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INTRODUCTION 

This report is based on examinations and geochemical rock 
sampling of the WK Chrome 1 claim by the owner W. Kovacevic 
during the period from May to October, 1994, as well as on data 
from various published reports and personal communication. 

PROPERTY AND OWNERSHIP 

The WK Chrome 1 claim was staked on May 7 and 8, 1993, and 
recorded on May 10, 1993, Record Number 317307, Kamloops Mining 
Division. The claim is registered in the name of Willy Kovacevic 
and consists of 20 contiguous units. 

LOCATION AND ACCESS 

The property is located on Ferguson Creek, approximately 15 
kilometers north-north west of the town of Cache Creek in 
southcentral British Columbia. The Geographic coordinates of the 
claim are 50'57". latitude by 121"23'W. longitude; N.T.S. 
92 I/14W. Access is via Highway 97 from Cache Creek to Ferguson 
CreeK; thence 3 kilometers east on a good logging road which 
branches of Highway 97. 

TOPOGRAPHY AND PHYSICAL ENVIRONMENT 

The claim straddles Ferguson Creek , approximately 3 
kilometers northeast of its confluence with Bonapart River. 
Relief within the Ferguson Creek Valley is high, elevation range 
from 1,250 m in the north to less than 900 m in the southwest. 
The c1imat.e is semi-arid with temperatures ranging between -25O 
and +30°. The snowfall is moderate and the property is open for 
exploration from April to November. There is a sparse to moderate 
growth of pine, fir, aspen and low underbrush within the claim. 
Past logging operations, both north and south of Ferguson Creek, 
have harvested the larger ponderous pine and jackpine in the 
area, providing road access but little bedrock exposure. Outcrop 
is rare and is mainly confined to the cliffs along the creek 
valley and the rest of the claim is covered with glacial drift. 
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PREVIOUS WORK 

The Ferguson Creek showings were first staked in 1939 as 
Henry Joe and Joe Henry. The Consolidated Mining and Smelting 
Company of Canada, Limited drove the adit in the bluff in 1931, 
probably in association with the testing of Scottie Creek 
showings which company also held at that time. The property was 
examined by H.M.A. Rice of the Geological Survey in 1942 and 
several samples were taken for analysis. The results are as 
follows : 

Sample % Cr,Q % Fe203 Cr/Fe 

Ferguson West 50 
Ferguson East 44 

15 
15 

2 . 2 5  to 1 
2 to 1 

A resource potential of 18,000 tones of "reasonably assured" 
material with 15% chromite and further 18,000 tones of equivalent 
material was estimated by Rice. 

In 1977 the showings were staked as TIK 1 claim group and a 
ground magnetometer survey was done. The claims were allowed to 
lapse. The ground was staked by R. Lodmell as Chrome Hawk in 
1983 and was sold to Qume Resources Ltd.. Qume cut a short grid 
over the shoving with intention to conduct an IP survey and, rock 
sampling of the shoving was done by J.D. Blanchflower, F.G.A.C. 
Geologist (Appendix I). The IP survey was not conducted. In 1986 
the ground was restaked by Equinox Resources Ltd. A soil 
geochemical survey was done for nickel, chromium and platinum 
group of metals but the results were not encouraging. In 1981 the 
ground was restaked by R.J. Nethery, P.Eng. as Ferg Claim who 
geologically mapped the claim and sampled the shoving for Ni, Cr, 
Pt and Pd (Appendix 11). The ground was held in 1991/92 by 
Michael Dickens as LIL 1 who recorded no work on the claims 
held. 

In 1993 the ground was restaked as WK Chrome 1 by the 
present owner and the author of this report W. Kovacevic. A grid, 
consisting of lkm baseline and 2 km of grid lines was cut, slop 
corrected, chained and picketed to IP standard (Figure 4 ) .  The IP 
survey will be carried out by Tilava Mining Corporation who is 
funding the work and has the option to acquire the property. 
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GEOLOGY 

The claim is underlain by volcanic and marine sedimentary 
rocks of the Permian-age Cache Creek Group. These rocks have been 
intruded by sill-like ultramafic bodies which host the Ferguson 
Creek and nearby Scottie Creek chromite mineralization. Both 
older rock types are unconformably overlain by an extensive cover 
of volcanic flows and breccias belonging to the Eocene-age 
Kamloops Group. 

Outcrop on the property is generally restricted to the 
Ferguson Creek gorge. The chrome-bearing ultrabasics form rugged 
"hoodoo" like outcrops for over 400 meters along the north side 
of Ferguson Creek. Serpentinized dunite and harzburgite are 
exposed in outcrop and workings but the prospect is largely 
covered by a thick mantle of till and alluvium. The serpentinized 
dunite is massive and locally may have granular texture. 

Chromite occurs as parallel layers of grains in the dunitic 
rocks. The dunite trends northerly and has a steep eastward dip. 
It has been traced across the creek and is inferred to continue 
further north and south. 

1994 WORK PROGRAM COMPLETED 

All previous works were concentrated on chromium and 
platinum group of metals ignoring the potential of the ground 
for other industrial minerals. The tertiary volcanic tuffs which 
outcrop along the upper area of Ferguson Creek are also of 
economic interest. During the 1994 exploration seasons, these 
substantial deposits of volcanic ashes have been subjected to 
preliminary test to determine the potential of the material as 
the source for natural pozzolan and zeolites. 

