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During 1988 Chevron Minerals Ltd. undertook a surface 

exploration program on the Goatfell Property near Yahk, B.C. 

The Goatfell Property contains a major tourmalinite pipe 

cutting metasediments of the middle Proterozoic, middle 

Aldridge Formation. This occurrence was deemed a favorable 

indicator for zinc-lead-silver mineralization of the Sullivan 

type. The primary target zone is the Sullivan mine horizon 

near the lower - middle Aldridge boundary. 

Chevron Minerals Ltd. completed geologic mapping, a two-hole 

diamond drilling program, limited petrographic studies and 

three short lines of MAG/VLF during the 1988 field season. 

The work confirmed the stratigraphic position of the prospect 

area suggested during 1987. Further geologic- mapping, 

combined with diamond drilling, revealed a significant zone 

zone of quartz-chlorite-carbonate-pyrite alteration with 

associated weak zinc and lead mineralization. 

2.0 INTRODUCTION 

Diamond drilling was conducted on the Goatfell Project between 

July 15 and October 27. Geological mapping in the project 

area was carried out intermittently during the same period. 

Personnel for the project were based in a motel near Yahk, 

B.C. 
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The objectives of the 1988 exploration program on the Goatfell 

Project were to evaluate the property for a Sullivan-type 

stratiform zinc-lead- silver deposit (Hamilton, et al., 1982). 

The exploration model for a Sullivan-type massive sulfide 

deposit assumes that such a deposit formed at a horizon 

displaying evidence of tectonic instability such as abundant 

slumped beds, conglomerates or debris slides, and rapid 

lateral facies variations. In addition, it is possible that 

deposits of this type will have associated alteration zones. 

The most likely alteration pattern in a major ore system is 

thought to be a tourmalinized zone below the orebody, possibly 

with weak pipe-like extensions into overlying sediments, and 

a broad silica - chlorite - high sulfur (pyrite) - base 
metals-rich halo below and above the orebody with an albite- 

iron sulfide - rich core. Weaker hydrothermal systems, in 

which alteration did not persist after sulfide deposition, may 

contain only footwall alteration such as a zone of silica - 
chlorite - (albite) alteration enclosing small tourmalinite 

J 

pipes. Any maj or syngenetic/syndiagenetic deposit in the 

Aldridge Formation is expected to display a weak geochemical 

fringe extending up to several kilometers from the deposit 

along the ore horizon as at the Sullivan Mine. Although the 

prime horizon of interest on the Goatfell Property is the 

Sullivan mine horizon in the uppermost lower Aldridge, other 

horizons within the middle Aldridge are also considered ( 1  

possible sites for syndiagenetic - syngenetic mineralization. 
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~xploration on the Goatfell Property during 1988 was achieved 

by mapping of the various alteration types in the Aldridge 

Formation and diamond drilling to test the Sullivan mine 

horizon. The 1988 program consisted of: 

1. Geological mapping and prospecting on the Goat 1, 2, and 

3 claims and the immediately surrounding area at 1:5,000 

scale. 

2. A geophysical survey consisting of three lines 

(1.9 kilometers) of MAG/VLF R22K on the Goat 1 and 2 

claims to determine the location of a major fault. 

3. Road repair for drill access. 

4 .  Diamond drilling for a total of 844.14 m in two NQ holes. 

3.0 LOCATION AND ACCESS 

The Goatfell Property is located approximately 10 km northwest 

of the town of Yahk in southwestern ~ritish Columbia 

(Figure 1) and 10 km north of the Canada - USA border (NTS 
82F/1; latitude 4907' north, longitude 11612' west). 

Elevations on the property range from approximately 700 m 

along Kitchener Creek to 1,645 m on the highest mountains. 

Moderate to cliff forming slopes with broad U-shaped valleys, 

occasionally with more recent steep down cutting gorges, 

typify the topography of the qegion. The property is 

generally forested with pine and fir except in areas of recent 

clear cutting and along Kitchener Creek where farming has been 

developed. 



LOCATION MAP 
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Access to the property is by ~ighway 3 which crosses the 

northern portion of the property through the valley connecting 

the Kitchener Creek (west) and Rainy Creek drainages. The 

highway corridor also contains two natural gas pipelines and 

a CPR branch rail line. permission must be sought for 

crossing the gas pipeline corridor with oversized vehicles. 

A number of forestry and private roads cross the property. 

Access to the southern portion of the property is provided by 

a major forestry road which joins ~ighway 3 just to the 

southeast of the Goatfell railway siding and intersects the 

Carroll Creek valley to the west. Permission to use the 

private roads must be obtained from local property owners. 

The BC Hydro high tension line lies approximately 7 km west 

of the property. 

4 . 0  CLAIM STATUS AND OWNERSHIP 

The Goatfell Property straddles the Nelson and Fort Steele 

Mining Divisions (Figure 2). Table 1 lists the claim names, 

number of units, record number and expiry dates for all claims 

comprising the Goatfell Property. 

The Goat 1 and 2 claims are owned by Gordon Leask and are 

under option to Chevron Minerals Ltd. Chevron has an 

agreement with Leask whereby Chevron can earn a 65 percent 

interest in the claims by making specified expenditures. 

Formosa Resources Corporation has an agreement with Chevron 

Minerals Ltd. whereby it can earn $0 percent of Chevron's 

interest in the claims by making certain specified 
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Table 1 

C1 air-ii Name Record No. Pjj  t i i  nq Units Exniru Date 
Di+zic'- i . .  1 1-1 n (after- submission 

of  t h i  s r-epot-t) 

Goal 1 
Goat 2 
Goat 3 
Jilrtirl 1 
J o h n  2 
Dick 
Jill 
f"i a r-!j 
Ra t-b 
Mael:?e 1 
Maeve 2* 
Haeve 3 
Maeve 4 
Heaye 5 
Hawe 6 
t-faeve 7 
Vicki 
Suni a 
Sonia 2 
Skq - 
Sku 2 
5- .3ky 3 

Nel sun 20 
Nel soti 20 

-7 " Ft. Steele L~.J 

Nelson 20* 
tdels~n 8 s  
Nelson 20* 
Ft. Steete 20 
Ft. Ste~sle 20 
iileson 20 
Nelsori 26 
Nelsisti 1 
Welsor-r 1 
Nelssn 1 
itjel sori 1 
fitel son 1 
Nelson 1 
Nelson 20 
Nelson . 20 
Ft. Steele 20 

,- . .- Nelson - j g  -. a- 

Me1 scln 6 
Nelson 1 

Januijr-y 27, 1999 
January 27.. 1993 
Febrtjary 8, 1'7'30 
September 9, 1989 
Septerriber 9,  1989 
September 10, 1989 
September- 12, 1989 
September- 12, 1389 
September 9, 1969 
Septen-rber 10, 1989 
Sepiembei- 10, 1989 
September f 0, 1989 
September 10, 1989 
Septefnbei- 10, 1 *389 
Septen~bet- 18, 1983 
Septet~iber 1 0, 1989 
September 10, 1989 
September 1 1 ,  1989 
October- 30, 1989 
October 17, 1990 
October 23, 1990 
Septet-fiber 2, 198'2 

*John I - 5 complete units, Ei fractional tinfts over-lapping Star 4 claim 
(4477 - Corr-rii-ico) and Sku clait-ri (4467 - Wiklutid). 
*John 2 - 4 izor-r~filete units, 3 f ractiotlal units overiappiriq Sky 1 claitti 
(4467 - Wqkl!;tid) and Skq 2 clai t-ii (4473 - i"iriir:lund). 
*Dick - 16 c~ltniplete units, 3 fractional  nits ~:~~,ier-lappina . . !sku .- 2 claim 

0 (4473 - Wikluri~j]. 
*l"lije{j~ 2-fi o:;erlaf! flael$e 1 clairfl, while Maea.,!r, 7 i s  frijctictgal t:]ijji-qI 

0 
i:i!!erlappiiig - tifir-ti i j r i ~ j  I-lael.:re 1 claims. 
*Sku claim oticompasses Sky 3 1 unit claim. 1 



expenditures. The Sky claims are owned by Mr. David Wiklund 

and Mr. Harry Davies and are under option to Chevron Minerals 

Ltd. Chevron has an agreement with Mr. Davies and Mr. Wiklund 

whereby Chevron can earn the entire right, title and interest 

to the property by making specified expenditures. All other 

claims in the property are held by Chevron Minerals Ltd. 

5.0 PREVIOUS EXPLORATION 

Although detailed, modern geological work has been carried out 

in portions of the Aldridge Formation outcrop area by members 

of the British Columbia Geologic Survey (Rice, 1940; ~eesor, 

1981; Hoy and Diakow, 1982; Hoy, 1984), a modern geological 

map of the 82 F/1 sheet is not available. The occurrence of 

massive tourmalinite along the railway at Goatfell has been 

recognized for a number of years, however (Ethier and 

Campbell, 1977). Despite the relationship recognized at the 

Sullivan Mine between tourmalinite and mineralization, the 

Goatfell occurrence remained unclaimed until early 1985 when 

it was staked by Mr. Gordon Leask. 

During the summer of 1985 Leask carried out prospecting and 

limited geologic mapping. The prospecting revealed a high 

angle zone of carbonate - manganese breccia with trace 

sphalerite and galena on the west bank of Hazel Creek near 

its juncture w i t p  the Kitchener valley on the Sky claim. 

Prospecting also located what was thought to be a siliceous 

pyritic exhalative horizon within thick sandstones near the 

railway loop on the Goat 1 claims (G. Leask, 1985). 



The goal of geological mapping from 1986-87 was to determine 

the depth to the lower - middle Aldridge Formation boundary, 
which roughly coincides with the Sullivan Mine time horizon. 

Through use of well-laminated or ttvarvedtt marker beds within 

the middle Aldridge Formation and the discovery of probable 

lower Aldridge sediments at the mouth of Hazel Creek it was 

determined that the Sullivan mine horizon occurred at 

reasonable depth (less than 1000 m) in the central portion of 

the property. A major, high-angle fault trending north-south 

across the property was recognized which significantly down- 

dropped the target horizon to the west. 

Besides .the obvious tourmaline alteration in the pipe-like 

body cropping out along the railway line, tourmaline 

alteration was also inferred from abundant float in the area 

of the Carroll Creek forestry road, immediately east of the 

Goat 3 LCP. An indistinct alteration was noted by Leask to 

the west of the tourmalinite pipe along the railway loop. The 

siltstones and sandstones in this area were noted to be 

bleached. Leask interpreted this alteration type as 

ttalbitic.lt Based on the distribution of alteration and a 

supposed thickening of bedding in the railway exposures, Leask 

proposed a 1 kilometer wide graben trending ENE and straddling 

the Goat 1 and 2 claim boundary. 

A transient electromagnetic and magnetic survey was conducted 

over much of the Goat 1 and 2 claims during July, 1987 by 

Orequest Ltd. and Quantech Consulting Inc. to test for 



7 

conductors in the proposed graben (LeBel and Morrison, 1987). 

The EM-37 data was contaminated by culture sources, primarily 

the railway line and pipeline. Within the existing coverage 

no strong anomalies were located. However, a finite, 

formational-appearing conductor was located in the southern 

portion of the grid. The magnetic coverage revealed a 

pronounced magnetic anomaly over the Moyie sill exposed to 

the west of the high angle, north-south trending fault. The 

poorly outcropping sill to the east does not show an anomaly, 

however. Recommendations fromthis program were stratigraphic 

drill holes to test the Sullivan horizon in the area of best 

alteration along the northern portion of the railway loop and 

immediately south of the railway loop in the area of the weak 

EM anomaly. 

In August, 1987 a limited lithochemical survey was undertaken 

on the property (Edmunds, 1987). Samples were taken along a 

traverse through the lower Aldridge in the area of the railway 

loop. The method utilized involved collecting clusters of 

samples along traverses across strike and analyzing the 

samples for Pb, Zn and Hg. A sample score was calculated that 

is a combination of these three elements and that score was 

evaluated against a cut-off value established from work on 

known mineralized systems. Values from the forty eight 

samples taken were all close to background. The conclusion 

fromthe survey was that significant stratiform mineralization 

is not present for at least 5 kilometers in the stratigraphic 

sequence sampled. 



6.0 REGIONAL GEOLOGY 

The Goatfell Property lies on the western flank of the Purcell 

Anticlinorium and is entirely underlain by middle Proterozoic 

rocks of the Belt - Purcell Supergroup. 

Although the Belt - Purcell Supergroup rocks preserve delicate 
depositional textures they are metasediments having undergone 

extreme sedimentary loading during the ~roterozoic. This 

loading produced advanced burial diagenesis or load 

metamorphism up to the biotite isograd of greenschist facies 

(McMechan and Price, 1982; Maxwell and Hower, 1967). The 

metamorphism produced only a weak foliation in clay/mica-rich 

rocks and minor recrystallization, rarely polygonization, of 

quartz grains. Due to this metamorphism the rocks in the 

sequence are given metamorphic designations: q-uartiite 

(metasandstone), siltite (metasiltstone) and argillite 

(metamudstone). 

The Goatfell area is predominantly underlain by the Aldridge 

(~ritchard)   or mat ion which in the Purcell Mountains forms the 

lowest exposed member of the Belt-Purcell Supergroup. The 

~ldridge Formation in the southern Purcell Mountains is in 

excess of 4200 m thick (Hoy, 1982; McMechan, 1981; Edmunds, 

1973, 1977) and has been subdivided into three members. The 

lower Aldridge, consists of rusty-weathering, laminated to 

thin-bedded, fine-grained quartzite, argillaceous quartzite 

and siltite.  ino or black argillite partings, commonly 

containing abundant diagenetic iron sulfide (now pyrrhotite) 
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are present. The lower Aldridge has a maximum exposed 

thickness of approximately 1000 m in the southern Purcell 

Mountains (Reesor, 1958; Edmunds, 1977). 

The overlying middle Aldridge is distinguished from underlying 

rocks by the predominance of grey, argillaceous quartzite. 

The unit as a whole is characterized by thin- to thick-bedded, 

fine-grained quartzite and argillaceous quartzite interbedded 

with massive to laminated or ripple cross-laminated siltite 

and minor laminated argillite. The quartzite and siltite beds 

are commonly massive but contain sedimentary structures that 

suggest they are turbidite deposits. A number of laminated 

marker horizons, first noted by Cominco geologists, occur 

within siltites and argillites of the middle Aldridge and can 

be traced throughout the Purcell Mountains and southward into 

the USA (Huebschman, 1973) . Recognition and correlation of 

these markers makes it possible to stratigraphically locate 

sections within the monotonous middle Aldridge. 

The upper Aldridge consists of thin-bedded, rusty-weathering 

dark to medium grey argillite and siltite. It grades upwards 

into the Creston formation (Ravalli Group-Burke (lowest), 

Revett, and St. Regis  orm mat ions in northern Idaho and 

Montana) which contains varicolored argillaceous quartzite, 

siltstone, argillite and rare quartzlee lenses containing 

abundant shallow water depositional textures. 

t 



10 

The Goatfell Property straddles the Moyie-Dibble Creek fault, 

a steeply west- dipping, Laramide thrust fault with an 

estimated 10 -15 km of southeasterly directed movement 

(Benvenuto and Price, 1979). The Yahk block to the east of 

the Moyie fault appears to be structurally simple, forming a 

broad anticline with its culmination in the vicinity of the 

Chevron Mt. Mahon property. A complicated block-faulted 

terrane is present to the west of the Moyie fault. On the 

Goatfell Property the next major fault to the west of the 

Moyie is a high-angle, reverse fault, termed the Spider Creek 

fault, which appears to be a backthrust. The Spider Creek 

fault is cut out by the Moyie thrust to the south near 

Kingsgate and dies out or is cut out by the Old Baldy fault 

to the north on the Chevron Kydd property. The Old Baldy 

fault is a high-angle, reverse fault with an offset similar, 

but of less magnitude, to the Moyie and St. Mary faults. The 

Old Baldy fault can be traced into the Kidd Creek area but is 

cut by a series of high-angle normal faults to the west. 

These north-trending normal faults define a major 

north-trending syncline situated between the Creston valley 

anticline and the Purcell anticline. The age of these faults 

is not known with certainty but is believed to be late 

Laramide to Tertiary. The effect of the faults is significant 

for explorqtion in bringing the lowermost middle Aldridge 

Formation near the surface in a number of locations between 

Creston and,Yahk. 
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7 . 0  PROPERTY GEOLOGY 

7 . 1  Introduction 

Geologic mapping of the central portion of the property was 

carried out from July 5 to 9, July 19 to 20, October 5-6, 

and October 13 to 16, 1988 by Murray W. Hitzman, of .Chevron 

Minerals Ltd., the operator of the project. An area of 

approximately 7 square kilometers was covered, mainly on the 

boundary between Goat 1 and 2 claims but extending northwards 

across Kitchener Creek to the Hazel Creek area. The area had 

been previously mapped by G. Leask in 1987. However, the 

current mapping emphasized examination of the rocks for 

alteration. 

