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SUMMARY 

A p r e l i m i n a r y f i r s t phase g e o l o g i c a l mapping program, 

completed on the Leo D fOr mineral c l a i m i n J u l y and August of 

1993, provided u s e f u l i n f o r m a t i o n r e g a r d i n g the p o s i t i o n of 

the g r a n i t i c c o n t a c t i n the e a s t e r n c l a i m area and the nature 

and frequency of f r a c t u r i n g , j o i n t i n g , k a r s t development and 

var i o u s igneous s i l l s and dykes w i t h i n the marble sequence 

which u n d e r l i e s most of the c l a i m . 

Three areas w i t h i n the northern h a l f of the c l a i m were 

i d e n t i f i e d as having p o t e n t i a l f o r quarry s i t e s . Marble u n i t s 

w i t h i n these areas are massive and e x h i b i t a c o n s i s t e n c y of 

col o u r and t e x t u r e . L i m i t e d chemical t e s t i n g of samples from 

two of these areas i n d i c a t e s few i m p u r i t i e s and ca l c i u m 

carbonate contents of 99.5%. De n s i t y of f r a c t u r i n g , j o i n t i n g , 

k a r s t development and a c i d and b a s i c s i l l s and dykes should 

not preclude the e x t r a c t i o n of l a r g e marble blocks and s l a b s . 

D e t a i l e d g e o l o g i c a l mapping, followed by diamond 

d r i l l i n g , i s recommended to b e t t e r d e f i n e the marble resource 

of the three areas. 

R e s p e c t f u l l y submitted, 

N.C. C a r t e r , Ph.D. P.Eng. 

N.C. CARTER, Ph.D., REng. 
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INTRODUCTION 

A f i r s t phase g e o l o g i c a l mapping program at a s c a l e of 

1:5000 was completed on the Leo D fOr mineral c l a i m between 

J u l y 5-9 and August 4- 11,1993. F i e l d work was undertaken by 

Paul Reynolds under the general s u p e r v i s i o n of N.C. C a r t e r . 

Program c o s t s to date are i n the order of $14,500. 

The o b j e c t i v e s of t h i s program were to a c c u r a t e l y l o c a t e 

the c o n t a c t between the marble sequences and g r a n i t i c rocks 

i n the e a s t e r n c l a i m area, to determine the nature and extent 

of f e l s i c and b a s i c s i l l s and dykes which cut the marble 

sequences and to i d e n t i f y areas of r e l a t i v e l y massive marble 

d i s p l a y i n g a c o n s i s t e n c y of co l o u r and t e x t u r e f o r second 

phase i n v e s t i g a t i o n as p o t e n t i a l quarry s i t e s . 

A number of compass t r a v e r s e s were run i n the western 

and c e n t r a l c l a i m areas; a h i p ch a i n was used for d i s t a n c e 

measurements. Mapping of the Onyx H i l l area i n the ea s t -

c e n t r a l p a r t of the c l a i m was c a r r i e d out from a flagged 

g r i d . 

R e s u l t s of previous g e o l o g i c a l programs, i n c l u d i n g 1988 

d e t a i l e d mapping i n the northwestern c l a i m area and 1991 

d r i l l i n g on Onyx H i l l , are i n t e g r a t e d with the r e s u l t s of the 

1993 program. 

N.C. CARTER, Ph.D., REng. 

CONSULTING GEOLOGIST 
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LOCATION AND ACCESS 

The Leo D'Or mineral c l a i m covers a 225 hectare area 

on northern Vancouver Islan d ( F i g u r e 1). The Legal Corner 

Post of the c l a i m , at l a t i t u d e 50 o23.8' North and lo n g i t u d e 

126°48.2' West i n NTS map-area 92L/7W, i s adjacent to the 

northeast shore of Bonanza Lake 30 km southeast of Port 

M c N e i l l (Figures 2 and 3). 

Access to the t o p o g r a p h i c a l l y lower, northwestern p a r t 

of the c l a i m i s by P r o v i n c i a l highway 19 and paved road to 

Beaver Cove and from there by F l e t c h e r Challenge Main Road 

South (Figure 2). T o t a l road d i s t a n c e from Port M c N e i l l i s 

approximately 45 km. 

Higher e l e v a t i o n s , i n the southeastern p a r t of the c l a i m 

are a c c e s s i b l e by h e l i c o p t e r . Two h e l i p a d s were co n t r u c t e d on 

Onyx H i l l and a 3.3 km t r a i l i n t o t h i s area from the end of a 

logg i n g road was flagged and surveyed i n 1991 (Figure 5). 

MINERAL PROPERTY 

The Leo D'Or mineral c l a i m c o n s i s t s of 9 mineral c l a i m 

u n i t s i n the Nanaimo Mining D i v i s i o n as shown on Fi g u r e 3. 

D e t a i l s of the c l a i m are as f o l l o w s : 

Claim Name Record Number U n i t s Date of Record 

Leo D'Or 229934 9 June 10,1985 

The mineral c l a i m i s r e g i s t e r e d i n the name of Massoud 

N.C. CARTER, Ph.D., REng. 
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Shariatmadari, p r e s i d e n t of Leo D'Or Mining Inc., and i s i n 

cu r r e n t good s t a n d i n g u n t i l June 10,2002. 

PHYSICAL SETTING 

The southwestern h a l f of the Leo D'Or c l a i m covers a 

f a i r l y steep (35°) slope extending from Bonanza Lake (270 

metres above sea l e v e l ) to an e l e v a t i o n of about 760 metres 

or 2, 500 f e e t ( F i g u r e s 3,4,5 - note that e l e v a t i o n s are i n 

Imperial u n i t s ) . The area between the road along Bonanza Lake 

and 550 metres e l e v a t i o n has been c l e a r - c u t logged and 

bedrock i s w e l l exposed throughout t h i s area. 

The northeast quarter of the c l a i m f e a t u r e s more subdued 

topography r i s i n g to a maximum e l e v a t i o n of 900 metres (3,000 

f e e t ) along the eas t e r n c l a i m boundary. Old growth f o r e s t 

cover, with l o c a l l y t h i c k underbrush, i s broken by small 

swamps and s e v e r a l creeks. 

The dominant topographic f e a t u r e on the mineral c l a i m i s 

Onyx H i l l i n the e a s t - c e n t r a l c l a i m area which i s bounded by 

+100 metre high c l i f f s ( F i g ures 4,5). 

PREVIOUS WORK 

The present mineral c l a i m was l o c a t e d i n 1985 f o l l o w i n g 

the i d e n t i f i c a t i o n of marble by Massoud Shariatmadari, 

p r e s i d e n t of Leo D'Or Mining Inc. Work s i n c e that time has 

N.C. CARTER, Ph.D., REng. 

CONSULTING GEOLOGIST 
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in c l u d e d p r o s p e c t i n g and p r e l i m i n a r y g e o l o g i c a l mapping 

(Game,1986; D e v l i n and Rychter,1987) and the c o l l e c t i o n of 

samples f o r chemical and p h y s i c a l a n a l y s e s . 

Klohn Leonoff L t d . (Broughton and Bruce,1988 - Appendix 

II I ) undertook d e t a i l e d g e o l o g i c a l mapping of a 400 x 150 

metre (6 hectare) area centred on the area of c u r r e n t 

i n v e s t i g a t i o n i n e a r l y 1988. Th i s work, completed on behalf 

of a predecessor company, White Marble Mountain C o r p o r a t i o n , 

i n c l u d e d p e t r o g r a p h i c s t u d i e s and X-Ray d i f f r a c t i o n analyses 

of 12 rock samples c o l l e c t e d d u r i n g t h i s program. A sh o r t 

access road was co n s t r u c t e d i n t o t h i s area i n e a r l y 1991. 