During the period May 24 to May 27, 1994, D. Andric, 
geologist assisted by the owner and author of the report, 
examined and mapped the outcrops of the volcanic tuffs. Four 
samples were collected for assay (for location of samples # 1, 2 ,  
3, and 4 refer to Figure 3 and 4) and one sample # 6  together 
with one clay sample was collected in the immediate vicinity of 
the W.K. Chrome 1 LCP on the adjacent claim. All samples were 
delivered to B.C. Research Inc., Industrial Mineral Section. The 
assays were performed by Tim O'Hearn, P.Eng. and all samples 
classify as mineral admixture N (Natural Pozzolan Admixture in 
Portland Cement). The preliminary sampling was completed during 
the period October 18 to 21, 1994 by the author in company of one 
field assistant. Samples # 7 ,  8, 9, and 10 collected from 
different outcrops (for location refer to Figure 3 and 4) were 
delivered to B.C. Research Inc. and all samples classify as 
mineral admixture N. 
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LEGEND 

TERTIARY 

Miocene and/or Pliocene 
13 Plateau lava: olivine basalt, basalt andesite, related 

ash and breccia beds; basaltic arenite. 

Miocene 
12 Deadman River Formation: shale,sendstone, tuff, diatomite, 

conglomerate, breccia. 

Ologocene 
11 Andesite, dacite, felsice, relnted tuff and breccia; 

greywacke, shale; minor lignite and conglomerate. 

Eocene and (7) Ologocene 
Kamloops Group 

rhyolite, related breccias. 
10 Skull Hill Formation: dacile, trachyte, basalt, andesite, 

Eocene 
Coldwa t er Beds 

9 Conglomerate, sandy shale, arkose, coal. 

JURASSIC 

Middle Jurassic 
0 Shale, grit. 
7 Chert-pebble conglomerate, greywacke. 

Mount Lytton Batholith 
6 Granodiorite, quartz diorite. 

TRIASSIC 
Upper Triassic 

Guichon Creek Batholith 
5 Granodiorite, quartz monzonite, quartz diorite. 

Nicola Group 

greywacke, grey limestone. 
9 Augite andesite flows and breccia, tuff, argillite, 

PERMIAN AND/OR TRIASSIC 
3 Serpentinite ana serpentinized peridocite. 
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PERMIAN 

Cache Creek Group 

2 Marble Canyon Formation: massive limestone, limestone 
breccia and chert, minor argillite, tuff, andesitic and 
basaltic flows. 

1 Basic volcanic flows, tuff, chert, limestone, argillite. 
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All samples, except the clay material, satisfy the chemical 
requirements for natural pozzolan for use as an admixture to 
Portland cement. Further testing must be carried out to determine 
if these materials satisfy the physical requirements as laid out 
in ASTM Designation: C618-89-a. For details of the assays and the 
report by Tim O'Hearn, P.Eng. refer to Appendix I11 of this 
report. 

ECONO!IIIC IMPLICATION F9R THE FERGUSON CREEK 
IXC'-*STRIX NISERAL ?EPOSITS 

C hr omi t e 

Chromite is the sole commercial source of chromium. It is 
essential to many sectors of the defense and manufacturing 
industries. Because of its importance, it is classified as a 
strategic mineral and many countries, sockpile chromite ore and 
ferochrome as a strategic reserve. About 90% of the world's 
high-grade chromite reserves in large stratiform deposits are in 
Africa- largely in South Africa and Zimbabwe. This, combined with 
the fact that almost one third of the world's podiform reserves 
are in the former USSR has made chromite a politically sensitive 
mineral. Canada and U.S. are almost entirely dependent upon 
imports for its chromium needs. 

For military purposes chrome is used primarily in alloys 
associated with ordinance, missiles, armor plate and motor 
components. In industry it is used in superalloys, commonly light 
weight and heat resistant, such jet turbine components, as well 
as in the making of stainless steel. Three-quarters of the 
chromium goes into ferrochrome used in manufacturing of stainless 
and other alloy steels. The remainder of chromite is used in 
number of nonmetallurgical industries, including chemicals, 
pigments, refractories, and foundry sands. 

The Ferguson Creek deposit chromite concentrates to 50% 
Cr2 0 3  and a Cr/Fe ratio of 2.25:l which is satisfactory for 
metallurgical grade (stainless and other chromium bearing steel 
alloys) with estimated price in the range of $75-120/t . The 
mineralization concentrates readily on Wilfley table to 50% CrzO3 
and 15% Fe at grinds of -28 to 1 35 mesh, yielding a chrome-iron 
ratio of 2.25 to 1. Additional tests must be performed on the 
chrnmite mineralization to determine if its sulfur, phosphorus, 
SiO, etc. content are satisfactory. 
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Pozzolan 

The term "pozzolan" has been defined by the American Society 
for Testing Materials (ASTM) as I' a siliceous or siliceous and 
aluminous material which itself possesses little or no 
cementitious value but will, in finely divided form and in 
presence of moisture, chemically react with calcium hydroxide at 
ordinary temperatures to form compounds possessing cementitious 
properties". 

Pozzolanic material is mixed with standard portland cement, 
generally in the proportion of 10 - 40% by weight. Pumice and 
pumicite are the most important pozzolans, but opaline shale and 
diatomite are also used as the source for natural pozzolan. A 
major use of portland-pozzolan cement is in construction of 
large-mass concrete dams. Among the advantages claimed for 
pozzolan-portland cement are generally cheaper cost; lowering of 
heat of hydratlon; earlier development of maximum rate of heat 
development; improved workability; increased plasticity; decrease 
in segregation of the concrete ingredients; decrease in bleeding 
of water; improved water tightness of concrete; greater sulphate 
resistance; improved tensile strength; elimination of retardation 
of alkali-aggregate reaction. 

