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SUMMARY 
m 

I 

h d 
Hillside Energy Corporation holds rights t o  a deposit of the zeol i te  

mineral "c l inopt i lo l i te"  located in the Princeton area of southwestern 

Bri t ish Columbia. 

P I  
I 

L J During the l a t e  summer and f a l l  of 1988 the company conducted an 1 
I 

exploration and development program incorporating a geological 

investigation (mapping/sampling), bulk sampling and material tes t ing on 

the property. 

The zeol i te  bearing rock unit i s  inferred to have suf f ic ien t  magnitude 

t o  be of commercial significance if viable markets can be established 

fo r  the mater i  a1 . 

Preliminary analyses confirm that the material i s  c l inop t i lo l i t e  and 

tha t  i t  can adsorb ammonia and possibly zinc from aqueous solution. 

Market research suggests that i t  may be useful in a variety of 

;7 
applications where cation adsorption i s  required, including municipal 

L waste treatment (removal of ammonia), nuclear waste treatment (removal 
of cesium and strontium), industrial waste treatment (heavy metal and 

@T 

kd 
other cation adsorption) and as a component in cer tain f e r t i l i z e r s  and 

cement aggregates. 
r-7 

&A 
Although complete t e s t  resul ts  have n o t  yet been received, continued 

r : work both on the deposit i t se l f  and in research into applications i s  

h i  warranted and recommended. 
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lF9 1.0 INTRODUCTION 
1 1  

1.1 Terms o f  Reference 

Z e o l i t e s  a re  a  c l a s s  o f  a l k a l i  aluminum s i l i c a t e  m i n e r a l s  w i t h  un ique  

p h y s i c a l  p r o p e r t i e s  which make them u s e f u l  i n  a  number o f  i n d u s t r i a l  

a p p l i c a t i o n s .  T h e i r  unique f e a t u r e  i s  an open c r y s t a l  s t r u c t u r e  

f e n a b l i n g  them t o  a c t  as molecu lar  s ieves which can s e l e c t i v e l y  adsorb 
Ld s p e c i f i c  molecu les f rom gases and l i q u i d s .  They a re  i n  use wor ld-wide 

@+ 4 i n  such d i v e r s e  a p p l i c a t i o n s  as f i l l e r s  i n  paper manufac tu r ing ,  I 

I 

1, adsorbents  ( "g reen  sands") i n  chemical  and r a d i o a c t i v e  waste 

P" management, 1  i gh t -we igh t  aggregates and pozzo l  ans i n  cement 

La manufacture,  and i n  the  manufacture o f  f e r t i l i z e r  and s o i l  t r ea tmen t  
p roduc ts .  A d e p o s i t  o f  t h e  z e o l i t e  m ine ra l  c l i n o p t i l o l i t e  occu rs  near 

P"* 

I_ P r i nce ton ,  B.C. and i s  the sub jec t  o f  t h e  e x p l o r a t i o n  program desc r i bed  

here.  

L A  
T h i s  r e p o r t  was prepared on beha l f  o f  H i l l s i d e  Energy C o r p o r a t i o n  o f  

Vancouver, B.C., t o  comply w i t h  t h e  work r equ i r emen ts  o f  t he  

B.C. M i n e r a l  Tenure Act.  The i n f o r m a t i o n  con ta i ned  i n  t h e  r e p o r t  i s  

based upon da ta  gathered by t he  w r i t e r  d u r i n g  t h e  course  o f  an 

e x p l o r a t i o n  program conducted on the  p r o p e r t y  between September 15  and 

C 
December 3, 1988. Th i s  i s  augmented by  an e v a l u a t i o n  o f  t h e  p r o p e r t y  

b y  B.A. Sl im, P.Eng. c a r r i e d  o u t  i n  August 1988, and t e s t i n g  o f  

m a t e r i a l  f rom t h e  p r o p e r t y  conducted b y  seve ra l  i n d u s t r i a l  m ine ra l  

users,  p rocessors  and suppl i e r s .  

The z e o l i t e  d e p o s i t  on the  STIK Claims i s  t h e  f i r s t  and, a t  present ,  

o n l y  occurrence o f  t h i s  i n d u s t r i a l  m i n e r a l  t o  be e x p l o r e d  f o r  

commercial p o s s i b i l i t i e s  i n  Canada. F i e l d  work i n c l u d e d  g e o l o g i c a l  

mapping combined w i t h  convent iona l  p rospec t i ng  and b u l k  sampl ing.  
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rl Unlike metals many industrial minerals, including zeol i te ,  which are I 
LA now administered under the Flineral Tenure Act, have no ready market 

1 

v with internationally quoted prices. The price and therefore the 

,i viabi l i ty  of the deposit i s  ent i rely dependent upon the s u i t a b i l i t y  of I 
run-of- the-mine materi a1 in a variety of possible industrial  uses. For 

t h i s  reason, the sampling program incorporated dis t r ibut ion of material 

t o  a number of potential markets for evaluation in the i r  particular 

applications. This work represents a s ignif icant  component of the 

total  exploration and development e f for t  conducted during the 1988 
p7 assessment year. The report summarizes these evaluations as they have 
L_i economic implications with respect t o  the property and are analogous to 