Leo D fOr Mining Inc. entered i n t o a an o p t i o n / j o i n t 

venture agreement with Harvard C a p i t a l C o r p o r a t i o n i n 

July,1991 f o r the purpose of c a r r y i n g out f u r t h e r 

i n v e s t i g a t i o n of the prop e r t y . Work completed by Harvard 

d u r i n g a three month p e r i o d i n c l u d e d the d r i l l i n g of e i g h t 

v e r t i c a l holes t o t a l l i n g 213.5 metres w i t h i n a 240 x 170 

metre area on Onyx H i l l i n the e a s t - c e n t r a l c l a i m area 

(F i g u r e 4). 

A l i g h t - w e i g h t Prospector 89 diamond d r i l l , s u p p l i e d by 

Hydracore D r i l l s L t d . , was tr a n s p o r t e d to a camp area at the 

south end of Onyx H i l l by h e l i c o p t e r . H e l i c o p t e r support was 

a l s o used f o r most of the d r i l l moves. 

195 metres of JKT 48-size d r i l l core (almost i d e n t i c a l 

N.C. CARTER, Ph.D., REng. 
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to BQ-size) was recovered from s i x of the holes d r i l l e d ; 

h oles 1 and 1A were l o s t i n overburden at 9.5 metre depths. 

Hole depths ranged from 9.5 to 63.1 metres. D r i l l cores are 

sto r e d i n the camp area and at the va r i o u s d r i l l s i t e s on 

Onyx H i l l ( Figure 4). D r i l l logs from the 1991 program, a 

d r i l l hole plan and s e c t i o n s and chemical analyses of two 

d r i l l core samples, are inc l u d e d as Appendix II to t h i s 

r e p o r t . 

A d d i t i o n a l 1991 work in c l u d e d s u r v e y i n g of d r i l l hole 

l o c a t i o n s and p r e l i m i n a r y s u r v e y i n g of an access road route 

to Onyx H i l l from the end of e x i s t i n g l o g g i n g roads by 

McElhanney E n g i n e e r i n g S e r v i c e s L t d . ( F i g u r e 5). 

Diamond d r i l l i n g w i t h i n the area of c u r r e n t 

i n v e s t i g a t i o n i n the northwestern c l a i m area i n c l u d e s one 

short 1992 hole near the BC Hydro powerline and and a 56.7 

metres (186 f t . ) hole completed i n l a t e J u l y of 1993. A d r i l l 

l o g of the 1993 hole i s in c l u d e d i n Appendix I I . 

I n v e s t i g a t i v e t e s t work undertaken i n the northwestern 

c l a i m area i n 1993 was d i r e c t e d to the f e a s i b i l i t y of 

e x t r a c t i n g (1.8 x 1.8 x 2.8 and 2 x 2.05 x 2.5 metres) marble 

b l o c k s u t i l i z i n g l a r g e diamond wire and tungsten-carbide 

c h a i n saws designed f o r quarry work. 

N.C. CARTER, Ph.D., REng. 

CONSULTING GEOLOGIST 
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REGIONAL GEOLOGICAL SETTING 

Vancouver I s l a n d makes up the southern p a r t of the 

Ins u l a r b e l t , the westernmost t e c t o n i c s u b d i v i s i o n of the 

Canadian C o r d i l l e r a . The southern I n s u l a r b e l t c o n s i s t s of 

Wra n g e l l i a t e r r a n e dominated by P a l e o z o i c and Mesozoic 

v o l c a n i c - p l u t o n i c complexes which are o v e r l a i n on the east 

coast of Vancouver Is l a n d by c l a s t i c sedimentary rocks of 

Cretaceous age. T e r t i a r y b a s i c v o l c a n i c rocks are p r e v a l e n t 

i n the south i s l a n d area and g r a n i t i c i n t r u s i o n s of 

eq u i v a l e n t age are widespread along the west c o a s t . 

Northern Vancouver I s l a n d , and i n p a r t i c u l a r , the Port 

M c N e i l l - Nimpkish - Bonanza Lakes area, i n c l u d e s most of the 

for e g o i n g g e o l o g i c a l elements. Much of t h i s area i s u n d e r l a i n 

by l a t e T r i a s s i c ~ e a r l y J u r a s s i c Vancouver Group v o l c a n i c s 

and sediments which are intruded by mi d - J u r a s s i c I s l a n d 

i n t r u s i o n s g r a n i t i c r o c k s . Late Cretaceous c l a s t i c sediments 

are preserved along the Isl a n d east coast i n the Suquash 

Basin between Port Hardy and Port M c N e i l l . 

Late T r i a s s i c Karmutsen Formation b a s a l t i c flows and 

p y r o c l a s t i c rocks of the Vancouver Group are the most 

widespread g e o l o g i c a l u n i t . These are o v e r l a i n by Quatsino 

Formation c a r b o n a t e - r i c h sediments, Parson Bay c l a s t i c 

sediments and by s l i g h t l y younger (Lower J u r a s s i c ) Bonanza 

v o l c a n i c s i n the Nimpkish - Bonanza Lakes area. 

N.C. CARTER, Ph.D., REng. 
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Quatsino Formation limestones are w e l l exposed i n the 

area b o r d e r i n g Bonanza Lake where they are intrud e d by an 

elongate mass of Is l a n d i n t r u s i o n s g r a n i t i c rocks east of the 

la k e . A north-northwest t r e n d i n g r e g i o n a l f a u l t extends 

through Bonanza Lake (Muller et al,1974). 

PROPERTY GEOLOGY 

General Statement 

P r i n c i p a l g e o l o g i c a l elements of the Leo D'Or mineral 

c l a i m are i l l u s t r a t e d on Fig u r e 4. The c l a i m area i s mainly 

u n d e r l a i n by Quatsino Formation carbonate sediments which 

have been mainly converted to marble e x h i b i t i n g a v a r i e t y of 

te x t u r e s and c o l o u r s . 

The presence of marble i s due mainly to the contact 

metamorphic e f f e c t s a s s o c i a t e d with an elongate, northwest 

t r e n d i n g , g r a n i t i c p l u t o n b o r d e r i n g the east s i d e of Bonanza 

Lake (Muller et al,1974). The northwest contact of t h i s 

I s l a n d i n t r u s i o n extends through the e a s t e r n part of the Leo 

D'Or c l a i m ( F i g u r e 4). 

A t h i c k quartz porphyry - a p l i t e s i l l i n the c e n t r a l 

p r o p e r t y area i s i n t e r p r e t e d to be a l a t e phase of the I s l a n d 

i n t r u s i o n s . Products of younger ( T e r t i a r y ) igneous a c t i v i t y 

i n c l u d e numerous a c i d and b a s i c s i l l s and dykes. 

N.C. CARTER, Ph.D., REng. 
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Table of Formations 

CENOZOIC TERTIARY 

Miocene(?) 
F e l s i c and Mafic ( a c i d , b a s i c ) s i l l s , dykes 

- Not i n Contact (?) -

MESOZOIC 

JURASSIC 

Middle J u r a s s i c 
I s l a n d i n t r u s i o n s - Quartz Porphyry S i l l s 

- G r a n o d i o r i t e , Quartz D i o r i t e 

- I n t r u s i v e Contact -

TRIASSIC 

Upper T r i a s s i c 
Vancouver Group 

Quatsino Formation - Marble, Limestone 
Karmutsen Formation - B a s a l t Flows 

Lithologies 

The o l d e s t rocks noted on the Leo D'Or c l a i m are 

Karmutsen Formation b a s a l t s which are po o r l y exposed i n an 

e r o s i o n a l window along the power l i n e r i ght-of-way near the 

southern c l a i m boundary (Figure 4). 

These v o l c a n i c rocks are disconformably o v e r l a i n by the 

most widespread l i t h o l o g i c u n i t s on the c l a i m , Quatsino 

Formation marbles of v a r y i n g t e x t u r e s and c o l o u r s . These are 

de s c r i b e d i n more d e t a i l i n a succeeding s e c t i o n . 