Pozzolan is sold by itself and also pre-mixed with portland 
cement with an estimated price in the range of 815-25/t. 

Zeolites 

The tertiary volcanic tuffs, which outcrop along the upper 
area of Ferguson Creek, are also of economic interest as a 
potential source for natural zeolite. Preliminary tests indicate 
that most tuffs and sandstones in the area contain zeolites. 

The most profitable applications of zeolites utilize their 
adsorption, ion exchange and molecular sieve properties. Present 
applications are in the following fields: construction industry 
as pozzolan; agriculture as soil conditioners, fertilizer 
regulators, deodorizers and feed supplements, aqua-culture in 
filtering systems; treatments of heavy metals and waste water, 
oxygen separators, solar energy storage; and domestic use as 
deodorizers and pet litter. 
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SUMMARY AND CONCLUSIONS 

The ground, presently covered by WK Chrome I claim, has been 
known and partially explored by numerous operators since 1927. 
However, the poor outcrop exposure and the volcanic and alluvial 
cover has thwarted past exploration. Numerous sampling of the 
same showing and meaningless geochem/geophysic surveys have done 
little to improve the knowledge of the existing chromite 
mineralization. Since significant chromite mineralization occurs 
within the subject claim and nearby Scottie Creek and further 
north on Mika claim, it is reasonably to assume that the chromite 
lenses in the NE showing ( Appendix 11) could continue for some 
distance both north and south under the cover. 

According to the conclusion of the previous examiners an IP 
geophysical survey may be useful since IP responds to certain 
chromite deposits, covered under volcanic, providing that they 
are large enough and are not masked by sulphides present in 
volcanics. Further exploration of the known showings should be 
tested by drilling. 

Potential for other industrial minerals, mainly pozzolan and 
zeolite, do exist. The preliminary examination indicate that 
these minerals may by of substantial and possibly of enormous 
potential. Proximity to major transportation routes and, the 
cement plant in Marble Canyon which is located only a $ hour 
drive on a paved highway, render these minerals commercially 
valuable. The cement plant may be both consumer of pozzolan and 
supplier of cement for ready mix. 
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STATEMENT OF EXPENDITURES 

PERSONNEL: 

D. Andric, Geologist 
May 24-27, 1994 
3 days @ $200/day 

May 24-27, 1994 
3 days @ $115/day 

W. Kovacevic 

D. Gajic, Field Assistant 
Oct. 18-21, 1994 
3 days @ $125/day 

W. Kovacevic 
Oct. 18-21, 1994 
3 days @ $i75/day 

Total Labor 

TRANSPORTATION: 

GMC 4x4 Truck rental 
Borex Management Ltd. 
May 24-27, 1994 

8 x $75/day 
Gas 

OCt. 18-21, 1994 

$ 6 0 0 . 0 0  

525.00 

375.00 

525.00 

$2,025.00 $2,025.00 

600.00 
278.71 

Total Transportation $ 878.71 $ 878.71 

LODGING AND MEALS: 

Motel 
Groceries 
May 24-27, 1994 

290.92 
332.96 

Oct. 18-21, 1994 
Total Motel/Meals $ 623.88 $ 623.88 

FIELD SUPPLIES: 

Maps/Photos 

CONTRACTOR'S EXPENDITURES: 

B.C. Research Inc. 
Assays E, Report 

TOTAL May/Oct, 1994 EXPENDITURES 

48,OO $ 48.00 

$1,187.70 $1,187.70 

$4,763.29 
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STATEMENT OF QUALIFICATIONS 

I, Willy Kovacevic, of the City of Vancouver, Province of British 
Columbia, DO HEREBY CERTIFY THAT I have the following 
prospecting and related experience: 

1971 

1972 

1975-1976 

1976 

1977-1978 

1977-1979 

1980-1983 

1983-1990 

1993-1995 

Completed The Canadian Securities Course 
(The Investment Dealers Association of Canada). 

Attended a prospecting course (hard rock) organized by 
The B.C. & Yukon Chamber of Mines. 

Developed and shipped polymetalic ore from Adams 
Plateau, B.C. to Cominco (Borex Mining Ltd. Spar I and 
Spar 11 claims). 

Attended a prospecting course (placer gold recovery) 
organized by B.C. E, Yukon Chamber of Mines. 

As the President of Lorcan Resources Ltd.,,(VSE public 
company) supervised and participated in g&hysical and 
diamond drilling (Lost Cabin Mine, California). Worked 
as diamond driller helper. 

Prospected and gechemically surveyed group of claims 
owned by Mineta Resources Ltd. (VSE public company) in 
Monashee Range, B.C.. Prospected and geochemically 
surveyed in southcentral B.C. for Tilava Mining 
corporation (as owner). 

Explored for oil and gas in USA, produced and marketed 
oil in Clinton County, Kentucky for Robico Investment 
Ltd. (as owner) and for group of VSE public companies, 
Mineta Resources Ltd., Westam Oil Ltd. and Boram Oil 
Ltd. (as principal). 

Supervised and participated in various phases of 
exploration on the properties owned by Star of Mineta 
Ltd. as principal (Kirkland Lake, Ontario, Adams 
Plateau, B.C., Golden Loon,claims Little Fort, B.C..) 

