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SUMATRA RESOURCES INC. 

CAROL and CAROL 1 CLAIMS 

Vancouver Island 

1. - INTRODUCTION 

This Report is prepared at the request of Sumatra 

Resources Inc., to be used for submission on the Vancouver 

Stock Exchange for raising public funds for further exploration 

of the property. 

The Report is based on the results of the exploration 

program performed by NVC Engineering Ltd. This consisted of 

linecutting, geological mapping and sampling, geochemical soil 

survey, VLF-EM survcy and ground magnetic survey. 

The program was exercised by a five man crew under the 

field management of D. Cukor, Geologist and the overall super- 

vision of V. Cukor, P. Eng. 

All samples were submitted for assay to General 

Testing Laboratories, Vancouver, British Columbia. 
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2. REVIEW 

2.1 SUMMARY and CONCLUSIONS - -- -- 

The area is underlain by the rocks of the Leech River 

Complex comprised of metasediments and metavolcanics, 

intruded by stocks of dioritic rocks. The general area has 

a history of some gold production, mostly from gold placers. 

Recently, within the same complex, exploration has been 

carried out on numerous gold showings of which several have 

a potential to develop into small scale, high grade producers. 

On the Carol Claims, prior to this program, limited 

prospecting and geochemical reconnaissance produced silt 

samples with anomalous gold. 

The systematic geochemical survey during this program 

revealed some anomalous gold and/or silver. However, 

rechecking the geology of these areas and sampling of 

rock outcrops, where found, has not produced, as yet, any 

anomalous values. Proper prospecting and geological 

mapping is greatly hampered by cut timber, which makes 

access to areas beyond roads and grid lines very difficult. 

The presence of electromagnetic anomalies has not yet 

been explained and these areas should be further prospected. 
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2.2 RECOMMENDATIONS - - -- - - 

It is recommended to file assessment work on the property 

and follow up with prospecting of the conductive zones out- 

lined by VLF survey. The areas of extreme high magnetic 

susceptibility should be further examined as well. 

2.3 COST ESTIMATE - 

For the next step of the prospecting on the property it 

is recommended that a budget of about $10,000 be secured. 

This budget should allow a junior geologist or senior pros- 

pector with a helper to spend about 10 days on each of the 

two claims and provide sufficient funds for extensive assaying 

of necessary soil and rock samples. 
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3. PROPERTY 

3.1 LOCATION 

The Carol Claims are located at the southern tip of 

Vancouver Island, east and south of Port Renfrew. The 

Carol Claim straddles the West Coast Road (Provincial 

Highway No. 14) while Carol 1 Claim is located on Mosquito 

Creek. They are on N'FS 92C - 9W in the Victoria Mining 

Division. The Carol Claim is at latitude 48" 32' N and 

longitude 124" 21' 30" W; Carol 1 is at latitude 48" 32' 

N and 124" 18' 30" W. 

3.2 ACCESS 

The claims are accessible from Victoria by the Victoria 

Port Renfrew Highway (No. 14) for a distance of 103 kilo- 

metres. The Carol Claim 1.ies on the highway. The Carol 1 

Claim is accessible via the main logging road (Red Creek 

Fir) which turns off the hi-ghway only a short distance east 

of Port Renfrew. 

3.3 CLAIMS 

Two hard rock mineral claims comprise the property. 

The claims were located on the modified grid system and 

are not contiguous. The claim and corresponding recording 

data are as follows: 
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3.3 CLAIMS - (Cont'd) 

Claim No. Units Record No. Record Date ---- 

Carol 8 '  1469 March 19, 1985 

Carol 1 10 1605 November 15, 1985 

Sumatra Resources Inc. acquired 100% ownership of the 

claims. 

3 . 4  TOPOGRAPHY and CLIMATE 

Both claims are at low elevations which range between 

120 - 400 metres above sea level. The topography is 

moderately rugged. 

The claim area has the typical West Coast climate 

which is characterized with hot summers, moderately cold 

winters and an abundance of atmospheric precipitation. 

Snowfall on the property is very rare. 

The area is overgrown by thick forest cover consisting 

mostly of cedar, spruce, fir and hemlock with thick under- 

brush. Both claims have been logged and then thickly 

overgrown by a dense second growth. This has been sub- 

sequently subjected to industrial thinning which now causes 

great difficulty for traversing the property. In preparation 

for survcys it caused cxtcnsivc and expcnsivc l i n e  cutting 

through the tangle of small timber cut and left on the site. 
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4 .  HISTORY 

The first placer gold discovery on the Leech River was 

made in 1864. Since that time gold has been recovered from a 

number of rivers and numerous small creeks. Although no 

production records were kept until 1924, it is estimated that 

gold production from the Sooke and Leech River areas, until 

1974, exceeded $200,000. 

From the start it was assumed that the gold had been 

brought by the glaciers and deposited in the glacial debris and 

later reworked and redeposited in thestrcam sediments as placer 

gold. Subsequently, metallic gold was found on numerous loca- 

tions within the Leech River Complex. The best known within 

this complex are the showings of Beaupre Resources on Valentine 

Mountain where numerous samples containing visible gold were 

collected. One sample from the 17 cm. wide vein was reported 

to assay 24.95 oz/ton gold. 

The immediate area of both Carol and Carol 1 Claims has 

been explored in the past. The Carol Claim was part of the 

Spanish Group which was prospected by JMT Services Corp. 

During that program numerous silt, soil and rock samples were 

collected, of which several were taken off the Carol Claim. 

The highest assay of the silt samples from the Carol Claim 

returned 140 ppb gold and 55 ppm arsenic. The claim was also 

surveyed as a part of the regional airborne EM survey, which 

outlined the short, cast-west conductor in the middle of the 
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4 .  HISTORY (CONT'D) -- 

claim. Just a short distance west of the Carol Claim two quartz 

veins, in slates, host gold values. The showings are listed in 

the B. C. Mineral Inventory under numbers 58 and 72. 

The Carol 1 Claim was part of the Ox Group, where 

limited exploration was carried out in 1981 by Utah Mines. This 

consisted of limited sampling and some magnetic reconnaissance. 

Only a small portion of this work covered the Carol 1 Claim; 

most of the work was carried out on the surrounding claims. 

This work produced some excellent gold values from the area 

west of the claim, while several geochemical samples on the claim 

returned from 160 - 890 ppb gold. The Ox gold showing east of 

the Carol 1 Claim consists of quartz veins and aplitic dykes 

containing visible gold and is shown on the B. C. Mineral 

Inventory Map under number 59. 

P engineering ltd. 



5 .  GEOLOGY 

5 . 1  REGIONAL GEOLOGY 

The regional geology of southern Vancouver Island is 

shown on the GSC Geology Map 1553 A, Geology, Victoria, b y  

J. E. Muller 1980, scale 1:100,000 and on the GSC Map 821, 

Geology of Nitinat Lake by J. E .  Muller, 1973-81, scale 

1:125,000. A simplified map based on Muller is shown in 

the Report as Figure 4. 

This map shows that the general area surrounding the 

Carol and Carol 1 mineral cl-aims is underlain b y  the rocks 

of the Leech River Complex. This 75 km. long and generally 

east/west trending belt of late Jurassic to Cretaceous age 

consists mostly of metasediments and metavolcanics. The 

original rocks were metamorphosed to low temperature, 

modcratc pressure facics - phyllite for mctasediments and 

greenschist for the metavolcanics. The complex also in- 

cludes metamorpilosed pelites, sandstone, chert and conglo- 

merate. 

The rocks of the Leech River Belt are intruded b y  

aplitic sills and dykes, mostly paralleling the schistosity. 