G r a n i t i c rocks of the Is l a n d i n t r u s i o n s , mainly medium-

N.C. CARTER, Ph.D., REng. 
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to c o a r s e - g r a i n e d , l i g h t grey g r a n o d i o r i t e s and l e s s e r quartz 

d i o r i t e s , i n t r u d e the marble sequence i n the east e r n c l a i m 

area. The i n t r u s i v e c o n t a c t was f a i r l y a c c u r a t e l y l o c a t e d on 

a r e g i o n a l s c a l e by Hoadley(1953) and p a r t l y mapped i n d e t a i l 

d u r i n g the 1993 program. The con t a c t extends i n a nor t h -

n o r t h w e s t e r l y d i r e c t i o n from the southeast corner of the 

c l a i m to a po i n t 450 metres north of the summit of Onyx H i l l 

where i t swings a b r u p t l y to the west-northwest (Figure 4). 

A 150 metre t h i c k , f i n e - g r a i n e d , pink a p l i t i c to quartz 

porphyry s i l l c uts the marble u n i t s at the base of Onyx H i l l . 

Quartz porphyry i s d i s t i n g u i s h e d from a p l i t e by the presence 

of 1 - 2 mm quartz phenocrysts. T h i s apparent l a t e phase of 

the I s l a n d i n t r u s i o n s extends i n a nor t h w e s t e r l y d i r e c t i o n 

from the main g r a n i t i c c o n tact f o r a d i s t a n c e of at l e a s t 800 

metres (Figure 4). 

A number of f l a t to g e n t l y d i p p i n g a p l i t e and quartz 

porphyry s i l l s , up to s e v e r a l metres wide, are exposed i n the 

c l i f f faces b o r d e r i n g Onyx H i l l ( F i gure 4). S i m i l a r s i l l s 

were a l s o encountered i n some of the holes d r i l l e d i n t h i s 

area i n 1991 (see s e c t i o n s - Appendix I I ) . A l l of the a p l i t e 

and quartz porphyry s i l l s c o n t a i n minor amounts of 

disseminated p y r i t e . 

Numerous a c i d and b a s i c s i l l s and dykes cut the marble 

u n i t s at lower e l e v a t i o n s on the c l a i m . Some of the more 

N.C. CARTER, Ph.D., REng. 
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prominent of these are shown on Fi g u r e 4 and are 

d i s t i n g u i s h e d by the l e t t e r s fA f and fB f denoting a c i d and 

b a s i c r e s p e c t i v e l y . Both v a r i e t i e s of s i l l s and dykes are 

between 0.5 and 2 metres wide; s i l l s t r e n d n o r t h w e s t e r l y and 

di p at ge n t l e angles r e f l e c t i n g the bedding of the marble 

u n i t s . Dykes g e n e r a l l y have a northeast t r e n d , normal to 

bedding and are s t e e p l y d i p p i n g to v e r t i c a l . Both a c i d and 

ba s i c v a r i e t i e s c o n t a i n between 2 and 5% disseminated p y r i t e 

and l e s s e r p y r r h o t i t e . 

The a c i d and b a s i c s i l l s and dykes are i n t e r p r e t e d as 

being part of a younger ( T e r t i a r y ) igneous event. A c i d 

v a r i e t i e s are d i s t i n g u i s h e d from the older s i l l s on and near 

Onyx H i l l by the absence of a quartz porphyry phase. Basic 

dykes and s i l l s are a n d e s i t i c to b a s a l t i c i n composition. 

Marble Sequence 

Much of the Leo D'Or mineral c l a i m i s u n d e r l a i n by a 

f i n e - to co a r s e - g r a i n e d , g e n t l y d i p p i n g marble sequence some 

s e v e r a l hundred metres i n t h i c k n e s s . Where evi d e n t , the 

sequence i s t h i c k l y bedded with an o v e r a l l northwest trend 

and g e n t l e d i p s to the east . 

Medium-grained v a r i e t i e s predominate (1 - 5 mm g r a i n 

s i z e s ) and c o l o u r s range from v a r i o u s shades of white and 

buff to l i g h t and dark grey. Some attempt has been made to 

d i f f e r e n t i a t e between white and grey marble on F i g u r e 4 - the 

N.C. CARTER, Ph.D., REng. 
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l e t t e r fG f denotes a 15 - 80% grey component i n s u r f a c e 

exposures (see Appendix I f o r d e t a i l e d d e s c r i p t i o n s or 

exposures). V a r i a t i o n s i n c o l o u r are more apparent v e r t i c a l l y 

r a t h e r than along s t r i k e where c o l o u r c o n s i s t e n c y was noted 

over d i s t a n c e s of tens to hundreds of metres. T h i s i s a 

r e f l e c t i o n of the f l a t - l y i n g nature of much of the marble 

sequence. 

Regardless of the inherent c o l o u r , a l l n a t u r a l exposures 

w i t h i n the p r e v i o u s l y logged, lower areas of the p r o p e r t y are 

weathered to a uniform dark grey c o l o u r with some near-

s u r f a c e i r o n - s t a i n i n g commonly present. 

Various shades of white marble predominate i n the 

northwestern part of the c l a i m . Colour banding i s l o c a l l y 

e vident i n t h i s area with 0.5 - 3 metre wide a l t e r n a t i n g 

bands of l i g h t and dark grey marble. F a i n t l y banded, l i g h t to 

medium grey marble, g r a d a t i o n a l to creamy white to buff 

v a r i e t i e s , was encountered d u r i n g 1991 d r i l l i n g on Onyx H i l l . 

Frequency or d e n s i t y of f r a c t u r i n g and j o i n t i n g v a r i e s 

throughout the marble sequence. C l o s e l y spaced f r a c t u r e s and 

j o i n t s (0.3 - 0.5 metre apart) are evident along the main 

road i n the western c l a i m area proximal to the r e g i o n a l f a u l t 

through Bonanza Lake and a l s o marginal to the l a r g e quartz 

porphyry s i l l i n the southern part of the c l a i m . G e n e r a l l y , 

the northern h a l f of the c l a i m i n c l u d e s mainly massive marble 

N.C. CARTER, Ph.D., REng. 

CONSULTING GEOLOGIST 



13 

u n i t s i n which j o i n t s and f r a c t u r e s are widely spaced or 

s e v e r a l metres apart (Figure 4). Most j o i n t s and f r a c t u r e s 

trend northeast and northwest and are v e r t i c a l to s t e e p l y 

d i p p i n g . A f l a t j o i n t s e t was a l s o noted. 

Karst f e a t u r e s are widespread. Two caves have been 

i d e n t i f i e d along the road south of the c l a i m Legal Corner 

Post ( F i g u r e 4) and c r e v i c e k a r s t i s l o c a l l y w e l l developed 

along j o i n t and f r a c t u r e planes. Most drainages on the west-

f a c i n g s l o p e above Bonanza Lake are di s c o n t i n u o u s and 

disappear i n t o s i n k h o l e s . 

Based on work to date, three areas w i t h i n the c l a i m have 

been i d e n t i f i e d as having p o t e n t i a l f o r quarry s i t e s ( F i g u r e 

5 - areas A,B,C). The marble u n i t s w i t h i n these areas are 

r e l a t i v e l y massive and e x h i b i t a u n i f o r m i t y or c o n s i s t e n c y of 

col o u r and t e x t u r e over a p p r e c i a b l e areas. Some d e t a i l e d work 

has been completed i n two of the three areas and d e t a i l s are 

as f o l l o w s . 

Area A 

S l i g h t l y l e s s than h a l f of t h i s area, which i n c l u d e s the 

1993 t e s t area ( F i g u r e 5), was mapped i n some d e t a i l by Klohn 

Leonoff s e v e r a l years ago (Broughton and Bruce,1988 -

Appendix I I I ) . The f o l l o w i n g comments are based l a r g e l y on 

t h i s work. 