Prospected and geochemically surveyed WK Chrome I 
industrial mineral prospect (chromium, pozzolan and 
zeolite) Clinton, B.C.. ( Ad/, {h-t/ fWb+l.~ 

Willy Kovacevic 
Prospector 
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TABLE I 

Sample Descriptions and Assay Summaries 

Sample No. Description AssayIAnalysis 

Cr Au Ag Ni co 
% p.p.b. p.p.n. p.p.m. p.p.m. 

84-18-1 Chip sample across  2 m. of serpentinized 14.58 35 0.8 1,190 46 
peridotite with numerous thin chromite 
layers and disseminations. Located on 
known showing immediately NW of sloughed- 
in C.Ei. & S .  adit. 

84-18-2 Chip sample across 1 m. of serpentinized 
peridotite with chromite lenses and 
disseminations. Approximately 2 m.  SE 
of 84-18-1 site. 

18.27 35 0 . 7  1,160 30 

86-18-3 Crab sample From updip extension o f  low- 0.78 LS 0 .8  1,900 7 1  
angie shear  structure cutting t h e  
minerali ;-ed outcrop. Approximately i i )  m. 
NW of  84 L 8 - L  s i c ? .  



APPENDIX I1 



h 

/ 

LEGEND 

I Sompl, Locat ion / 

/ 
F E R Q  CLAIM 

K A M L O O P S  M I N I M 0  O I V I S I O M ,  B C  

/ 
S A M P L E  LOCATIONS MAP - Y C l R C S  20 0 W 4Q Y C T R R  

t154)I  

I I 



- 3 -  

SAMPLE RESULTS 

T h e  r h i n  s r l r n l i n n  was t i n d e r t a k e n  w i t h  t h e  i n t & ? n t  o f  checkinq 

t .he ch romi te  g r a d e  of t h e  most f a v o r a b l e  s h o w i n g .  T h e  a v e r a g e  

g r a d e  f o r  t h e  t h r e e  s a m p l e s  i s  2 1 . 5 %  c h r o m i u m .  The n i c k e l  

a s s a y s  were i n s l g n i f l c a n t  b u t  p r e v i o u s  s a m p l i n g  by E q u i n o x  

R e s o u r c e s  r e v e a l e d  the s h o w i n g  d u e  g r a d e  0.08 t o  0 . 2 8 %  N i  o v e r  a 

f a i r l y  w i d e  a r e a .  I t  is n o t  c e r t a i n  l f  the n i c k e l  is i n , a  

s i l i c a t e  o r  a s u l p h i d e .  s a m p l e  results a r e  a s  f o l l o w s :  
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CHARACTERIZATION OF ROCK 
SAMPLES AND PRELIMINARY 
ASSESSMENT FOR USE AS 
POZZOLANIC MATERIAL 

Prepared for: 

Tilvana Mining Corl)c)rillioll 
41 5-470 Criinvillc~ S l r c v l  
Vancouvcr, B.C. V6C 1V5 

Prepared by: 

B.C. Resrarc:li Inc:. 
3650 Wesbrook Mall 
Vancouver, B.C. V6S 2L2 

Project No: 2-21-0734 

July 13, 1994 

'blue crention tlirorrglr iiiiiozintion 
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SAMPLES 

Six rock samples from the Clinton area in B.C. were received on June 14, 1994 for cation 
exchange capacity (CEC), whole rock analysis (WRA), and sulphite (SO$ analysis. T’hese 
analyses will indicate the potential for use as an ion exchange and/or a pozzolanic 
material. 

ANALYSIS 

CEC 

CEC was carried out by the ammonium acetate method. 
milliequivalent (meq) per 100 grams. 

WRA 

WRA was carried out by Chemex Labs. in Burnaby, B.C. using x-ray fluorescence (XRF). 
Major oxides and Loss on Ignition (LOI) were determined. 

Resulfs are expressed in 

RESULTS 

CEC 

The results of the CEC analysis are shown in Table 1. Sample WKl+LCP has the highest 
CEC at 62 meq/100g, which should indicate the presence of zeolitic constituents. All 
remaining samples have low CEC. 

WRA 

The results of the WRA analysis are attached in Appendix A. Silicon dioxide (Si02), 
aluminum oxide (A1203), and iron oxide (Fe,O,) ranged 54.20 to 61.39%, 14.98 to 17.19% 
and 4.49 to 8.52%, by weight, respectively. 1.01 raiigcd 5.13 to 15.26% by weight. 

Table 2 shows results of the SO, analysis. All samples were <0.1% SO,, by weight 

DISCUSSION 

Sample WKl+LCP may represent low to moderate grade zeolitic material. X-ray 
diffraction analysis should be carried out to confirm the presence of zeolite(s). If sufficient 
tonnage is available and accessible, this material may have potential for application in 
agriculture (soil enhancement or odor control) or other industries which utilise low to 
medium grade natural zeolites. 