Numerous quartz veins carry pyrrhotite, arsenopyrite, 

pyrite mineralization which often host gold values. Some 

attractive samples with visible gold were found in this 

area. 

Two major east/west fault zones are separating the 
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5.1 REGIONAL GEOLOGY (Cont'd) 

Leech River Complex from the other stratigraphic units. 

To the north is San Juan Fault and to the south is Leech 

River Fault. Other secondary structures as well as schis- 

tosity of rock is mostly parallel to these major zones. 

5.2 LOCAL GEOLOGY 

The Carol Claim is generally underlain by quartzites 

and argillaceous quartzites; greenschist occurs in the north- 

west corner of the claim. The quartzites are a buff to grey 

colour and the greenschist is a dark green to almost black. 

On the Carol claim a fault is inferred to run at about 90". 

It was observed on line 5 200 S with the metamorphic layers 

dipping at roughly 50" N on the south side of the fault and 

roughly 30" on the north side. Geophysics imply that this 

fault runs the width of the property. Another fault is in- 

ferred to run at approximately 340" and is located somewhere 

between 300 N and 500 N on line 3, separating the greenschist 

and thc quartzites. 

The Carol 1 Claim geology consists of a series of meta- 

sediments and metavolcanics with some minor intrusive. The 

metasediments are represented by the phyllites, shales and 

quartzites. Metasediments underlie the largest area of the 

property. The phyllites are a dark greenish-brown colour with 

fine grained mica between the foliated layers. Foliation 
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5.2 LOCAL GEOLOGY (Cont'd) -- 

occurs in layers up to 3 mm wide. The phyllite varies from 

shaley phyllite to a true fully metamorphic rock, indeed the 

gradiation starts from the shale, all of which has been 

metamorphosed to vnryinq dcgrccs. Thc shalc is dnrk grey 

to dnrk grcy-brown to black. The dark grey shalc is the 

most homogenous while the dark grey-brown contains some thin 

carbonaceous layers which appear through the rock. All of 

the shale and phyllite observed on the property had been 

subjected to drag folding which is 1 cm in amplitude and 

5 to 10 cm. in width. The light grey quartzite varies in the 

degree of metamorphism and silicification. Most of this unit 

shows foliation. The chlorite schist and greenschist unit 

again vary in the severity of metamorphism from a greenschist, 

a product of a sheared greenstone, drab olive green in colour, 

to a severely sheared chlorite schist, in which chlorite 

is the main constituent. The colour of the chlorite schist 

varies from a dark olive to a fairly vivid dark green. The 

chlorite schist is a recessive unit. 

The intrusive varies from a diorite to a dioritic my- 

lonite. The diorite is fine to medium grained with the 

mafics as 1 crn long plates of biotite or rods of hornblende. 

The intrusive is sheared to varying degrees from jointed and 

slightly sheared rock which is still recognizable as diorite 

to a light grey or a buff-grey mylonite with all primary 
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5.2 LOCAL GEOLOGY (Cont'd) 

features destroyed. 

Structurally, the geology of the Carol 1 Claim is 

dominated by the Mosquito Creek fault, likely a branch or a 

secondary fault between the San Juan and the Leech River 

faults. The metamorphic layering in the rocks on the property 

is semi parallel with the Mosquito Creek fault. The rock 

packages on the north and south sides of the creek appear to 

have been juxtapositioned; on the north side of the creek 

the rocks are more layered and occur in bands from tens to up 

to a couple of hundred metres wide. Moreover, the rock units 

do not continue across the creek canyon. 

Several areas, where silicification was noted, were 

sampled but returned low values in both silver and gold. 
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GEOLOGY BY MULLER (1977,1980) 

WLE0201C AND MEZOIC SEDIMENTARY 
AND INTRUSIVE ROCKS 
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6.1 FIELD METHOD ----- -- - - -- - - -- - - 

In preparation for geophysical and geochemical surveys 

a grid was cut on each of the Carol and Carol 1 claims. All 

lines had to be cut by a chain saw through a maze of the 

fallen timber left on the site after thinning of the second 

growth. This caused not only costly and time consuming 

cutting, but also made the attempts to prospect or sample 

areas beyond the cut grid lines, very difficult. 

Survey lines were cut at 100 metre intervals and 

stations along the lines were picketed or flagged at 50 

metre spacing. Readings were taken at 25 metre spacing. 

The ground magnetic survey was run simultaneously 

with the VLF survey, both surveys utilizing the Scintrex 

IGS-I1 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 similar proton pre- 

cession sensors measuring total magnetic field. A detailed 

description of the instrument is found in Appendix 1 at the 

end of this Report. 

The base station and field unit are time synchronized 

so that the background field, diurnal variations and micro- 

pulses can be filtered from the data. The base station was 

programmed to measure the field and record the readings 

every two seconds. 
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6.2 DATA PRESENTATTON - - - - - - - -- - - - - - -- - - - - - - - - 

Two Magnetic Survey Plans, in the scale 1:5000 were 

prepared, one for each claim. The plans display magnetic 

readings, corrected for diurnal variations and then 

reduced by about 55000 gammas for easier handling. These 

relative readings were then contoured at 50, 100, 500 and 

1000 gammas to outline general magnetic trends. 

The Magnetic Survey Plan for the Carol Claim is appended 

to this Report as Figure 6, and the Magnetic Plan for the 

Carol 1 claim is Figure 7. Both plans are placed in the 

pocket at the end of this Report. 

6.3 DISCUSSION OF RESULTS - - - -- -. - - - - - - - - -- - - - - - - -- - .- - - - 

Carol Claim 

Most readings show moderate magnetic relief, except 

for the northeast corner of the claim where very high 

readings of up to 49,193.9 gammas were recorded. In general, 

magnetic trends follow the east-west direction coinciding 

with the geological structural trends in the area. 

The zone of high reading, at the nort.heast claim 

corner also follows the same general east-west trend. This 

area of very high magnetic susceptibil-ity coincides roughly 

with the VLF anomaly. However both gold and silver geo- 

chemical readings remained within the background values in 

this area. 
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6.3 DISCUSSION OF RESULTS (Cont'd) - -- -- - -- 

Carol 1 Claim 

The magnetic susceptibility on the Carol 1 claim well 

reflects the geology of the area. In the area south of 

Mosquito Creek the majority of readings are below 100 

gammas, except for several. smaller zones. This area is 

underlain generally by mctascdiments. North of thc creek 

the majority of the readings are in the range between 100 

- 500 gammas, well reflecting green schist (or chlorite 

schist) and volcanics. Several zones of over 500 gammas 

probably reflect underlying dioritic plugs. The sharp 

change in magnetic susceptibility of underlying rocks 

along Mosquito Creek shows most l i k e l y  the presence of a 

strong, east-west trending fault zone, dividing the two 

different rock types. 

Where any magnetic trends were suggested they seem to 

mostly follow the north-south direction, which in the area 

does not coincide with the general trend of geologic 

structure. This phenomenon has yet to be explored and 

explained. 
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7. VLF - ELETROMAGNETIC SURVEY 
7.1 FIELD METHOD 

The VLF - Electromagnetic Survey was run on the same 

grid as the soil geochemistry and magnetic surveys. Indeed 

the VLF and magnetics were run simultaneously utilizing the 

same Scintrex IGS-I1 system. 

T h c  Scintrcx TGS unit was sct up to receive two stations, 

NKL Seattle, Washington, 24.8 kHz and NAA Cutler, Maine, 

24.0 kHz, measuring the horizontal field strength and the in- 

phase and out-of-phase or quadrature components of the 

vertical field. The instrumentuses a three coil system, one 

horizontal coil and two vertical coils, all at 90° angles to 

each other. The horizontal coil is used to scale the in- 

phase and quadrature readings to correct for changes in the 

strength of the VLF signal at different points on the property. 