As noted p r e v i o u s l y , s u r f a c e exposures w i t h i n t h i s area 

N.C. CARTER, Ph.D., REng. 
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are weathered to some degree with some l i g h t orange i r o n -

s t a i n i n g evident l o c a l l y . The marble v a r i e s from creamy white 

to v a r i o u s shades of grey with some a l t e r n a t i n g white to 

l i g h t grey banding noted i n the southern p a r t of the area. 

Most of the marble i s medium-grained with some f i n e r g r a i n e d , 

f r i a b l e , dark grey u n i t s present. 

Northeast and northwest-trending, s t e e p l y d i p p i n g j o i n t s 

and f r a c t u r e s are spaced s e v e r a l cm to 10 metres a p a r t . 

C r e v i c e k a r s t i s present throughout the area mapped with 

c r e v i c e s up to 1 - 3 metres wide and 3 - 5 metres deep. Two 

caves along the road (Figure 4) have lengths of at l e a s t 8 

and 25 metres. 

1988 work i d e n t i f i e d a 160 x 100 metre area of massive, 

medium-grained, l i g h t grey to white marble. This i s the area 

c u r r e n t l y undergoing i n v e s t i g a t i o n to determine the 

f e a s i b i l i t y of e x t r a c t i n g marble s l a b s and b l o c k s . 

P e t r o g r a p h i c s t u d i e s and X-Ray d i f f r a c t i o n analyses of 

11 marble samples from t h i s area i n d i c a t e c a l c i u m carbonate 

contents of 99.5% with only minor t r a c e s of quartz, c h l o r i t e 

or muscovite present. P h y s i c a l t e s t i n g of two samples showed 

compressive s t r e n g t h s of 14,900 and 15,800 PSI. 

A 1993 d r i l l hole i n t e r s e c t e d a l t e r n a t i n g white to 

medium to dark grey, medium-grained, f a i r l y massive marble 

cut by minor a c i d dykes or s i l l s and one 2 metre core length 

N.C. CARTER, Ph.D., REng. 
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of b a s i c i n t r u s i v e (see Appendix II f o r d r i l l l o g ) . 

Area B 

Thi s area, which i n c l u d e s Onyx H i l l ( F igure 5), was 

p a r t i a l l y t e s t e d by a reconnaissance s h o r t hole d r i l l i n g 

program i n 1991. The f o l l o w i n g comments are from a r e p o r t 

(Carter,1992) prepared a f t e r completion of t h i s program. 

D r i l l logs are contained i n Appendix I I . 

Core was recovered from s i x v e r t i c a l holes w i t h i n a 250 

x 150 metre area and over a v e r t i c a l range of 100 metres 

(F i g u r e 4). Medium-grained, f a i n t l y banded, l i g h t to medium 

grey marble was the dominant rock type encountered d u r i n g the 

d r i l l i n g program. T h i s u n i t has g r a d a t i o n a l c o n t a c t s with a 

creamy white to b u f f , medium-grained v a r i e t y which commonly 

co n t a i n s s c a t t e r e d 0.5 - 1 cm c a l c i t e c r y s t a l s . D r i l l hole 

lengths of the two p r i n c i p a l v a r i e t i e s of marble range from 1 

to 10 metres which should be very c l o s e to true t h i c k n e s s e s 

c o n s i d e r i n g the g e n e r a l l y f l a t - l y i n g nature of the sequence. 

Hole 4 i n t e r s e c t e d a unique coarse g r a i n e d , l i g h t grey 

marble c o n s i s t i n g of 1 -2 cm c a l c i t e c r y s t a l s . A 4 metre 

s e c t i o n at the beginning of t h i s hole contained the 10 - 15 

cm epidote-garnet skarn bands as d i d a 15 cm s e c t i o n i n hole 

7. These are the only occurrences of skarn seen to date on 

the pr o p e r t y , a f e a t u r e i n d i c a t i v e of very few i m p u r i t i e s i n 

the o r i g i n a l limestone. 

N.C. CARTER, Ph.D., REng. 
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The marble sequence i s cut by a number of quartz 

porphyry and b a s i c s i l l s . D r i l l i n g provided some i n f o r m a t i o n 

on the l o c a t i o n and nature of these (see s e c t i o n s - F i g u r e 4), 

some of which are at l e a s t 10 metres t h i c k . 

The frequency of f r a c t u r i n g and j o i n t i n g seen i n d r i l l 

cores appears to be w i t h i n acceptable l i m i t s f o r the 

e x t r a c t i o n of b l o c k s . Two chemical analyses of s e l e c t e d core 

samples of marble i n d i c a t e d few i m p u r i t i e s and c a l c i u m 

carbonate contents of 99.14 and 99.51% (Appendix I I ) . 

Area C 

The few exposures of massive marble i n t h i s l a r g e l y 

overburden-covered area (Figure 5) in c l u d e a medium-grained, 

white v a r i e t y near the southwest corner and a l t e r n a t i n g white 

to medium grey , medium-grained marble i n the northern part 

of the area. 

CONCLUSIONS AND RECOMMENDATIONS 

The f i r s t phase 1993 g e o l o g i c a l program on the Leo D fOr 

mineral c l a i m has i d e n t i f i e d the northern h a l f of the 

pro p e r t y as having the best p o t e n t i a l f o r a d d i t i o n a l quarry 

s i t e s . 

Three areas have been s e l e c t e d f o r continued and/or 

a d d i t i o n a l i n v e s t i g a t i o n . Marble u n i t s w i t h i n these areas are 

f a i r l y massive and d i s p l a y a u n i f o r m i t y of c o l o u r s and 

N.C. CARTER, Ph.D., REng. 
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t e x t u r e s throughout s i g n i f i c a n t areas. The d e n s i t y of 

f r a c t u r i n g , j o i n t i n g , k a r s t development and younger igneous 

dykes and s i l l s i n the three areas should a l l o w f o r the 

e x t r a c t i o n of l a r g e marble blocks and s l a b s . L i m i t e d chemical 

t e s t i n g of marble samples to date i n d i c a t e s few i m p u r i t i e s 

and c a l c i u m carbonate contents of 99.5%. Two p h y s i c a l t e s t s 

y i e l d e d s t r e n g t h t e s t s exceeding ASTM standards. 

A d d i t i o n a l g e o l o g i c a l work i s recommended f o r the three 

areas. 1993 t e s t work i n a r e l a t i v e l y r e s t r i c t e d area w i t h i n 

area A has demonstrated the f e a s i b i l i t y of e x t r a c t i n g l a r g e 

marble b l o c k s . P r e c i s e l i m i t s of t h i s area r e q u i r e d e f i n i t i o n 

by way of d e t a i l e d g e o l o g i c a l mapping and c l o s e l y spaced 

diamond d r i l l h o l e s . D e t a i l e d g e o l o g i c a l mapping should be 

undertaken w i t h i n area B on Onyx H i l l to d e f i n e the v a r i o u s 

marble u n i t s and to p r e c i s e l y l o c a t e the quartz porphyry 

s i l l s p r i o r to a d d i t i o n a l d r i l l i n g . Area C r e q u i r e s d e t a i l e d 

i n v e s t i g a t i o n of bedrock exposures p r i o r to d r i l l t e s t i n g . 

I t i s recommended that bedrock and core samples be 

c o l l e c t e d d u r i n g the course of the recommended programs for 

chemical and p h y s i c a l t e s t i n g . 