0 7.2 Litholoaies 

The majority of the Goatfell Property is underlain by middle 

Aldridge metasediments (Figure 3). A small zone of lower 

Aldridge occurs in the Hazel Creek area on the Goat 1 and Sky 

claims. Creston Formation and upper Aldridge rocks are found 

on the eastern edge of the claim block but were not examined 

in detail during the 1988 season. The middle Aldridge is 

intruded by two igneous rock types, the Proterozoic Moyie 

Sills and Cretaceous -Tertiary (? )  lamprophyre dikes. 

Bedrock is covered by a thin mantle of glacial drift 

throughout most of the area, except in the Kitchener Creek 

valley where an unknown thickness of glacial drift and 

alluvial sediments are present. Exposures are restricted to 
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steep slopes or man-made cuts such as the CPR line. Total 

exposure is about 5%. 

Individual stratigraphic units are described below based on 

observations made during field mapping, core logging and from 

petrographic studies. A discussion of the structural geology 

and alteration and mineralization on the property follows. 

Complete petrographic descriptions are included as 

Appendix 111. 

lower Aldridse (PCla) 

Well-established lower Aldridge crops out on the Sky claims 

near the mouth of Hazel Creek. Discontinuous, poor outcrop 

limits definition of a well-defined stratigraphy. Outcrops 

are dominantly rusty-weathering argillaceous quartzites with 

thin, dark grey siltite tops. Abundant stream float indicates 

the presence of dark grey to black argillite, much of which 

contains abundant disseminated to laminated iron sulfide, both 

pyrite and pyrrhotite. 

middle Aldridse (PCma) 

The middle Aldridge member forms the majority of the rock 

exposed on the Goatfell Property. Fine- to medium-grained, 

weakly argillaceous quartzite is the most common lithology in 

outcrop. This rock weathers to a brownish color and is 

greyish on fresh surfaces. 



13 

Individual quartzite beds are generally 0.5 to 4 m in 

thickness and display a poorly developed grading. The massive 

quartzites are separated by siltite beds which are commonly 

only 10-20 cm thick but may be up to 4 m thick. In drill 

core, individual turbidite beds are more easily 

distinguished. They are generally composed of a massive, 

structureless quartzite base which shows a rapid, upwards 

transition to siltstone. Between 5 and 10% of the turbidite 

beds have a laminated siltite to argillite top which commonly 

displays cross-ripple laminations. 

Based on the correlation of the sequences in the Goat 1 and 

2 drill holes, which were collared at the same point and 

drilled at 50 and 70 respectively, there appears to be 

extreme variation in bed thickness in the lower middle 

Aldridge. The most extreme variation is a single massive 

quartzite bed which varies from 4 m to 20 m in thickness over 

a lateral distance of 40 m. Extremely thick quartzite beds 
J 

are found up into the central portion of the middle Aldridge. 

In the tourmalinized zone along the railway, one quartzite bed 

is approximately 30 m thick but appears to thin rapidly along 

strike up the hill. Soft sediment deformation textures, such 

as slump features and rip-up clasts are present, but rare, in 

the section examined to date. 

I 

These relationships suggest that the middle Aldridge in this 

portion of the Goatfell Property contaips a series of 

channel-fill deposits in an upper- to mid-fan position. These 



channels may have been present on a broad regional turbidite 

fan or may reflect more local processes such as .a subsidiary 

fan in a localized basin or graben. More stratigraphic 

sections need to be measured in this interval from throughout 

the Goatfell area before firm conclusions regarding the 

depositional environment can be substantiated. 

Petrographic studies (Getsinger, 1988 - Appendix 111) on 

samples from the drill holes confirmed that the most common 

rock types are fine-grained quartzite and siltite. In the 

least altered samples the mineralogy is 50-70% quartz, 0-20% 

feldspar (plagioclase + K-feldspar), 10-45% muscovite 

(including sericite), up to 15% biotite, 3 % sphene and 3-4% 

opaques (commonly iron sulfide). In thin section the rocks 

display good sorting of clastic grains though there has been 

some mineral overgrowth as well as some metamorphic 

recrystallization. Small-scale sedimentary textures in the 

more argillaceous rocks, such as bedding, graded bedding, 

slump folding and rip-up clasts are well-preserved. Static 

metamorphic textures, especially porphyroblastic mineral 

overgrowths of muscovite, biotite and garnet are superimposed 

on the sedimentary texture. The red-brown color of the biotite 

is unusual in rocks of greenschist grade, it probably 

indicates a high titanium content in the sedimentary 

protolith. vigh initial titanium is also indicated by the 

presence of up to 3% sphene in many of the samples. 

Retrograde mi,nerals in the rocks are chlorite, sericite and 

minor epidote. Chlorite, together with opaques, appears to 



be dominantly an alteration product of the red-brown biotite. 

Epidote occurs around opaques but may be common in the drill 

hole samples because of their altered nature, ie. increased 

carbonate content. 

upper Aldridqe ( PCua) 

Upper Aldridge rocks probably crop out on the southeast corner 

of the Sonia 2 claim but were not examined during the 1988 

field season. 

Creston Formation (FCC) 

Creston Formation is present along the eastern .edge of the 

property on the Vicki, Sonia and Sonia 2 claims. Due to its 

position, high above the lower middle Aldridge section of 

economic interest, the Creston Formation was not examined in 

detail during the 1988 field season. 

Proterozoic Moyie intrusive rocks (PCmsl 

A number of Moyie metadiorite to metagabbroic sills are 

present on the Goatfell Property to the west of the Moyie 

fault. These rocks are dark green-grey to dark green, fine- 

to medium-grained. The majority of sills contain 40 - 60% 
hornblende, 15 - 40 % plagioclase, and 10 - 20 % quartz. 

Common accessory minerals include biotite, garnet, magnetite, 

' apatite, sphene, rutile, leucoxcene, carbonate minerals, and 

epidote - clinozoisite. The sills commonly show a variable 

0 mineralogy indicative of varying degrees of alteration. 
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On the Goatfell Property, Moyie sills have been recognized at 

the lower - middle Aldridge contact in the Hazel Creek area 
and at irregular intervals throughout the middle Aldridge. 

The sills appear to form discontinuous lenses in the Goatfell 

area with a maximum thickness of 80 meters. The sill mapped 

in the area between the Goat 1 drill hole site and the 

tourmalinite pipe is unusual in its lack of magnetic response., 

presumably caused by destruction of magnetite. 

Cretaceous - Tertiary ( ? I  lamprophvre dikes 

At least two meter thick, dark greenish dikes crosscut an area 

of disrupted bedding along the railway line (Figure 3). The 

dikes are heavily weathered. They appear to contain amphibole 

0 and pyroxene phenocrysts in a fine-grained dark matrix. The 

rock was termed a lamprophyre by Leask (Leask, 1985) although 

no petrologic work has 'been conducted to confirm this. 

7 . 3  Structure 
9 

The Goatfell Property may be divided into three structural 

blocks. To the east of the Moyie thrust rocks of the 

Belt-Purcell Supergroup strike nearly north-south and dip 

moderately (40-45) to the west. Between the Moyie thrust and 

the Spider Creek backthrust the middle Aldridge metasediments 

strike approximately north south and dip 45 - 60 (average 
55) to the east. To the west of the Spider Creek fault 

uppermost middle Aldridge rocks strike NNW and dip 60 - 80 
to the east. 



17 

Offset on the Moyie fault has not been determined on the 

Goatfell Property but regional work suggests the fault has 

12 - 15 kilometers of southeasterly directed displacement. 
Offset on the Spider Creek backthrust fault has been 

calculated at approximately 3,000 m based on offset of marker 

beds within the middle Aldridge. The Spider Creek fault forms 

a topographic low. Drilling and surface mapping indicates the 

fault zone is at least 50 m in width and is composed of 

sheared argillaceous material containing floating blocks of 

quartzite. 

7.4 Alteration and Mineralization 

Two distinctive styles of alteration, tourmalinization and 

quartz - chlorite - pyrite, have been delineated on the 
Goatf ell Property. 

Tourmalinization appears to be present in at least two areas 

on the claim block. The best known is an oval area (500 x 
' 3  

300m) centered on the railway line immediately west of the 

Goat 1,2 LCP. The degree of tourmalinization within this zone 

appears variable (Edmonds and Rodgers, 1987). In weakly 

altered zones the rocks are darker grey than normal and 

somewhat more difficult to break with a hammer than is 

typical. In thin section these rocks show fine-grained, olive 

to brown tourmaline needles interstitial to quartz grains 

(Ethier and Campbell, 1977). More thoroughly altered rocks 

0 are jet black, extremely hard and break with a semi-conchoidal 

fracture. Bedding features are commonly obscured in the most 
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altered rocks. Quartz veins are typical of the most altered 

zones presumably due to brittle fracture during metamorphism 

and later deformation. Detailed mapping of this tourmaline 

pipe together with geochemical studies (Beaty et al., 1988) 

will be undertaken during the 1989 field season. Tourmalinite 

has also been found as abundant float along the forestry road 

connecting Highway 3 with Carroll Creek, near the Goat 2 and 

3 claim boundary. This tourmalinite is similar to that 

exposed along the railway. The occurrence has not been mapped 

in detail. 

A second type of alteration has been distinguished on the 

Goatfell Property. Earlier workers (Leask, 1988 per. comm; 

and Edmunds and Rodgers, 1987) noted mbleached,w pale 

quartzites and siltites in the vicinity of the railroad loop 

and assumed they were albite-rich, based on analogies with the 

albite-rich assemblage present immediately above the massive 

portion of the Sullivan mineralized lense. Mapping during the 

1988 season indicated that this alteration type, termed 

quartz-chlorite-pyrite alteration, covers a roughlytriangular 

area. The alteration extends approximately 1.2 kilometres 

along the Spider Creek fault and appears to narrow in width 

upwards toward the tourmalinite pipe on the railway. This 

alteration type is present throughout almost the entire length 

of drill holes Goat 1 and 2. Data,,from drilling and surface 

exposures indicate it effects at least 500 m of stratigraphic 

section. "i 
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Weakly altered, grey to dark grey quartzites within the 

alteration zone contain hairline to centimeter wide greenish 

veins which generally cut bedding at a high angle. Pale 

greenish bleaching extends out irregularly from these veins 

into bedding, producing a jagged irregular edge to the 

bleached zone. In thin section it is apparent that many of 

the veins have calcite cores. The bleached, green coloration 

is caused by muscovite/sericite, minor chlorite and carbonate. 

This type of alteration appears to grade into a pervasive 

bleaching typical of much of the altered zone. 

Thin section examination of pervasively bleached rocks 

(Appendix 111) shows that the bleaching involves removal of 

biotite and some opaques as well as recrystallization of 

quartz and fine-grained mica into larger, less turbid crystals 

and addition of carbonate. Bleaching is better developed in 

quartzites than siltites or argillites. Although albite was 

sought in the thin sections there is little evidence of 

greater than 1-3% in any of the rocks examined to date. 

Carbonate is a typical mineral within quartzites of the 

altered area. It occurs as a late, pervasive cement between 

quartz grains and occasionally is abundant enough to be 

distinguished megascopically as concretions up to 7 cm in 

diameter. Fqlcium-rich minerals such as garnet and epidote 

group minerals are more common in the altered zone than 

elsewhere in, middle Aldridge rocks. Pink garnet, commonly 

poikilitic to skeletal in texture, is a common accessory 
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mineral in carbonate-rich zones as are epidote and 

clinozoisite. 

Bleaching of siltite and argillite is also seen in the 

Goatf ell drill holes. These zones commonly display a 

buff-white to tan color on fresh surfaces. A single sample 

(DDH 1 - 1117') from one of these zones contains 40 - 50 % 

muscovite/sericite and abundant carbonate (2-4%) . Minor 

albite is present but further petrographic study is required 

to determine whether or not albite is a common constituent of 

this alteration subtype. 

All the altered rocks appear to contain more chlorite, sphene 

(1-3%) , carbonate (1-5%) and tourmaline (1-2%) than typical 

middle ~ldridge rocks. Additionally, pyrite is a common iron 

sulfide in the altered sequence. Whole-rock analysis of 

altered and unaltered rocks from this portion of the middle 

Aldridge will be conducted as part of the 1989 program to more 

closely evaluate the chemical variations between these altered 

rocks and typical unaltered middle Aldridge lithologies. 

Several styles of mineralization have been noted on the 

Goatfell Property. Fine-grained siltites and argillites in 

both the lower and middle Aldridge contain minor amounts of 

laminated, diagenetic iron sulfide, now pyrrhotite. Quartz 

veins cutting the tourmalinite along the railway contain 

irregular clots of pyrrhotite. On the NW bank of Hazel Creek 

a meter wide quartz vein was excavated in the past. It 



contains minor sphalerite, galena and pyrite. Thin quartz 

veins with base metal sulfides were also intersected by 

drilling within the Spider Creek fault. 

~isseminated and veinlet-controlled sulfide mineralization is 

common within the quartz - chlorite - pyrite alteration zone 
intersected in the drilling. pyrite and pyrrhotite are the 

most common sulfide minerals. Pyrite predominates in 

quartzites and in highly altered zones, whereas pyrrhotite is 

most common in siltites and argillites. Sphalerite occurs 

most commonly intergrown with quartz and carbonate minerals 

in hairline vein fillings within altered beds. The sphalerite 

has a characteristic red-brown color. Disseminated red-brown 

sphalerite occurs as a cement in some altered quartzites and 

rarely may account for 2-4% of the rock over short intervals. 

In hole Goat - 2 minor laminated sphalerite occurs with 

pyrrhotite in siltites and argillites. Galena is relatively 

rare. Where present, it occurs with disseminated sphalerite. 
'i; 

More coarsely crystalline sphalerite, galena, pyrite and 

chalcopyrite occur in centimeter-wide, bedding parallel quartz 

veins intersected in both drill holes. No assays were made of 

the mineralization present in either drill hole. 

8 . 0  GEOPHYSICS 

In October, 1988 three lines of MAG/VLF were run in order to 

better determine the position of the Spider Creek fault. 

Line 0 (650 m) was located along the main forestry access to 

Carroll Creek along the southern boundary of the Goat 2 claim 
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(Figure 4). Line 1 (625 m) was located to the north of 

Line 0, along the overgrown road following Carroll Creek. 

Line 2 (625 m) was located along Highway 3 at the mouth of 

Hazel Creek. The half-day survey was completed using a 

Omni-Plus tie-line MAG/VLF R22K instrument. Uncorrected total 

field magnetic data as well as both in-phase and quadrature 

readings was collected at 25 m stations. The VLF data was 

recorded from three transmitting stations (Annapolis, Hawaii, 

and Seattle) at each location. Data was plotted in the field 

for each of the lines (Appendix IV). Magnetic data was 

plotted as uncorrected total field values. VLF data was 

plotted as linear array of in-phase and quadrature values. 

On Line 0 the supposed trace of the fault (between stations 

350 and 450), based on sparse outcrop geology, was confirmed 

by a rapid shift of total field magnetic readings as well as 

a broad decrease in quadrature values shown in data from all 
i .  

three stations (Appendix IV). The fault location on Line 1 

was not obvious from the magnetic data. VLF quadrature 

values, however, show a pronounced decrease between stations 
I 

325 and 425, which is taken to represent the fault zone. This 

location corresponds well with the location derived from 

bedding dip changes in outcrops in the area. The fault 

location is more problematic on ~ i n e  2 which was run along 

Highway 3 with its associated cultural features such as buried 

cables, overhead wires and metal culverts. The total field 

magnetic data shows a change in trend between stations 325 





and 400. A pronounced increase in VLF quadrature values are 

found at these same stations in readings utilizing the Hawaii 

and Seattle stations. Although this location is approximately 

the one that would have been picked utilizing surface geologic 

data, the absence of nearby outcrop control makes this 

determination less precise than those from Lines 0 and 1. The 

geophysical data confirms the information gained from drilling 

that the Spider Creek fault zone is up to 100 m wide. 

9.0  DIAMOND DRILLING 

During July to October, 1988 a diamond drilling program was 

conducted on the Goatfell Property to test the Sullivan mine 

horizon in the area of the quartz-chlorite-pyrite alteration 

zone. Two diamond drill holes were completed for a total 

length of 844.14 meters. Boundary Drilling Inc. of Vancouver, 

B.C. was contracted to drill the property during the 1988 

season. The drilling began on July 15 and was completed 

October 17 using a trailer-mounted DMW-1 drill and NX rods. 

The core is currently stored in a warehouse in Cranbrook, B.C. 

leased to Mr. G. Leask. 

The drill core was logged on site. The first 255 m of Goat-1 

was logged by Dr. Jennifer Pell, consulting geologist. Both 

drill holes were then logged in their entirety by Mr. Gordon 

Leask. y ~ l e  to hole correlation was accomplished by Dr. 

Murray Hitzman utilizing Leask's drill logs and by inspection 

of the driJl core in Cranbrook. The drill logs are found in 

Appendix V. 



0 9.1 Drill Hole Goat - 1 
Drill hole DDH Goat-1 was collared on the Goat -1 claim 

approximately 50 m west of the CPR line above Carroll Creek 

(Figure 5). The hole was designed to test the Sullivan mine 

horizon in the lower Aldridge. This hole was drilled to a 

total depth of 391.7 metres. The bearing of the hole was 

265 and it had a collar angle of 50 at surface. Seven 

orientation tests were taken downhole utilizing a Sperry-Sun 

instrument. 