The frequency reference needed to obtain quadrature readings 

is accomplished by using the magnetic field frequency, see 

Appendix 2. 

7.2 DATA PRESENTATION 

Two plans with stacked VLF profiles were drawn, one 

for each property. Scales for both are 1:5000. For the 

Carol 1 claim Seattle has bcen presented and for the Carol 

claim Hawaii has been presented. 

The conductors have been interpreted and drawn, and 

the major ones labelled and described below. 
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7.3 DISCUSSION OF RESULTS 

Carol C l a i m  -- -- --- 

This claim has a number of good conductors and a swarm 

of smaller, lesser conductors, see Figure 8. 

Conductor 1 occurs in the vicinity of the cliff which 

is located at approximately 200 N on lines 4 through 8. A 

fault is interpreted to be coincident with this cliff and 

a stream runs through the gully at the base of the cliff. 

Some iron sulfides were noted in the area. However, soil 

geochemistry and rock sampling in the area have not been 

encouraging. The bcst corroboration of in phase and 

quadrature is found on lines 7 and 8 at about 150 N. 

Conductor 2 gains strength toward the west. Again, no 

correlative support from the soil geochemistry or geology. 

Conductor 3 is fairly weak and discontinuous, para- 

llclling Conductor 1. 

Conductor 4 is a 400 metre long conductor with a fairly 

poor corroboration of in phase and quadrature and is most 

likely caused by water. 

Conductor 5 is a discontinuous conductor, with the 

strongest correlation of in phase and quadrature signals 

occurring on its western end near line 5. Again, no 

geological or soil geochemical support. 

Conductor 6 is similar to Conductor 5, a discontinuous 

conductor with the best correlation of in phase and quadra- 

ture signals again on line 5. 
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7.3 DISCUSSION OF RESULTS (Cont'd) - -- -- -- -- - - - -- - 

Carol 1 Claim 

Fairly poor response has been gained from the VLF 

survey ovcr this claim. Only Lour conductors of any 

length occur on thc propcrty, scc Figure 9. 

Conductor A has a length of over 200 metres, but no 

correlation between in phase and quadrature readings. A 

small soil geochemical anomaly appears in the vicinity of 

the south end of the conductor, but with the lack of in 

phase and quadrature correlation it is unlikely that the 

conductor and the soil anomaly are conncctcd. 

Conductors B, C and D have lengths of ovcr 100 metres 

each, but very poor correlation between in phase and quad- 

rature signals. Conductor C has the best correlation of the 

signals but it is still poor, at best. No correlation with 

geology; a small silver soil geochemical anomaly close to 

Conductor B appears to be unrelated again due to no corre- 

lation between the in phase and quadrature. 
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8. GEOCHEMICAL SOIL SURVEY -- ---- - 

8.1 FIELD METHOD - 

In preparation for sampling a grid was prepared on 

both the Carol and Carol 1 Claims. Lines were cut at 100 

metre spacing with 50 metre intervals flagged as survey 

stations. Industrial thinning of the young forest made 

the cutting excessive, time consuming and costly. 

Samples were taken from shallow pits dug by mattock, 

from the "B" horizon where developed. On some locations 

whcrc poor soil was devclopcd any finc rr~aterial found was 

sampled. On several locations no sample was taken, where 

swampy ground or rock outcroppings were located. 

All samples were packed in standard paper envel.opes, 

marked and dried in the field. They were subsequently 

dclivcred to Gcncral Tcstinq for further processing. 

8 . 2  LABORATORY PROCEDURE ----- - -- -- -- -- - -- - - - 

General Testlnq Laboratories reported to have processed 

samples in the following manner: 

All samples were first oven drled. They were then 

screened to -200 mesh. A 10 gram portion of the fine 

fraction was then taken for fire assay. The bead produced 

was crushed, dissolved in aqua regia and assayed by Atomic 

Absorption for gold and silver. 
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8 . 3  DATA PRESENTATION 

The claims, grid lines and all sample locatior!~ are 

shown on Geochemical Plans, scale 1:5000. Separate plans 

were prepared for gold and for silver values for the Carol 

and Carol 1 Claims, for a total of four plans. 

All silver and gold assay results arc plotted and 

anomalous values are contourcd. Gold is expressed in 

parts per billion and silver assays are in parts per 

million. 

8.4 DISCUSSION OF RESULTS 

The assay results for both Carol and Carol 1 Claims 

were combined for a statistical evaluation. It was 

established that an anomalous threshold for gold is 30 

ppb and significantly anomalous are all values larger 

than 50 ppb gold. For silver, anomalous threshold is 

1.0 ppm and significantly anomalous are considered values 

over 1.5 ppm silver. 

On the Carol Claim there are several small gold 

anomalies scattered over the grid area. The largest one 

is on the north side of the baseline along lines 3 and 4. 

The highest value in that anomaly is 180 ppb gold. The 

total size of the anomaly is about 600 metres length and 

about 100 - 120 metres in width. 

The silver stayed in the background values over most 

P engineering lid. 



- 2 0  - 

8 . 4  D I S C U S S I O N  OF RESULTS (Cont'd) 

of the grid area. Several moderately high small anomalies 

are scattered over the northern part of the grid. None of 

these anomalies however coincide with any of the gold 

anomalies. 

The Carol 1 grid also shows a number of gold and silver 

anomalies. The best gold anomalies seem to be in the north- 

east and northwest parts of the grid. The northeastern 

anomaly has a high reading of 260 ppb gold. It runs off the 

grid at its northeast corner, and to the south it runs 

toward Mosquito Creek gravel deposit. The northwestern anomaly 

might be connected with transported material in Mosquito 

Creek. The highest assay within this anomaly was 690 ppb 

gold. 

Silver anomalies are mostly smaller in size and the 

values were not very high. 

Subsequently high gold anomalies were examined in the 

field. Where outcrops were found and sampled very low gold 

and silver values were encountered. 

January, 1988 

R e s f l b  d, 

D. Geo gist 
/ 

V. C / j  or, - i l l g .  
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h engineering ltd. 304 - 1720 Barclay Street, Vancouver, Tel. KC, (604) V6G 688-7959 1K4 

SUI*'IATRA RESOURCES LTD 

Vancouver, B . C . December 30, 1987 
Invoice # 509 

Geological, geophysical and geochemical progpams on t h e  Carol and Carol 1 

mineral claims - Vancouver I s l and ;  

Linecutting................,.....~.................... $ 19,500.00 

Geochemical s o i l  sampling........................, 4,600.00 

Geophysical EM and 1lIagnetic surveys, 44 km O 500 22,000,00 

Geological mapping, sampling, supervision of Surveys 7,850.00 

Equipment rental.........................s............ 2,500.00 

Data compilationy draftbg, . . r e p o r t  . b 6,175.00 

Rscording fee 150.00 

Subtotal  $ 69,535.00 

En::ineering and management 155 10,450.00 

Tota l  charges $ 79,985.00 



C E R T I F I C A T E  - - - - - - - - - - -  

I, VLADIMIR CUKOR, of 304 - 1720 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 from the University of Zagreb, Yugoslavia 
in 1963 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 24 years in Europe, North 
America and South America in engineering geology, 
hydrogeology and exploration for base metals and 
precious metals; 

5. I have supervised the work program on the Carol 
and Carol 1 claims; 

6. I have no interest, direct or indirect, in the 
properties of Sumatra Resources Inc.; 

7. I hereby consent to the use of this Report for 
the purpose of public financing. 

December 1987 NVC ENGINEERING LTD. 
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CERTIFICATE - -- -- 

I, DAMIR CUKOR, of 6108 McKee Street, Burnaby, British 

Columbia, DO HEREBY CERTIFY that: 

1. I graduated from the University of British Columbia 
in 1984 as a Bachelor of Science in Geology; 

2. Since 1983 I have been employed as a geologist with 
NVC ENGINEERING LTD.; 

3 .  I have worked in the fie1.d of exploration geology and 
geophysics for 12 seasons and have held positions of 
responsibility since 1982; 

4. I performed and/or executed work as documented in 
this Report. 

January, 1988 NVC ENGINEERING LTD. 
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TEE IGS-2 SYSTEM 

1.0 INTRODUCTION 

1.1 General  In fo rmat ion  

The IGS-2 I n t e g r a t e d  Geophysical  System i s  a  p o r t a b l e  
microprocessor-based i n s t r u m e n t  which 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  
su rvey .  