N.C. CARTER, Ph.D., REng. 
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LEODOR.XLS 

STATION LITHOLOGY COLOUR GRAM JONTNG BEOOiMG STRIKE/DIP COMMENTS 

SIZE I 

1 MARBLE WHITE MEDIUM MASSIVE 

2 MARBLE WHITE MEDIUM MASSIVE 

3 MARBLE WHITE MEDIUM MASSIVE 

4 MARBLE WHITE MEDIUM 1 pt 4m. 
5 MARBLE 20% GREY MEDIUM 1 p*f 2 4m. 

6 APLITE DYKE j 105/70N TRACE SULPHOES 

7 MARBLE 15% GREY MEDIUM MASSIVE KARST HOLES TO 40cm. WDE 

8 MARBLE 80% GREY jMEDIUM MASSIVE 080/1 OS 

9 MARBLE WHITE MEDIUM MASSIVE 

10 MARBLE 80% GREY MEDIUM MASSIVE 

11 MARBLE WHITE MEDIUM 020/75E MNOR F« S T A N 

12 APLITE DYKE 040/70W RUSTY POO 

13 MARBLE WHITE j MEDIUM MNOR IF« S T A N ALONG FRACTURES 

14 MARBLE 15% GREY MEDIUM FEW 

15 MARBLE 15% GREY | MEDIUM MASSIVE ! 
16 MARBLE 15% GREY MEDIUM MASSIVE 350/ 15W i 
17 APLITE SILL ; 340/15E !o.5m. THICK 
18 MARBLE WHITE MEDIUM MASSIVE | 19 MARBLE WHITE ! MEDIUM MASSIVE 

20 MARBLE WHITE ! MEDIUM MASSIVE i 

21 APLITE SILL ! 
22 MARBLE WHITE MEDIUM HIGHLY 

23 BASIC DYKE BROWN I 065/90 

24 MARBLE WHITE :MEOIUM HIGHLY 

25 MARBLE WHITE MEDIUM HIGHLY 

26 MARBLE WHITE MEDIUM HIGHLY 

27 MARBLE WHITE .MEDIUM HIGHLY 

28 MARBLE WHITE MEOIUM HIGHLY 

29 MARBLE WHITE MEDIUM HIGHLY i 
30 BASALT DK. GREEN .'SLIGHTLY MAGNETIC 

31 BASALT DK. GREEN I 

32 OB 
33 MARBLE 80% GREY MEDIUM MASSIVE 
34 MARBLE 15% GREY MEDIUM MASSIVE 

35 MARBLE WHITE MEDIUM MASSIVE FEW KARST HOLES 

36 MARBLE _ ^ WHITE MEDIUM 170/70E JONTS EVERY 1 3m 

37 MARBLE WHITE MEDIUM 1 par 3 5m. 

38 MARBLE WHITE MEDIUM MASSIVE ! 

39 MARBLE WHITE MEDIUM 080/75N 

40 MARBLE WHITE MEDIUM 110/70S 

41 MARBLE WHITE MEDIUM 200/75E J O N T S EVERY 0 5 1m. 

42 AND. DYKE DK. GREEN 060/80S 12m WOE Tr 2% Po. 

43 MARBLE WHITE ; MEDIUM MNOR j 

44 MARBLE 40% GREY MEDIUM MASSIVE ! 

45 MARBLE 50% GREY (MEDIUM 110/80S .MNOR JON T U G 
46 MAR8LE 50% GREY MEDIUM 110/80S MNOR J O N T N G 

47 MARBLE 15% GREY MEDIUM MASSIVE 
48 MARBLE 15% GREY MEDIUM 1 par 1 2m. | 
49 MARBLE WHITE MEDIUM HIGHLY MNOR COARSE Cc N FRAC S 

50 MARBLE 15% GREY MEDIUM HIGHLY ! 
51 MARBLE 15% GREY j MEDIUM MASSIVE i 
52 MARBLE 80% GREY MEDIUM MASSIVE 0 2 0 3 5 W ! 
53 MARBLE WHITE MEDIUM HIGHLY 
54 MARBLE WHITE MEDIUM 1 pw 1 5m. j 
55 ! 
56 MARBLE WHITE MEOIUM MASSIVE 
57 ! , , 
58 MARBLE 80% GREY MEDIUM MNOR 
59 MARBLE 50% GREY MEDIUM MASSIVE 
60 MARBLE 15% GREY MEDIUM MASSIVE ! i 
61 MARBLE WHITE MEDIUM MASSIVE 
62 MARBLE WHITE MEDIUM MASSIVE i 
63 MARBLE WHITE MEDIUM MASSIVE 
64 MARBLE WHITE MEDIUM MASSIVE ' ' BROWN Fm S T A N N G 
65 i 
66 Q E P ! ' UP TO 2mm QTZ EYES 
67 GRANOOIORITE [ 
68 j | CENTERLNC OF PROP ROAD 
69 I ! | ! STN 2 * 790 
70 ; 

71 ! ' " 
j j t 

72 MARBLE WHITE MEDIUM HIGHLY 
73 MARBLE WHITE MEDIUM HIGHLY | i ' ' 
74 GRANOOIORITE i i 

j 1 ; 
75 MARBLE WHITE TO BUFF j COARSE MASSfVE ! ! MNOR ORANGE (FE> STAN 
76 MARBLE WHITE TO BUFF j COARSE MASSIVE MNOR ORANGE (FE) STAN 
77 MARBLE MOTTLED WHITE TO GREY j MEDIUM MASSIVE ; MNOR ORANGE (FE> S T A N 
78 MARBLE WHITE 'COARSE MASSIVE j I 

'MNOR ORANGE (FE) STAN 
79 MARBLE MOTTLED WHITE TO GREY ! MEDIUM MASSIVE i ! HIGHLY S TAWED 
80 MARBLE BANDED WHITE A GREY COARSE MASSIVE M N O R ORANGE (FE) STAN 
81 MARBLE WHITE COARSE MASSIVE 
82 MARBLE WHITE TO BUFF COARSE MASSIVE 1 t 

83 MARBLE 30 40% GREY MEDIUM 110/85S ' JOWTS EVERY 1M 
84 MARBLE 20% GREY j MEDIUM HIGHLY M N O R ORANGE (FE) STAN 
85 MARBLE 20% GREY MEDIUM MASSIVE i M N O R ORANGE (FE) S T A N 
86 MARBLE 20% GREY ' M E D I U M MASSIVE ! . M N O R ORANGE (FE) STAN 
87 MARBLE 80% GREY MEDIUM MASSIVE i 1 TRACE ORANGE (FE) STAN 
88 MARBLE 20% GREY i MEDIUM MASSIVE MNOR ORANGE (FE) S T A N 
89 i MARBLE 70% GREY j 'f ME TO M E D A J M MASSIVE i ! 

Pag. 1 
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P r i l l Hole X 

0 - 9 . 4 metres - Overburden (hole l o s t ) 

0.- 9.1 metres - Overburden (hole l o s t ) 

D r i l l Hole 2 
0 - 3 metres - Overburden 
3 - 7.9 m - F r a c t u r e d , creamy white to buff marble 
7.9 - 9.4 m - F r a c t u r e d , broken, pink quartz porphyry 

s i l l 

End of Hole 

D r i l l Hole 3 

0 - 3 metres - Overburden 

3 - 7.6 m - f r a c t u r e d , creamy white to buff marble; 
one f r a c t u r e per 1 - 15 cm 

7.6-16.8 m - a l t e r n a t i n g creamy white - buff and 
l i g h t grey marble; samples M,0 from t h i s 
s e c t i o n 

End of Hole 
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0 - 4 metres - coarse grained l i g h t grey marble 
c o n s i s t i n g of 1 - 2 cm i n t e r l o c k i n g 
c a l c i t e c r y s t a l s ; 10-15 cm bands of 
ep i d o t e - g a r n e t - K - f e l d s p a r skarn 

4 - 4.3 m - Coarse grained creamy white marble 
4.3 - 7.3 m - Coarse grained l i g h t grey marble 
7.3 - 14.3 m - A l t e r n a t i n g l i g h t grey to creamy white 

coarse grained marble 
14.3 - 15.5 m - L i g h t grey coarse grained marble 
15.5 - 16.5 m - A l t e r n a t i n g l i g h t grey to creamy white 

coarse grained marble 
16.5 - 22.9 m - A l t e r n a t i n g l i g h t grey to creamy white 

medium to coarse grained marble; minor 
skarn @ 22.9 m; few f r a c t u r e s 

22.9 - 28.0 m - L i g h t grey medium grained marble 

End of Hole 

D r i l l Hole 5 

0 - 1 . 5 metres - Overburden 

1.5 - 2.7 m - L i g h t grey medium grained marble; 
massive; g r a d a t i o n a l lower c o n t a c t 

