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DISCLAIMER
By accessing and using the Alberta Energy website to download or otherwise obtain a scanned mineral
assessment report, you (“User”) agree to be bound by the following terms and conditions:

a)

b)

d)

Each scanned mineral assessment report that is downloaded or otherwise obtained from Alberta
Energy is provided “AS IS”, with no warranties or representations of any kind whatsoever from Her
Majesty the Queen in Right of Alberta, as represented by the Minister of Energy (“Minister”),
expressed or implied, including, but not limited to, no warranties or other representations from the
Minister, regarding the content, accuracy, reliability, use or results from the use of or the integrity,
completeness, quality or legibility of each such scanned mineral assessment report;

To the fullest extent permitted by applicable laws, the Minister hereby expressly disclaims, and is
released from, liability and responsibility for all warranties and conditions, expressed or implied, in
relation to each scanned mineral assessment report shown or displayed on the Alberta Energy website
including but not limited to warranties as to the satisfactory quality of or the fitness of the scanned
mineral assessment report for a particular purpose and warranties as to the non-infringement or other
non-violation of the proprietary rights held by any third party in respect of the scanned mineral
assessment report;

To the fullest extent permitted by applicable law, the Minister, and the Minister's employees and
agents, exclude and disclaim liability to the User for losses and damages of whatsoever nature and
howsoever arising including, without limitation, any direct, indirect, special, consequential, punitive or
incidental damages, loss of use, loss of data, loss caused by a virus, loss of income or profit, claims of
third parties, even if Alberta Energy have been advised of the possibility of such damages or losses,
arising out of or in connection with the use of the Alberta Energy website, including the accessing or
downloading of the scanned mineral assessment report and the use for any purpose of the scanned
mineral assessment report so downloaded or retrieved.

User agrees to indemnify and hold harmless the Minister, and the Minister's employees and agents
against and from any and all third party claims, losses, liabilities, demands, actions or proceedings
related to the downloading, distribution, transmissions, storage, redistribution, reproduction or
exploitation of each scanned mineral assessment report obtained by the User from Alberta Energy.
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November 19, 2002

Ronald T. Owens

202 - 5201 - 52 Avenue
Ponoka, AB T4J 1H6
Phone: 403-783-6487
Fax: 403-783-6586

Alberta Energy

Mineral Operations Division
Mineral Tenure Branch

9™ Floor, 9945 - 108 St.
Edmonton, AB T5K 2G6

Attention: Hazel Hensen, Agreement Administrator

I hereby submit an Assessment Work Report to cover the required expenditures for the following
lands: All of section 21-6-09-079

All of section 22-6-09-079

All of section 26-6-09-079

All of section 27-6-09-079

All of section 34-6-09-079

All of section 35-6-09-079 A total of 3840 acres or 1554.048 hectares

All of section 2-6-09-080

All of section 3-6-09-080

All of section 7-6-09-080

All of section 8-6-09-080

All of section 9-6-09-080

All of section 10-6-09-080

The South-west quarter of section 11-6-09-080

The South one-half of section 16-6-09-080

The South one-half of section 17-6-09-080

The South one-half of section 18-6-09-080 A total of 4960 acres or 2007.312 hectares

The balance of the acreage of these two permits (9396110003 and 9396110004) I wish to drop
at this time as they are no longer of interest for this project.

I have concentrated efforts on developing a leaching protocol for iron rich ore and comparing the
results with a fusion protocol; however, getting a consistent correlation still requires more time
and effort.

Ronald T. Owens



Authorization to Reproduce or Copy

I hereby give authorization to reproduce or copy this report, after the

customary one year delay.

‘Ronald T. Owens






January 14, 2003

Alberta Energy

Mineral Development Division
7" Floor North Petroleum Plaza
9945 - 108 Street

Edmonton, AB T5K 2G6

Attention: Susan Carlisle, Director, Mineral Agreements

Coal and Mineral Development

Dear Ms. Carlisle:

In response to your letter of December 23, 2002, | will elaborate on the following queries:

I.

Although 1 believe it necessary to continually up-grade my lab capabilities, | will accept the $13,500.00 amount
that was previously acknowledged by you.

Although 1 have found it necessary to travel extensively in acquiring equipment and transporting re-agents as
(“hazardous goods regulations” create courier and importation difficulties). Also, the necessity of prompt
delivery of leach samples required a great deal of mileage. However, as I realize they are subjective, I will forgo
all travel costs.

The efforts reported here relate to three components of the program of evaluating the Bad Heart Sandstone as a
precious metal prospect.