The IGS-2 i s  a  modular system which can e a s i l y  be conf igured  t o  
s u i t  d i f f e r e n t  and changing su rvey  requ i rements .  Reconf igur ing  
t h e  sys tem i s  easy  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 
minimal redundancy w i t h  a  minimum number of s p a r e  c o n s o l e s  a n d l o r  
modules. 

When conf igured  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 System C o n t r o l  Console becomes a  method-speci f ic  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 .  I n  a d d i t i o n ,  t h e  
IGS-2 Console i s  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  o r  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  expandable ,  s o l i d  s t a t e  memory 
and can be o u t p u t  i n  t h e  f i e l d  by connec t ing  t h e  ins t rument  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 c a s e s ,  
e n s u r i n g  c l e a r  communication. Both p r e s e n t  and p r e v i o u s  d a t a  a r e  
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 lowing  comparisons t o  be made a t  a  
g l a n c e  d u r i n g  a  survey.  

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  i n  i t s  
i n t e r n a l  memory. Data a r e  f i r s t  s o r t e d  by g r i d  number, then  i n  
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  a r e  o rgan ized  
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 t aken .  
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 recorded  a t  a  
g iven  s t a t i o n ,  a l o n g  w i t h  t h e  su rvey  parameters .  

The IGS-2 may appear  complex because  of t h e  new mic roprocessor -  
based technology employed i n  i t s  des ign .  However, i t  does  not  
perform any o p e r a t i o n  t h a t  i s ,  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  
exper ienced  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 recorded i n  t h e  memory of t h e  IGS-2 by a 
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Plgure IGS: 1 
The IGS-2 as Worn by an Operator 
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s e r i e s  of s imple  k e y s t r o k e s ,  r a t h e r  than  r e c o r d i n g  measurements by 
hand i n  a notebook. Likewise ,  an  e r r o r  s p o t t e d  i n  t h e  r e c o r d s ,  
which would be c o r r e c t e d  o r  e r a s e d  by hand,  is  now c o r r e c t e d  by 
means of t h e  Ed i t  f u n c t i o n  which a l l o w s  t h e  e r r o r  t o  be removed 
from memory, c o r r e c t e d ,  and then  r e f i l e d ,  o r  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  we a r e  c o n t i n u a l l y  working i n  improve our  l i n e  of 
p roduc t s .  You may be not i f  i e d  a s  impor tan t  changes occur  t o  
e i t h e r  t h e  s o f t w a r e  o r  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  s o  t h a t  we may 
a d v i s e  you. 
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raE WP-3/4 W N E M M E T E R  

1.0 INTRODUCT ION 

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 method. 

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  magnetic 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 .  A f t e r  
t h i s ,  t h e  fo l lowing  t o p i c s  a r e  d e a l t  w i t h  i n  d e t a i l :  

1 ) me tho d  enab li ng procedures ,  
2)  measuring p rocedures ,  
3 )  warning messages, 
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 )  p a r t s  l i s t .  

1.2 The Magnetic Method 

The magnet ic  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  a s  i n £  luenced by rock f o r m a t i o n s  having d l  f  f e r e n t  
magnet ic  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  i s  t h e  
v e c t o r  sum of induced and remanent magnetic 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 de te rmine  
t h e  magnetic f i e l d .  These a r e  t h e  s t r e n g t h  of t h e  e a r t h ' s  magnetic 
f i e l d ,  t h e  magnet ic  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 magnetism. 

The e a r t h ' s  magnetic f i e l d  i s  s i m i l a r  i n  form t o  t h a t  of a b a r  
magnet ' s .  The f l u x  l i n e s  of t h e  geomagnetic f i e l d  a r e  v e r t i c a l  a t  
t h e  n o r t h  and s o u t h  magnet ic  p o l e s  where t h e  s t r e n g t h  i s  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  i s  approx imate ly  30,000 nT. 

The primary geomagnetic f i e l d  i s ,  f o r  t h e  purposes  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  space  and t ime. 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 s to rms ,  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  i s  being done. An a l t e r n a t i v e  f i e l d  p rocedure  i s  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  i s  a  v e r y  u n r e l i a b l e  method dur ing  a c t i v e  magnetic 
s to rms  when i t ' i s  impor tan t  t o  have p roper  r e f e r e n c e  d a t a .  

The i n t e n s i t y  of m a g n e t i z a t i o n  induced i n  rocks  by t h e  geomagnetic 
f i e l d  F i s  g i v e n  by: 

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 i s  t h e  s t r e n g t h  of t h e  geomagnetic f i e l d  

F o r  most m a t e r i a l s ,  k i s  very  much l e s s  t h a n  1. I f  k  i s  n e g a t i v e ,  
t h e  body i s  s a i d  t o  be d iamagne t i c .  Examples a r e  q u a r t z ,  marb le ,  
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 
i s  s a i d  t o  be pa ramagne t i c ,  examples of which a r e  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 .  I f  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 i s  s t r o n g l y  magnet ic  and i t  i s  s a i d  t o  be 
f e r r o m 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 rocks  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  i s  so  s t r o n g l y  magnet ic  and 
s o  wddely d i s t r i b u t e d  i n  t h e  v a r i o u s  rock  types .  (Of c o n s i d e r a b l e  
impor tance ,  a s  w e l l ,  i s  t h e  p y r r h o t i t e  c o n t e n t . )  

The remanent m a g n e t i z a t i o n  of rocks  depends both  on t h e i r  composi- 
t i o n  and t h e i r  p rev ious  h i s t o r y .  Whereas t h e  induced magnetiza- 
t i o n  i s  n e a r l y  always p a r a l l e l  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 bear  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 
rernanent 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 l a s 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  s i n c e  t h e  
p r e v i o u s  m a g n e t i z a t i o n  a r e  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  i s  g iven  by: 

where Mn i s  t h e  n a t u r a l  remonent 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 complete 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 -  
c a l  ( Z )  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 ,  Y, i s  s p e c i f i e d  when i t s  magnitude and d i r e c t i o n  a r e  
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  M, = 0 ,  
whereupon M merely  reduces  t o  kF. In t h e  e a r l y  days  of magnet ic  
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prospecting, i t  was usually assumed that there was no remanent 
magnetization. However, i t  has now been establ ished that both 
igneous and sedimentary rocks possess remanent magnetization, and 
that the phenomenon i s  a widespread one. 



1.2 Theorv of O ~ e r a t i o n  

The Very Low Frequency (VLF) E l e c t r o m a g n e t i c  Method 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 ,  s e 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 requency  
range.  These s t a t  i o n s ,  l o c a t e d  around t h e  wor ld ,  g e n e r a t e  s i g n a 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 uniform 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  VLF radiowave has  t h r e e  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 
c u r r e n t s  a r e  induced caus ing  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  t h e  Magnetic F i e l d  mode, t h e  IGS-21 
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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v e r t i c a l  f i e l d ,  normal ized by t h e  h o r i z o n t a l  f i e l d  measurement. 
In 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  magnet ic  
and e l e c t r i c a l  f i e l d s .  