The drill hole collared in typical quartzite-dominated middle 

Aldridge metasediments (Figure 6). The contact between the 

middle to lower Aldridge members was picked at 280.6 metres 

immediately below a 4 m thick quartzite bed. The lower 

Aldridge member is distinguished from the middle Aldridge in 

DDH Goat-1 by the increased amount of siltite relative to 

quartzite. Laminated marker beds were found at 160-161 m and 

309-310 m. A major sheared zone was intersected from 288 - 
293 m which is believed to be a high angle normal fault. The 

main Spider Creek fault zone was encountered at 354 m and 

drilling was terminated due to poor core recovery in highly 

sheared siltites within the fault zone. 

The hole displayed quartz-chlorite-pyrite alteration, with 

associated carbonate, of quartzite beds throughout its entire 

length. Intense alteration affecting quartzites and siltites 

was noted at 300 - 302 m and 310 - 316 m. There was no 

conspicuous change in the style or relative intensity of 
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alteration downhole. Minor base metal mineralization, 

dominantly red-brown sphalerite, but occasionally with 

fine-grained galena, was noted at 33 - 35 m, 82 - 83 m, 
203 - 204 rn, 258 - 259 m, 342 - 344 m, 372 - 373 m, and at 
374.6 m. In most instances the sulfides form disseminations 

or fillings of discontinuous fractures in quartzites. Between 

258 and 259 m the mineralization infills small, discontinuous 

fractures in slumped siltite beds. The mineralization at 

374.6 m occurs in a 3 cm wide quartz vein which is probably 

related to the Spider Creek fault. 

The drill hole failed to reach the projected Sullivan mine 

horizon due to cut-out along the Spider Creek fault. The 

0 presence of significant alteration and minor base metal 

mineralization were considered encouraging, however. 

9.2 Drill Hole Goat - 2 

Drill hole Goat - 2 was collared from the same site as Goat-1. 
'j- 

The hole had the same bearing as Goat-1 (267), but was 

drilled at a steeper inclination (70'). Goat-2 was designed 

to determine the dip of the Spider Creek fault, test the 

lateral continuity of individual beds as well as alteration 

types and penetrate the Sullivan mine horizon. The hole was 

drilled to a total depth of 452.44 before being terminated due 

to poor core recovery within the Spider Creek fault. Five ( 1  

orientation tests were taken downhole utilizing a Sperry-Sun 

instrument. t 
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The hole collared in middle Aldridge metasediments. Despite 

the proximity of the two drill holes, significant thickness 

variations in quartzite beds was observed (Figure 6) 

indicating channelling in this portion of the turbidite fan. 

The lower - middle Aldridge contact was picked at 295 m, below 
a thick quartzite unit. Laminated marker beds were located 

at 173 - 179 m, 194.5 - 195.7 m and 343 - 344 m. The marker 

beds at 161 m in DDH Goat -1 and the marker beds at 194.5 m 

in DDH Goat - 2 were correlated, though the match is poorer 
than had been hoped due to the intensity of alteration in both 

holes. It is believed that this is the Louis Marker which is 

approximately 295 m above the ore horizon in the Sullivan mine 

area. Goat - 2 contained a number of thin zones displaying 
disturbed bedding in siltites (47 - 48m, 258 m., 317 m, and 

365 m). The absence of comparable zones in Goat - 1 

emphasizes the lateral inhomogeneity of the sedimentary 

sequence in this area. 

A discrete clay gouge zone between two quartzite beds was 

intersected at 416 - 418 m. This may be the down dip 

extension of the fault zone intersected at 288 m in DDH Goat 

- 1. The main Spider Creek fault zone was intersected at 

431 m in Goat - 2 and the hole remained in clay gouge with 
quartzite blocks until its termination at 452.44 m. 

Alteration in DDH Goat - 2 resembles that in the first hole. 
The dominant alteration type is quartz-chlorite-pyrite with 

carbonate which extends through the entire hole. Intense 



alteration, which was believed to include albite, is more 

pronounced in Goat - 2. Intensely altered zones were 

intersected from 16 - 17 m, 21-23 m, at 50 m, 53-54 m, 

60 - 64 m, 67 - 68 m, 115 - 116 m, 210 - 121 m, 217 - 218 m, 
225 - 226 m, at 267 m and 272 - 273 m. Thus zones of most 

intense alteration appear to be more common near the top of 

the hole. With the exception of the alteration at 267 m, the 

majority of intense alteration is confined to quartzite beds. 

Minor mineralization is ubiquitous in Goat - 2. Sphalerite 

was noted at 62 - 63 m, 73 m, 122 - 123 m, 164 - 164 m, 188 m, 
209 - 211 m, 218.7 m, 229 m, 241 - 242 m, 253.5 m, 292 m, 
316 m, 319 m, 324 m, 333 m, 362 m, 384 m, 391 - 396 m, and 
406 m. High in the hole the base metal sulfides occur as weak 

dissemination and fillings of discontinuous, hairline 

fractures. The occurrence at 122 - 123 m contains galena .in 
addition to red-brown sphalerite. From 218 to 333 m 

sphalerite occurs as hairline fracture fillings and 
r, 

laminations with pyrite and pyrrhotite in siltites and 

argillites. Exceptions are the occurrences at 253 m, 362 m, 

384 m, and 391 - 396 m which are disseminations and fracture 
fillings in quartzite beds. At 292 m sphalerite occurs with 

pyrite, pyrrhotite, galena and chalcopyrite in two bedding 

parallel, several centimeter-wide quartz veins. 

Drill hole Goat - 2 was successfu~ in allowing for 

determination of the dip of the Spider Creek fault 

(approximately 70 to the east), and in providing information 



concerning the continuity of individual beds and alteration 

zones. Unfortunately the hole intersected the Spider Creek 

fault prior to encountering the Sullivan mine horizon in the 

lower Aldridge, based on correlations utilizing the laminated 

marker beds. 

10.0 CONCLUSIONS 

1. The majority of the Goatfell Property is underlain by 

middle Aldridge metasedimentary rocks. The lower 

Aldridge is exposed on the east side of the Spider Creek 

fault near Hazel Creek. 

2. The Goatfell Property consists of three structural 

blocks: a block to the east of the Moyie thrust 

containing Creston Formation and upper and middle 

Aldridge Formations; a block between the Moyie thrust 

and the Spider Creek backthrust consisting of middle 

Aldridge and minor lower Aldridge Formations; a western 
r; 

block consisting entirely of middle to uppermost middle 

Aldridge Formation. 

3 .  Surface mapping and drilling indicate that quartzite beds 

within the lowermost middle Aldridge display rapid 

variations in thickness suggestive of highly channelized 

sediments within an active turbidite fan. 
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4 .  The trace of the Spider Creek fault has been constrained 

throughout much of the central portion of the property 

by geologic mapping and three lines of MAG/VLF. 

5 .  Two distinctive styles of alteration have been delineated 

on the property: tourmalinite alteration and quartz- 

chlorite-pyrite alteration. Tourmalinite alteration has 

been found in place along the railway line on the Goat 

1 -2 claim boundary. This occurrence contains nearly 

massive tourmalinite in places and appears to have a 

pipe-like shape which cross-cuts bedding. A second zone 

of tourmalinite is inferred to the south along the 

Carroll Creek access forestry road from abundant float. 

Quartz - chlorite - pyrite alteration forms a broad zone 
adjacent to the Spider Creek fault in the area of the 

railway line. petrographic studies suggest this zone is 

characterized by a lack of biotite and increased 

chlorite, white mica and carbonate minerals. 

6 .  Two diamond drill holes (Goat 1 and 2) were completed on 

the property. The holes were drilled from the same site 

on identical bearings but at differing angles (50 and 

70). Both holes penetrated the lower - middle Aldridge 
contact but encountered the Spider Creek fault zone 

before testing the Sullivan mine horizon. Alteration 

and weak mineralization were encountered along the length 

of both holes. b\ 
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Weak mineralization consisting of pyrite and sphalerite, 

with trace galena, was intersected in the drilling. 

Mineralization consists primarily of fracture filling of 

hairline calcite-quartz veins in altered quartzite beds. 

Minor disseminated iron sulfide - sphalerite 

mineralization in quartzite beds was observed as well 

as weak, laminated iron sulfide - sphalerite 

mineralization in argillites. 

8. The Sullivan mine horizon, the prime horizon of interest 

during the current phase of exploration, remains 

untested. Results to date are encouraging and 

exploration during the 1989 season should be geared 

toward a definitive test of this horizon. 

11.0 RECOMMENDATIONS 

Further exploration on the Goatfell Property is warranted by 

the 1988 exploration results. The program for 1989 should 

include : 

1. Geologic mapping (1:5000) of the entire Goatfell 

Property. 

2. Detailed (1:2500) geologic mapping of the ridge between 

Hazel and Kitchener Creeks on the Goat 1, Barb and Sky 

clai;sp1rp. This mapping should include a measured section 

from the lower ~ldridge through the middle Aldridge. 

Lithochemistry through the section would aid in 



evaluation of possible productive horizons above the 

Sullivan mine horizon. 

3 .  Extension of the shallow soil geochemical survey on the 

Sky claims to other portions of the Goatfell block. 

Areas for testing should be based on the results of the 

lithochemical survey recommended above. 

4. Detailed (1:2500) mapping of the railway tourmalinite 

pipe to determine its geometry and zoning. Comparisons 

(chemical, isotopic) of the tourrnalinite from both 

Goatfell Property occurrences with tourmaline from other 

Belt Supergroup occurrences. 

5. Continued petrographic study of the quartz-chlorite- 

pyrite alteration zone and comparison with unaltered 

Aldridge lithologies. The study should include whole 

rock chemistry of altered and unaltered rocks. 

Petrographic studies should be conducted to determine 

the differences between the magnetic and non-magnetic 

~oyie sills on the property. 

6. Further diamond drilling to test the Sullivan mine 

horizon. A vertical hole at the site of DDH Goat 1,2 

would test the horizon as well as providing further 

information on bed thickness variations and variability 

of alteration assemblages. A second, angle hole to the 

south at the northern boundary of the Goat 2 claim is 



required to test the weak EM anomaly identified in 1987 

as well as the ~ullivan mine horizon. Further drilling 

would be contingent on positive results such as 

intersections of significant mineralization/alteration 

or lithochemical response in rock from the Sullivan mine 

horizon. A further hole to the south on Goat 2 or 3, in 

the vicinity of the suspected southern tourmalinite pipe 

would help delineate the extent of alteration zones. A 

fourth hole in the Kitchener Creek valley to cut the 

middle - lower Aldridge contact in the near-surface would 
provide useful information on Quaternary cover thickness 

in the valley and on lateral changes in stratigraphy as 

well as possible northern extensions of the recognized 

alteration zone. 
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Dated the I( day of G b r y  , 1989 , 
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COST STATEMENT 



Salaries 

Field 

M. Hitzman 18 

G. Leask 19 

R. Morris 8 
T. Eldrige 1 
J. Leask 5 
R. Edmunds - 

Disbursements 

GOATFELL 

1988 COST STATEMENT 

Off ice Field Dates 

20 July 5-9, July 19-20 
Aug. 18, Sept.22-23, 
OC~. 5-6, OC~. 13-16, 
Nov. 24-25 $ 9,620.40 

- Aug. 7-14, Sept.5-6, 
Sept.17-19,Sept.21-23, 
Oct. 5-6 7,200.00 

- April 29-30 
July 30 - Aug. 6 1,480.00 

- July 30 - Aug. 6 1,000.00 - July 6 250.00 - Sept. 10-13, Oct. 4 2,000.00 
1 400.00 

Total 

Airline flights 
Truck rental 22 days @ $50 
Suburban rental 8 days @ $40 
Car rental 
Lodging 
Fuel 
Telephone 
Food, meals 
Maps, copying 
~ h i n  sections and petrographic reports 
Core racks 2 @ $1000 
Drafting, reproduction 
D6C 16 hrs. @ $65 
544 JD Loader 7 hrs. @ $55 
Faller 8 hrs. @ $10 
Equipment move 2 hrs. @ $100 
6 6' 10x10 $3 O/each 
Diamond Drilling / I 

Total Cost 



GOATFELL 

1988 DIAMOND DRILLING COSTS 

Drillinq 

DDH Goat - 1 20' @ $24.00 
1000' @ $21.00 
360' @ $35.00 

DDH Goat - 2 20' @ $24.00 
1000' @ $21.00 
500' @ $35.00 

Drill Moves/Set U~/Standby 

DDH Goat - 1 55.5 man hrs. @ $38.50 
5 labor hrs. @ $20.00 

DDH Goat - 2 41 non-operating hours @ $93.00 
38 man hrs. @ $38.50 
18 labor hrs. @ $20.00 

Other 

Drilling materials 
Core Boxes 
Sperry Sun rental 
Board/lodging 
Steel gates for landowner 
Field check of site prior to drilling 

Total ~rilling Cost 



APPENDIX I11 

PETROGRAPHIC REPORT ON SAMPLES 
FROM THE GOATFELL PROPERTY 

J.S. GETSINGER, DECEMBER 2, 1988 



PETROGRAPHIC REPORT ON SAMPLES PROM GOATFELL PROPERTY 

FOR 

CHEVRON MINERALS LTD, 

BY 

58. GETSINGER, Ph.D. 

DECEMBER 2,1988 



TABLE OF CONTENTS 

PAGE 

I. SUMMARY OF PETROGRAPHY OF FIVE SAMPLES 
FROM THE GOATFELL PROPERTY 

11. PETROGRAPHIC DESCRIPTIONS 

REFERENCES 

STATEMENT OF QUALIFICATIONS - J.S. GETSINGER, Ph.D. 

0 



SUMMARY OF PETROGRAPHY ON FIVE SAMPLES 
PROM THE GOATFELL PROPERTY 

Description of Samples 

Five samples were selected from drill hole DDH-1 on the Goatfell property for thin 

section interpretation (DDH1-Bx55 (298 m), DDHll-1004' (306 m), DDH1-1073' (327 m), 

DDH1-1117' (340 m), and DDH1-1139.5' (347 m)). 

All 5 rocks a re  meta-siltstone t o  fine sandstone, with some variation in mineralogy and 

texture. Mineralogy consists of 40 t o  60% quartz, up t o  15% feldspar (plagioclase 

+. K-feldspar), 10 t o  45% muscovite (including sericite), ,. up to  15% biotite, up t o  4% 

garnet, up t o  3-4% opaques, up t o  10% carbonate, up to  3% sphene, and up t o  1% 

tourmaline or  epidote. 

Texture is well-sorted t o  poorly sorted (within the siltstone to  fine sandstone range), 

clastic t o  somewhat recrystallized. Sedimentary structures such as bedding, graded 

bedding, slump folding, and rip-up clasts are well-preserved. Stat ic  metamorphic 

textures a re  superimposed on the ' sedimentary textures, as seen in sample 

DDH1-Bx55 (298 m), with i ts  porphyroblastic and atoll  garnets, and in other samples 

with porphyroblastic muscovite and metamorphic biotite. 

In this sample suite, tourmaline does not coexist in equilibrium with biotite, but tends 

to occur in rocks with greater than 15% muscovite. I t  occurs a s  small, individual prisms 

zoned from bluish-green to  brown (up to  1% of rock). Tourmaline was noted in rocks 

with more structural complexity, such as slump folding, convolute bedding, or 

microfaulting. 



The presence of sphene up to 3% seems excessive for a typical siltstone. It occurs, in 

part, surrounding opaques (Fe-Ti-oxides (?) such as ilmenite), but also as an alteration 

associated with tourmaline, related to a crosscutting trend in sample DDH1-1117' 

(340 m). This suggests that the calcium and/or titanium may have been introduced in 

fluids along with boron. 

Opaques are in general finely disseminated and in small amounts, up to 3-496. They 

were observed in hand specimen to consist of pyrrhotite and arsenopyrite, but may also 

consist of ilmenite, as suggested by alteration to sphene. Some appear to be retrograde 

reaction products of biotite altering to chlorite, also suggesting Fe-Ti oxides. 
- 

Metamorphic minerals are mainly biotite, muscovite, and garnet, with retrograde 

chlorite, epidote, and muscovitejsericite. Red-brown colour of biotite usually indicates 

amphibolite facies metamorphism; however, other features in these rocks suggest a 

lower grade, such as greenschist facies metamorphism. The red-brown colour is 

believed to reflect Ti-content. It is possible that the metamorphism was more of a 

metasomatism caused by movement of .hydrothermal fluids t h r o u e  the rock rather than 

typical regional or burial metamorphism. 

Garnet porphyroblasts in sample DDH1-Bx55 (298 m) are interesting because some are 

poikiloblastic whereas others are in ring shapes (atolls) with recrystallized quartz in the 

core. 

Muscovite occurs as porphyroblasts and also as finer grained sericite. The larger flakes 

are interpreted as porphyroblastic rather than detrital grains because of their randomly 

distributed orientation and their metamorphic association. For instance, in sample 

DDH1-Bx55 (298 m), large muscovite grains in one layer are likely to be 



porphyroblastic because the rock also contains porphyroblastic garnet and metamorphic 

biotite. In some rocks the sericite is clearly an alteration of feldspar (DDHl-1139.5' 

(347 m)) whereas in others it probably represents metamorphically recrystallized 

argillaceous minerals or layers (DDH1-1117' (340 m)). 