1 assay data for a metallic mineral prospect. 
I 1  

1.2  Property and Ownership 

The STIK property consists of eight metric claims comprising a total  of 

129 metric units.  Hillside Energy Corporation holds the property under 

terms of an agreement with Blackberry Gold Resources Inc. who, in turn, 

have an option on a larger claim group incorporating the property under 

discussion, from Kettle River Resources, the recorded owners. Claim 

names and pertinent data are summarized on Table 1 which follows: 

Table 1 

CLAIM NAME RECORD NUMBER AREA (METRIC UNITS) 
STIK 3 2322 2 0 

4 2323 15 
9 2328 2 0 

10 2329 4 
11 2330 2 0 
1 2  2331 10 
13  2332 2 0 
14 2333 2 0 
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1.3  Location, Access and Geographic Set t ing 

The STIK property i s  s i tuated in southwestern Br i t i sh  Columbia 
Y_ J 

immediately southwest of the community of Princeton and i s  centred a t  

B"r about49" 25'  north l a t i tude  and 120" 33' west longitude. 
L 4 

la"l The property i s  readi ly  accessed by Highway #3 ( t h e  Hope-Princeton 
d Highway) which crosses the western par t  of the claims. Good access 

F7 
throughout the claim grooup i s  afforded by a number of secondary roads 

I 1  
' I  LA and unimproved logging roads and/or skid t r a i l s .  

FT. 

Elevations on the claim group vary from approximately 800 m to  over 
Ci 

1200 m above sea level .  The t e r ra in  i s  h i l l y  b u t  with a general 
T y  e a s t e r l y  slope to  the Similkameen River which t raverses  the  extreme 
U 

southeast  corner of the property. The principal  drainage in the area 

irl of i n t e r e s t  i s  Bromley Creek which flows from west t o  e a s t  across the 
c J cen t ra l  pa r t  of the claim group entering the Similkaineen River j u s t  

P south of Allenby. 

k d  

=-4 
The most westerly and highest part  of the property i s  mantled in mixed 

u coniferous f o r e s t  with open pine fo r e s t  dominating. In the  centra l  and 

eas tern  par t  of the claim group t h i s  gives way t o  i so la ted  stands of 
p"l u open pine f o r e s t  and open meadow and grassland. Some of the meadowland 

i s  cul t ivated fo r  hay and much of the remainder i s  used as c a t t l e  
r- range. 
kid 

T i  Surface r i gh t s  on the property are, fo r  the most pa r t ,  p r iva te ly  held 
kd by a number of owners. The principal area of i n t e r e s t ,  however, i s  

-- 7 Crown land. 

LA 
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1.4 Historical Background 

The earliest mining activity in the general vicinity of the claim group 

consisted of placer mining for gold and platinum in the Similkameen and 

in particular in the Tulameen Rivers. With the discovery of copper at 

Copper Mountain, Princeton became an important centre for both mining 

and smelting, with the latter benefitting from the discovery of coal in 

the rocks of the Princeton and Tulameen basins. Coal production 

between 1901 and 1960, from the immediate area of the STIK claims, is 
ia reported to total approximately 1.8 million tons. The coal produced 
k4 

was of bituminous to sub-butuminous grade and is of particular interest 

because the coal measures are intimately related to the zeolite 

horizons. 

The STIK claims were originally staked to cover suspected deposits of 

F- alluvial gold. In 1986 and 1987 an exploration program was conducted 
I 

 ah^ by Blackberry Gold Resources and, although precious metal values were 

encountered in drill holes, the values were not considered sufficient 

to justify development. The zeolite deposits were originally 

identified by the B.C. Ministry of Energy Mines and Petroleum Resources 
7 during the course of an industrial minerals study carried out in 1985 
U 

and 1986. Hillside Energy Corporation became interested in the 
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2.0 GEOLOGY 

2.1 General S e t t i n g  
rn 

The STIK z e o l i t e  c la ims  a re  u n d e r l a i n  by  a  sequence o f  T e r t i a r y  

v o l c a n i c  and sedimentary r ocks  which fo rm t h e  P r i n c e t o n  Bas in .  The 

geology o f  t he  Bas in  i s  descr ibed  i n  d e t a i l  by Read (1987) and 

summari ly desc r ibed  here.  

The P r i n c e t o n  Bas in  i s  a n o r t h e r l y  t r e n d i n g  t r o u g h  o r  graben f i l l e d  i n  

Eocene t ime by i n t e rmed ia te  vo l can i cs  c o n s i s t i n g  p r i n c i p a l l y  o f  

r h y o l i t e  tephra,  sandstone, sha le  and coa l  measures. These rocks  

comprise t h e  A l l enby  Format ion which i s  t o  t h e  o r d e r  o f  2000 m t h i c k ,  

t h i n n i n g  t o  t he  west and o f f s e t  and/or t e r m i n a t e d  b y  l e f t  l a t e r a l  

s t r i k e  s l i p  f a u l t s .  I t s  eas te rn  l i m i t  i s  d e f i n e d  by a  

n o r t h / n o r t h e a s t e r l y  t r e n d i n g  normal f a u l t  o r  f a u l t  system wh ich  bounds 

t h e  graben. 