2.7 - 4.9 m - Creamy white medium to coarse g r a i n e d 
m a r b l e ; i r o n s t a i n e d f r a c t u r e s , 1 per 0.3 m 

4.9 - 5.5 m - L i g h t grey medium grained marble 
5.5 - 13.4 m - As p r e v i o u s , medium to coarse g r a i n e d , 

massive 
13.4- 15.5 m - L i g h t grey, medium grain e d , one f r a c t u r e 
15.5 - 16.5 m - L i g h t grey to creamy white medium to 

coarse grained marble; f a i n t banding @ 60° 
to core a x i s 

16.5 - 22.9 m - Banded, dark grey marble s e c t i o n s with 
p y r i t e @ 20.4 m; some s e c t i o n s 
g r a d a t i o n a l to 0.3 m bands of creamy 
white m a t e r i a l @ 22.6 m, then massive to 
end of s e c t i o n . 

22.9 - 24.7 m - Creamy white, coarse grained marble, 
24.7 - 33.2 m - B a s a l t s i l l or dyke, contact @ 70°to core 

a x i s ; weakly magnetic 
33.2 - 63.1 m - Creamy white medium to coarse grained 

marble; massive 

End of Hole 
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D r i l l Hole 6 

0 - 2 . 1 metres - Overburden 

2.1 

5.5 

6.7 

5.5 m 

6.7 m 

9.8 m 

9.8 - 14.3 m-

14.3 -15.2 m-

15.2 -17.5 m 
17.5 -21.3 m 

21.3 -24.4 m 
24.4 -30.8 m 

30.8 -35.1 m -

35.1 -39.5 m 
39.5 -41.1 m 

Buff to creamy white marble, medium-
gr a i n e d , some 1 cm c a l c i t e c r y s t a l s 
L i g h t grey, medium grained marble; no 
f r a c t u r i n g to t h i s p o i n t 
As previous but with s c a t t e r e d 1 cm 
c a l c i t e c r y s t a l s ; 2 f r a c t u r e s 0.6 m 
apart 
L i g h t grey, medium grained marble; 2 
f r a c t u r e s 1.8 m apart 
L i g h t grey to creamy white marble with 
o c c a s i o n a l 1 cm c a l c i t e c r y s t a l s 
As previous 
A l t e r n a t i n g uniform medium grained l i g h t 
grey to v a r i e t y with 1 cm c a l c i t e 
c r y s t a l s 
L i g h t grey, medium grained, massive 
Buff to creamy white marble, medium 
grained with o c c a s i o n a l 1 cm c a l c i t e 
c r y s t a l s , some grada t i o n s to grey 
v a r i e t y ; one f r a c t u r e @ 35° 
As p r e v i o u s ; broken 31.7-33.2 m; grades 
to f i n e g r a i n e d bu f f v a r i e t y ; i r o n 
s t a i n i n g on f r a c t u r e s 
L i g h t grey, medium grained, massive 
Quartz Porphyry - a p l i t e ; sharp upper 
co n t a c t @ 45° to core axis 

End of Hole 

P r m HQU 7 

- 0, 
9 -

9 metres 
4.3 m -

4. 
9. 
11 
15 
15 
18 

- 9 . 3 m -

- Overburden 
Buff to creamy white medium to coarse 
gr a i n e d marble 
Quartz Porphyry s i l l - contacts @ 60° 
Buff to creamy white marble - mg to eg 
As Previous 
Skarn - e p i d o t e , pink carbonate 
L i g h t grey, medium gained marble 
A l t e r n a t i n g creamy white, mg to eg to 
banded l i g h t grey marble 

20.4 -36.6 m - Quartz Porphyry s i l l 

3 
2 
4 
0 

11 
-15 
-15 
-18 
•20 

3 
2 
4 
0 
4 

m 
m 
m 
m 
m 

End of Hole 
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* ^ | ^ KLOHM LEONOFF 
^ ^ ^ J ^ S CONSULTING ENGINEERS 

Our F i l e : PB 3942 0101 A p r i l 8, 1988 

White Marble Mountain Corporation 
220 - 7525 King George Highway 
Surrey, B r i t i s h Columbia 
V3W 5A8 

Mr. J.D. Stewart 

Summary o f F i e l d Work and P r e l i m i n a r y 
E v a l u a t i o n - Bonanza Lake Marble P r o p e r t y 

Dear S i r : 
T h i s l e t t e r summarizes the r e s u l t s o f f i e l d work r e c e n t l y c a r r i e d out at 
the Leo D'or marble c l a i m on the e a s t shore o f Bonanza Lake and p r o v i d e s 
a p r e l i m i n a r y t e c h n i c a l e v a l u a t i o n o f the s u i t a b i l i t y of the s i t e f o r 
development o f a p o t e n t i a l marble q u a r r y . As agreed, we have made no 
assessment o f the economic v i a b i l i t y o f the property with r e s p e c t to 
development c o s t s or market v a l u e o f the product. The f i e l d work, 
undertaken d u r i n g the week o f March 21, 1988 to March 25, 1988, 
c o n s t i t u t e s the f i r s t phase of a t e c h n i c a l e v a l u a t i o n f o r the quarry, as 
o u t l i n e d i n our proposal dated January 8, 1988. 

The Leo D'or marble c l a i m i s l o c a t e d approximately 30 km southeast o f 
Port M c N e i l l on northern Vancouver I s l a n d . The p r o p e r t y i s l o c a t e d at 
the n o r t h e a s t end o f Bonanza Lake on a t r e e covered slope which r i s e s 
from the l a k e shore, up to the e a s t at an average slope o f 1.7H:1V 
(30°). The c l a i m covers an area o f approximately 225 h e c t a r e s 
(555 a c r e s ) . Access to the c l a i m frc>m the Island Highway i s v i a a 
p u b l i c road t o Beaver Cove f o l l o w e d by a Crown Forest I n d u s t r i e s 7 

p r i v a t e l o g g i n g road to the s i t e . The general l o c a t i o n and the c l a i m 
boundary i s shown on Drawing B-1001. 

1. LOCATION 
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FIELD WORK 
The f i e l d work c o n s i s t e d of d e t a i l e d g e o l o g i c mapping and sampling. 
T r a v e r s e l i n e s were run approximately east from the edge o f the e x i s t i n g 
Crown F o r e s t l o g g i n g road using compass and t o p o f i l c h a i n s . The 
t r a v e r s e l i n e s were spaced approximately 50 m a p a r t as measured along 
the Crown F o r e s t road. Mapping s t a t i o n s were l o c a t e d along each 
t r a v e r s e l i n e at outcro p s . Rock c h i p samples were taken at a l l s t a t i o n s 
and taken back to our Richmond l a b o r a t o r y f o r d e t a i l e d c o l o u r e v a l u a t i o n 
and f u r t h e r l a b o r a t o r y t e s t i n g . A d e s c r i p t i v e note was made between 
s t a t i o n s when s i g n i f i c a n t change i n rock c o l o u r o r rock type were 
n o t i c e d . 

A base map was prepared using the e a s t e r n edge o f the Crown F o r e s t road 
as a base l i n e . The road alignment and road width were surveyed using a 
Brunton compass and t o p o f i l chain l i n e . A B.C. Hydro power l i n e which 
runs approximately p a r a l l e l t o , and between 80 m t o 110 m east o f the 
road, was l o c a t e d on the base map by t r i a n g u l a t i o n . 