8CRl 



Characterization of Rock Samples and Preliminary hsessrnent lor Use as I’orzolanic Malcrial 2 

According to ASTM Designation C618-89a, Standard Specifications for Fly Ash and Raw 
or Calcined Natural Pozzolan (see Appendix B) lor use as a Mineral Admixture in 
Portland Cement, the chemical requirements are as follows: 

Mineral Admixture Class 

SiO,, plus Al,O,, plus Fe,O,, min., 70.0 70.0 50.0 
% 
SO,, max., % 4.0 5.0 5.0 
Loss on Ignition (LOI), max., % 10.0 6.0 6.0 

Class N - r aw or calcined natural pozzolans 
F - fly ash from anthracite or butuniinous coal 
C - fly ash from lignite or sub-bituminous coal 

Sample C-LL Road is clay-like and thus, is unsuitable for use as pozzolanic material. All 
the remaining samples classify as mineral admixture N. All samples satisfy the 
SiO,+Al,O,+Fe,O, condition of 70.0% minimum, and the SO, condition of 4.0 maximum. 
All samples, except WKl+LCP, satisfy the LO1 condition of 10.0% maximum. 

Therefore, samples CL+625N, BL+625N, L425N+1 liii:, and L,42SN+390E satisfy the  
chemical requirements for natural pozzolan for usc JS an admixlure in Portland cement. 
Further testing must be carried out to determine if  these materials satisfy the physical 
requirements as laid out in ASTM Designation: C618-89a. 

Sample C-LL Road should be analyzed by XRD to determine the type of clay, approximate 
purity and should also be characterized for its swelliiig abil i ly. 

Environmental Sciences and Engineering 
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Table 1: CEC Results 

Sample 
I.D. 

CEC 
(meq/100 g) 

CL+625N 
BL+625N 

L425N+31 OE 
L425N+390E 
C-LL Road 
WKl+LCP 

19 
32 
34 
35 
23 
62 

Table 2: SO, Results 

Sample 
I.D. 

CL+625N 
BL+625N 

L425N+310E 
L425N+390E 
WKl+LCP 

503 
(Wt. %) 

<o. 1 
<0.1 
<0.1 
<0.1 
<a1 

BCRl 
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To: B.C. RESEARCH INC. 
3650 WESBROOK MALL 
UNIVERSITYOF BRITISH COLUMBIA 
VANCOUVER. BC 
V6S 2L2 

Chemex Labs Ltd. 
Ana!yIml Chemlsl~ . Geo~heinisls ' Regislered Assayeis 

212 Brooksbank Ave..  North Vancowel 
British Columbia. Canada V7J 2C1 
PHONE. 604-984-0221 

1 CERTIFICATE A941 8420 

B C RESEARCH INC 

Pqect 2-21 -0734 
P O  tf R43349 

samples submitted to our l a b  in Vdncouver, BC. 
This report -5 printed on 29-JIM-94. 

.- . ~~~~ 

SAMPLE PREPARATION 

XEMEX 
CODE 

214 

JMBER ~ 

IMPLES DESCRIPTION 

~ .. . 
-~ 6 , Rcvd as pulp; mesh size checked 

~~ 

902 
906 

2590 
903 
908 
905 

1989 
907 
909 
901 
904 
910 

2540 

Comments ATTN Tlhl OHEARN 

~~ 

6 A1203 %: XRF 
6 cao %: XRF 
6 cr203 9: XRP 
6 F e z 0 3  %: XRP 
6 K20 %: XRF 
6 NgO %: XRF 
6 MnO %: XRF 
6 Na20 %: XRF 
6 / P 2 0 5  %: XRF 
6 lsio2 %: XRF 

ANALYTICAL PROCEDURES 

DESCRIPTION METHOD 

XRF 
aRF 
XRF 
XRF 

DETECTION 
LIMIT 

0.01 
0.01 
0.01 
0.01 

XRF 0.01 
XRF 
XRF 
XRP 
aRF 

0.01 
0.01 
0.01 
0.01 

XRF 0.01 
aRF 0 . 0 1  
XRF 0 . 0 1  
CALCULATION 0 . 0 1  

A941842C 

UPPER 
LIMIT 

100.00 
100.00 
100.00 
100.00 
100 .oo 
100.00 
100.00 
100.00 
100.00 
100.00 
100 .00  
100.00 
1 0 5 . 0 0  



f. To B.C RESEARCH INC. 
3650 WESBROOK MALL 
UNiVERSlTY OF BRITISH COLUMBlA 
VANCOUVER, BC 

Chemex Labs Ltd. 
AnalVtical Chernids GeOmemists Rwlsteied Assavers 

214 
214 
214 
214 
214 

214 

Page Number : 1 
Total Pages :l 
Certilicate Date: 29-JUN-94 
Invoice No. : 19418420 