The Eocene sequence w i t h i n  t h e  graben has been s u b j e c t e d  t o  bo th  

f o l d i n g  and f a u l t i n g .  The p r i n c i p a l  s t r u c t u r e  i n  t h e  v i c i n i t y  o f  t he  

"1 STIK c l a ims  i s  a  broad s y n c l i n a l  f o l d  termed "The T a i l i n g s  Sync l ine" .  

kb+ T h i s  f e a t u r e  i s  t runca ted  i n  t h e  c e n t r a l  p a r t  o f  t h e  Bas in  by  t he  

P 1  
n o r t h e r l y  t r e n d i n g  Asp Creek F a u l t .  

I 

I 
L d  

The p r i n c i p a l  occurrences o f  z e o l i t e  on t h e  STIK c l a i m s  a re  hosted by 

t h e  rocks  o f  the  A l l enby  f o rma t i on  and a re  s i t u a t e d :  

*> 

a) a t  Bromley Vale  i n  t he  "Bromley Vale  Tephra", a  u n i t  w i t h i n  t h e  
1 
LiI e a s t e r l y  d i p p i n g  rocks  which comprise t h e  west  l i m b  o f  t h e  T a i l i n g s  
--.. 
I '  Sync1 i n e  west o f  t h e  Asp Creek Fau l t ;  and 

U 



NEVlN / SADLIER-BROWN I GOODBRAND I LTD 

- 6 -  

b )  north and west of R t .  3 a t  a  point 4 km southwest of Princeton. 

Here the zeol i te  occurs in the "Tailings Ash" uni t  eas t  of the 

Asp Creek Fault. 
irt 
LA 

Both the Bromley Vale Tephra and Tailings Ash uni ts  may be of fse t  

equivalents of one another on opposite sides of the f a u l t .  If so, the 

s t r a t a  have been subjected to a  right la te ra l  displacement of 

approximately one kilometre. 

i ' 2.2 Geology of the Zeolite Occurrence 

u 

Zeolite mineralization in the Princeton Basin forms as apparent 

L strat igraphic horizons in a  sequence of Eocene c l a s t i c  sediments, tu f fs  
and coal measures which comprise the Allenby formation. The zeol i tes  

themselves are derived from the tuff deposits where the l a t t e r  have 

been subjected to hydrothermal alteration and re-crystal l izat ion.  

C Geological mapping in 1988 was confined t o  a  s t r i p  of Crown owned land 

lying north and west of Watkins Lake in the general Bromley Vale area. 

The principal zeol i te  exposure in th is  part of the property i s  near the 

portal of the old Bromley Vale #1 mine. This was a  small underground 

coal mine situated in the narrow steep-sided valley of Bromley Creek 

about 600 m upstream from i t s  confluence with Findlay Creek. In th i s  

area, zeolitized tephra i s  exposed along both sides of a  northerly 

flowing segment of Bromley Creek for a  distance of approximately 80 m. 

The rocks s t r ike  a t  between 170" and 180" and they dip eas te r ly  a t  30" 

t o  35". The lower contact of the zeolitized unit  i s  exposed in a  

narrow canyon incised by an easterly flowing segment of Bromley Creek 

upstream from the old coal mine. I n  t h i s  area the zeol i t ized member of 

r ' the Bromley Vale tephra i s  underlain by Eocene shales and sandstones of 

L 
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the Summers Creek (sand) and/or Power Plant  ( s h a l e )  un i t s .  The upper 

contact of the zeol i t ized uni t  i s  not l oca l l y  exposed but i s  assumed 

e i t he r  to  correspond with the c r e s t  of a  small north/south trending 

ridge ea s t  of Bromley Creek or to  l i e  on the  dip  s lope e a s t  of t h i s  

c r e s t .  I t s  precise location,  however, i s  obscured by heavy Quaternary 

glacia l  overburden which mantles the bedrock throughout the area of 

i n t e r e s t .  The thickness of the zeo l i t e - r i ch  u n i t  in t h i s  area i s  

uncertain b u t  probably exceeds 20 m. 

1: In the immediate v i c in i t y  of the Bromley Vale exposure the eas te r ly  

F T  
dipping configuration of the s t ra t igraphy and the  general eas te r ly  

I: topographic slope suggest t ha t  the zeo l i t i zed  tephra un i t  should have a  

broad surface t race .  The ridge lying immediately t o  the  ea s t  of 

C Bromley Creek canyon forms a  dip slope which may be e n t i r e l y  underlain 

by the zeol i t ized tephra. I f  t h i s  i s  the case,  the re  i s  a  strong 

pos s ib i l i t y  fo r  development of a substant ia l  reserve  i n  the immediate 1: area of the Bromley Vale #1 mine. 