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

As i t s  primary measurement, t h e  ICS-2/VLF-4 employs two m u t u a l l y  
o r t h o g o n a l  r e c e i v e  c o i l s  t o  de te rmine  t h r e e  pa ramete 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  t o  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  ampl i tude of t h e  component of t h e  v e r t i c a l  
f i e l d  v e c t o r  which i s  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  ampl i tude of t h e  component of t h e  v e r t i c a l  f i e l d  v e c t o r  which 
i s  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 ramete r s ,  f o r  t h e  g i v e n  VLF t r a n s m i t t e r ,  a r e  r ecorded  s i m u l t a -  
neously .  S ince  t h e  v e r t i c a l  components a r e  expressed  a s  a  
pe rcen tage  of t h e  h o r i z o n t a l  v e c t o r ,  they  a r e  a u t o m a t i c a l l y  
normal ized 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  VLF s t a t i o n  can i n  f a c t ,  va ry  c o n s i -  
d e r a b l y .  F i g u r e  VLF:1 i s  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  VLF s t a t i o n  made i n  Toronto ,  Canada. 
For t h e  most p a r t ,  t h e  f i e l d  f l u c t u a t e s  modera te 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 tmospher ic  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  record ing .  
Towards evening t h e r e  i s  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  s e v e r a l  p o i n t s  dur ing  t h e  day,  bo th  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.  I n  t h e  l i g h t  
of t h e s e  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  wi th  r e s e r v a t i o n  a s  i t  i s  d i f f i c u l t  t o  know whether 
changes a r e  caused by conduc to r s  o r  by v a r i a t i o n s  i n  t h e  s t a t i o n ' s  
s i g n a l .  

I f  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 t h e  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 v e r t i c a l  
magnet ic  f i e l d .  However, n e a r  a  c o n d u c t o 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 h a r a c t e r i s t i c s  of t h e  conductor .  

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 m e t e r s  of w i r e  i s  
used. When t h i s  d i p o l e  i s  c o r r e c t l y  l a i d  o u t ,  t h e  IGS-2/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  hor i -  
z o n t a l  magnetic f i e l d .  
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VLF 
Swm 

The VLF-magnetic field measurement comriaes: 1) horizontal 
amplitude H . 2) the amplitude of HZ(!) (the vertical field 
component w h c h  is in-phase with Hy) and 3) the amplitude of 
H,(Q) (the vertical field component which is 90' out-of-phase with 

HY. 

VLF 
Slatlon 

The VLF-1 is used to measure the in-phase E,(l), and quadrature 
Ex(Q), components of the horizontnl electric field. Ex, in the 
line joining the operator and the transmitter atation. The phase 
is referenced t o  that of the horizontal me~netic field Hy. Theme 
components are not recorded bul are used in the calculations of 
resistivity and phase made by the VLF-4. 

VLF 
Sll lan 

An electronic level sensor on the axis of the horizontnl vector 
receiver coil provides automatic aide-to-side tilt compensntion. 
The error in the vertical in-phase component ie less than 1% for 
tilts up to 1 5 '  provided that the opernLor is fac.tn~ the VLF 
station directly. Tilts in any other direction of up to 10' 
produce no significant error ( I T )  in the other components and. 
therefore, require no compensation. 

Figure V U : 2  
What the VLF-4 Measures 



The IGS-2/VLF-4 u s e s  t h e  magnetic and e l e c t r i c  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 t h e  e a r t h  
as w e l l  a s  t h e  phase a n g l e  between t h e  magnet ic  and e l e c t r i c  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  hor i -  
z o n t a l  magnetic.  and e l e c t r i c  V L F  f i e l d s  w i l l  be  45 degrees .  A 
non-uniform e a r t h  w i l l  g i v e  r i s e  t o  o t h e r  phase ang les .  

The fo l lowing  formulae  a r e  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  R 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 
Ex = h o r i z o n t a l  e l e c t r i c  am l i t u d e ,  c a l c u l a t e d  

Ex = ( ~ ~ ( 1 ) ~  + Ex(Ql2)T 
Hy = h o r i z o n t a l  magnet ic  ampl i tude ,  measured 
f  = V L F  s t a t i o n  f requency  i n  Her tz  
po = 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 l 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  has  a  range of 1  t o  100,000 ohm-meters 
wi th  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  4 is  expressed  a s :  

E ( Q )  4 = a r c  t a n  -lL- 
&(I)  

where : 

&(Q) = h o r i z o n t a l  q u a d r a t u r e  VLF e l e c t r i c  f i e l d .  
% ( I )  = h o r i z o n t a l  in-phase VLF e l e c 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 o f  -180° t o  +l&OO w i t h  a 
r e s o l u t i o n  of l o .  By d e f i n i t i o n  t h e  a n g l e  i s  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  magnetic f i e l d .  



9.0 SPECIFICATIONS 

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

Digital Display 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  f o r  e n t e r i n g  a l l  
commands, c o o r d i n a t e s ,  header  
and a n c i l l a r y  i n f o r m a t i o n .  

Languages 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 t ime c l o c k  w i t h  day,  
month, y e a r ,  hour ,  minu te  and 
second. One second r e s o l u -  
t i o n ,  f l  second s t a b i l i t y  over  
12 hours .  Needs keyboard 
i n i t i a l i z a t i o n  o n l y  a f t e r  
b a t t e r y  replacement .  

Digital Data Output RS-232C s e r i a l  i n t e r f a c e  f o r  
d i g i t a l  p r i n t e r ,  modem, micro- 
computer o r  c a s s e t t e  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 r a t e  is  keyboard s e l e c -  
t a b l e  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  inc rements  of one from 0 
th rough  999. Handshaking i s  
done th rough  X-ON/X-OFF 
p r o t o c o l .  

Allows lGS-2 t o  a c t  a s  a 
mas te r  f o r  o t h e r  ins t rumenta -  
t i o n .  

Analog 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  s c a l e  w i t h  
keyboard s e l e c t a b l e  s e n s i t i v -  
i t i e s  of 10,  100 o r  1000 u n i t s  
f u l l  s c a l e .  

IGS: 9 - I 



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

Weights Console: 2.2 kg 
Console w i t h  Non-rechargeable 
B a t t e r y  Pack; 3.2 kg. 
Console w i t h  Rechargeable  
B a t t e r y  Pack: 3.6 kg. 

- 
Operating Temperature Uange -40°C t o  +50°C provided 

o p t i o n a l  Disp lay  H e a t e r  i s  
used below -20" C. 

Power Requirements Can be powered by e x t e r n a l  12 
V DC o r  one of t h e  B a t t e r y  
Pack Opt ions  l i s t e d  below. 

9.2 B a t t e r y  Pack Opt ions  

B a t t e r y  Pack l i f e t i m e  depends on which B a t t e r y  Pack i s  s e l e c t e d ,  
s e n s o r ( s )  used ,  r e a d i n g  t ime and ambient t empera tu re .  L i f e  
expec tancy  would be 1 t o  10,  e i g h t  hour s u r v e y  days .  

- - -  

1Jon-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 '  c e 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 conso le .  
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 i n  
t e m p e r a t u r e s  above 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-magnetic, 

s e a l e d  lead-acid  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 igh  
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 0°C. Pack weighs 1 . 3  
kg. Charger s p e c i f i c a t i o n s  
a r e :  140 x 95 x 65  mm, 
115/230 V AC,  50/60 Hz, 20 VA, 
o v e r l o a d  p r o t e c t e d .  