CODE 

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

212 Brnoksbank Ave.. North Vanmwer 
British Columbia, Canada V7J 2C1 
PHONE: 604-984-0221 

P.0 Number : R 43349 V6S 212 

Project : 2-2-0734 
Comments ATTN: TIM OHEARN 

Account : LPV 

SAMPLE 
~ 

11 
12 
13 
14 
15 

16 

1203 % 
RF 

17.19 
15.65 
14.98 
15.72 
15.04 

15.73 
~ 

~ 

a0 % 
RF - 
5.98 
4.08 
3.25 
3.79 
6.81 

2.63 
__ 

- 

I203 % 
RF - 

0.01 
0.01 
0.01 
0.01 
0.03 

0.02 
~ 

~ 
~ 

3 0 %  
RF - 
2.02 
2.19 
2.07 
1.94 
3.83 

3.25 
~ 

CERTIFICATE OF ANALYSIS A941 8420 - - 
no % 
RF - 
0.05 
0.12 
0.09 
0.11 
0.13 

0.02 
__ 

~ 
~ 

a20 % 
RF - 
3.06 
2.62 
2.42 
2.59 
3.63 

1.44 
__ 

~ 
~ 

205 % 
RF - 
0.22 
0.35 
0.23 
0.28 
0.29 

0.13 
__ 

__ __ 

io2 % 
RF - 
58.18 
58.81 
61.39 
59.45 
54.20 

54.40 
~ 

__ __ 

'502 % 
RF - 

0.59 
0.65 
0.50  
0.65 
1.71 

0.72 
__ 

__ ___ 

01 % 
XF - 

6.27 
8.63 
8.85 
9.05 
5.13 

15.26 
___ 

YITAL 

- 
100.90 
100.25 
100.25 
100.15 
100.70 

100.05 
__ 

- 
CERTIFICATION <- d 
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Designation: C 618 - 89a 4STb 
Standard Specification for 
Fly Ash and Raw or Calcined Nafural Pozzolan for use as a 
Mineral Admixture in Portland Cement Concrete' 

I .  Scope 
1.1 This specification covers fly ash and raw or calcined 

natural pozzolan for use as a mineral admixture in concrete 
where cementitious or pouolanic action, or  both, is desired, 
or where other properties normally attributed to finely 
divided mineral admixtures may be desired or where both 
objectives are to be achieved. 

NorE-Finely divided materials may tcnd 10 reduce the entrained air 
content of concrete. tlcnce, iC a mineral admixture is  added to any 
concrete for which entrainment of air is sprrilied. provision should be 
made to a u u r e  that the specified aircontent is mainrained by air content 
tcsts and by UY of additional air-entraining admixture or use of an 
air-entraining admixture in combination with airentraining hydraulic 
W"W"1. 

1.2 The  values stated in inch-pound units arc to be 
regarded as the standard. 

2. Referenced Documents 

2 .  I ASTM Standards: 
C 260 Specification for Air-Entraining Admixtures for 

Concrete' 
C 31 I Test Methods for Sampling and Testing f l y  Ash or 

Natural Pozzolans for Use as a Mineral Admixture i n  
Portland-Cement Concrete' 

3. Terminology 
3. I Dejnilions: 
3.1.1 fly &-finely divided residue that results from the 

combustion of ground or  powdered coal. 
Norr-This definition of fly ash does not include. among o t k r  

thlngr. the residue resulting from: ( I )  the hurriing 01 municrpl garhagc 
o r  any  other rcfuw: with cod: or(?)  ihc injection oflimc directly into the 
hoilcr for sulfur removal: or ( 3 )  the burning of industrial or municipal 
gxhage in incineraton commonly known as "incinemior ash." 

3. I .2 ~~,o;io/mns-siliceous or siliceous and aluminous 
niaicrials which in themselves posscss little or no ccnien- 
titious value but will, in finely divided form and in the 
presence of moisture, chemically react with calcium h y -  

r Thlr ~mci l i c~ l ion  is  undcr chc junvliclion or ASTM Cammillee C.9 on 
Ctmrrelc2nd Concrele A ~ r r y a l e r .  and is Ihe dim! rnponrihilily OfSubcommiIlre 
C1)9,tli 10 on f l y  Ash. Slap, hliner;iI A d m ! r i u r n .  and SunDkmcnmrY Ccmenlifmus 
\ l . l f C I  , , , I \  

<'u,rcnl ~~tlil iclil annrovcd (*I. 2 1 .  l ' l H 9  Puhlidird 1 ) r c c l n l r l  198') On###~. i l l y  
Iph#lhrhcd :I\ C h l E  - hX.1' t c )  rr11lic(. C 3511 ilnd C . l 0 2  I Ij(l I)rC'W111\ c ~ l t t W \ r ~  
c 1,lS. 47.  

.' f, no,,, lIl,rui ,,l.i.Yl I 1  .\,':,,'l,,,,i,. \',,I ll.t.lI2 

droxidc at ordinary tciiipcmturcc to rorni coinpniiiids pos- 
sessing cciiientitio~~s propcrtics. 

4. Classification 
4.1 Class N-Raw or calcined natural pozz.olans that 

comply with the applicable requirements for the class as 
gven  hcrein. such as some diatomaceous earths; opaline 
cherts and shalcs; tuffs and volcar>ic ashes or purnicites, a n y  
of which may or may not be processed by calcination; and 
various materials requiring calcination to induce urisfactory 
properties, such as some clays and shales. 

4.2 Class F-fly ash normally produced from burning 
anthracite or  bituminous coal that meets the applicable 
requirements for this class as given herein. This class fly ash 
has pozzolanic properties. 

4.3 Ch.u C-Ry ash normally produccd from lignite or 
subbituminous coal that meets the applicable requirements 
for this class as given herein. This class of fly ash, i n  addition 
to having pozzolanic properties, also has some cementitious 
properties. Some Class C fly ashes may contain lime contents 
higher than 10 %. 

5 .  Chemicnl Composition 
5.1 F l y  as!t and ii,?liiral p o ~ ~ n l n i i s  sh:ill conl'orni 10 Ihc 

requirements as to clicniical cuniposltion prcscriixd i n  Table 
1. S u p p l e m e n t a ~  optional chemical rcquircnicnLs arc shown 
in Table 2 .  