[1 Within the map area only one addit ional  z e o l i t e  occurrence was 

3 observed. This consisted of a  large angular block of f l o a t  in the 

I, valley a t  the north end of 'rlatkins Lake. The source of t h i s  material 

i s  uncertain b u t  i t  could be g l a c i a l l y  t ranspor ted from the 

[: Bromley Vale area one kilometer to  the northwest o r  more loca l ly  

derived from the inferred southern extension of the  z e o l i t e  horizon 

I; which would sub-crop on the western slope of the val ley .  The l a t t e r  

case i s  a  good pos s ib i l i t y  but i t  could not be confirmed by a  thorough 

search fo r  outcrops. Nevertheless, s igns  of old coal workings 1; strengthen the likelihood of an extension because of the close 

s t ra t ig raph ic  re la t ionship  between the tephra and coal a t  the 

Bromley Vale s i t e .  I f  val id ,  the implied s t r i k e  length in the 
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3.0 MINERALOGLY AND PHYSICAL PROPERTIES OF THE ZEOLITE 

3.1 Sampling and Testing 

A total of 11 samples comprising some 350 kg of zeolitized material 

were taken from the Bromley Vale and Tailings Ash exposures. The 
L J  

material was sent to Bondar Clegg Laboratories Ltd. of 

r '  North Vancouver, B.C. where it was crushed and screened in preparation 
LJ  for delivery to several private and public testing facilities. The 

P testing was conducted for the purpose of identifying applications for 

LA the commodity in existing markets and also to evaluate the properties 

r 9  
of the material for markets which have yet to be developed. The 

principal applications under consideration are: 

1. As an adsorbent of cation pollutants such as ammonia and heavy 

metals in industrial or municipal waste. 

L 
2. As an adsorbent of soluble radioisotopes such as cesium and 

[1 strontium from industrial and accidental nuclear waste. 

r ' 3. As a substrate in the manufacture of ammonia/nitrogen fertilizers or 

I& as a soil conditioner. 

With the exception of specialized applications in the petroleum 

refining industry, zeolites are not presently utilized in Canada. For 

C this reason successful development of the STIK zeolite property will 

depend almost entirely upon identification of an appropriate 

application for the material. The testing requirements, therefore, 

although analogous in many respects to assays in metallic mineral 

exploration and development, are necessarily involved and specialized 
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procedures. Furthermore, the r e su l t s  from many of these procedures a re  

not quant i ta t ive;  instead they may simply confirm or f a i l  t o  confirm 

tha t  the material has propert ies which make i t  useful in the 

contemplated appl ica t ion.  

1 For preliminary t es t ing  purposes i t  was determined t ha t  the preferred 

s i z e  f rac t ion fo r  the zeo l i t e  was in the range between -20 and +40 c: mesh. This f rac t ion  was considered to  optimize permeability and 
> 

p a r t i c l e  surface area available t o  the f l u id s  being t es ted .  

Screened sanples were forwarded fo r  t e s t ing  to :  

Savo l i t e  Chemical Co., Delta, B . C .  
U B C  Mineralogy Department, Vancouver, B . C .  
Freshwater Farms L t d . ,  Duncan, B . C .  
Equity S i l ve r  Mines L t d . ,  Houston, B.C. 
Ontario Hydro, Toronto, Ontario 
Atomic Energy of Canada, Pinawa, Manitoba 

L Anderson Chemical Waste Disposal, Richmond, B . C .  

iy Preliminary information on the deposit and/or analyt ica l  da ta  was also 
k m  forwarded f o r  evaluation t o  a number of other organizations including: 

P 
d Reef Mud, Calgary Alberta 

B r i t i sh  Nuclear Fuels, Risley, U K  

IT Canadian Water and Wastewater Association, Ottawa Ontario 
Environment Canada Wastewater Technology Centre, Burlington Ontario Id Placer Dome Inc.,  Vancouver B . C .  

-I 
Tracer Analytical Laboratories, Medicine Hat Alberta 

J B . C .  Research, Vancouver B . C .  
Western Canada F e r t i l i z e r  Assoociation, Surrey B.C.  
U .B .C .  Soil  Conservation Department, Vancouver B.C. 
University of Guelph, Guelph Ontario 

l 1  
d B.C.  Ministry of Agriculture and Fisher ies ,  Kelowna B . C .  

Truckee Municipal Sewage Department, Truckee Cal i fornia .  
I- - 
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3.2 Physical Properties o f  the Zeolite 

l- Results have been received from four of the potential industrial  users. 

F7 These are Savolite Chemical Co., U . B . C . ,  Freshwater Farms and Equity 

b Silver.  Ontario Hydro had not completed i t s  t e s t s  by the time of 

r7 
writing and did not anticipate resul ts  until  early- to  mid-1989. Nor 

L have resul ts  yet been received from A . E . C .  Testing to  date by Anderson 

has been minimal and resul ts ,  with respect to  the i r  potential 

application, are n o t  conclusive. 