Retrograde metamorphic minerals are mainly chlorite, sericite, and minor epidote. 

Sphene is also seen as an alteration around opaques. Pale green chlorite, with 

associated opaques, is a common alteration from red-brown biotite. It also occurs along 

fractures, especially in sample DDH1-10731 (327 m). Epidote was noted around opaques 

and also as clinozoisite veinlets crosscutting other structures and muscovite 

porphy~oblasts, as in sample DDHI-Bx55 (298 m). 
1 

0 Postmetamorphic alteration consists of late carbonate veinlets ( 1 mm). They are I 

composed mainly of calcite, but some ankeritic component may also be present (as in 

sample DDHl-11171 (340 m). 

" Summary of Geological History 

The geological history of the area around drill hole DDH-1 can be summarized briefly 

using evidence from the 5 samples studied in thin section. Sedimentary deposition of I 
fine sand to silt with some argillite probably occurred in a turbiditic environment, as I 
indicated by slump-folds and possible microfaulting, but there is not enough data from I 
these sample to distinguish lower from middle Aldridge Fm. 

Static metamorphism without deformation occurred in condlkions approximating upper 

greenschist facies or perhaps hornblende hornfels facies. The most diagnostic mineral 

assemblage observed was garnet - biotite - muscovite (+ L'quartz) k sphene 2 tour- 

maline. Some metamorphic components may have been introduced by 



metasomatism or hydrothermal fluids, such as boron, calcium, titanium. Age relations 

of tourmaline and other metamorphic minerals are not clear, although tourmaline and 

sphene appear to be somewhat related to crosscutting trends. 

Retrograde metamorphism involved fracturing and hydration of minerals a t  a lower 

temperature (such as consistent with lower greenschist facies), with biotite altering to 

chlorite + opaques, feldspar and muscovite/sericite altering to  a later phase sericite, 

and epido te/clinozoisi te veinlets. 

Mineralization consisting of up to 3-496 finely disseminated opaques, possibly including 

pyrrhotite, arsenopyrite, Fe-Ti oxides and Fe-oxides, may have been primary or 

metamorphic. 

Postmetamorphic alteration consisted of minor carbonate veining (calcite + ankeri te). 

N o  penetrative deformation appears to  have taken place. 

Comparison with Samples from Sullivan and Mt .  Mahon 

Three samples from other areas were also described in thin section for comparison with 

the samples from drill hole DDH-1. Samples S-1 and S-2 are from the Sullivan orebody, 

and sample Mt. Mahon 2 is from Mt. Mahon. 

Sample S-1 is supposed to be an example of a chloritized siltstone from the Sullivan 

Hanging Wall. I t  is a mineralized siltstone, but there is hardly any chlorite in it. The 

dominant alteration products are ihe-grained garnet and quartz, with lesser biotite, 

plagioclase, and minor chlorite. The disseminated opaques, mainly pyrrhotite, are also 

locally altered to  red hematite. " 



conglomerate with clasts of siltstone and shale as well as quartz grains. Both the clasts 

and matrix have been altered to a dirty brown mat of fine-grained crystals which are 

likely to be tourmaline, in comparison with previous descriptions. The tiny needles are 

colourless to pale green, but with no visible pleochroism, unlike most tourmaline; and 

length fast, consis tent with a uniaxial negative mineral. Carbonate and muscovite 

alteration are intimately associated with opaques, which are disseminated throughout in 

a small amount (3-4%) as lumpy, skeletal grains. 

Sample Mt. Mahon 2 is a tourmalinized turbiditic siltstone with fine-grained, altered 

shaly layers. As well as fine, very pale green tourmaline(?) needles forming a brown 

mat-like alteration (up to 30%), there are also larger, individual grains of tourmaline-. 

( ~ 1 % )  which can be positively identified as such because of distinctive green to tan 

pleochroism (0 > E). 

The samples from DDH-1 are also altered siltstone, but none show the pervasive fine- 

grained tourmaline alteration typical of-Sullivan or Mt. Mahon. 
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PETROGRAPHIC REPORT by J.S. Getsinger, PhD - 

For: Chevron Minerals Ltd. Date: 86-11 
Project: Goatfell - M586 Collector: M.W. Hitzman 
Sample: M586-DDH1-Bx55 (298 m) Date Collected: 1988 

LOCATION: Goatfell project, B.C., drill hole DDH-1, 298 m depth 

ROCK TYPE: Meta-siltstone to fine sandstone 

HAND SPECIMEN: Thin section offcut chip (0.8 x 2.1 x 3.6 cm) cut 
perpendicular to compositional layering (bedding), which is defined by light 
to dark green layers (2-6 mm) with apparent grading. Grain size is very fine 
(0.1 mm?) with slightly coarser black and dark green spots to 0.25 mm. 
Mineralization consists of a few grains (up to 0.5 mm) of angular to 
subhedral, silvery arsenopyrite ( < <  1%) and minor disseminated pyrrhotite (not 
apparently magnetic). Pink areas (up to 7 mm) superimposed across bedding may 
be garnet; the smaller areas are solid pink, whereas the larger ones show a 
rim 0.5 mm wide of pink garnet(?) surrounding a grey to greenish-grey core 
(atoll structure). Very fine calcite veins (react in HCL) crosscut the garnet 
atolls. 

THIN SECT1 ON : 
- 

% ( A ~ ~ K o x . )  MINERALS 

60 Quartz - Angular to subrounded, poorly to medium well-sorted 
silt- to fine sand-sized clastic grains; some undulose 
extinction; uniaxial(+). Occurs also in larger grains within 
atoll garnets, where undulose extinction is most common. 

10-15 Muscovlte/Sericite - Colourless mica, med. biref., may be from altered 
feldspar and/or detrital mica. One layer has porphyroblastic 
muscovite as well as abundant sericite, sphene, etc. 
Clinozoisdte vein.crosscuts muscovite porphyroblast. 

5-10 Biotlte - Brown mica, occurs disseminated as small, squarish flakes, 
concentrated in some layers more than others. Locally altered 
to chlorite. Associated with sphene. 

5 Chlorite - Pale green, an alteration of biotite 
3-4 Garnet - Poikilltic to skeletal to atoll-shaped, filled mainly by 

quartz. Inclusions may be quartz, clinozoisite, minor opaques. 

2-3 Sphene - High relief, brownish pleochroism, sphene shape; isolated 
grains and as common high relief grains, possibly from altered 
biotite; may include leucoxene(?). Some sphene surrounds 
opaque grains in a reaction rim. 

(! 



sample ~ 5 8 6 - ~ D H l - B ~ 5 5  ( 2 9 8  m), continued ( p .  2 )  

1 Epidote/Clinozoisite - Hlgh relief; common anomalous blue biref., 
occurs around opaques and in crosscutting veinlets. 

2-3 Opaques - Small grains, skeletal grains. Associated with 
clinozoisite, post-garnet, some altered to sphene (may be 
ilmenite). 

Trace Rutile or Hematite - High relief grain with strong red absorption 
1 Carbonate - Isolated large grains and vein alteration near the atoll 

garnets, 

ROCK TEXTURES/STRUCTURES: Bedding is well preserved as variations in 
composition and texture. Biotite is altered to chlorite. Garnet 
occurs as porphyroblasts and ring-shapes (atolls). Muscovite occurs 
as porphyroblasts and as sericitic alteration of feldspar(?). Sphene 
is concentrated in layer with por.phyroblastic muscovite, epidote, 
sericite, and-opaque dust. No deformation textures were noted except 
for slightly flattened garnets and undulose extinction in quartz. 

PROTOLITH: Siltstone, quartz arenite, ox greywacke 

ALTERATION/MINERALIZATION: Alteration is metamorphic: muscovite - garnet - 
biotite (lower amphlbolite facies?]; and retrograde metamorphic: 
sericite - chlorite - epidote (greenschist facies). Opaques are 
apparently premetarnorphic. 

CONDITIONS OF FORMATION: Deposition of quartz - feldspar(?) siltstone or 
greywacke in turbidite environment. Static metamorphism to lower 
arnphibolite facies or hornblende hornfels facies produced red-brown 
biotite and garnet (and sphene); retrograde metamorphism resulted in 
chlorite, sericite, epidote alteration. 



PETROGRAPHIC REPORT by J.G. oets lnger ,  PhD 

For: Chevron Minerals Ltd. Date: 88-11 
Project: Goatfell - M586 Collector: M.W. Hltzman 
Sample: M586-DDH1-1004'(306 m) Date Collected: 1988 

LOCATION: Goatfell project, B.C., drill hole DDH-1, 306 mdepth 

ROCK TYPE: Meta-siltstone to fine sandstone 

HAND SPECIMEN: Thin section offcut chip (0.8 x 2.2 x 3.6 c m l ,  cut across 
layering. About one third of the section is light yellowish-green with thin 
rip-up clasts (up to 0.1 x 3 mm) of finer-grained yellowish-green shale and 
patchy yellowish- green alteration that may be sericite. The other part of 
the section is slightly finer-grained ((0.1 nun), dark grey, with light 
greenish-grey alteration patches. Only very minor local reaction to HC1. 
Mineralization is not apparent, although there may be some very finely 
disseminated sulphides. Non-magnetic. 

THIN SECT1 ON: 
.- 

% (Appro~.) MINERALS 

Quartz - Moderately well-sorted grains are closely packed with minima: 
sericitic matrix; uniaxial(+) 

Feldspar - K-feldspar - Microcline twinning(?), minor 
- Plagloclase - Albite twinning, relief contrast wlth quartz 

I 

Muscovite - Colourless mica. Detrital and alteration. Locally occur4 
with fine-grained, semi-opaque material. 1 

Biotite - Brown mica, equant small flakes; locally altered to chloritc 

Chlorite - Pale green, from altered biotite; causes local light green 
colour of rock. 

Sphene - High relief, biref. Isolated grains and fine-gralned 
alteration products 

Carbonate - Mainly in veinlet I 



Sample M586-DDH1-1004'(306 m), continued (p. 2) 

ROCK TEXTURES/STRUCTURES: Rip-up clasts are finer-grained, slightly more 
argillaceous than rest of siltstone. Sedimentary textures are well 
preserved; no deformation textures were noted. Chlorite replaces 
biotite. Mica is somewhat aligned on bedding. 

PROTOLITH: Siltstone to fine sandstone 

ALTERATION/MINERALIZATION: Alteration is mainly metamorphic - biotite, 
muscovite; and retrograde metamorphic - sericite, chlorite; with late 
carbonate veining. Opaques may be primary or products of retrograde 
metamorphism. 

CONDITIONS OF FORMATION: Deposition in turbidite environment. 'Static 
metamorphism to upper greenschist facies(3). Retrograde metamorphism 
caused biotite to alter to chlorite. 



PETROORAPHIC REPORT by J.G. m t . ~ i t i g ~ r ,  phD 

For: Chevron Minerals Ltd. Date: 88-'11 
Project: Goatfell - M586 Collector: M.W. Hitzman 
Sample: M586-DDH1-1073'(327 m) Date Collected: 1988 

LOCATION: Goatfell project, B.C., drill hole DDH-1, 327 m depth 

ROCK TYPE: Meta-siltstone to fine sandstone 

HAND SPECIMEN: Thin section offcut chip (0.9 x 2.1 x 3.6 cm). Rock is very 
fine-grained (less than 0.1 nun), hard, siliceous, a dull greenish, tannish 
grey. Layering is defined by subtle textural changes. Darker grey blebs anc 
patches to 1 cm (chlorite) and very fine, light-coloured veinlets (calcite, 
react in HCl) crosscut the siltstone. Non-magnetic. 

THIN SECTION: 

% (Appro%.) MINERALS b 

60 Quartz - Poorly sorted, angular to subrounded silt-sized grains 
15-20 Muscovite - Colourless mica, med. biref., irregularly aligned 

5-10 Carbonate - In crosscutting veinlets, probably calcite 
1 Tourmaline - Isolated small, euhedral to subhedral grains. Slightly 

zoned, with 0 = blue-green to olive to brown, E = tan, 0 > E. 

3-5 Chlorlte - Pale green, low biref., with pleochroic haloes; occurs a s ,  
alteration along fractures 

r, 
Trace Zircon - Pleochroic haloes in chlsflte 

2-3 Opaques - Finely disseminated 
ROCK TEXTURES/STRUCTURES: Bedding is not planar but somewhat convoluted or 

perhaps microfaulted. Crosscutting fractures are filled with 
carbonate; some are filled with chlorite. Fracturing may indicate 
minor brittle deformation. 

PROTOLITH: siltstone or quartz arenlte I 
ALTERATION/MINERALIZATION: Tourmaline occurs as individual grains 

disseminated throughout. Muscovite may indicate low grade 
metamorphism. Chlorite is a product of alteration or retrograde 
metamorphism. Calcite is a late vein-type alteration. Mineralizati 
cons ists of finely disseminated opaques . 

CONDITIONS OF'FORMATION: Siltstone was deposited in turbidite enviornment. 
Low-grade metamorphism may be indicated by muscovite, but assemblage 
is generally undiagnostlc. Chlorite is a result of later 
retrogression or hydrothermal alteration. Calcite came in on veins o 
microfaults, indicating possible brittle fracturing. 



PETROGRAPHIC REPORT by J.S. Getsinger, PhD 

For: Chevron Minerals Ltd. Date: 88-11 
Project: Goatfell - M586 Collector: M.W. Hltzman 
Sample : M586-DDH1-1117 ' ( 340 m) Date Collected: 1988 

LOCATION: Goatfell project, B.C., drill hole DDH-1, 340 m depth 

ROCK TYPE: Meta-siltstone to fine sandstone 

HAND SPECIMEN: Thin section offcut chip (0.8 x 2.3 x 3.7 cm). Light 
greenish-grey, hard siltstone shows sedimentary structures such as graded 
bedding, local soft-sediment folding, and possible slumping. The coarser 
grains may be muscovite. Rusty veinlets are both parallel to and crosscutt: 
bedding; some are filled with milky white material; little reaction to HC1. 

THIN SECT1 ON : 

40-45 Quartz - Fine-grained, clastic 
5(?) Plagioclase - Albite-twinned grains in with quartz 
40-45 Huscovite - Mainly sericitic, fine-grained, white mica, aligned 

subparallel to bedding. Some layers are nearly pure mica. 

2-3 Sphene - High relief, sphene-shaped, brownish, as alteration of 
opaques (ilmenite?) and as individual gralns and alteration 
associated with tourmaline-bearing areas. 

<1 Tourmaline - Tinyplzoned grains, olive to brownish, associated with 
sphene along a crosscutting trend and wlthin the layering. 

1-2 Opaques - Finely dissemlnated and in clumps 
2-3 Carbonate - In veins. Poor reaction to HC1 and rusty weathering 

suggest dolomitic or ankeritic component. Untwinned; extre 
relief changes; one index lower than or equal to balsam 
(indicating some calcite); extreme biref.; uniaxial(-) with 
colour rings. i 

ROCK TEXTURES/STRUCTURES: Bedding is somewhat curved, but not visibly 
cross-laminated. Mica defines bedding-parallel foliation. Tourmal 
and sphene are related to a crosscutting trend. Carbonate comes in 
veins, some parallel to bedding. 

PROTOLITH: Siltstone~or quartzofeldspathlc arenite with argillaceous layer9 I 
ALTERATION/MINERALIZATION: Tourmaline and sphene may have been introduced 

hydrothermally. Muscovlte/serlcite indicates some~metamorphic 
recrystallization. Mineralization consists of finely disseminated 
opaques.  at& carbonate veins are probably ankeritic. 

CONDITIONS OF FORMATION: Deposition of siltstone in turbiditic environment. 
Low-grade metamorphic recrystalllzation. possible hydrothermal 
alteration bringins in sphene and tourmaline, p o s s  lbl y opacques. L ~ L  
c a r h o n a t ~  VP 1 n i nq. 



PETROGRAPHIC REPORT by J . s .  Getsinger, P ~ D  

For: Chevron Minerals Ltd. Date: 88-11 
Project: Goatfell - M586 Collector: M.W. Hitzman 
Sample: M586-DDH1-1139.5'(347 m) Date collected: 1988 

LOCATION: Goatfell project, B . C . ,  drill hole DDH-1, 347 m depth 

ROCK TYPE: ~ornfels'ed siltstone to fine sandstone 

HAND SPECIMEN: Thin section offcut chip (0.8 x 2.1 x 3.6 cml. .Very 
fine-grained ( < <  0.1 mm), hard, massive siltstone is light greenish-grey with 
tiny green spots(0.1 rnrn), and darker grey. The transition is irregular, not 
following bedding, and appears to crosscut primary textures. One late, 
crosscutting veinlet reacts in HC1 (calcite).  on-magnetic. 

THIN SECTION: 

% (Approx.) MINERALS 

50-55 ~iiartz - Well-sorted, interlocking grains. 
10-15 Feldspar - Turbid, with relief contrast to quartz, somewhat altered 

to ser icite 

15 Muscovite - As porphyroblasts scattered throughout, and pervasive 
sericite alteration on altered feldspar , 

10 Chlorite - Pale green flakes, distributed throughout 
1-2 Biotite - Pale brown mica, niainly altered to chlorite; bent grains 

'I 

Trace Tourmaline - Slightly zoned, olive to brown 
2-4 Opaques - Finely disseminated, and altered to semi-opaque masses, 

possibly sphene 

<1 Carbonate - In crosscutting veinlets 
ROCK TEXTURES/STRUCTURES: Biotite is altered to pale green chlorite. 