The road alignment, power l i n e and s t a t i o n l o c a t i o n s are shown on 
Drawing D-1002. F i e l d d e s c r i p t i o n s o f the rock observed at each s t a t i o n 
are i n c l u d e d on Drawing D-1002. 

I n i t i a l l y , the g e o l o g i c mapping was intended to c o v e r the e n t i r e c l a i m 
area shown on Drawing B-1001. However, snow prevented e x p l o r a t i o n o f 
the h i g h e r e a s t e r n p a r t s of the p r o p e r t y . F o l l o w i n g d i s c u s s i o n s with 
Mr. Jim Stewart a t the s i t e , the area! extent o f the f i e l d mapping was 
reduced to the area shown on Drawing D-1002. 
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GENERAL GEOLOGY 
The c l a i m area i s u n d e r l a i n f o r the most part by e i t h e r Upper T r i a s s i c 
age limestones o f the Quatsino Formation or J u r a s s i c age g r a n o d i o r i t e s 
o f the I s l a n d I n t r u s i o n s , Discontinuous dykes or s i l l s o f b a s a l t o f 
unknown age were f r e q u e n t l y observed i n t r u d i n g the l i m e s t o n e . 

The limestones have been metamorphosed by the i n t r u s i o n s o f the 
g r a n o d i o r i t e and r e c r y s t a l l i z e d to a marble. 

COLOUR AND GRAIN SIZE VARIATIONS 
The marble v a r i e s i n c o l o u r from a very l i g h t grey t o a dark grey or 
almost b l a c k . In some areas the c o l o u r v a r i e s g r a d a t i o n a l l y and appear 
t o be mottled grey and white whereas at other s i t e s , d i s t i n c t bands o f 
c o l o u r v a r y i n g from s e v e r a l c e n t i m e t r e s to s e v e r a l metres i n width were 
observed. The bands vary i n c o l o u r from very l i g h t grey t o b l a c k . The 
c o n t a c t s between c o l o u r bands vary from very sharp to g r a d a t i o n a l . 
The o r i e n t a t i o n s o f the c o l o u r bands vary from h o r i z o n t a l to near 
v e r t i c a l . 

The g r a i n s i z e o f the marble v a r i e s from f i n e to c o a r s e g r a i n e d . The 
m a j o r i t y o f the marble (approximately 75%) i s medium g r a i n e d . The very 
dark grey marble was predominantly f i n e g r a i n e d , w h i l e most o f the 
c o a r s e g r a i n e d t e x t u r e observed was contained i n the very l i g h t grey 
marble. 

WEATHERING 
A l l o f the g e o l o g i c a l mapping, with the e x c e p t i o n o f the i n t e r i o r 
mapping o f two caves, was done on s u r f a c e exposures o f marble. No 
d r i l l i n g was undertaken at t h i s time. Consequently, most o f the rocks 
observed were weathered to some degree. 
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Most o f the rock samples observed had a l i g h t brown to very l i g h t orange 
s t a i n superimposed on t h e i r base c o l o u r s . The s t a i n i n g i s caused by 
o x i d a t i o n o f the i r o n i m p u r i t i e s i n the marble. The degree o f 
weathering and the r e s u l t i n g c o l o u r v a r i e s with the percentage o f i r o n 
p r e s e n t . Brown s t a i n i n g along micro c r a c k s and around g r a i n boundaries 
was observed i n some o f the h i g h l y weathered, n e a r - s u r f a c e r o c k s . Some 
samples showed no s i g n s o f i r o n s t a i n i n g at a l l . 

Most o f the i r o n i m p u r i t i e s are pr e s e n t as d i s c r e t e i r o n p a r t i c l e s 
shaped l i k e rods 0.5 mm i n diameter and 3 to 4 mm lo n g , or sand s i z e 
p a r t i c l e s up to 1 mm i n diameter. The p a r t i c l e s , which o x i d i z e to a 
r u s t y brown, were observed at s e v e r a l l o c a t i o n s i n a l l c o l o u r s o f 
marble. A v i s u a l e s t i m a t i o n o f the percentage o f i r o n was made i n the 
f i e l d and from a review o f the c h i p samples taken back to our Richmond 
l a b o r a t o r y . The percentage o f i r o n i s estimated to vary from 0% to 4%. 

The massive marble f o r the most p a r t i s hard and r e s i s t s weathering. 
However, some b l o c k s o f coarse g r a i n e d very l i g h t grey marble and 
s e v e r a l bands o f the very f i n e g r a i n e d dark grey marble were observed t o 
be f r i a b l e and l e s s competent than the m a j o r i t y o f the rock. 

A s t r o n g s u l p h u r odor can be d e t e c t e d i n some o f the rocks when they are 
broken open by hammer blows. The sulphur smell was o n l y observed 
o c c a s i o n a l l y . 

KARST 
The marble rocks observed at Bonanza Lake are predominantly c a l c i u m 
carbonate and as such are s u s c e p t i b l e t o the formation o f k a r s t which 
forms as a r e s u l t o f c i r c u l a t i n g groundwater d i s s o l v i n g the c a l c i u m 
carbonate m a t e r i a l . The k a r s t u s u a l l y forms along p r e - e x i s t i n g g e o l o g i c 
d i s c o n t i n u i t i e s which c o n c e n t r a t e and c o n t r o l the flow o f groundwater. 
D e s c r i p t i o n s o f the k a r s t f e a t u r e s observed w i t h i n the c l a i m area are 
g i v e n below. 
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C r e v i c e k a r s t i s present throughout the c l a i m a r e a . The c r e v i c e s , which 
f o l l o w j o i n t s o r f a u l t s , may be up to 1 to 3 m wide and 3 to 15 m deep. 
G e n e r a l l y the c r e v i c e s extend l a t e r a l l y f o r up t o 15 m. 

Caves were observed at two l o c a t i o n s along the e x i s t i n g Crown F o r e s t 
road. The caves were explored f o r a d i s t a n c e o f 8 m and 25 m 
r e s p e c t i v e l y and the cave o u t l i n e s are shown on Drawing D-1002. Both 
caves c o u l d not be explored to t h e i r source due to narrowing of the 
passages but are assumed to end e i t h e r at s i n k h o l e s or c r e v i c e s . The 
l a r g e r o f the two caves explored ends very c l o s e t o the l o c a t i o n o f a 
wide deep c r e v i c e mapped on the s u r f a c e . Both caves were dry at the 
time o f e x p l o r a t i o n . 

S p r i n g s were observed at several spots w i t h i n the mapped area. One 
major s p r i n g flowed from rubble at an e s t i m a t e d r a t e o f 20 to 30 gpm. 
The l o c a t i o n i s shown on Drawing D-1002. Other s p r i n g s , which were 
l i t t l e more than t r i c k l e s , appeared to be f l o w i n g along and e x i t i n g from 
j o i n t s i n o t h e r w i s e massive bloc k s . 

STRUCTURES 
Bedding i n the marble has a r e g i o n a l d i p o f approximately 20°. The 
s t r i k e v a r i e s c o n s i d e r a b l y . L o c a l l y , the beds are f o l d e d i n t o t i g h t 
s y n c l i n e s o r a n t i c l i n e s , the limbs o f which d i p l o c a l l y as s t e e p l y as 
40° to 60°. The f o l d axes vary i n plunge from 0° up to 65*. 

A major f a u l t has been mapped by M u l l e r e t a l . (1974) running 
north-south through Bonanza Lake. Minor f a u l t s , probably sympathetic t o 
the Bonanza Lake F a u l t , were observed running east-west at s e v e r a l 
outcrops a l o n g the road. Movements on the small f a u l t s , q u a n t i f i e d by 
o f f s e t s i n the marble banding, vary from 3 t o g r e a t e r than 1 m. The 
f a u l t s are g e n e r a l l y s t e e p l y dipping* t o both the north and south. 
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F a u l t i n g and f o l d i n g were observed f r e q u e n t l y i n the northern t h i r d o f 
the mapped area and were i n f r e q u e n t l y observed i n the south. 