Savol i t e  Chemical Company was primarily interested in the material as 

an absorbent of water and o i l .  An additional benefit  might have been 

derived from the adsorptive properties of the material. Their t e s t s  
1 

hii for  b o t h  water and o i l  show that the material does n o t  meet the 

P9 standard for an absorbent. Results are depicted in Appendix A 
1 I ld- (Savol i  t e  report) .  

7 
lu X-ray defraction analysis done by the U . B . C .  Mineralogy 1 aboratory 

 o or sky 1986) conf irm that  the mineral present i s  c l  inoptilol  i  t e ,  a 

2 member of the zeol i te  c lass  of minerals described by Breck (1974) as 

f 01 1 ows: 

7 stntcture Group: 7 

a Typical Unit Cell Contents: Na6 [(d02)6(Si02)M] -24 H20 
Variations: Na, K Ca, Mg; Si/AI =4.25-5.25; in sedimentary 

type Si/(AI + ~ e ~ )  = 4.1-5.6 
'""1 . Occurrence: \Vyoming; extensive sedimentary occurrences in 
kLd western U. S. 

System: Monoclinic, a = 7.41 b = 17.89 c = 15.85 
/3 = 91°29' 

Habit: Tabular, platy 
Cleavage: &'lo] 
Density: 2.16 

V opticaI Properties: Biaxial (-), cr = 1.476,/3 = 1.479.7 = 1.479 
b Reference: 6,38,49-53 

r-7 
X-Ray Powder Data (52) 

hk! d(A) I d(A) I llkl d(A) I Ld 
020 8.92 100 004 3.964 55 222 3.168 14 
002 7.97 3 042 3.897 57 222 3.1 19 15 1 lor' 6.78 2 14T 3.74 7 231 3.07 8 

i li 031 5.61 2 21i 3.55 6 044 2.974 80 
112 5.15 7 051, 3.48 3 035 2.793 IS 
130 4.65 14 I la 123 2.793 

16 
- IS r' IOF 4-35 2 220 2.419 I 377R 7'1 

kd 132 3.964 55 202 3.324 4 
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P r e l i m i n a r y  work done on samples f rom Brornley Va le  and T a i l i n g s  Ash 

i n d i c a t e  t h a t  t he  i o n  exchange c h a r a c t e r i s t i c s  o f  t h e  c l i n o p t i l o l i t e  

f r om  these s i t e s  i s  i n  t h e  range which cou ld  make t h e  m a t e r i a l  u s e f u l  

ri i n  a  number o f  commercial a p p l i c a t i o n s .  T h i s  p r o p e r t y ,  termed the  

C a t i o n  Exchange C o e f f i c i e n t  (CEC) i s  expressed i n  m i  11 i - e q u i v a l e n t s  per  

gram (mequiv/gm) and, i n  t he  case o f  t he  m a t e r i a l  under d iscuss ion ,  has 
L 2 been found t o  v a r y  f rom 0.792 t o  1.204 (Read 1987) .  Breck (1974) 

pRil d i scusses  t h e  i o n  exchange p r o p e r t i e s  o f  a  number o f  z e o l i t e s ,  
i n c l u d i n g  c l i n o p t i l o l i t e ,  which: 

... d i s p l a y s  an i on  s i eve  e f f e c t  f o r  l a r g e  o r g a n i c  c a t i o n s  

( 36 ) .  (See Table 7.9) I n  a  s e r i e s  o f  s u b s t i t u t e d  

a1 k y l  ammonium ions ,  t he  degree o f  exchange, x decreases 
max ' 

w i t h  i n c r e a s i n g  s i z e  o f  t he  c a t i o n .  Tetramethylammonium and 
i"" t e r t i a r y  butylammonium i o n s  were comp le te l y  excluded. 

Exchange isotherms a re  shown i n  F i g . 7 . 1 3 a  and t h e  

s e l e c t i v i t y  c o e f f i c i e n t  f u n c t i o n  i n  F i g .  7.13b. The number 
1_J o f  water  molecu les d i sp l aced  by t h e  l a r g e r  o r g a n i c  c a t i o n s  

v a r i e s  l i n e a r l y  w i t h  (1) t h e  degree o f  exchange and ( 2 )  t h e  

volume o f  t h e  o rgan ic  i on .  The i o n  s i e v e  e f f e c t  was 

?+---I i n t e r p r e t e d  on t he  assumption t h a t  t he  a l u m i n o - s i l i c a t e  
I 

W framework s t r u c t u r e  o f  c l i n o p t i l o l i t e  i s  i s o s t r u c t u r a l  w i t h  

t h a t  o f  heu land i te .   h his may n o t  be c o r r e c t . )  
F "i C l i n o p t i l o l i t e  i s  q u i t e  s e l e c t i v e  f o r  ammonium i o n s  as 
Li 

compared t o  o the r  z e o l i t e s .  Good agreement w i t h  t h e  

1 " t r i a n g l e  r u l e "  was observed; i.e., i n  terms o f  K ,  t h e  r u l e  
d s t a t e s :  

[ j 
K A  x K B  = KA f o r  i o n s  A, B, and C. 