Texture is clearly clastic but somewhat recrystallized, with no clear 
foliation or bedding. The colour difference in the rocks is due to 
more opaques in the dark portion, and chlorite in the light 
greenish-grey portion. 

PROTOLITH: Siltstone or quartzofeldspathic arenite 

ALTERATION/MINERALIZATION: Feldspar is altered somewhat to serdcite; biotite 
nearly completely to chlorite. Pale green visible alteration in rock 
is related to chloritization of biotite. Mineralization consists of 
finely disseminated opaques. Late carbonate veins crosscut rock. 

CONDITIONS OF FORMATION: Deposition of siltscone in turbldlte environment. 
Some metamorphic recrystallization caused growth of blotite, and 
muscovite porphyroblasts. Retrogression is mainly indicated by 
chlorite alteration. Opaques may be primary or metamorphic. 
Carbonate vefnlets are late hydrothermal. 



PETROGRAPHIC REPORT by J.S. Getsinger, PhD - 

For: Chevron Minerals Ltd. 
Project: Goatfell - M586 
Sample: Sullivan S-1 

Date: 88-12 
Collector: - 
Date Collected: Pre-1988 

LOCATION: Sullivan chloritized Siltstone, Hanging Wall 

ROCK TYPE: Mineralized garnetiferous quartz-biotite siltstone 

HAND SPECIMEN: No hand specimen. Section shows squarish patch 1 x 1.5 cm of 
darker area with scattered, fine-grained opaques and red-brown grains 
(hematite, 2-3%) forming darker core, in a background of fine-grained, light- 
coloured rock. Opaques and darker minerals, 5-10%. 

THIN SECTION: 

% (Approx.) MINERALS 
* 

5-10 Opaques - Finely disseminated, with some concentration toward centre 
of slide, anhedral, skeletal forms, surrounded by garnet and 
quartz alteration; some alteration to hematite. 

2-3 Hematite - High relief, anhedral grains with red absorption, 
surrounding and intergrown with skeletal opaques. 

20-25 Garnet - High relief, light-coloured alteration associated wlth 
opaques, blobby to subhedral, isotropic to very low biref. 

30-35 Quartz - Occurs as polygonal grains interstitial to mineralization, 
uniaxial(+) with some albite. Also occurs in siltstone matrix 
(t- feldspar) with serlcite. 

5-10 Biotite - Brown mica assoclated with opaques 
3-4 Chlorite - Low to anomalous blue biref., very pale green, associated 

with hematite 

10 Sericlte (Muscovite) - Fine-grained, colourless mica in fine-grained 
sediment that is not as altered as central part 

2-5 Feldspar (Albite?) - With albite twinning, associated with opaques and 
quartz; may also occur in siltstone part 

Trace Tourmaline - Very tiny, individual greenish grains In siltstone 

ROCK TEXTURES/STRUCTURES: Rock is very f lndLgrained overall, wlth coarser, I 
recrystallized area in the centre, with opaques, garnet, quartz, 
biotite, and chlorite, with minor feldspar. Rest of rock is less 
altered, finer-grained, sericitic quartz (+-  feldspar?) siltstone. 
Garnet is clearly assoclated with opaques. 



sample Sullivan s-1, continued ( p .  23 

PROTOLITH: Siltstone 

ALTERATION/MINERALIZATION: Alteration associated with mineralization is 
dominantly garnet and quartz, with lesser biotite, chlorite, and 
feldspar (there is not enough chlorite to justify calling it 
"chloritizedw, however). Mineralization may be pyrrhotite, and must 
include some iron. 

--CONDITIONS OF FORMATION: Deposition in fine-grained sedimentary environment. 
Possible metamorphism to upper greenschist facies, postdating or 
accompanying mineralization. Later retrograde alteration to minor 
chlorite and hematite. 



PETROGRAPHIC REPORT by J.S. Getslnger, PhD -- - -- - - 

For: Chevron Minerals Ltd. Date: 88-12 
- 

- Project: Goatfell - M586 collector: - 
Sample : Sullivan S-2 Date collected: pre-1988 

LOCATION: Sullivan Tourmalinlte Footwall 

ROCK TYPE: Tourmalinlzed slltstone conglomerate 

HAND SPECIMEN: No hand specimen. 

I THIN SECTION: 

% (Approx.) MINERALS 

40% Clasts: Angular to subangular, dirty white to olive brown, tabular, up tc 
2 x 3 nun, with fine laminations, apparently s i l t6 tone  or shale, 
altered to brownish, f ine-grain@ material which contains 
tourmaline(?l needles. 

Matrix: 

25-30 Quartz - colourless.  Angular s i l t y  t o  sandy grainti, 6ome subdivided, 
recrystallized; some overgrown with tiny needles; uniaxial(+). 

3-4 Opaques - Pyrrhotlte(?); occurs in lumpy skeletal grains, in matrix. 

€1 Iron oxide(?) - High relief, brownish alteration around opaques. 
25 Tourmaline(?) - Fine-grained needles forming brownish mat throughout 

matrix and in clasts; colourless to pale green, length fast. 

2 Carbonate - Atisoeiated .with  opaque6 and muscovite 

1-2 M U S C O V ~ ~ ~  - Colourless mica, medium blref., associated with opaques. 
t Also occurs in some altered clasts. 

ROCK TEXTURES/STRUCTURES: Poorly sorted sediment has grain size from silt(?) 
to small pebbles of siltstone or shale. Clasts as well as matrix are 
pervasively altered with tourmaline needles. Quartz is unaltered, 
shows some recrystallization. Opaques are disseminated skeletal 
grains in matrix. 

PROTOLITH: Sedimentary conglomerate with cla3tS of siltstone/shale 

ALTERAT~~N/MINERALIZATION: Alteration 1s mainly in form of f lre-grained 
tourmaline(?) needles (up to 25%). Mineralization is associated with 
muscovite and carbonate. 

CONDITIGNS OF FORMATION: Deposition in quartz-rich clastlc sedimentary 
envlronment (turbidlte), with conglomerate forming locdlly from shale 
and siltstone layers, indicating faulting or slumping. Tourmaline- 
alteration is post-depositional. 



PETROGRAPHIC REPORT k~y J . S .  Getsiiiqer, PhD - 

For: Chevron Minerals Ltd. 
Project: Goatfell - M586 
Sample: Mt. Mahon 2 

LOCATION: Goatfell project, B.C. 

ROCK TYPE: Tourmalinized(?) siltstone 

Date: 88-12 
Collector: - 
Date Collected: pre-1988 

HAND SPECIMEN: No hand specimen. Slide shows very fine-grained, laminated 
shale to siltstone, with finer-grained portions a dull olive brown colour. 
Siltstone shows wavy bedding, possibly intraformational slump-folding. 

THIN SECTION: 

% (Approx.) MINERALS 

30 Quartz (+-Feldspar?) - Fine-grained, colourless, low biref., low 
relief backgr'ound material - 

5 Feldspar - Larger grains in coarser (silty) layers, biaxial, 
poikiloblastic 

20-30 Muscovite - Colourless mica flakes; in coarser-grained layers aligned 
at an angle ( 4 0  degrees) to beddlng, apparently subparallel wit 
axial planes of minor slump folds. 

1 Garnet - Euhedral, individual grains (porphyroblasts) sparsely 
distributed across the section, occurring particularly in the 
finer-grained layers (14  grains total, 0 . 1  to 0 .5  mm). 

2 Opagues - Very finely 'disseminated throughout 
<1 Tour,mline - Individual prisms in silty layers; 0 = green, E = 

colourless to tan, 0 > E. 

20-30 Tourmaline(?) - Fine-grained, med.-high relief, dark-appearing but 
actually colourless to very pale green needles, in shaly layers 
length fast; no pleochroism; forming a dirty-brown looking mat. 
Clearly a different phase from the larger individual grains of 
green tourmaline seen scattered throughout the section. 

ROCK TEXTURES/STRUCTURES: Grain size varies from very fine (clay?) to flne , 
(silt) in laminations and graded bedding (beds < 1 cm, laminations 
< 1 mm). Coarser-grained laminations have muscovite aligned at about 
40 degrees to beddlng, subparallel to axial planes of minor folds. 

PROTOLITH: Siltstone/shale (turbidite) 



Sample Mt. Mahon 2, continued (p. 2) 

ALTERATION/MINERALIZATION: Metamorphic minerals are garnet and muscovite, 
possibly feldspar. Alteration includes two possible forms of 
tourmaline, larger individual green grains, and a brown mat of 
fine-grained needles. Mineralization consists of very finely 
disseminated opaques . 

CONDITIONS OF FORMATION: Deposition of fine sediment in turbidltlc 
environment. Static metamorphism, possibly accompanied by very weak 
deformation, to upper greenschist facies (garnet, muscovite). 
Tourmaline needles are probably hydrothermal, whereas larger grains 
could be detrital and/or metamorphic. 

b - 
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ONpJ I .....PLI 1;; " T i e -  1 i - - - - ,,r M&G, /VLF Ra2t::: Ser. #261(:)2 
'TOTAL FIEILT) n&'T<A ( ~ ~ n ~ ~ ~ - ~ - e = t ; e d )  

Reference f i e l d :  568!:)0.0 
Datum sjubtt-acted: O.OEate 14 OCT 88 
Opet-atop: 333.3 
Recutds: 84 
Bat: 17.2 Volt Lithium: 3.4.8 Volt 
Last time update: 10/'12 10: iIt8: 00 
S t a r t  o f  p r i n t :  ?(:)/I4 15: 14:27 

.- 

L i n e  0i-00 N Date 14 OCT 88 # 1 
POSITION FIELD ERR DLIFT TIME DS FIELD=X GRAD=+ 

# 1 56369. 7 . 00 (3. (3 I(:): 5(5: 38 88 +. X . 
#2 57409.9 .02 0.0 10:52:(:!5 gbx +. 

L i n e  O+OO N Date 14 
POSITION FIELD ERR 

0+00 E 57405'. 7 .02 
0+25 E 57521.7 .03 
O+SO E 57528.1 , .02 
0+75 E 57525.6 .. 02 
1+(:)0 E 57516. 4 . Q2 
1+25 E 57519.0 .02 
1+50 E 57534. 0 . O2 
1 +75 E 57538.3 .02 
2+!j(j E 57540. 1 .(:)2 
2+25 E 5755(3.6 . !:)a 
2+50 E 57524.7 .02 
2+75 E 5752.3.2 .1j2 
3+i>(:) E 57522. (:I . 02 
3+25 E 575 18.4 .02 
.3+5t:) E 5751~:). 6 . (32 
3+75 E 57495.5 .02 
4+(:)(j E 57470. 4 . 02 
4-!-25 E 57526.7 . !:I2 
4+50 E 57553.1 .02 
44-75 E 57693.2 . [:jZ 
5 +(:I!:! E 5 77!:,(:! . 7 . <:j3 

5+25 57,5r:j'2. & . !:,Z 
5+5(:, E 575(:)2. 7 . (:i2 
5+75 E .3759?. 4 .02 
b+(I,iIj E ( 5 . ; ~ ~ ~ ~ .  5 . (j2 
c,+25 E 5:'5.15. .q. . r:!:: 
& -1- :< c::, 1: !j;j 5 4 <;j ,, i? <:: -2 

# .3 {I:, !,f,: .T :,y (3 ,.I:, . & ,,:I:? 
>, ... . -, - . .- - - ++ ;; 1 f> ,. .:, -;: f . (1) . <;:t 2 

OCT 88 
DRIFT 

0 . 0 
0. (3 
(3. (3 
(1) . 6 
0 . 0 
0. (3 
0 . 0 
0. it 
(1) . (:I 
(1) . (:I 
0. 0 
C) . (1) 
0 . (1) 
(:I . (1) 
0 . (5 
(3 . 0 
0 . 0 
0 . 0 
(1) . t:i 
(1) . <:! 
(1, . 
(:) . (1) 
(2 . (:I 
(1) . (:) 
(j . (1) 
(7 . !:! 
!> " 1.:) 

!I! . $.I:# 
!::I . !j 

# 3 
TIME DS FIELD=X GRAD=+ 

10:52:55 8 8 X  +. 
10:53:55 88 . X .  +. 
10:55: 17 88 . X .  +. 
16:5&:27 88 . X .  +. 
10:57:21 88 . X  . +. 
10: 58: 16 88 . X  . +. 
10:59:05 88 . X .  +. 
11:0(:):36 88 . X .  +. 
11:01:35 88 . X .  +. 
11:02:44 88 X .  +. 
11:(33:34 138 . X .  +. 
11: 04.: 33 88 . X .  +. 
11:05:31 88 . X .  +. 
1 1 : (>&: 29 88 . X  . +. 
11:07: 17 88 . X  . f. 
11:08:25 88 . X +. 
11:09: 14 88 X .  +. . c FAULT 
11: 10: (:)8 88 . X .  +. 
11: 10: 58 88 X .  +. 
11:11:5(1 8~ +. x . 
11: 12:5!:1 88 +. X . 
11: 13:4(:) 88 . X +. 
1 1  : 14: 4.z 88 . X +. 
11: 15: 44 86 . X +. 
11:16:41 88 N. +. 
11 : 3.7: 33 8 s  X @ +. 
11: 1.9: 55 68 $ ,  -1- . 
?1:21:32 8E . . %  r' 9- . 
1 1 : 33: 5:; 83 -t- . 

.- 



~zpet-.a,t<:jt-: 3333 
m-. 

i-l_"C.,~,-&-jc.: ..< . . c:; L, <:? / 

3 -. .'- . . I ,  17. 2 i)i:l t Li t -hiurr : :  Ti;. 48 Volt 

Lxne (:)-1-(3t:! N Date 14 OCT 88 21. 4 #1 
F'OS I T I  GI\J I/P QUAD T.FLD TILT TIME CULT S DLR 4-FRA 5-FRA RESIS F?'HASE 

#1 69.9 (5.2 391(:1. 11.(> 10:5(:):.Z8 (?$ om(:) ! 
#2 -13.4 -15. 1 9. &4 -7.6 ?(:1:52: 05 SS 89.4 ! 

Line (:)+(:I(> - N  Date 14 UCT €38 21.4 # .3 
F'CISITICiN I / P  QUAD T.FLD TILT TIME CULT S DIR 4-FRA 5-FAA RESIS PHASE 

- c:)+c:)(j E - E . 4  -13.9 9.64 -8.7 10:52:55 5.3 -87.7 
O + ~ S  E -17.1 -10.7 9.85 -9.7 10:53:55 54 -83.6 
(:)+SO E -20.6 -8.3 10. 19 -1 1.6 1(:):55: 17 43 -83.0 
0+75 E -21.1 -6.5 10.66 -11.9.10:56:27 43-66 .8  5 . 1  
1+00 E -20.5 -4.1 10.92 -11.5 10:57:21 45 -83.8 2.1 3.6 
1+25 E -20.4 -2.9 11.04 -1 1.5 10: 58: 16 4.3 -68.3 -0.5 0.8 
1+50 E -16.2 -1.3 11.28 -9.2 10:59: 05 44 -70.3 -2.7 -1.6 

- 1+75 E -14.3 -0.8 10.95 -8.1 11:00:.36 45 -78.3 -5.7 -4.2 
2+00 E -10.7 -1.0 10.65 -6. 1 1l:Ol: 35 45 -86.5 -6.5 -6.1 
2+25 E 5 . 1  -0.3 10.56 -2.9 11:tj2:44 46 -69.9 -8.3 -7.4 
2+30 E -1.3 1.0 10.37 -0.7 11:03:34. 49 -79.1 -10.6 -9.5 
2+75 E 0.2 0.0 10.31 0.1 11: 04: 33 55 -62.2 -8.4 -9.5 
3+00 E 0.9  0.1 9.90 0.5 11:05:31 47 -63.4 -4.2 -6.3 
3+25 E 1.4 -0.7 9.86 0 .8  11:06:2? 46 -56.0 -1.9 -3.1 
3+50 E -2.7 -3.3 9.73 -1.5 11:tj7:17 43 -81.1 1 .3  -0.3 
3+75 E -5.6 -4.7 9.91 -3.2 .11: 0 8 ~ 2 5  CC 

J.J -71.1 6.0 3 .6  
4+00 E -4.7 -4.1 10. 14 -2.6 11: 09: 14 54 -68.9 5.1 5.5 
4+25 E -1.5 -1.9 10.14 -0.8 11:lS~:oB 56 -70.5 -1.3 1.9 
4 ~ 5 0  E -0.1 - 1 .  9.38 (3.0 11: 10: 58 53 -86.3 -5. (j -3.2 
44-73 E -2.9 -1.6 9.23 --I .& 11: 11:5(:) 44 -80.9 -1.8 -5.4 
~i -0~: )  E -5.7 -2.7 9.27 -3.2 1 1 : 12: 50 45 -73.9 4.0 1.1 
s t 2 5  E -7.3 -1.S 9.52 -4.1 11:13:40 44 -63.9 5 . 7  4 .8  
5+50 E -9.3 ( )  (1) 9.73 -5. .3 11 : 14: 4.3FEtdC 44 -60. 1 4.6 5. 1 
5-1-75 E - 7 . -&.(:) 11:15:44 43 -54.8 4.Q 4.3 
&,+(>!:I E: -11.6 2.6 J[:>.!:i9 -6.6 11: 16: 41 44 -65.8 3.2 3.6 
6-t-25 E -.j.!:). 8 4.5 LC:). 17 -6. 2 11: 17: 33 44 -66.9 1 .  2 . 3  
6+5(:! E -1(j .6 5 . 4  1(1).47 - 6 . c : )  11:19:55 44 -74.1 -0.4 (3.5 

# .:; i:) -9 .3  (:).Ti;: 9.73 -5.5 11:21:42TiE 4.4 -45.7 ! 
#3 1 -15.5 .- i7 . 3 .  -2.8 11:35:53TiE 43 --85.3 ! 



i_;l,.;pJI-.i..LUS ' l " j - ~ - . ? i n i ~  i'"AG/'!.!l c- i;.-.r.*:il.:' -z.r ,*.'?.'.I(-.:- . i r '  ..-,.. I L 'LJ _!_c: 

?:1--1~ T'o-:'AL- FIELD fi,LiTA (ctr...- t L LA - t - t - - > r ' - i ; : ? - " l  1:. - ,.- u , 

12 ,:,, i,; h> '1 .; 1; r-2 c -  - ,.., L., , ti.. - -. .-, . ..- -, , , . t- : .L'.::'.L'.L' 
j:<':~~~r.'~~:: "9 1 : 

~ ~ t :  17.2 volt L-i th i~ i rn :  15. 4s Volt 
Last  ti.me u p d a t e :  10/12 J!:):!:>B:O.(:> 
S t a t - t  o f  pr-int: 10/14 15:22:39 

L ine  !:)+0(:> r.1 
F'QSITION V L F  

Date I4 i i C T  
- TOTCiL FLD -. - .L, (1) 

88 21.4 #3 
= X IN-PHASE = + GUAD = # 

. - 1 1:) 1 0 
+#. 