8.0 SPECIFICATIONS 

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

Total  F ie ld  Operating Range 20,000 t o  100,000 nT 
(1  nT = 1 gamma). 

Gradient Tolerance For Total Field:  f5000 nT/m. 

Total F i e l d  Absolute Accuracy f l  nT a t  50,000 nT 
f 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.  

- 

Resolution 

Tuning F u l l y  s o l i d - s t a t e .  Manual o r  
a u t o m a t i c  mode i s  keyboard 
s e l e c t a b l e .  

- 

Reading Time 
- - - - - 

2 seconds .  For p o r t a b l e  
r e a d i n g s  t h i s  i s  t h e  t ime  
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 v a l u e .  

- - 

Continuous Cycle Times 
--- - --- -- - 

Keyboard s e l e c t a b l e  i n  1 
second inc rements  upwards from 
2 seconds t o  999 seconds .  
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9.0 SPECIFICATIONS 

Frequency Tuning Automatic d i g i t a l  tuning.  Can 
be  tuned t o  any f requency  i n  
t h e  range  15.0 t o  29.0 kHz 
w i t h  a bandwidth of 150 Hz. 
Up t o  t h r e e  f r e q u e n c i e s  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  S t r e n g t h  Range F i e l d s  a s  low a s  100 mA/m can 
b e  r e c e i v e d .  I n  p r a c t i c e ,  
background n o i s e  may r e q u i r e  
f i e l d s  up t o  5-10 t imes  t h i s  
l e v e l .  Maximum r e c e i v e d  f i e l d  
i s  2 mA/metre. These v a l u e s  
a r e  s p e c i f i e d  f o r  2 0  kHz. For 
any o t h e r  f r equency ,  c a l c u l a t e  
t h e  above l i m i t s  by m u l t i p l y -  
i n g  by t h e  s t a t i o n  f requency  
i n  kHz and d i v i d i n g  by 20. 

S i g n a l  F i l t e r i n g  
- - - - - - - - 

Narrow bandpass ,  low pass  and 
s h a r p  cut-off  h igh  p a s s  
f i l t e r s .  

Measuring Time 0.5 seconds  sample i n t e r v a l .  
A s  many a s  216 samples  can be 
s t a c k e d  t o  improve measurement 
a c c u r a c y  . 

VLF-Magnetic F i e l d  Components 1 )  H o r i z o n t a l  a m p l i t u d e ,  2 )  
Measured v e r t i c a l  in-phase component, 

and 3) v e r t i c a l  q u a d r a t u r e  
components. V e r t i c a l  
components a r e  d i s p l a y e d  as a 
percen tage  of h o r i z o n t a l  
component and a r e  r e l a t e d  i n  
phase t o  t h e  h o r i z o n t a l  
component. T h e i r  range is  
*120%; r e a d i n g  r e s o l u t i o n  1%. 

VW-Magnetic F i e l d  Sensor  'l'wo a i r -cored  c o i l s  i n  a 
backpack mounted housing w i t h  
a n  e l e c t r o n i c  l e v e l  f o r  
a u t o m a t i c  ti1 t compensation.  
The e r r o r  i n  t h e  v e r t i c a l  
in-phase component is l e s s  
than  1% f o r  t i l ts  up t o  f15'. 

VLF: 9 - 1 
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APPENDIX 2 

VLF THEORY - - --- -- --- 

The signal transmitted by the VLF station is recorded 

by the vertical coils as: 

Hp = A sin wt; Hs = B cos (wt-6) (1.0) 

where: Hp = primary signal A = amplitude of 
primary signal 

Hs = secondary (phase laged) signal 
w = frequency B = amplitude of 
t = time secondary signal 
6 = phase lag 

These two received signals combine giving an ellipse, 

which has two axis correspondinq t.o thc maximum length and minimum 

width of the cllipse. 

i.e. 
2 I - I ~ ~  + 11s - 2 ~pils sin 6 = - - -- -- - -- ----- cos2 0 (2.0) 

B~ AB 

By measuring the angle from horizontal of the 1-ong axis 

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

zero. 

The Scintrex IGS VLF measures the primary vertical 

(in phase) Ilp and the secondary (quadrature) Hs to obtain a 

conductor's location (from Hp) and the conductor's quality 

using both Hp and Hs. 

1.e. -1 o = +  tan ( 2  H ~ / I O O  (1 - e 2 )  ) 

where o = tilt angle (degrees) 
Hp = vertical in phase, expressed as a o/o 

I engineering lid. 



VLF THEORY (Continued) 

where = phase lag (degrees) 
Hp = vertical in phase (any units) 
Hs = vertical quadrature (same units as Hp) 

Since the quadrature readings require a magnetic field 

phase reference, using unpublished means, the phase lag value is 

untested and should be considered qualatative only, but it is 

likely reasonably precise (the readings are repeatable), but 

may or may not be accurate (the correct value). 

I engineering ltd. 
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eses SGS SUPERVISION SERVICES I l K .  
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1001 East Pender Street, 
Vancouver, B.C., Canada. V6A 1 W2 
Telephone: (604) 254-1 647 
Telex: 04-50751 4 

Date: October 22, 1967 
File: 8710-1652 

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

TO: N .V .C. ENGINUTRNC LTD, 
Sta, 304 - 1720 Barclay Citreet 
Vancouver, b,C, 
V G  2Y1 
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- REFEREE AND OR OFFICIAL CHEMISTS FOR. Nalmnal lnst~tule o l  Oblseed Products The Amerncan Oil Chemlsls' Society 
OFFICIAL WEIGHMASTERS FOR: Vancouver Board OI Trade 

We hereby certify that the 

MARKED 

L 6 0+00 BL 
BL 6+50S(C1) 
BL 7+50S (Cl) 

L#l (Cl) 10+50E 
11+00E 
11+50E 

L#l ( C t )  12+00E 

L # 3  ( C l )  0+50E 
1+00E 
1+50E 
2+00E 
2+50E 
3+00E 
3+50E 
4+00E 
4+50E 
5+00E 
5+50E 
6+00E 
6+50E 
7+00E 
7+50E 
8+00E 
8+50E 
9+00E 
9+50E 

10+00E 
10+50E 
11+00E 
11+50E 

L# 4 0+50E 
1+00E 
1+50E 
2+00E 

NOTE REJECTS RETAINED ONE MONTH 
AND REJECTS WILL BE STORE 

ALL REPORTS ARE THE CONFIDENTIAL PROPERTY OF CLeNTS WBLlCATlON OF STATE-MENTS 

following are 

GOLD 

Au ( P P ~ )  

0.02 
0.03 
0.03 

0.03 
0.03 
0.05 

0.03 

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

0.02 
0.02 
0.02 
0.02 

PULPS RETAINED 
FOR A MAXIMUM 

the results of 

SILVER 

0.2 
0.2 
0.4 

1.5 
0.3 
0.9 

0.4 

0.3 
0.3 
0.4 
1 .O 
0.5 
0.4 
0.4 
0.5 
0.6 
0.7 
0.7 
0.4 
0.7 
0.6 
0.9 
0.7 
1 .2  
0.9 
0.8 
0.7 
0.8 
0.3 
0.5 

0.2 
0.7 
0.5 
0.5 

THREE MONTHS 
OF ONE YEAR 

GOLD 

\ u ( P P ~ )  

0.03 
0.04 
0.03 
0.03 
0.04 
0.02 
0.02 
0.03 
0.03 
0.04 
0.04 
0.26 
0.03 
0.02 

0.69 
0.22 
0.02 
0.10 
0.04 
0.03 

0.03 
0.04 
0.02 
0.03 
0.02 
0.03 
0.04 
0.02 

on page 

'SAMPLE 

L#4 - 
2+50E 
3+00E 
3+50E 
4+00E 
6+00E 
6+50E 
7+00E 
7+50E 
8+50E 
9+00E 
9+50E 

10t00E 
10t50E 
11+00E 

L#5 
9+50W 

lO+OOW 
10t50W 
1 l+OOW 
11+50W 
12+50W 

1+00E 
1+50E 
2+00E 
2+50E 
3+00E 
3+50E 
4+00E 
4t50E 

/ contired 

L- 

assays on: s o i l  samples 

SILVER 

As ( P P ~ )  

0.8 
0.5 
0.4 
0.4 
0.5 
0.3 
0.4 
0.3 
0.3 
0.2 
0.8 
1.5 
0.3 
0.5 

1.8 
0.6 
0.2 
0.9 
0.5 
0.5 

0.4 
0.2 
0.3 
0.2 
0.4 
0.3 
0.4 
0.4 

2 . . . . . . 