B C C  
rl 

Id 
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E f f l u e n t  f r om  f i s h  r e a r i n g  and h o l d i n g  tanks  a t  a  salmon ha tchery  

operated by  Freshwater Farms L t d .  a t  Duncan, B.C., was used i n  a  t e s t  

t o  eva lua te  t h e  a b i l i t y  o f  t h e  Bromley Vale  c l i n o p t i l o l i t e  t o  adsorb 

ammonia under o p e r a t i n g  c o n d i t i o n s .  

A 1.6 m column cons t ruc ted  o f  P V C  p i p e  o f  app rox ima te l y  10 cm i n s i d e  

d iameter  was f i l l e d  w i t h  crushed c l i n o p t i l o l i t e  screened t o  +20, -8 

mesh. A 20L r i n s e  o f  d i l u t e  so l ium c h l o r i d e  b r i n e  was passed through 

t h e  column. Th i s  was f o l l o w e d  by a d d i t i o n  o f  40L o f  tank  e f f l u e n t .  

F i l t e r e d  m a t e r i a l  was r e t r i e v e d  f rom a  v a l v e  a t  t h e  bo t tom o f  the  

c o l  umn . 

I 
LY Sample #FF2 was taken f rom the  o u t l e t  immed ia te ly  a f t e r  a  one 

P '1 minute(6L)  f r e e  f l o w  through t h e  z e o l i t e  column. Sample #FF3 was taken 

a f t e r  a  res idence  t ime  o f  5 minutes i n  t h e  column. Sample #FF4 was 

taken a f t e r  a  res idence  t ime o f  30 minu tes  i n  t h e  column. Sample #FF1 
FR 

LA 
cons i s t ed  o f  un t rea ted  e f f l u e n t .  Resu l t s  a re  d e p i c t e d  i n  Tab le  2 .  

FT 
TABLE 2 

u 

rn SAMPLE 
I u Parameter D e s c r i p t i o n s  #FFl #FF2 #FF3 fFF4 

i"S 

U Ammonia ( m g / ~  N) 0.12 0.01 <0.01 (0.01 

r- 7 Ni t r ogen  K j e l d a h l  (PPM N) 2.80 1.80 0.90 1.50 

N i t r a t e s  (mg/L N )  0.15 0.31 0.43 0.41 

N i t r i t e s  (mg/L N)  0.01 0.02 0.02 0.02 
I" ' 
niil 
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w 
1 
L-= A n a l y t i c a l  r e s u l t s  show t h a t  the  un t rea ted  e f f l u e n t  was n o t  h i g h l y  

en r i ched  i n  ammonia. Never the less t rea tment  r e s u l t e d  i n  a  r e d u c t i o n  i n  

t h e  ammonia con ten t  from 0.12 mg/L o f  ammonia n i t r o g e n  t o  <0.01 mg/L 

ammonia n i t r o g e n .  N i t r ogen  K j e l d a h l  va lues showed s i m i l a r  s t r i k i n g  

r e d u c t i o n s  f rom t h e  un t rea ted  m a t e r i a l ,  a l t hough  Sample BFF4 was 
u i 

i n e x p l i c a b l y  e l eva ted  compared t o  Sample XFF3. N i t r a t e  and n i t r i t e  
m 

con ten t s  appeared t o  inc rease  w i t h  t ime  b u t  o v e r a l l  n i t r o g e n  con ten t  
I 

eJ 
was seen t o  be reduced f rom approx imate ly  3.08 PPM t o  <1.36 PPM. 

A 100 kg. sample o f  crushed, screened z e o l i t e  was forwarded t o  E q u i t y  

F -  S i l v e r  Mines Ltd . ,  Houston, B.C. f o r  t e s t i n g  as a  p o s s i b l e  adsorbent o f  

LA heavy me ta l s  from mine waste water .  Comprehensive q u a n t i t a t i v e  r e s u l t s  

a re  n o t  y e t  a v a i l a b l e  bu t  p r e l i m i n a r y  i n f o rma t i on  i n d i c a t e s  t h a t  t he  

c l i n o p t i l o l i t e  can s e l e c t i v e l y  adsorb z i n c  f rom t h e  e f f l u e n t .  
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d 

4.0 CONCLUSION 

4.1 Discussion 

Much of the area on the STIK Claims which is geologically permissible 

for deposition of zeolite is overburden covered; however, inferrences 

drawn from the limited exposures and the distribution of float and 

$"i inaccessible old mine workings indicate substanti a1 reserve potential. , 

J The zeolite-bearing rock unit within the area of interest is open both 

to the north and south of the exposure area at Bromley Vale. The 

current field investigation did not provide any information on the 

f-7 
nature or extent of the assumed northern extension of the 

I u zeolite-bearing horizon. The geological mapping conducted by 
Read (1987) projects conformable host rocks at least 2.5 km 

F'r 

11 north/northeasterly to the Asp Creek Fault where they are truncated. 