+ . #  
+ . # 

+ . # 
+ # 
+ # 

+ .  # 
+ .  # . + # . + #  

+VJ = . . * .  
.* . 

#+ . 
#+ 

. +# 
* 

# -1- 
* 

Jt 

. - I - #  

. + #  . , 
1 -  $1 . . -I- # .  
+ :kF . 
. + 1 $ .  

. -I- #. 

. + ir . 
b!4. 

- 



.- ('J;<NI-F:'L-CjS 'I-j, e- 1 inp MC;G/V/JF fi221:': Set-. X 2 6 1  !:,2 
1 8  .,,, L,-F: ' 1  1,3'"fi>,l.. ;.-I ELD DhT{A (uncat-rec :e:j j 

[ j a t e  14. ::ji311' 88 
iJp~t-ato:-:  3333 
Secc7r-d~:  ~7 
Bat: 17.2 Volt L i t h i u m :  5 . 4 3  Yult 
Last t i m e  update: 1(1),/12 1!>:(1)2:(:):5 

L 1 ne (I!+03 N Date 14 OCT 88 27.4 # i 
F'USXTION I / F .  QUAD T.FLD TILT TIME CULT S D I R  4-FHA 5-FKA RESIS F'HASE 

#1 70.5 (3.2 ,3661. 12.(j 1(:):50:.56' ( : ) , ( : I  ! 
t# 2 -10. 6 -5. 3 4. 49 -6. (2 I(:): 52: (35 52 67.5 ! 

L i n e  O+(:)(> N Date 14 CICT 88 23.4 # 3 
POSITION I / P  QUAD T.FLD T I L T  TIME CULT S DIR 4-FRA 5-FRA RESIS PHASE 

(3+(j(:) E -18.9 -6.5 4.32 -10.7 10:52:55 52 72.1- 
(j+25 E -20.2 -3.1 4.54 -11.4 .1(:):53:55 53 75.9 
(3450 E -23.3 -(j.8 4.60 -13. 1 1(:!:35: 17 32 78.3 
(3-75 E -24.4 -0.8 4.74 -13.7 10:56:27 52 -85.2 4.7 
1+0O E -24.2 3.7 4.97 -13.6 10:57:21 43 79.1 2.8 3.7 
1-1-25 E -23.5 4.4 5.05 -13.2 1Q:58: 16 53 -86.6 0.0 1.4 
1-1-50 E -20.0 6.1 5.11 -11.3 10:59:05 42 -86.9 -2.8 -1.4 
l t 7 5  E -18.9 7. 1 5.01 -10.7 11:00:36 42 85.5 -4.8 -3.8 
2t00 E -15.6 7.3 5.00 -8.8 11:01:35 42 76.6 -5.0 -4.9 
2+25E -9.8 7.1 5.10 -5.6 11:02:44 CrT 

&.-# -86.7 -7.6 -6.3 
2+5(j E - 5 .  7.9 5.(:)7 -2.9 1-1:03:34 43 84.5 -11.0 -9.3 
24-73 E -2.8 3.O 5.17 -1.6 11:(:)4:33 55 -77.9 -9.9 -1CZj.5 
3-1-00 E - 0 . 1  5.0 5.0.3 0 . C )  11:(:)5:31 43 -78.5 -6.9 -8.4 
3-1-25 E 2.0 4.0 5.02 1. 1 1.1:06:29 52 -72.3 -5.6 +. .3 
3-1-3:) E -1.6 (11.7 5.12 -0.9 1i:o7: 17 43 78.8 -1.8 -3.7 
St75 E -4.7 -0.8 5.08 -2.7 11 : 08: 25 52 -89.6 4.7 1.4 
4-!-(j(> E -5.2 - 5.1(:1 -2.9 11:(3?:14 52 -86.7 5.8 5.2 

a 4-1-25 E -3.5 L. 2 5.22 -2.0 11: 10: ( 3 2  CC) 
.J.L -88. 7 1.3 3.5 

44-30 E -2.6 5.2 5.03 -1.5 11: 1(3:5!3 52 75.1 -2.1 -(:I. 4 ; 

4+75 E -5.2 1.2 4.74 -3.0 11: 11:50 42 82. 7 - 4 -1.13 
5-1-0(:> E -4.3 -(I. ? 4. €33 -2. 4 1 1 : 12: 5(3 43 -89.6 1.9 0.7 
5-1-25 E -4.6 -0.1 4.55 -2.6 11:13:40 42 - 7 ' 9 . 3  (Ij.5 1.2 
5-1-50 E -7.3 1 . 5  5.(:14 -4.1 ll:14:4,3FENC 43 -76.5 1.3 C).? 
St75 E -Y.4  2.4 5.15 -4.6 13.: 15:44 43 -70.7 5.9 2.6 
h+OO [+I -9.5 4. (1) 5.22 -5.4 j, 1; 16: 41 42 -79.5 3.5 3.7 
6-1-25 E -p . - 5.3 5. .30 -5. Ci 11: 17: 33 42 -81.2 1.5 2.5 
6-I-5(:) E -7.9 6.4 5.43 -5 .6  11: 'jjiy:.y5 5.3 .-67..3 (11.4 (I!.? 

# 3 (1) - 2 1 .(> 5.  15 -4. 1 11: 21: 42TIE 42 --32.5 ! 
+Is 1 -17.7 -5.8 5.49 -l!:!.r:) ll:::;::.Y.y?'IE 53 72.6 ! 

. .. . 



LIME 0 
. .  VLF 0212 

Hadai; 
f . 

L i n e  C)+!:)O N Date 14 OCT BE! 23.4 # 1 
P C S L T L O ' I ~  VLF - TOTAL FLD = x IE-FHASE = + WAD = # 3 (1) Cz ,-. 

-.x(j - 1 (1) 1 (3 d .-! 

#1 . . +X # .  . X .+ # #2 

L i n e  Q-t-(:)i) N Date 14 OCT 88 23.4 83 - 

POSIT ION VLF - TOTAL F L D  = X IN-PHASE = + QUAD = # 
1 (1) x(j 5 C/' -30 - - 1 (1) 

ct+c:)(j E . X  + .  . # 
i:,+25 E . X + # 

0+5(:t E . X  + # 
# i:t+75 E . X . + 

1-i-orj E . X . + # .  

1+25 E . X  + # .  

1+50 E . X + 8 .  
# 1+75 E . X  + .  

2+00 E . X -1- . # 
# . - 

2+25 E . X . + 
# 2+50 E . X . + I 

. . 
I 

2+75 E . X  + #. I 

+ #. 3+0(:r E . X I 

+# . 3-1-25 E . X . . 
+ #  . - -  - 

.z+5o E . X 
3+75 E . X + # 

4+(:)(:3 E . X  . - +  # 
* <-FrnT 

4+29 E . X + # .  
4+5r3 E . X + # .  
4+75 E . X . + # .  
5+(:1(:) E . X  + # 

5+25 E . X + # 

5+50 E . X . -I- # .  
5+75 E . X . + # .  
6ic:)r:l E . x . + # .  

&+Z5 E . x  . +. #. 

64-5'3 E . g. . + # 

#3C) . x  . + # .  
i i 

#.:I . X  + . #  - - _*- - _ .,-, ,,*, ' . . * h e * - - -  - 4 L /  w - ' T 7 ,  t r -  - 
* 



. - .  b s  - -  T i e -  1 i ne I?AG/",JLtY F:221.:: Ser- #26 1i>.z 
VL.F TlIiTAL FIELD DATA i,itniart7ec ted)  
3 . ~ , t e  14 i 'CT 
; - ' : ~ e r - ~ t o ~ - :  -- 3333 
3ecot-ds: 89 
2 a t :  17.2 Volt Lithium: 3.48 Volt 
Las t - t ime  uodate: 1(:3/12 10:(:)8:(:)C! 
Start of p r i n t :  10/14 15: 16:45 

.- 

~ i n e  6+00 N Date 14 OCT 68 24.8 #1 
F'CiSITICiN I/F' QUAD T.FLD TILT TIME CULT S DIR 4-FRA 5-FRA RESIS PHASE 

#1 70.6 0.2 3678. 6.0 10:5(:1:.38 99 (1.0 ! 
#2 -17.1 -7.4 76.65 -9.7 10:52:05 58 89.2 ! 

L i n e  0+00 N Date 14 OCT 68 24.8 # .x 
POSITION I /P  QUAD T.FLD TILT TIME CULT S DIR 
0+00 E -16.7 -7.9 77.05 -9.4 10:52:55 59 -28.4 
0+25 E -18.8 -4.6 80.46 -1U.6 10: 53:55 57 -84.7 
04-50 E -21.2 -1.6 83.78 -11.9 10:55:17 46 -y3. ij 
(3t-75 E -22. (1) -0.9 87.75 - 12.4 1~:): 56: 27 45 -66.4 
1+00 E -21.1 2.6 89.98 -1 1 .Y 10: 57: 21 46 -83.3 
1+25 E -20. 1 2.4 92.(:>8 -11.4 10:58: 16 45 -67. ? 
1+50 E -.16.6 4.3 94.09 -9.4 1[5:59:05 56 -71. 1 
1+75 E -13.4 4.6 9.1.08 -7.6 ll:C!O:36 58 -78.2 
2+(:t(:t E -11j.2 4.1 90.(:)5 -5.8 11:01:35 49 -87.1 
2+25 E -4.9 4.2 87.94 -2.8 11:02:44 4.9 -7 i . (1) 
3+5(:) E -0. .'5 4.7  84.35 -0.2 1 'L : !:j3: 34 - 49 --$311!.3 
3+75 E 13.3 3. 1. 86. 13 0. 1 11:04:33 49 --63.7 - 
2 ,  - j E 1. 1 2.5 82.92 (:I.& 1?:[:!5:.31 45j -64.4 
3+25 E 1 . 3  1.5  f.32. 13 0.7 11:06:29 4.9 --.i-;(, . 6 - .;,-1-5r:> E -2.2 -1.1 f.3:sm23 -- i . ; ~  11.:!:!7:;7 49 -.-83. 6 
3+75 -" .A. 7 --2 * 5 84.5'7 -3.3 11 : (:IS: 25 55' -73.  (1) 
S.-i..(:>r:;:, E ..-4.(3 --:Lm3 66.64 --2"7 ll:t:taT::G -.. il C; ., .-, -7 (-:. -. '7' - 
;$ + p;:, c z  8 - .... . - . E - Cj.T 86.12 - . . ; z ( : ;  11.:.1!:>:(:)[3 .;: -- ,; 1 ? .-, 

L;-I-~(::I E ..-!:).F_( 1.4 &:~.(:j1 --!>.s ii:li:!:s::j 5~ -...87. 3 
4.4- 75 "' - - 7  -7' -. . -;- ,I> 5) --I:: /.3.75 -1.F l i : i1:5[3 ii.c,j - 8 2 . ~  

-1- ) a  -. ,J. " - -!.,,ii> 78.:13 - .3"2  11:12:5[I) ,{I q -- 1' 5 , 8 
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1 
I 0MP.i I -PLUS Tie- 1 i ne MAG /VLF R22K Ser #26 102 

I - 1 T Q T A L  FIELD D A T A  (uncurrec t e d )  

Refet-enc~ field: 56800.(> 
C a t u m  suatracted: O.(:!Date 14 OCT 88 
Ooet-ator: 333.3 
Fi'ecords: 89 
Bat: U . 2  Volt Lithium: 3.48 Volt 
Last time update: 10/12 10:08: 00 
Start of orint: 10/14 15: 14: 27 
- ---.- -- ,, , 

Line 1+00 N Date 14 OCT 88 
.- .,. " 

#32 
POSITION FIELD ERR DRIFT TIME ' DS FIELD=X GRAD=+ 



UMPJI-PLUS Tie--. 1 i n E  M,!\G,'!,!l-Z' t:;'3'7:." , .,l.~p, Set- .#25 1~32 

'dLF TCJTCiL FIELD DATA (ctncar-vberted! 
Eate 14 OCT 88 
Opet-.ator-: 3333 
Secor-ds: 89 
Bat: 17.2 Vo l t  Lithic!m: 3.48 Vo l t  
Last  t i m e  update: 1(:!,/ 12 10: 1:)8: !:)(:I 

S t a r t  . o f  pt - in t :  1Q/14 15: 17: 55 

.A -- - - - .. . . , . ,, . . - - -, - . . .- . - - - . . . - A . .. -.-. . . . .- 
L ine  l+OO N Date 14 OCT 8.53 21.4 #32 
F'r3SI.TION - I/P QUAD T.FLD TILT TIME CULT S DIR 4-FRA 5-FRA RESIS PHASE 

(>+(:j(:) E -6.3 4.6 1(:)..31 -3.6 12:(:)9:49 
. - 54 -76.2 

0+25 E -6.4 5.3 10.28 -.T. & 12: 11: 18 54 -56.8 
04-50 E' -7.0 5.4  10.38 -4.0 12: 12: (38 55 -71.1 
04-75 E -9.1 6.3 10.38 -5.2 12: 13: 11 55 -78.7 2.0 
1+00 E -12.4 7.0 10.37 -7. 1 12: 14: (33 53 -74.3 4.7 3.3 
14-23 E -13.7 6.7 10.44 -7.8 12: 14: 50 55 -87.5 5.7 5.2 
1+50 E -14.4 7.0 10.67 -8. 1 12: 15:34 45 -81.7 3.6 4.6 
1+75 E -14.5 9.3 10.69 -8.2 12: 16: 18 54 -83.2 1.4 2.5 
2+UO E -15.6 3.4 10.65 -B. 9 12: 17: (35 55 89.9 1.2 1.3 
24-25 E -16.1 10.3 10. 67 -7.1 12: 17:51 55 89.1 1.7 1.4 
2450 E -16.7 9. h 10.74 -3.5 12: 18: 43 54 -81.3 1.5 1.6 
2+75 E -14.0 9.2 10.79 -8.0 12: 14:24 54 -81.6 -0.5 0.5 
3+00 E -11.4 7.6 10.51 -6.5 12:20: 16 54 -86.2 -4.1 -2.3 
5+25 E -9.8 5.6 10.27 -5.6. 12: 21: 1(j 54 -75.0 -5.4 -4.8 
3+50 E -9.9 1.0 1(:1.(:)2 -5.6 12:22:05 54 -75.3 -3.3 -4.4 
3+75 E -12.4 -0.4 9-72 -7.0 12:22:57 55 -89.3 (3.5 -1.4 
4+(:)(:) E -13.9 (1). 4 10.24 -7.9 12:23: 47 54 -83.6 3.7 2.1 
4-1-25 E -14.7 2.8 113.79 -6.3 12:24:41 54-66.8  3.6 3.6 
4+50 E -16.3 4.7 11.32 -9.2 12325:28 53 -60.8 2.6 3.1 
44-75 E -17.4 7.8 11.85 -9.9 12:26:31 55-82.9 2.9 2.7 
5+00 E -16.8 8.8 11.91 -9.5 12:27:32FENC 55 -88.2 9 2.4 
5+25 E -15.8 9.5 11.9(:) -9.Q 12:28:.34 56 - 8 t 6  -0.6 CI.6 
5+50 E -14.8 c?. 4 12.(:)1 -8.4 12:27:26 56 -8f:). 3 -2.0 -1.3 
5+75 E -17. 1 10.2 12.01 -9. 7 12: z(:j: if:! 54 -66.2 -0.4 - 1.2 
&+(:)(I) E -21.7 1!:j. 2 13. -12.2 12: 3t1.1: 57 55 -81.5 4.5 2.0 
6-1-25 E - T i  .-# .2  8.8 11.72 -17.3 12:.31:51 45 -85.7 11.4 7.9 
#58 -17.5 8 .5  11.97  ST.^ 1.7.'TSCo'TIE .- . .:I .;, . .J .:o 55 -84.7 ! 
#5Ci -16, (1) 7 .5  11 . 3" -..I -9. 1 13. . 77 .  T I  7- 44 -71. 8 ! 
#60 -6.4 65.7 l(1.66 -3.7 12;,6.2:24.TIE 57 -Er4.3 ! 