J o i n t s i n the area are g e n e r a l l y s t e e p l y d i p p i n g . The s t r i k e o f j o i n t s 
v a r i e s from p a r a l l e l and p e r p e n d i c u l a r to the s l o p e ( p a r a l l e l and 
p e r p e n d i c u l a r to the main f a u l t i n Bonanza Lake) to 30 # to 60° from 
s l o p e d i r e c t i o n s . J o i n t spacing v a r i e s from s e v e r a l c e n t i m e t e r s to as 
much as 10 m. C l o s e l y spaced j o i n t s form blocky outcrops w h i l e w i d e l y 
spaced j o i n t s form massive o u t c r o p s . Massive or b l o c k y outcrops occur 
randomly w i t h i n the mapped area. 

INTRUSIVES 
The major i n t r u s i v e which i s b e l i e v e d r e s p o n s i b l e f o r the m a r b l i z a t i o n 
o f the Quatsino limestone was observed at approximately marker 22 km, 
south o f the Leo D'or c l a i m a r e a . The rock exposed on the road i s a 
medium g r a i n e d , medium to l i g h t grey g r a n o d i o r i t e . 

Dykes o f b a s a l t rock were observed throughout the mapped area. The 
dykes vary i n t h i c k n e s s from 30 cm to several metres. The m a j o r i t y 
observed are approximately 60 cm t h i c k . The dykes vary from v e r t i c a l to 
almost f l a t l y i n g . A l l are d i s c o n t i n u o u s and c o u l d not be t r a c e d f o r 
more than 10 t o 15 m. 

LABORATORY TESTING 
Chip samples o f marble have been submitted to Geotex C o n s u l t a n t s f o r 
t h i n s e c t i o n a n a l y s i s and X-ray d i f f r a c t i o n . The r e s u l t s have not y e t 
been r e p o r t e d . 

A s i n g l e sample o f marble was d i s s o l v e d i n c o n c e n t r a t e d h y d r o c h l o r i c 
a c i d i n the Klohn Leonoff l a b o r a t o r y . Approximately 97% to 98% o f the 
sample by weight was completely d i s s o l v e d w i t h i n s e v e r a l minutes. The 
r e s i d u e was d r i e d and examined under a hand l e n s . The remaining r e s i d u e 
( 2 % to 3% by weight) c o n s i s t e d o f an u n i d e n t i f i e d white mineral and i r o n 
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p a r t i c l e s . The i r o n was estimated v i s u a l l y t o be one h a l f o f the, 
r e s i d u e by volume. A d d i t i o n a l t e s t i n g i s underway to provide a range o f 
i r o n c o n t e n t and i d e n t i f y the nature o f the r e s i d u e . 

PRELIMINARY CONCLUSIONS 
P r i o r t o the s t a r t of f i e l d work, Klohn L e o n o f f was requested by 
Mr. J . Stewart to i d e n t i f y , i f p o s s i b l e , areas o f c o n s i s t e n t c o l o u r 
w i t h i n the mapped area. 

A s i n g l e p r e f e r r e d s i t e approximately 160 m long x 100 m wide 
(a p p r o x i m a t e l y 4 acres) has been i d e n t i f i e d f o r f u r t h e r e v a l u a t i o n . The 
o u t l i n e o f the area i s shown on Drawing D-1002. The s i t e c o n s i s t s o f 
very l i g h t grey to white marble, with v a r y i n g amounts o f i r o n s t a i n i n g . 
Very l i t t l e c o l o u r banding was observed w i t h i n t h i s a r e a . The m a j o r i t y 
o f the r o c k i s massive although some areas are b l o c k y and d i s s e c t e d by 
j o i n t s . The area i s c l o s e to the road and i s c o n s i d e r e d a c c e s s i b l e . 
C r e v i c e k a r s t and springs were observed w i t h i n t h i s p r e f e r r e d s i t e . 
However, t h e r e does not appear to be any s i t e w i t h i n the c l a i m which 
does not c o n t a i n k a r s t . 

The o v e r a l l s l o p e of the ground w i t h i n the i d e n t i f i e d area i s 30°, 
although i n d i v i d u a l faces as steep as 45° are p r e s e n t . 

A volume o f marble a v a i l a b l e w i t h i n the area o f c o n s i s t e n t c o l o u r has 
been e s t i m a t e d , assuming t h a t the rock at depth i s s i m i l a r to t h a t 
observed on the s u r f a c e , and t h a t the average ground s u r f a c e s l o p e over 
the s i t e i s 30°. We have f u r t h e r assumed t h a t rock waste due to c l o s e 
j o i n t s p a c i n g or k a r s t w i l l be 50% and t h a t quarry s l o p e s w i l l extend up 
at a p p r o x i m a t e l y 60° from the o u t l i n e o f the p r e f e r r e d s i t e as shown on 
s e c t i o n A on Drawing B-1003. We e s t i m a t e t h a t a rock volume o f 240,000 
m3 i s p o t e n t i a l l y a v a i l a b l e f o r q u a r r y i n g . Assuming a u n i t weight o f 
2752 kg/m 3 (172 psf) the t o t a l tonnage a v a i l a b l e f o r q u a r r y i n g i s 
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660,000 tonnes. Volume w i l l vary depending upon the design guarry 
s l o p e s e v e n t u a l l y determined. 

Development o f a marble quarry at the Leo D'or c l a i m area i s considered 
to be t e c h n i c a l l y f e a s i b l e . Blocks of marble w i l l be removed by e i t h e r 
very l i g h t e x p l o s i v e or wedging by expanding cement and should not 
t h e r e f o r e i n t e r f e r e with the o p e r a t i o n o f the e x i s t i n g B.C. Hydro power 
l i n e . However, support o f the t r a n s m i s s i o n towers on the perimeter o f 
the q u a r r y w i l l r e q u i r e c l o s e r examination at a l a t e r stage. 

Groundwater at the s i t e i s expected to be c o n c e n t r a t e d i n k a r s t channels 
at a v a r i e t y o f depths. The a c t u a l flows cannot be e a s i l y determined 
p r i o r t o development but are not expected to cause insurmountable 
problems. 

Access to the p r e f e r r e d s i t e shown on Drawing B-1001 w i l l be r e l a t i v e l y 
c o n v e n i e n t . We understand t h a t a w r i t t e n road use agreement has been 
granted by Crown F o r e s t I n d u s t r i e s f o r use o f i t s p r i v a t e l o g g i n g road. 

FUTURE WORK 
A d d i t i o n a l f i e l d work i n the form o f d r i l l i n g i s recommended to assess 
the v a r i a t i o n i n c o l o u r and the v a r i a t i o n i n i r o n content o f *the 
s u b s u r f a c e marble. 

Samples r e c o v e r e d should be subj e c t e d t o ASTM t e s t s f o r strength and 
a b r a s i o n r e s i s t a n c e . In a d d i t i o n , a c c e l e r a t e d weathering t e s t s should 
be conducted on f r e s h samples, p a r t i c u l a r l y samples with i r o n p a r t i c l e s , 
to determine the r e a c t i o n and a c c e p t a b i l i t y o f weathering with r e s p e c t 
to the p r o d u c t . 
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We recommend t h a t the White Mountain Marble C o r p o r a t i o n approach B.C. 
Hydro t o determine what l i m i t a t i o n s , i f any, would be imposed by Hydro 
f o r f u t u r e quarry developments i n the v i c i n i t y o f the e x i s t i n g power 
1 i n e . 

E n c l . 
Drawing B-1001 - General L o c a t i o n s 

D-1002 - G e o l o g i c Map 
B-1003 - Schematic S e c t i o n A 

IGB/ld 

Yours very t r u l y , 
KLOHN LEONOFF LTD. 

Ia i n G. Bruce, P.Eng. 
P r o j e c t Manager 
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