FT The regional map does not identify a southern extension of the horizon 
U 

as the rocks in this area are entirely obscured by overburden. Angular 
r7 

I zeolite float was, however, identified on the west bank of the creek 
I 

k A near the north end of Watkins Lake, some 500 m south of the 

n Bromley Vale exposures. Although the source of this material is 
U uncertain, it is possible that it was glacially transported southerly 

from the known outcrop area or downslope to the east of a southern 
P 

kd extension of the zeolite-bearing horizon. The latter is a reasonable 
possibility and if valid would imply a strike length of at least 600 m. 

rl 

From the standpoint of initial development, a southerly extension along 

the ridge immediately east of the Bromley Vale mine portal would be 

quite favourable. The deposit would lie on a dip slope with good drill 

access and, unless overburden thicknesses are excessive, favourable 

stripping ratios. In addition, the inferred reserves here would lie on 
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parcels  of pr ivate  land with complex and, in some cases,  uncertain 

ownership. Possible near surface reserves in the south extension then, 
3 

could be t o  the order of 500,000 m which, given a densi ty  of 
3 

2160 kg/m , equates to  1.1 million metric tonnes. Until the property 

i s  adequately d r i l l e d ,  however, these f igures  a re  e n t i r e l y  speculat ive.  

The t e s t  work done on the samples obtained from Bromley Vale t o  date 

have not ye t  confirmed t ha t  the material has an assured indust r ia l  

applicat ion and therefore a market. Preliminary r e s u l t s  do indicate 

t ha t :  

a )  i t  i s  capable of adsorbinp ammonia from aqueous solut ions;  and 

b )  i t  may ex t r ac t  zinc ions from aqueous solut ions .  

No t e s t  r e su l t s  are  avai lable  to  confirm the  a b i l i t y  of the 

Bromley Vale c l  inop t i lo l i  t e  as an adsorber of cesium and/or strontium 

from radioact ive  wastes. This property of c l i n o p t i l o l i t e ,  however, has 

been well documented in the past  and i s  viewed as a po t en t i a l l y  very 

important market. 

I 

L 
Cesium and strontium are water soluble radioisotopes produced by 

m thermonuclear reactions.  As such, they are  the by-products of nuclear 
L d  

power plants  and, in areas where these plants  a re  in use, they must be 
e- - contained. Although zeo l i t e  treatment cannot destroy them, i t  can 

LJ ex t r ac t  them from aqueous solution and permit s a f e  t ranspor ta t ion and 

" 1 storage in perpetuity.  A system employing zeo l i t e s  f o r  t h i s  purpose i s  

U present ly  in successful operation a t  the Sel l  a f i e l d  Pl ant  operated by 

Br i t i sh  Nuclear Fuels in England. 
'1 

i-7 

LA 
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4.2 Conc lus ions and Recommendations 

The t e s t  r e s u l t s  ob ta i ned  t o  da te  on t h e  Bromley Vale  c l  i n o p t i l o l  i t e  

suggests t h a t  t h e  m a t e r i a l  i s  compat ib le  w i t h  a  number o f  d i f f e r e n t  

i n d u s t r i a l  a p p l i c a t i o n s .  The l e a d i n g  p o s s i b i l i t i e s  are:  

1. As a  "green sand" i n  t rea tment  o f  mun i c i pa l  and i n d u s t r i a l  waste 

waters ,  p a r t i c u l a r l y  those contaminated w i t h  ammonia and p o s s i b l y  

heavy meta ls .  I n  such an a p p l i c a t i o n  t h e  contaminated f l u i d s  

would  be passed th rough  v a t s  o r  columns f i l l e d  w i t h  crushed and 

s i z e d  c l i n o p t i l o l i t e .  

2 .  As an adsorber o f  cesium and s t r o n t i u m  f r om water  contaminated by  

n u c l e a r  waste. 

3. As a  s o i l  c o n d i t i o n e r  o r  as a  component o f  n i t r o g e n  f e r t i l i z e r s .  

4 .  As a  pozzolan i n  cement manufacture.  

I"" The commercial va l ue  o f  t h e  Bromley Vale  m a t e r i a l  w i l l  depend upon t h e  
!d outcome o f  t h e  c u r r e n t  and contemplated t e s t i n g .  I n  a d d i t i o n ,  

c o n t i n u i n g  marke t  and t e c h n i c a l  research  w i l l  be r e q u i r e d  t o  determine 

which, i f  any, o f  t h e  p o s s i b l e  a p p l i c a t i o n s  i s  app rop r i a t e .  Resu l t s  o f  

t h e  i n f o r m a t i o n  ob ta i ned  t o  date,  however, a re  s u f f i c i e n t l y  encourag ing 

I; t o  j u s t i f y  b o t h  f u r t h e r  research  i n t o  the  p r o p e r t i e s  o f  t h e  m a t e r i a l  

and a d d i t i o n a l  g e o l o g i c a l  work on t h e  p rope r t y .  

r I 



NEVlN / SADLIER-BROWN I GOODBRAND I LTD 

REFERENCES 

Breck, Donald W., 1974: Zeolite Molecular Sieves, Structure Chemistry 
and Use, John Wylie & Sons, New York. 