XXXXXXX 

ON REQUEST 

XXXXXXXX 

A p ( P P m r A - -  

PULPS 

XXX 



CERTl FICATE OF ASSAY Date: November 9, 1987 
II 

SGS SUPERVISION SERVICES INC. 
File: 8710-1651 

@ SGS General ,sting Y,ratories Division 

I 1001 East Pender Street, TO: N.V.C. ENGINEERING LTD. 
Vancouver, B.C., Canada. V6A 1 W2 
Telephone: (604) 254-1 647 
Telex: 04-50751 4 

b 

I*r 

w 

I 

*r 

.- 

- 

- 

- 

- 

- 

- 

I ' ALL REPORTS ARE THE CONFIDENTIAL PROPERTY OF CLIENTS PUBLICATION OF STATE-MENTS 
CONCLUSION OR EXTRACTS FROM OR REGARDING OUR REPORTS IN NOT PERMITTED WITHOUT 
OUR WRITTEN APPROVAL ANY LIABILITY AlTACHED THERETO IS LlMlTEO TO THE FEE CHARGED I - -  PROVINCIAL ASSAYER 1 

Analytical and Consulting Chemists, Bulk Cargo Specialists, Surveyors, Inspeck; Samplers, Weighers 
MEMBER Amer~cdn Soc~ety For Test ln~ Malerlals The Amerlcan 011 Chemlsts Society Canad~an Testng Assoclslm - 

REFEREE AND OR OFFICIAL CHEMISTS FOR Natlonal lnat~tule ol O~lseed Products The American 011 Chem~ata' Soc~ety 
OFFICIAL WEIGHMASTERS FOR: Vancouvw Board O( Tred. 

We hereby certify that the 

MARKED 

L#6 l+OOW 
2+00W 
2+50W 
3tOOW 
3+50W 

0+50E 
1+00E 
1+50E 
2t00E 
2+50E 
3+00E 
3+50E 
4+00E 
5+50E 
b+OOE 

L#7 ( C l )  00+50W 
l+OOW 
1+50W 
2+00W 
2+50W 
3+00W 
3+50W 
4+00W 
5+00W 

L#7 0+50E 
2+00E 
2+50E 
3+00E 
3+50E 
4+00E 
5+00E 
5+50E 
6+00E 
6+50E 

NOTE REJECTS RETAINED ONE MONTH 
AND REJECTS WILL BE STORE FOR 

following are 

GOU) 

Au (PPD 

0.04 
0.03 
0.05 
0.02 
0.03 

0.03 
0.02 
0.02 
0.02 
0.03 
0.03 
0.02 
0.03 
0.04 
0.02 

0.02 
0.02 
0.03 
0.03 
0.03 
0.05 
0.03 
0.03 
0.03 

0.03 
0.03 
0.02 
0.02 
0.04 
0.06 
0.02 
0.03 
0.03 
0.03 

PULPS RETAINED 
A MAXIMUM 

the results of 

SILVER 

)Ag(ppm> 

0.6 
0.4 
0.5 
0.3 
0.3 

0.2 
0.2 
0.2 
0.2 
0.6 
0.2 
0.3 
0.7 
0.2 
0.3 

0.3 
0.3 
0 .2  
0.5 
0.4 
1.5 
2.0 
1 .2  
1.3 

0.8 
0.3 
0.5 
0.7 
1.0 
0.7 
1.3 
0.7 
0.8 
1.2 

THREE MONTHS 
OF ONE YEAR 

assays on: 

ON REQUEST 

soil 

XXXXXXXXXXXXXXXXX 

PULPS 

samples 
c? n 

lj 

MARKED: 

- L#7 

7+00E 
8+00E 
9+00E 

10+00E 
11+00E 
11+50E 

BL L #8 
OO+OOW 

L#8 (Cl) 

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

lO+OOW 
10+50W 
11+OOW 
11+50W 
12+00W 

/ c o n t i n l e d  

GOLD 

Au ( P P ~ )  

0.03 
0.03 
0.03 
0.03 
0.03 
0.03 

0.03 

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

on page 

SILVER 

Ag ( P P ~ )  

0.9 
1.4 
0.4 
0.7 
1.1 
1.3 

0.9 

0.7 
0.8 
1.1 
1 .O 
1.1 
1 . 2  
0.9 
0.8 
0.4 
0.7 
0.5 
0.9 
0.8 
0.9 
0.4 
0.5 
0.7 
0.3 
1.5 

3 ..... 



CERTIFICATE OF ASSAY Date: NOVEMBER 9, 198 7 

SGS SUPERVISION SERVICES INC. File: 8;' 10- 165 1 

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

.- Vancouver, B.C., Canada. V6A 1 W2 Ste. 304 - 1720 Barclay S t .  
Telephone: (604) 254-1 647 Vancouver, B. C. 
Telex: 04-50751 4 V6G 2Y1 

111 ( Page 3 ) 

Ir 

- 
.I 

I 

- 

- 

- 

- 

- 

- 

- 

- 

- 

tollowrng are 

GOU) 

Au ( P P ~  

0.06 
0.05 
0.05 
0.03 
0.05 
0.03 
0.02 
0.02 
Q.04 
0.02 
0.08 
0.02 
0.03 
0.02 
0.04 

0.02 
0.02 
0.02 
0.03 
0,02 

0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 

PULPS RETAINED 
FOR A MAXIMUM 

We hereby certity that the 
- 

MARKED • 

L # 8  0t50E 
1t50E 
2t00E 
2t50E 
3t50E 
4t00E 
4t50E 
5t00E 
5+50E 
6+00E 
6t50E 
8t50E 
9t00E 

10t00E 
1Ot50E 

L#3 6+50W 
7tOOW 
7t50W 
8tOOW 
8 t  50W 

Lt5 5t00E 
5+50E 
6+00E 
6+50E 
7t00E 
7t50E 

10t00E 
10t50E 
1 1 t00E 
11+50E 

NOTE RtJECTS RETAINED ONE MONTH 
AND REJECTS WILL BE STORE 

- 

the r~SultS 01 

Ag(ppm1 

0.3 
0.5 
0.4 
0.4 
0.4 
0.4 
0.2 
0.3 
0.4 
0.3 
0.4 
0.3 
0.5 
0.5 
0.3 

0.5 
0 -5  
0.7 
0.6 
0.6 

0.5 
0.5 
0.6 
0.6 
0.7 
0.5 
0.6 
0.5 
0.4 
0.4 

THREt MONTHS 
OF ONE YEAR 

ALL HEPORTS A R ~  rnt CONFIDENIIAL PROP~RTY OF CLI~NTS PUBLICATION OF STATE-M~NTS 
CONCLUSION OR EXTRACTS FROM OR REGARDING OUR REWRTS IN NOT PERMITTED WITHOUT 
OUtI WRITTEN APPROVAL ANY LIABILITY AlTACHED THERETO IS LIMITED TO THE FEE CHARGED 