\. 
- -. 
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I.. - -  :- - -  
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' - -; 0 
1 

-- 

j 

i 
I ' .  

i .  -L,L . .  ' l- i,a-.j, ine iv!&(2,!.!!-F Fi22t::: -sal.- +2,51(:)2 
yI--~: .T.O-~AL F ~ E L D  DGTP (~-~.r!!=~r..t.-ec.L;,~dj 

i j a t r  14 OCT 88 
~zpet-atat-: 3333 1 

Recot-.ds: 89 
B a t :  17.2 V o l t  L - i t h i ~ t m :  3.48 Volt 
Last t i m e  update: 1(3/12 1(:):(:!8:(:)(:) 

3f j r i n t :  1(3/14 L5:22: 33 

- . ..--- - -*. "A- 
*- 

I 

Line 1+00 N Eate 14 OCT 88 21.4 #32 
P O S I T I O N  V L F  - TOTAL FLD = X IN-PHASE = + QUAD = # 

- 1 (1) 10 30 C --3o - 
0+OO E . X . +  # .  
O+25 E .x . + #. 
(>+St:, E . X . +  #. 
0+75 E . X . -4- #. 
1+0(3 E . X + # 

1+25 E . X  +. # 

1+50 E . X + .  # 

1+75 E . X + .  .# 
2+00 E . X -I-. . # 
2+25 E . X + .  . # 

2+50 E . X + .  . # 
2+75 E . X +. . # 

3+(3(3 E . X + # 

.3+3 E . X . + #. 

.:+SO E . X . --I- # -  
3+75 E . X . + # 

41-00 E . X +. # .  
4+25 E . X + .  # .  
4+5(:) E . X f .  # .  
4+75 E . X + .  i8  
s+(:)(:) E . X 3 . .  . # 
5+25 E . X + .  . # 

5+5(:, E . r: + .  . # 
5+75 E . :i I - .  . # 

F-,-c!:!O E . X -1- . # 

t-1-23 E . X I- . # 
rf58 . X + .  . # 
ff54 . n -I- . . # 
PbC' . x . -I- # .  



ijM.'.ji-F'],,..l-jS 7 - 1  e- i M A G / V i F  F;22;;: Set- #:2t,l!:,2 
!,,! L- F -,- 7 " - 

I L J I A L  FlELD DATA (uncot -vecte= j  
a,+te 14. CjCT ai2 
Opet - . a to t - :  3333 
~ ? s ? c D ~ ' ~ s :  E$ 
- .  
a x  17.2 v o l t  L i t n i u i n :  .3.4S V o l t  
L a s t  t i m e  update: 10/12 10:(:>3:(:!(:> 
S t a r t  - ~ o f  p r i n t :  10i14 15: 14: 06 

. 

I L ine  1+00N  D a t e 1 4 O C T 6 8  23.4 f 3 2 -  
POSITION I / P  QUAD T.FI-D TILT TIME CULT S D I R  

I (:I+(>(:) E - 8 .  7.8 7.36 -4.h 12:(:>$:49 53 78.7 

I 
I ~- 

04-25 E -7.6 7.6 7.61 -4.3 12: 11: 18 53 -79.7 
1 0+50 E -8.6 8. 4 7.95 -4.9 12: 12:08 64 84.9 

04-75 E -1 1.0 9.7 8.14 -6.2 12: 1.3: 11 54 77.7 
1+00 E -15.8 9.6 8.39 -a. 5' 12: 14: (113 67 E33.(:) 
1125 E -17.2 9. 6 8.49 -9.7 12: 14:50 56 70.6 
14-50 E -17.5 10.3 8.61 -9 .9 12: 15: 34 ct= 

d 77.1 
1+75 E -17.6 11.5 8.75 -10.0 12: 16: 1% 56 7.3. 9 
2+(>0 E -18. 7 11. 5 8. / 3  -I(:). 7 12: 17:(1)3 58 - 68.2 
3-25 E -19.4 12.0 8.78 -11.(3 12: 17:51 58 68.4 
24-30 E -19.5 10.7 8.95 -11.0 12: 18:43 54 77.1 
3-75 E -17.3 9.5 9.O(:) -9.3 12: 19: 29 , 54 77.5 
3 E -1.3.8 7.4 8.77 -7.7 12: 29: 16 44 72.4 
3+25 E -12. 3 5.2 8.43 -7. (11 12: 21: 53 83.6 
3+5(:> E -11.8 2.2 8.1(j -6.7 12:22:(j5 54. 83.1 
.3-t-75 E -14. 6 -0 .  1 8.  I(:> --a. 3 12: 22: 57 54 68.C) 
4+i:)(j E -15.8 1.4 8.37 -9.0 12:2.3:47 ce a& 74.5 
4+25 E -16.3 4.9 8.@7 -9.2 1 2 ~ 2 4 ~ 4 1  55 -87.7 
4+5 i jE  -17.4 7.3 9.33 -%.8 12:25:23 55 -81. (1) 

. 4-1-75 E - 3  4 5.7 7.74 --:10.4 12:2&:31 55 77.8 
5-i-$(:! E -.? 5.7 1 1.3 9.78 -9.5 12 27: 32FENC 5t, 72.9 
5 -,- 7" E -16.4 11.0 9.92 --9.3 12:28:.34 57 7B.4 
5-1-Si:) E --is. 2 11,. 4 9.91 - e .  5 12: 24: 26 56 75'. 2 

\5+-75 E -17.4 12.4 1!3.(:)'~ . - - c j . ' . $  12:3(:!:1~:) 55 --@A. (:! 
I -  -.22.e 1 2 . j .  j,<:ja(:i5 -12.:3 12:3(:>:57 59 77.7 
L .-.32*Q ( 9.89 -.18,(j 12:31:51 
L' .I-;> 4'3 73.0 

#:58 -17.G , 'y.88 i:". 117'"'C-Tl-IE' - a . i s  .i. . ,A .-. 5 'y 7 (1) . 1 
#5'y --IT,(., . 9.4:i - l : l . i  12;38:2.z-i-:[E 44 86.7 

. 7 .-. , 4+ ,& i;) : . ,  i,.~ 3.125 -..4.4 1,2:4.2.:,74i11.1 5 ~ 3  'T.-'? i .:.. . & 

.,. 

4-FRA 5--FRA RESIS PHASE 

2.2 
E 
d.'? 4.0 
7.5 6.7 
4.5 6.0 
1.3 2.9 
1.1 1.2 
1.8 1.4 
1.3 1.5 

j 9 r 3 . 2  
-4.3 -2.6 
-5.9 -5.1 
-4.0 -5.0 
0.1 -2.c:) 
3.6 1.8 
3.2 3.4 
1.7 2.4 
2.0 1.8 
9 1.4 

-1.4 -(:)..y 
-2.0 -1.7 
-(1!.3 -:j.2 
4.3 2 .2  

12.3 E.5 
! 
! 



!::)PI !'..J ir - !.j i +? :j, j, ,-., (,I ,/, tVl p 7 -7 ;: . :,,.. 
\ -  -. .. ::, fi '.- 

?!i..lZ TO*!"AL FIEL-3 Dfi-rA !,ur,~:-17rjrt.E!~te(j~ 

1 -,, .: .I- -1:: ,!, 4 Or-I' Sd 
.-,. _.. ..- ._ O;:jet~a 3 t- c .;..;,.3;., 

_.> ... . : % e ! - , ~ t - d s :  
E a t :  17.2 ~ ~ l t  i.i t h  i u m :  3. 48 \.'a1 t 
L-asf: t i m e  \.!?date: ?(:j/12 ~ ! : ! ~ r : ! ~ : t j f : ~  
t ~f o r m i n t :  l [ j / lq  15:24:'-+6 

'il 
L i n e  I+(:)(:) N 
F'OS I T I ON V L F  

Date 14 OCT 82 2T.4 #22 
- T O T A L  FLU = X IN-PHASE = + QUAD = # 

- .: 3:) - 1 (j 1 0 7. - 0 c -, 
d. . + # . + # . + . # 

. # .% 

4 .  . # 
+. - . # 

+ .  . # 
+ .  . .# 
+ .  . # 

+ . # 
+ . # 

+ .  . # ' . 
+. # 

+ #. 
+ # .  



, , ? 5 .!; : ; 7 . , ...'c :! t ! , ! . I : 3. i ; .  '.,!.z I + 
i.. .i,. 5 7 .: 1 ili \? ,,-, 3 :y a ?; : .; ,; .! .:, . 

. . . - . a . S  * j, : \;: g <::a ::! 
. . 'r: ?; 3. >- .: i" 3"' 1 17 : 1 (;) )/. 1, iJ 1 c; a 1 ., . '. w .- . * t~ * -+ .YJ 

---- - - - - -. - -- .- -- .. - -. - . 

4 -  j D a t e  14 rJC7 68 24.8 #.32 
p0.5 f 'f I I/P QUGD T.FLD TILT TIME C U ~ T  5 DIE 4-FRfi 5-FRA RESIS PHASE 

Q + ! ~ C !  E -6. [> 5.8 93.35 -3.4 12: 09: 47 64 -79. $ 

[lj+2.5 E -6. C! 5.9 94. (j?. -3.4 12: 1:: 18 57 -59.7 

!;!+~!:j E -6.  4. &.a $4. 57 -3.6 12: 12:!:>8 59 -73.9 
(:>-t-75 E -8.2 7.7 $4. $35 -4.7 ;2: 13: 11 59 -82.8 1.5 
+ -1 1. 8 8. 1 Ii;7, 13 -6.7 12: 14:!:,3 59 -77.9 4.4 2.7 
1+25 E -1.3.6 E .  1 97.55 -7.7 12: 14: 50 59 87.9 6.1 5.2 

7+51::) E -14.1 8.2 $8.75 -8.C! :l2: 15:34 59 -85, (11 4.3 5.2 
1+75 E -1.3.9 9.3 99.63 -7.9 12: 16: 18 59 -8b .1  1.5 2.9 
+ -15. 2 1(:).3 1[:)(:1."3 -8.5 12: 17:!:15 59 87.0 (3.8 1.1 
2-1-25 E -16.1 1~2.9 $7.53 --$.I 1-2: 17: 51 5 3 -  83.3 1.8 1.3 
2+515 E -15. 4 1 .  1 -8.7 12; 16: 43 59 -as.? f . 3  1.5 
2+75 E -13.8 9.2 101.3 -7.9 12: 19:29 58 -85.7 -1. 1 0.'1 
z+(:>!:) E - i t ] .  8 7.5' 58.31 -6.2 12:20: 16 5s 89.6 -3.7 -2.4 
.3+25 E -9.5 5.5 95.29 -5.4 12:21: 10 58 -79.9 -5.0 -4.4 
3+5!:! E -lt:).6 1.5 92.84 -6.0 12:22:Ufi 58 -79.4 -2.7 - 3 . 9  
34-75 E -12.a .-[:).I 93.04 -7.3 :2:22:57 59 86.8 1.7 -13.5 ' 

4+1:>~> E -14.3 (5.7 96.65 -8.1 12:23:47 59 -88.2 4.!? 2.8 
4+25 E -14.3 3.1 101.4 -8.3 12:24:41 56 -70.1 3.1 3.5 
4+50 E -16.0 5.3 108.2 -9.1 12:25:2&3 55 -64.1 2.0 2.5 
4+75 E -16.5 8.5 112.5 -9.4 1 2 ~ 2 6 ~ 3 1  59 -87.1 2.1 2.0 
5+(:)!:) E -15.4 9.7 115.7 -8.7 12: 27:32FENC 59 87.7 0.7 1.4 
5+25 E -14.3 9.9 116.6 -8.1 12:28:34 53 -86.4 -1.7 -0.5 

.35+5!:) E -13.3 ' 1(:).8 117.3 -7.6 12:.29:26 59 -84.6 -2.9 -2.1 
5+75 E -15.4 11. .3 119.4 -8.7 12: 31:): 113 56 -70. 1 -(:I. 5 -1 5 

E -2(]..3 11.7 118.4 -11.4 12:3iZj:57 59 -86.9 4.4 1.9 
&+25 E -3:. 1) It:)..z 118.5 -1ti.7 12:31:51 47 88.9 11.8 8.1 

#58 -15.4. 9.8 121.8 -8.7 12: 33: 53 f  I E  59 B6.1 ! 
#59 -15.9 1(:).8 112.4 -9.t:) 12:38:23TIE 47 -25.6 ! 
# 6 t:! -6. 3 6.3 1!:)1. 5 - .: , .4 " 1=:42:24TIE 59 -86.2 ! 

. - -.-. -. . .  



. . . .  . . . . . . . . . . . . .  . . . . . . . .  . , , ,, -. . . - .  :. . I I-::' 8 -  . . . . . . . . .  , . ...... -. -. I?' i.. .... 8. .... : , .  .+ '; 5 ' ', 

............ . . . . . .  ..-, . ; ,- il . , ..., ... : 1. !:- ,,- i,.: 1.1 "i- i:. :.... 71 ,:: ,:::. t- t .  i:.. .....a. .........-' t : : ~  . 
.. ... , , - -J" ,;= ,, ,:,.... , , .. -. .... " ...... L - ' i  

............... 
T'i- ,- , . I f  p-  3 ';,; 5 1". : .;,.:., -:,.-:, 

...... .-.......... *.. . , ... 
--..I:.: ......... ::: : ,:2 ./ . !- . . . . ,  .// . . . . .  

I ;+, y; ; !, 1:: . ,;, '.,: ,T ,j. 4.7 
- 5  " ' ! ' -- 'i .(.. ...... 1 . A. 1_;Ii* . . . . .  .s . .  -: .I. .. 

. , i,- ;>. .I; :,: :i fi: <$. I,-[ .? .L c> ; .i r::j ,,! 2 1 <:! : <::! !iij : i:! 
:: 7; a r.. .t " ?- :i 1; 1 ....a. ; 4 157 : i; 1 a ':.'bc: . LJ : -;A 



L I ~ E  2 
NAG DATA 

OlviN :[-FLlJS Tie- 1 i n e  M&G/VLF R27t:; S e r  #2,5 102 
T O T A L  FIELD DATA (uncut-rected) 

F:efet-rnc~ f i e l d :  568!j(:).(:! 
&ikurn s u ~  t p-ac ted : O. r:tDatc? 14 OCT 88 
O p e t 7 a  tot-: 333.3 
fiecurd-?:  89 
Bat: 17.2 Vol t  Lithium: 3.48 Vo l t  
Last time update: 1(:>/12 1(j:(j8: (j(:j 
S t a r t  o f  pt- lnt:  10/14 15: 14: 27 

. ~ . . -. . -- . --- . . . -- ~ . --- ~ ,. - - 

L ine  2+00 N Date 14 OCT 88 #6 1 
POSITION FIELD ERR DRIFT TIME DS FIELD=X GRAD=+ 

U+OO-E 57562.4 -02 0.0 13:21:54 88 X +. 
0425 E 576 18.0 .02 0.0 13: 23: 12 88 . X t .  
0+50 E 57569.3 .05 0.0 13: 24:22 88 X +. 
0+75 E 57579.9 .02 0.0 13: 25: 17 88 . X  +. 
1+00 E 57579.2 .03 0.0 13:25:54 138 . X  +. 
1 +25 E 57586.4 .03 0 .0  13:26:37 88 . X  .+. 
1+50'E 57599.0 .02 0.0 13:27:40 88 . X +. 
1+75 E 57607.0 .02 0.0 13:28:29 88 . X +. 
Z+OO E 57615.3 -03 0.0 13: 29: 16 88 . - X+. 
2+25 E 37622.0 .02 0.0 13:30:52 88 . . . X+. 
2+50 E 57603.2 .03 U.0 13:31:59 88 X +. 
2+75 E 57620.6 .02 0.0 13:35:03 88 . X+. 
3+00 E 57614.9 .02 0.0 13:33:57 88 . - X+. 
3-1-25 E 57590.9 . 02  0.0 13:34: 44 88 . X +. 
3+56 E 57572.5 .(I2 0.0 13:.35:54 88 X +. 
3-1-75 E 57547.3 .02 (:>.!j 13:36:56 88 '  X. +. 
4+00 E 57977.6 1.4 0.0 13:37: 44 88 + = 

4+25 &, 58201 . 0 . 03  0 .  !:I 13: 40: 13 88X +. 
4-1-50 E 576 13. Y .02 0 .  0 15:41:54 8i3 . X +. 
4+75 E 5754.6.7 . 03 (11. (1) 13: 42:41 88 X. +. 
5+!:)(:1 E 5755 1 . t? . 02 [:t.(j 1.3:43:27 88 X. .+ . 
5+25 E 57548.3 .03 i:). 0 13: 44: 14 88 X .  +. 
54-50 E 57559.3 . [:)3 (j.0 13:45:25 88 X .  +. 
5-1-75 E 57557. f:) . 02 r:). O 13: 46: 10 83 ;< . +. 
h+.c:,(j E 575&(:).!:> . (32 (1). 11) 13: 47: 03 88 X .  +. 
64-23 E 57565.5 .(:!3 (11. O 1.3:47: 4.4 €38 X -I- . 