Eyde, Ted H., 1974: Exploration for Deposits of Natural Zeolite 
Minerals in the Western United States, Society of Mining Engineers 
Pre-print No. 74-11-336, 

Papke, Keith G., 1972: Erionite and Other Associated Zeolites in 
Nevada, Nevada Bureau of Mines and Geology Bulletin 79. 

Read, Peter B., 1986: Industrial Minerals in Some Tertiary Basins of 
Southern British Columbia, B.C. Ministry of Energy, Mines and 
Petroleum Resources Paper 1987-1. 

1987: Tertiary Stratigraphy and Industrial Minerals, 
Princeton and Tulameen Basins. British Columbia. B.C. Ministry of --.. . . -  . - 

Energy, Mines and petroleum ~esources Open ~i le'1987-19. 
- 

1987: Zeolites, Exchangeable Cation Analyses and 
Cation Exchange Capacity, Bromley Vale, Southern British Columbia, 
unpublished report for Blackberry Gold Resources Ltd. 

Sand, L.B., and Mumpton, F.A., 1976: Natural Zeolites - Occurrence, 
Properties, Use, Pergamon Press, Selection of Papers. 

i, 
Slim, Bryan A., 1988: STIK Zeolite Claims, Princeton, 

1-7 British Columbia, unpublished report for Hillside Energy 
Corporation. 

isd 

Stinson, Melvin C., 1984: Mineral Commodity Report - Zeolite, 
r-3 California Division of Mines and Geology Special Publication 75. 
Li 

" 1 

bk vj 

r 

L 

i-' 



Ld 
NEVlN I SADLIER-BROWN I GOODBRAND I LTD 

APPENDIX A 

ANALYTICAL CERTIFICATIONS 
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APPENDIX B 

SUMMARY OF EXPLORATION EXPENDITURES 

Geology 

Fees re: Mapping & Sampling $ 8,150.00 $ 8,000.00 
T.L. Sadlier-Brown (14 days @ $440/diem) 
S. Croft (6 days 8 $330/diem) 

Fees re: Bulk Sampling 2,150.00 2,150.00 
T.L. Sadlier-Brown (1.5 days O $440/diem) 
D. Goodbrand (3.5 days O $407/diem) 

Testing and Analyses 

Fees re: Sample Management/~esting 5,085.00 
T.L. Sad1 ier-Brown (92.5hrs @ $55/hr) 

Processing 1,351.35 

Engineering Study 

B. Slim (~ees) (10 days O $400/day) 4,000 .OO 
L . 4  

Disbursements 
P (Pro Rated to Geology, Testing 81 Engineering Study) 

k4 Meals & Accommodation - Field 528.30 
(11 man days @ $48/man day) 

I- Reproduction 84.93 
b Transportation/Communications 

(11 days @ $6l/diem) 
r" - vehicle (4x4) 672.37 
kd - gas01 ine 226.09 

- telephone 440.02 
F7 Miscellaneous Field Supplies 185.73 

Recording Fees 1,310.00 
kJ 

Secretarial & O f f  ice Costs 2,344.20 
1 

k, 3 Report ~reparation(Fees) 
(8.25 man days @ $440/diem) 

il 

ad 
TOTALS : $30,156 -02 $21,660 -00 

P '  
U Note: Hourly and/or daily rates and times may be rounded to nearest decimal. 
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APPENDIX C 

CERTIFICATE AND STATEMENT OF QUALIFICATIONS 

I, Timothy L .  Sadl ier -Brown hereby c e r t i f y  t h a t :  

1. I am a  c o n s u l t i n g  g e o l o g i s t  and pa r t ne r  i n  t h e  f i r m  o f  Nev in  
Sad l ie r -Brown Goodbrand L td . ,  w i t h  o f f i c e s  a t  i f401 - 134 Abbo t t  
S t r e e t ,  Vancouver, B.C. 

2 .  I was educated a t  Car le ton  U n i v e r s i t y ,  F a c u l t y  o f  Geo log i ca l  
Sc iences (1964),  Ottawa, Ontar io ,  and am a  F e l l o w  of t h e  
G e o l o g i c a l  Assoc ia t i on  o f  Canada. 

3 .  I have ac ted  i n  the  f i e l d  o f  e x p l o r a t i o n  geo logy  i n  p o s i t i o n s  o f  
r e s p o n s i b i l i t y  s i nce  1965 and have been a  p r i n c i p a l  i n  t h e  f i r m  o f  
Nev in  Sadl ier -Brown Goodbrand L td . ,  Consu l t i ng  Geo log i s t s ,  s i nce  
1972. 

4. 1 p e r s o n a l l y  conducted the  geo log ica l  f i e l d  work and superv ised  
t h e  sampl ing and t e s t i n g  as descr ibed i n  t h i s  r e p o r t .  

hd 

F-- 

C .  
d 

3 January  31, 1989 
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