6. Physical Properties 
6.1 Ry ash and natural po ,~o lans  shall conform to t h e  

physical reqoircmcnls prescribrd i n  Table 3 .  Supplenien(ar! 
optional physical rcquircmcnts itre showti iii l ~ ; i l > l c  4 

! 
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TABLE 1 Chemical  Requirements 
- _. _ _  - ___  -_  - - - -. - -. .-__ __ -- - _ _  - 

Mineral Admixture Class 

S~lm dioxide (SiO,) plus aluminum oxide (AI,O,) plus iron oxide (Fe,O,), min % 50 0 
.Sulfur tnoxlde (Sod. max. % 4 0  5 0  5 0  
Moisture Content. may. % 3 0  3 0  3 0  

6 0  Loss on ignition. max. % 

are made available 

70 0 70 0 

- -- - - ._ - 
100 6 0 "  

-__I--_ 

A The use of Class F pozzolan containing up to 12 0 % loss on ignition may be approved by the user i f  &ther acceptable pedormanco rrcords or laboratory test results 

* .  TABLE 1A Supplementary Optional Chemical Requirement 
I NOTE-This optional requirement app(ies only when specifically requested 
i t  Mineral Admixture Class 

F 
I___ __ -L_- 

c 
iAvalaMB alkales, as Na,O, max. % A 1 5  1 5  1 5  

.dn mtent of alkales. 

- - - - - - N 
b 

-I_- 

!. . _ .  

A AppllcaMe only when speafically required by the purchaser for mineral admixture to be used YI m e t e  conlaming reacttve aggregate and cement to meet a limitatm 

h... 

I;.." TABLE 2 Physica l  Requirements 

__ fL-, ' Mineral Admixture Class 
I______ ----- I/ 

g,.. N F C 

wet-sieved on 45  pn (No. 325) sieve. mar. % A 34 34 34 

at 7 days, min. percent of 750 750 750 

at 28 days, min. percent of 750 750 7 5 0  

800 (5500) 

activity Index: 

control 
800 (5500) With lime, at 7 days min. psi (kPa) 

:Water requirement. max, percent of m t r o l  115 105 105 
'Soundness: 

expansion or contraction. max, % 0.8 0.8 0.8 

5 5 5 
5 5 5 

~- .~ __ __ . . ... .. . 

ning o aggomcra ions of extremely fine material 
portland cement nor the wzzdanic activity index with lime is to be msrdered a meastire of the comprcssive strength of 

?maete containing the mineral admixture. The sfrength activity index with portland cement is determined by an accelerated test, and IS intended to evaluate the 
,Contribution lo be expected from the mineral admixture to the longer strength development of m e t e .  The welght of mineral admixture specified lor the test to determine 

strength activity index with portland Cement is not considered to be the proportion recommended for the m e t e  to be used in thc work The optimum amount of 
mheral admixture for any specific project is determined by the required properties of the m e t e  and other COnstitwnts of the uxlcrete and should be established by 
,bting. Stfengt!, activity irdex with poctla?d cement is a measure of reactivity with a given cement and may vary as to the sourc-9 of both the fly ash and the cement. 

$ If the mineral admixture Will constitute more than 20 % by weight of the cementitious matenal in the prop3 mix desgn, the test spewmens for autoclave expansoon 
Shall contain that anticipated percentage. Excessive autoclave expansion is highly signlfmnl In cases where water lo mineral admixture anc! cement rallos are low, for 
Wmple. in Mock of shotaete mixes. - Meeting Me 7 day or 28 day Strengfh activity index will iridicale specification compliance 
.. 

9. Rejection random, is less than that specified, the entire shipment may 
h 
. 9.1 The mineral admixture may bc rejected if i t  fails to 
meet any of the requirements of this specification. 
+ 9.2 Packages varying 5 o/;i from 
weight may be rejected. i f t he  weigtlt o f - t h e  packages 
in any shipment, as shown by weighing 50 packages taken at 

be 
9.3 Mineral admixture in storagc prior to shipment for a 

period longer t h a n  0 months after testing niav be retested 
and n l a y  be rejected if i t  fails to meet the fineness rcquire- 
nlcnts. 

c 



TABLE 2A Supplementary Optional Physical Rcq~i i rcr i~ci i ts 

~~. . . - .. - -~ .- ~- . ~ .  .. - .- 
Noi~-These optional requirements apply only when spccilicalty requested. 

______I .---_ . . .- -. . . .. . . . 

I4lrrerAl Adrnixture Class 

F 
________________.._..__.____I_..._ ~ .~ 

C 
. ~ _ _  N 

Multiple facloc. calculated as the product of loss on ignition and fineness, , .  255 . . . .  
amount retained when wet-sieved on No. 325 (45-pm) sieve, 
rnax. % * 

Increase of drying shrinkage 01 mortar bars at 28 days, max. X a 
Uniformity Requirements: 

0.03 0.03 0.03 

In addition. when airentraining concrete is specified. the quantity of 20 20 20 
airentraining agent required to produce an air content of 18.0 VOI % 
of mortar shall not vary from the average established by the ten 
preceding tests or by all preceding tests if less than ten. by more 
than, % 

Reactivity with Cement Alkalies: 
Reduction of mortar expansion at 14 days, min. % 75 . .  . . . .  
Mortar expansion at 14 days, max. % 0.020 0.020 0.020 __ 
A Appricable only for Class F mineral admixtures since the Loss on anition limitations predominale lor Class C 

Determination of compliance or nonaxn@iance with the requirement r e l a t i  to increase in drying shrinkage will be made only at t l E  rCWcsl of the purchaser. 
The indicated tests for reactivity with mnent  alkalis are o p t m l  and alternative requirenlents to Lr applred only at the purchaser's request They need not be 

requested unless the fly ash or pozzdan is to be used with aggregate that is regarded as delelerlously reactrvc wrlh alkalies in cement The test (of reductlon of mortar. ;; 
expansion may be made using any high-alkali Cement in a c a x d m  with M e M s  C 31 1 ,  Secton 35.1 11 t!x patland cement to be used In the work is not known, or is' , 
not available at the time the mineral admixture is tested. The test for mortar expansion IS prefened over the test lor reduction 01 morlar expansion if the porlland cement"' 
to be used in the work is known and available. The test for W r  expansion should be performed wrth each of the ccmenls to be used in Ihe work 

,! 