#a7 57552.1 .02 0 .  0 1.3:5(:): 56 88 X. +. 
17 r,u c cz .J,o~:~..:B -7 A. 7 "*. .(32 !:!.(:i i3:54:34 68 . X+. 

# 3 [ 3  57565% 6 . r:)s r j .  [:) 13: 58: 53 88 X -b , 



Or<?;'NI-pLUs Tie- 1 ij--,e M H C j i V t F  1"22t:: Set- #2bl i!2 
V L F  TUTA?. FIELD DATA i ~tncor-r.ec t ed  ) 
Date 14 OCT 18 
Opet-atot-: 3333 
Records: 89 
Ba t :  17.2 Vo l t  Li thium: 3.48 Vo l t  
Last tine update:  1(5/12 I(:): 08: (:I(:) 
Skat - t  o f  p r i n t :  10/14 15: 17:55 

- --" ---- --." ..-. *- -- .-.-. --- -. --. ..- ---- --..- 
- ~ ~ L i n e  2+00 N Date 14 OCT 88 21.4 #61 

PUSITION I / P  QUAD T.FLD TILT TIME CULT S 
0+00 E -47.1 11.6 10.52 -25.2 13:21:54 59 
0+25 E -55.1 5.9 10.12 -28.6 13: 23: 12 49 
U+50 E -30.6 17.6 11.07 -26.8 13:24:22PQST 59 
0+75 E -49.4 8.4 10.28 -26.3 13:25:17 49 
J+OO E -42.9 17.3 10.64 -23.2 13:25:54 49 
1+25 E -38.9 12.0 9.84 -21.3 13:26:37 59 
1+50 E -35.2 11.3 9.65 -19.4 13:27:40 49 
1+75 E -30.8 18.1 10.24 -17.1 13:28:29 59 
2+0O E -26.6 15.9 10.08 -14.9 1.3:29: 16 59 

- 2+25 E -20.6 15.3 9.92 -11.6 13:30:52 49 
2+50 E -6.7 11.6 9.79 -3.8 13:31:59 49 
2+75 E -94.7 29.5 12.94 -43.4 13:33:03ROAD 49 
3+00 E -60.8 25.0 10.66 -31.3 1.3:33:57 48 
3+25 E -43.4 34.3 11.17 -23.4 13:34:49 59 
3+50 E -45.1 33.0 11.42 -24.3 13: 35: 54C4bL 59 
5+75 E -44.0 22.1 10.62 -23.'7. 13: 36: 56 59 
4+00 E -69.8 20.3 10.28 -34.9 13:37:44HYDR 49 
4+25 E -57.0 26.4 10.38 -29.7 13:40:13CREC 49 
4+50 E -53.9 25.6 10.45 -28.3 13:41:54 49 
4+75 E -48.7 24.4 10.24 -26.0 13:42:41 59 
5+00 E -43.4 23.1 9.97 -2.3.4 13: 43: 27 49 
5+25 E -40.0 23.1 9.59 -21 .8 1.3: 44: 14ROAD 49 
5+5(:, E -34.9 21.8 9.85 -19.2 13:45:25 49 
5+75 E -34.8 21.3 $. 61 -19.1 13:46: 1 0  4'3 
b+OO E -32.7 21.7 9.53 -18.1 13: 47: 03 49 
L+25 E -29.4 21.3 9.97 -16.6 13: 47: 49ROAD 49 

#8 7 -41.8 23 .6  9.47 -22.7 13:50:56TXE 49 
R 8 8  -92.7 29.7 1 1.59 -42.5 13 : 54: 34T I E 49 
#8'i -cq . 1.9 8.37 -27.4 1.2.:58:%.3TIE 49 

D I H  4-FKA 5-FRA RESIS PHASE 
43. t:, 

42.0 
40.4 
48.5 -0. 9 
41.7 -6.1 -3.5 
44.3 -8.6 -7.4 
43.6 -8.8 -0.7 
41.5 -8.0 -8.4 
41.7 -8.7 -8.4 
42.2 410.0 -9.4 
38.6 -16.6 -13.3 
58.8 20.7 2.0 
43.2 59.3 40.0 
4U.3 7.5 33.4 
40.9 -27.0 -9.E 
44.3 "6.7 -16.9 
52.7 1o.9 2.1 
47.4 16.6 13.7 
47.1 -0.6 8.0 
47.6 -10.3 -5.5 
46.3 -8.6 -9.5 
47.8 -9.1 -8.9 
44.2 -8.4 -8.8 
43.3 -6.9 -7. 7 
43.3 -3.8 -5.4 
42.2 -3.6 -.3.7 
47.1 ! 
38.5 ! 
42.3 I 



# .  
t .  

{+ 

4* 
#. 

# .  
t i : .  

# .  
# .  
# " 

# .  
# .  



1;j ;.; ,;.; 1 - f:, t , ! , , Z , 1, . , i 1; , , 1" - , . 5 je r 1:l: 2 & 1 (1.12 
(., F: T..;..',.; ..... - 
.,. :.... , ,..! , ,-., 1.. : E: ! ,.,. 1) rj "r{4 < t ... I , I ,  ,- ....... ,- jt't'ec.i;ed) 

I- - , :' 
.,, !.- ,,. \,. .: :: 'i cj::? 

-? .-? -,. .-, 
13.- -2 t-a to r -  : .-:$..:.,.;,.;t 

!+qK-Jr-.,-J5 :; ..; ,-: y 

~ = ~ t .  .. . . 17.2  ,,,jolt Lithium: 3.48 V o l t  
Last; .i;j(iliz update: 1(:),"12 1!:>:(:!3:(:)0 
Sta r t  a? p r i n t :  :(:!/14 19: 19: (I>& 



L i r JE  2 
,)LF 

- -- I q$.u"--- - 

-- -pz-,J3-T - -- .-. 
.- 

GMNI-FLUS Tie- 1 lne MAG/VLF Rzzk. Set- #'..,I 
VLF 70TAi FIELD DATA t uncurrec t e d )  
Data 14 KJCT 08 
n ~ e t * a t u t - :  3333 
r. nerat-iis: E;9 
Eat: 17.2 volt Lithium: 3.48 Volt 

- Last tlme update: ?0/12 10: 06: 00 
Start a f  print: 10/14 15:24:46 

-- . - - - - - - -- - - -- i . - -- - - - - -  - 

- 
P i l n e  3+(:r(j N Date 14 OCT 88 23.4 

P Q S I T I ~ N  VLF - FLD = X IN-PHASE = + QUAD = # 
-3(3 - 1 (1) 1 (1) 30 

# (:)+rj0 E . X  +. 

/ 0+25 E . X +. . # 
0+5(3 E . X . + . # 
0+75 E . X . + . # 
l+(:)O E . X -I- . # 

# 1+25 E . X  + .  
Ij-Jc:) E . X +. # 
1+75 E . X  -I- # 
2+Ot3 E . X . + # 
2+25 E . X + # 
2+5rS E . X + # 

.. # .  + 2+7S E . X 
- 31-(>(1) E . X i - .  #. 
3-1-25 E . X . + . # 
3+50 E . X -i- . * 
3+75 E . X +. # .  
4-I-OO E . X +. # 
4-t.25 E . X + .  . # 

4.4-50 E . X f .  rn # 

44-75 E . x + .  . # 

5+&5 E . X i- 44 
3 - 2 5  t! . X . +  tt . 
5+5<:) E . X . -i- # .  

5-r-75 i:. " X  4 
i* " 

&-i- <:)I:) 1:: @ x . + # .  
(~+;_15 E . X . "I- # -  

9 "f8 ;' . r -I- #. 
1 I ;:, & . f< 

#* . -1- 

'1 ' r - 8, 
-1- . . & 



DMIVI-PLUS Tie- 1 i ne M A G / V L F  F:221.::: Set- 
VLF TOTAL FIELD DATA luncut-rected j 
Date 1.4 UCT 68 
Operaturq: .T.z.Z.z 
Records :  69 
Fat: 17.2 V o l t  L i t h i ~ m :  3.48 V c l t  
Last  t ime update: 10/12 10:08:00 
Stat-t of  p r i n t :  10/14 15: 16:45 

--.-. .-. *. -_.__ "_,..- /_ - -- " . .- - - * - -- - ~ - - - 

L ine  2+00 N Date 14 OCT 88 24.8 #61 
POSITION I / P  QUAD T. FLD TILT TIME CULT S 

(]+tj(> E -32.5 3.7 98,.25 -18.0 13:21:54 59 
0+25 E -31.7 6.5 98.94 -17.6 13:23: 12 ' 49 
0+5(j E -27.5 7.9 98.85 - 15.4 $3: 24: 22POST 49 
0+75 E -24.9 7.8 101.6 -14.0 13: 25: 17 59 
1+0(] E -20.1 8.9 100.2 -1 1.3 13: 25: 54 49 
1+25 E -15.5 11.4 99.51 -8.8 13:26:37 59 
1+50 E -12.1 12.1 102.4 -6.9 13: 27: 40 49 
11-75 E -9.9 13.2 10Q.6 -5.6 13:28:29 59 
2+00 E -6.0 14-. 1 103.2 -3.4 13:29: 16 59 
2-1-25 E -3:(:) 13.9 101.6 -1.7 13:30:52 49 
2i-5t) E 7.4 13.4 105.4 4.2 13:31:59 48 
2-1-75 E -57.5 17.6 124.4 -29.9 13: 33: (j3F:OAD 49 
.Z-r-(jtj E -32. tj 22.2 1(]9.3 - 17.7 13: 3.3: 57 49 
3-1-25 E -26.9 26.0 114.4 -15.0 13:34:49 59 
.3-1-5(> E -27.3 22.3 116.5 -16.3 13: 35: 54CABL 547 
3+75 E -28.9 19.4 114.9 -1L. 1 13':3&:Sb 49 
4i-(j(j E -27.5 32.7 114.6 -15.4 13: 37: 44HYT)R 49 
4+25 E -32.3 28.1 109.9 -17.9 13: 40: 1.3CF:EC 49 
4+5(j E -31.8 28.4 11(:).B -17.6 1.3:41:54 59 
4+75 E -29.6 26.3 109.7 -1L.4 13:42:41 5 9 
s+(:)cj E -27.(j 23.8 I( j6.6 --15.1 13:45:27 49 
34-25 E -24 9 22.7 1(34.. 3 --I 4. C! 13: 4.4: 14ROAD 49 

C? 5-1-50 E -23.7 &1.5 195.0 -13.3 13:45:25 49 
54-73 E -2.3. .T 20.9 104.1 -13.1 13: 46: 10 49 
~-I-()(:J E -25 .  3 19. 6 104. 5 -13. 1 13: 47: (1)s 4 5' 
&+25 E: -.2 j, , $7 17 1 1 (1)s. 2 -1 2. 3 13: "1.';:: :491-<g&Jj '17 

#E17 --27.13 23. 5 1~33, C, -15. 5 1:;: 5(:!: 5 6 ~ 1 ~  4.7 
#a8 - . h 3  .- -. 22.4 1 14. 7 --32.3 1 3: 5 4 :  34.7- I E 587 
#89 -33 ,  5. E 9~:). 96 - :[ E. 7 1 3 :  58: 5.37-1 E 49 

DIR 4-FFiA 5-FRA RESIS PHASE 
28.4 - .  

28.1 
26.2 
35.1 -6.2 
28.2 -7.7 -7.0 
30.8 -9.3 -8.5 
28.4 -9.6 -9.5 
28.0 -7.6 -8.6 
24.9 -6.7 -7.2 
27.9 -7.4 -7.1 
24.2 -11.5 -9.5 
24.6 20.6 4.5 
27.3 50.1 35.3 
24.8 7.0 28.5 

a 

26.7 -16.3 -4.7 G 

29.0 -0..3 -8.3 
31.6 0.2 --0.1 
33.7 9 0.5 
32.1 4.0 2.4 
34. 1 0.7 2.3 
32.2 -4.0 -1.7 
33.4 -4.9 -4.5 
29. 0 -4.2 -4.6 
23. (1) -2.7 - 3 . 5  
28.7 -1.1 -1.9 
27.r::) - 1 .  - - I .  3. 
32.5 ! 
24.2 ! 
29.2 ! 



Line 2+0(::' id Date 14 GCT 88 24. 8 4+bl 
P O S I T I O N  V L F  - TOTAL FLD - = X IN-PHASE = + QUAD = # 

-.:.(:I - 1 6:) 10. 
-I-. X 

+ X . * . X +  . x + . X . X 
. X 
. Z %  . X  . x 

X 
+. X . +x . I-  x 

.+  X  . 4- X  
+. X 
-I- . X 

. - I -  K 
-I- x 

. X +  . X "I- 

* X .!- 

. Y. -I- 

:< -:- 
-1.- , . . 

. , 

# 
# .  

# 
# .  

# .  

. # . # 
# 

B .  
# .  

t t . .  
# .  

# " 
i* 

t k  . 
I!: . 



APPENDIX V 

DIAMOND DRILL LOGS 



C 0 . .--. 0 
1 .  

C 

, - 
... 

Ld 

- .  . - . -- - - -- - - . . - --- - - - L - - 

LOG OF DDH Go-u 88-1- 

- 
M.D. project Q~ATF£LL property GD>T ~ l a i r n  Go+T I 

NTS UTM Northing -Eosting Elevation 

Collclr Azimuth 2b? Collar Angle - 50 Depth 31 b- Date Started 20: /f$f Date Completed 2, 1481 

Contractor Drill 

Objective -* lfik5er,-6 g4. .Lode,- - fvt ,4"td/1 da f. -A r 4  I 0-f) 
J 

Iv\Gh<tuC * 5 5 r l t 3 c ~  --4,pp-- 

ORIENTATION TESTS 

Depth l nclination Azhnuth 
57' -52O 2 6 7 " A ~  . 

CORE SIZE 

Depth Core Siro 

CONVENTIONS U SYMBOLS 

Orientation test 
instrument 



DDH GDBf SB'[ CORE SIZE k& FROM TO LOGGED BY G. I E k K .  PAGE I 







DDH $ b e - - l  CORE SIZE !&L FROM /Bm TO 36m LOGGED BY &.LC~S(C WTE 4/8/88 PAGE 2 





- %  CORE SIZE w FROM .%.OM LOGGED BY C . L ~ K .  WTE- ._ - - DDH* TO 54.0- PAGE 3 



I 

DDH Lht3EW-Z CORE SIZE & FROM A. TO A LOGGED BY G. ~ w s c  PAGE k 1 
11 









I
!

"
"

"
"

"
'"

"
"

 



LOGGED BY G, LEASlc PAGE /n 









LOGGED BY --- PAGE & 









?i 

- 

DDH G ~ M  R0-1 CORE SIZE A FROM L, TO LOGGED BY 
WTE &d8/88 PAGE 14 





'I' - 
1 

C" 



. ~ 

I ; ,  







DDH 'h% 66-1 CORE SIZE L k  FROM k TO X 6 0  - LOGGED BY &L#sL! PAGE 20, 







LOG OF DDH G ~ M '  m-L 
. i 

/dd5O P M.D. project G o A ~ ~ L ~  Property ~~~f claim GbAl 
NTS - UTM Northing Easti n g Elevation 

Collar Azknuth 267%2 collar Angla -70° DapW ~ 5 3  Date Started Aq 5"/82 c o ~ l e t e d  17, / FB I  

Contractor f i b < Q d z - ~ i /  or-;jlifiQ Drill 
I J 

0 i-ferrw) fL Lvler -f l .  dA4e kldr;&e /- 
- I -. 

Objective I I - ,,,/l;d,,n # L~~ . . ~ n f b - k r  ... .., i i  r b t . ~ ~  

ORIEtiTATION TESTS 

Depth Inclination Aztmuth 

CORE SIZE 

Depth Cora Size 

Oriontation test 

instrument 

CONVENTIONS 6 SYMBOLS 

EDMUNDS B ASSOCIATES 
West Vancouver. B.C. 



















c & 
a L 

DDH GO*' %'-' CORE S 1 F  NQ FROM L49rr TO ' 62 LOGGED BY $LA. Lws PAGE Cf 







I 
I 

I 

! 
, 

I b 
P 

I 

I 1 i f t * * r . 4  - 

DDH ~ 7 % 4 ~ - 2  CORE SIZE &L FROM .-.&%- TO 7/6/11 LOGGED BY G.L-K PAGE 



























'7 

DDH d;nW-z CORE SIZE & FROM TO 450 m LOGGED BY c1.1 f r s C  WTE 23/10/88 PAGE 




