t

Hy horizontal magnetic amplitude measured
f VLF station frequency in Hertz

o permeability of the ground in Henries meter a constant

The resistivity calculation has a range of 1 to 100 000 ohm meters
with a resolution of 1 ohm meter

Phase Angle Calculation
The phase angle is expressed as

arc tan Ex Q
Ex 1

l
J

where

J

Ex Q horizontal quadrature VLF electric field
Ex I horizontal in phase VLF electric field phase rferenced to

the horizontal magnetic field Hy

i
The phase angle calculation has a range of 1800 to 1600 with a
resolution of 10 By definition the angle ia positive when the
electrical field leads the magnetic field

J
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VLF THEORY

The signal transmitted by the VLF station is recorded

by the vertical coils as

lip A sin wt lis B cos wt 10

where Hp primary signal A amplitude of

primary signal
lis sCcondary rhasC laged signal
w frequency B amplitude of
t time secondary signal

phase lag

These two receiyed signals combine giying an ellipse
which has two axis corresponding to the maximum length and minimum

width of the

ie II
2

p

A2

ellipse

lis2
2

L P iE
AS

2
cos 2 0

J

l

J
J

1

By measuring the angle from horizontal of the long axis

of the ellipse a conductor is located when this tilt angle is

zero

The ScintrCx IGS VIoP measures the primary vertical

in phase lip and the sccondary quadrature lis to obtain a

conductor s location from lip and the conductor s quality

using both lip and lis

i e
0 tan

l
2 Hp lOO 1 e2

where o tilt angle degrees
lip vertical in phase expressed as a 0 0

tan
l

p
lis
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VLF THEORY Continued

where phase lag degrees
Hp yertical in phase any unitsHs vertical quadrature same units as Hp

J

J

phase reference using unpublished means the phase lag yalue is
untested and should be considered qualatative only but it is

Since the quadrature readings require a magnetic field

likely reasonably precise the readings are repeatable but
mayor may not be accurate the correct value

J

J
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9 0 SPECIFICATIONS

9 1 Standard Console Specifications

Digital Display 32 character 2 line LCD

display

Keyboard Input 14 keys for entering all
commands coordinates header
and ancillary information

Languages English plus French is
s tandard

Standard ItelllOry 16K RAM More thsn sufficient
for a day s data in most
applications

u
Clock Real time clock with day

month year hour minute and
second One second resolu
tion 1 second stability over
12 hours Needs keyboard
initialization only after
battery replacement

Digital Data Output RS 232C serial interface for
digital printer modem micro
computer or cassette tape
recorder Data outputs in 7
bit ASCII no parity format
Baud rate is keyboard selec
table at 110 300 600 and
1200 baud Carriage return
delay is keyboard selectable
in incrementa of one frOm 0
through 999 Handshaking is
done through X aNtX OFF

protocol

J

Allows IGS 2 to act as a

master for other instrumenta
tion

Analog Output For a strip chart recorder 0
to 999 mV full scale with
keyboard selectable sensitiv
ities of 10 100 or 1000 units
full scale

Tr Q 1
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8 0 SPECIFICATIONS

I 8 1 Magnetometry Specifications

I
Total Field Operating Range 20 000 to 100 000 nT

1 nT 1 gamma

Gradient Tolerance For Total Field 5000 nT m

I Total Field Absolute Accuracy 1 nT st 50 000 nT
2 nT over total field

operating and temperature
rangeI

Ilesolution 0 1 nT

I
lUning Fully solid state Manual or

automatic mode is keyboard
selectable

i
I

leading Tille 2 seconds For portable
readings this is the time

taken from the push of a

button to the display of the

measured value

Contiuuous cycle Times Keyboard selectable in 1
second increments upwards from
2 seconds to 999 secondsD

u

u

n

u
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9 0 SPECIFICATIONS

l
Frequency Tuning Automatic digital tuning Can

be tuned to any frequency in
the range 15 0 to 29 0 kHz
with a bandwidth of 150 Hz
Up to three frequenciea can be
chosen by keyboard entry for
sequential measurements

Field Strength Range Fields as low as 100 mAIm can
be received In practice
background noise may require
fields up to 5 10 times this
level Maximum received field
is 2 mAlmetre These values
are specified for 20 kHz For
any other frequency calculate
the above limits by multiply
ing by the station frequency
in kHz and dividing by 20

J

J

J
l

Signal Filtering Narrow bandpass low pass and
sharp cut off high pass
filters

J
l

lleasuriog Tille 0 5 seconds sample interval
As many as 216 samples can be
stacked to improve measurement
accuracy

VLF Hagnetic Field COllponents
lleasured

1 Horizontal amplitude 2
vertical in phase component
and 3 vertical quadrature
components Vertical
components are displayed as a

percentage of horizontal
component and are related in
phase to the horizontal
component Their range is

120 reading resolution 1

l

J

rl
J

VLF Hagnetic Field Sensor Two air cored coils in a

backpack mounted housing with
an electronic level for
automatic tilt compensation
The error in the vertical
in phase component is less
than 1 for tilts up to 15

J

J
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