10. Packaging and Package Marking 
10.1 When the mineral admixture is delivered in  pack- 

ages, the class, name, and brand of the producer, and (he 
weight of the material contained therein shall be plainly 

marked on each package. Similar information shall be': 
provided in thc shipping invoiccs accompanying the shi$',,! 
men1 ofpackagrd or bulk mineral admixture. 

.. - 

The American Society /or Testing and Materials takes no posrtion resp?cfing rhr vaiidily of any parenr rlgbfs asscrlcd in connccrioi! 
with any ifem menfioned in this standard. Users ol this standard are exprcssiy advised (ha! dc:e(minaf!on o l  the vdirdiry of any such 
patent rights, and the risk o l  infringement o/ such righls, are enfirely thor  own resp+~sit i i i ' :y 

This standard is subjecf to revision af any time by the responsible technical conmiffcr m l  ri!usl t)c revii'uca cvi?ry l ive yoars anif 
/I not revised, either reapproved or withdrawn. Your commenfs are invifed eithcr lor r i?b is io r  0: 1 / 1 6  $:.':iodrd or for a d d i : i ~ i ~ ~ ~ i  s/;ii:daidx 
and should be addressed I0 ASTM Headquarters Your comments wi// r r C C i w  rii'f'ilr ccr:srdora!icn dr a mccling o/ [be rcsyx?nsihic 
lechn/ca/ commi7fee. which you may affend. /I you /eel fhaf your commenls bave noi r&:e/vh? a i m  hearing y o u  shoold make your 
views known to the ASTM Comminee on Standards. 7916 Race Sr., Philadelphia, PA I9 103 
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According to ASTM Designation C6’18-89a, Standard Specifications for Fly Ash and Raw or 
Calcined Natural Pozzolan (see Appendix 8 )  for use as a Mineral Admixture in Portland 
Cement, the chemical requirements are as follows: 

Mineral Admixture Class 

SiO, + A1,0, + Fe,O,, niin., % 70.0 70.0 50.0 
SO,, max., % 4.0 5.0 5.0 
Loss on Ignition (LOO, max., % 10.0 6.0 6.0 

Class N - raw or calcined natural pozzolans 
F - fly ash from anthracite or butuminous coal 
C - fly ash from lignite or sub-bituminous coal 

All samples classify as mineral admixture N. All samples satisfy the Si0,+A1,03+Fe,0, 
condition of 70.0% minimum, SO, condition of 4.0 maximum, and the LO1 condition of 10.0% 
maximum. 

Therefore, all samples satisfy the chemicnl requirements for natural pozzolan for use as an 
admixture in Portland cement. Further testing must be carried out to determine if these 
materials satisfy the physical requirements as laid out in ASTM Designation: C618-89a. 

A I * m O’H am, P.Eng. 
Industrial Minerals-Section 
Environmental Sciences a n d  Engineering 



Table 1: CEC Results 

7 
8 
9 

10 

Sample 
I.D. 

34 
34 
37 
37 

CEC 
(meq/100 gl 

10 

I 

<o. I 

Table 2: SO, Results 

Sample 
I.D. 

so3 
(Wt. %) 

I 

7 
8 
9 

<0.1 
<o. 1 
<0.1 
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x x x ‘I x I x x x x x m p q x n & $ m F p n p p *  x I 

7 5 8 , s  1 4 . 5 7  4.50 2.m 3.58 2.09 2.93 .s2 .21 .07 .ow 707 29 ~2 119 IF ‘10 10 9.1, W.FS :i cf 
9 ~ 8 . 3 4 1 5 . 5 8  1.10 1.m4.222.192.1~ .u .x .oa ,004 mp 29 411 107 18 q o  1 1  9.1 99.72 39 
10 58.90 15.36 5-07 2.40 3 . 6  2.25 2.0~ .a .21 .05 ,002 626 24 349 1% 21 ‘10 13 6 . 9  w.68 99 .5% 

8 57.23 16.08 5.31 2.23 C.59 2.05 2.17 .63 .22 .09 ,005 684 2? 369 123 21 ~ 1 0  16 8.6 99.21 9 bc- 

R f  10 59.72  15 .45  5.07 2.65 3.67 2.34 2.10 .7O .19 .QS .OW 627 28 352 127 21 <I0 14 8.9 100.32 %‘r ?~‘7 

,200 GRhU SUlPLES ARE f U S E O  YITtI  1.2 GRlW Of LIE02 AUD ARE OISSOLWD I N  100 X I S  SZ HYOJ. Ba I S  %M AS 8 c ~ S  AND OTHER KEIALS mf SWI AS OXIDfs.  
. W L E  TYPE: WLV s p q s .  

DATE RECEIVBD: HOV 16 1991 DkTE W O R T  % A I L E D :  dd /$$, S I G K D  C.LECW. J.UIKG; CERllflED 8.C. @ss~IuIs 