-- - / PROVINCIAL ASSAYER 

Analytical and Consulf~ng Chemists, Bulk Cargo Spec~alists~ Surveyorsl /nspectorbamp/tusl Weigh- 
MEMBER Amwflcnn Soc~eQ Fof Teul~ng Muter~nls The American 011 Chem~sts Socwly * Canstlw Tealng kuoculm 

REFEREE AND OR OFFICIAL CHEMISTS FCM Nallonal lwlltule ol Olleeed Products The AmetlcM 0 4  ChemuW SOC*F/ 
OfflCUL WEMHUASIEIIS KX)  V u w ; o ~ r  tkud O( Tim 

assays On: 

~ ~ ~ V E R L  
X X X X X X X X X X X X X X X X X X Y X X X  

ON REQUEST 

s o i l  

PULPS 

samples 
l-- 

MARKED: 

L#7 - 
5+50W 
6tOOW 
6+50W 
7+00W 
7+50W 
8+00W 
8t50W 
9tOOW 
9+50W 

10tOOW 
10t50W 
1 1tOOW 
11+50W 

GOLD 

Au ( P P ~ )  

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

SILVER 

AR ( P D ~ )  

0.8 
0.7 
0.6 
0.5 
0.7 
0.13 
0.9 
0.5 
0.4 
0.4 
0.5 
0.5 
0.5 

- ,  



CERTIFICATE OF ASSAY 
L 

SGS SUPERVISION SERVICES INC. 
Oeneral Tertlng Laboratorler Dlvlslon 
1001 East Pender Street, 
Vancouver, B.C., Canada. V6A 1 W2 
Telephone: (604) 254-1 647 
Telex: 04-50751 4 

Date: 
November 25, 1987 

File: 
8710-3057 

TO: N,V.C. ENGINEERING LTD, 
Ste, 304 - 1720 Barclay Street  
Vancouver, B. C. 
V6G 2Y1 

We hereby certify that the following are the results of assays on: s o i l  samples 

C Analytical and Consulting Chemists, Bulk Cargo Specialists, Surveyors, Inspectors, Samplers, Weighers 
MEMBER Amerrcan Society For Tealing Materrala The American 011 Chemists Society CanadIan Testing Asmooatloo 

- REFEREE AND OR OFFICIAL CHEMISTS FOR. Natronal lnstltute of Orlseed Products The Amerlcan 011 Chemists' Society 
OFFtClAL WEIGHMASTERS FOR Vancouver Board 01 Trade 

Ir, 

111. 

u 

II 

r(L 

C 

- 

*- 

- 

- 

- 

- 

- 
ALL REPORTS ARE THE CONFIDENTIAL PROPERTY OF CLIENTS PUBLICATION OF STATE-MENTS 
CONCLUSION OR EXTRACTS FROM OR REGARDING OUR REPORTS IN NOT PERMllTED WITHOUT 
OUR WRITTEN APPROVAL ANY LIABILITY ATTACHED THERETO IS LIMITED TO THE FEE CHARGED - PROVINCIAL ASSAYER 

MARKED 

B.L. 6+50E 

L 1  00+50 - N 
1+00 
1+50 
2+00 
2+50 
3+00 
3+50 
3+90 

L 2 2+00-N 
2+50 
4+00 
4+50 
5+00 
5+50 
6+00 

- L 3  1+00-N 
1+50 
1+50 (B)  
2+00 
2+50 
4+00 
5+00 
5+50 
6+00 
7+00 
7+50 

L 4 0+50 - N 
2+00 
2+50 
3+00 
5+50 
6+00 
7+00 

NOTE REJECTS RETAINED ONE MONTH 
AND RWECTS WILL BE STORE FOR 

GOLD 

Au 

0.02 

0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 

0.03 
0.02 
0.02 
0.02 
0.02 
0.02 
0.02 

0.04 
(A)0.04 

0.04 
0.13 
0.04 
0.07 
0.18 
0.02 
0.06 
0.02 
0.04 

0.02 
0.02 
0.03 
0.03 
0.04 
0.02 
0.02 

WLPS RETAINED 
A MAXIMUM 

SILVER --------- 

( P P ~ ) A ~ ( P P ~ )  

0.9 

0.8 
1.1 
0.9 
0.5 
0.7 
0.3 
0.2 
0.3 

0.7 
0.8 
1.3 
0.7 
0.5 
0.9 
1.0 

0.2 
0.2 
0.2 
1.0 
0.9 
0.4 
0.2 
0.9 
0.8 
1 .2  
1.0 

0.5 
0.7 
0.4 
0.2 
0.5 
0.8 
0.9 

THREE MONTHS 
OF ONE YEAR 

XXXXXXXX:~XXXXXX 

ON REQUEST PULPS 

SAMPLE 

L 4 

L 5 

/ c o n t i n u t s d  

MARKED: 

7+50 - N 
8+00 
8+50 
9+00 
9+50 
10+00 

4+00 - S 
4+50 
5+50 
6+00 
6+50 
7+00 
7+50 

0+50 - N 
1+00 
2+00 
2+50 
3+50 
4+50 
5+50 
6+00 
6+50 
7+50 
8+00 
8+50 
9+00 
9+50 
10+00 

I+OO - S 
2+00 
2+50 
3+00 

on page 

GOLD 

Au (ppm) 

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 
0.06 
0.02 
0.02 
0.02 
0.02 
0.02 
0.04 
0.02 
0.02 
0.06 
0.03 
0.02 
0.02 
0.02 

0.02 
0.02 
0.02 
0.02 

2 

2 

SILVER 

Ag ( P P ~ )  

0.9 
0.8 
1 .O 
0.7 
0.2 
0.7 

0.4 
0.2 
0.2 
0.2 
0.2 
0.2 
0.4 

1.1 
0.5 
0.7 
0,8 
0.2 
0.5 
0.7 
0.9 
0.2 
0.2 
1.1 
0.9 
0.8 
0.7 
0.7 

0.9 
0.5 
0.2 
0.3 





CERTIFICATE OF ASSAY Date: November 25, 1987 

- @SGS SGS SUPERVISION SERVICES INC. 
General Testing Laboratories Division 
1001 East Pender Street, 
Vancouver, B.C., Canada. V6A 1 W2 
Telephone: (604) 254-1 647 
Telex: 04-50751 4 

TO: N . V . C . ENGINEERING LTD . 

We hereby certify that the following are the results of assays on: s o i l  samples 

L 
Analytical and Consultrng Chemists, Bulk Cargo Specialists, Surveyors, Inspectors, S ~ ~ @ W S ~  Weiginus 

MEMMR Amer~can Soc~ety For Teotln~ Meter1818 The knerlcan 011 Ch.mc8Ie Society Csnsrlcw Trlmg Auowlm 
REFEREE MID OR OFFlCUL CHEMISTS FOI) N a t W  Ifulllule o l 0 1 I ~  Procluclr Tho AmcHtm 011 Chrmutr' Sourcy 

W F W  WEI(WL(AST€RS Vurcouw B w d  01 TI& 





----- ---------- 

0 50 100 300 meters 

All readings in gammas 





- 4 0  L 
vertical Scale ( in phase and quadrature components of VLF field expressed as percentage of hor~zontal component) 

-- ------- quadrature 
0 - 

20 - Stat~on: NLK Seattle, Wa. 24.8 kHz 
0 50 100 300 meters 

40 r 
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