[ have worked and spent on this program for over ten years; however, the results obtained were often
inconclusive.

For this reason, it appeared necessary to try and identify the causes of the varying results , by a systematic
research program of in-house wet chemistry, suggested by an accredited chemist.

Over two hundred separate leach trials were conducted; one hundred and twenty-five are reported here. The
balance were either partial or total failures and so are not reported.

Each leach trial required a minimum of six hours, three at a time, dictated by space in the fume cabinet for three
stirring hot plates. This, along with the associated preparation of samples (drying, screening and weighing) and
the cleaning of necessary glassware, etc. required a minimum total of five hundred hours.

. The goal of this phase of the program was to try and identify the most suitable pre-treatment and type of leach

procedure, for use on a single sample collection of the Bad Heart Sandstone. The reason for this was to eliminate
variables that would be introduced, and thus skew the data, if samples taken from multiple locations were used
for the initial research.

This standardized procedure would then be used for samples from other sites and depths. This should create an
informed decision of the property’s potential.

Due to the importance of identifying the procedures required to.accurately analyze materials with the
characteristics of the Bad Heart Sandstone, the procedures used must remain proprietary, at this time.



4. Continued
One other aspect of the program, included in the report, is the field trip of late April, 2001. At this time an
experienced geologist and myself, contracted Blackhawk Excavating of Spirit River to re-excavate a test pit
at Site one - LSD -06-section 26-06-09-79. The pit was sampled at one foot intervals, to the depth of twelve
feet. These samples were then dried, pulverized, screened, split and logged.

A split of each sample was forwarded to Auric Metallurgical Laboratories of Salt Lake City, for fire assay with
nickle sulphide collection.

This work required approximately one hundred hours, the results of which are included in the body of the report.

Would you please insert the revised “Statement of Expenditures” and “Allocation of Expenditure” and remove the
initial submission in the existing copies of the report.

[ am including a list setting forth expenses, as well as a list of consulting and custom services utilized, for which
receipts can be provided if required.

Also included is a description of work done and conclusions arrived at for inclusion in the Body of the Report.

Respectfully ‘ylours,

Ronald T. Owens

N.B. Correct address is: Suite 202, 5201 - 52 Ave.
Ponoka, AB
T4) 1H6;

(not suite 201)



Expendables for which receipts can be provided if required

2001

Jan Bedrock Supplies $ 211.86
Feb Bedrock Supplies 92.57
Feb Bedrock Supplies 67.23
Feb Bedrock Supplies 462.45
May Bedrock Supplies 516.21
June Bedrock Supplies 40.93
Aug Bedrock Supplies 91.53
Aug Bedrock Supplies 70.51
Jan Petrocraft 103.42
May Petrocraft 16.45
Jan Franklin Supply 10.48
Mar Petrocraft 67.41
Feb Action Mining Supplies 8.51
Feb Action Mining Supplies 209.01
Mar Action Mining Supplies 132.82
Mar Action Mining Supplies 160.67
Jun Action Mining Supplies 175.32
Jul Action Mining Supplies 207.44
Feb High Valley Chemicals 22.86
Feb High Valley Chemicals 201.28
Feb Vopak Chemicals 84.26
May Vopak Chemicals 41.71
May Mid North Safety Supply 38.95
May Sample bags 8.63
Jun Loomis (sample transport) 28.50
Jun Alfa Aesar 162.77
Jun Sample bags 16.41
Jun U.P.S. (transport of re-agents) 40.11
Aug U.PS. “ ? 48.11
Aug Greyhound * ” 7.72
Aug Fisher Scientific 97.18
2001 De-ionized water 85.00
2001 Heat and electricity for lab 1,224.00

Total $4,776.91



Consulting and Custom Services utilized

2000
Nov Philip Analytical Services § 612.25
Dec Philip Analytical Services 615.25
2001
Apr Philip Analytical Services 160.50
Apr Philip Analytical Services 347.75
2000
Dec Maxam Analytical 342.40
Dec Maxam Analytical 149.80
2001
Mar Maxam Analytical 149.80
Feb Alpha Laboratories 218.21
May Genalysis 144.00
Aug Auric Laboratories 2208.04
Feb Loring Laboratories 96.30
Sept Loring Laboratories 29.96
April Blackjack Excavating 386.27
2002

Total § 6,239.78

Consulting and Custom Services utilized
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Statement of Expenditures

Metallic and Industrial Minerals Permit Nos 9396110003 and 9396110004

Description Total Cost

Fifty percent of capital investment carried forward from

previous period $ 13,500.00
Lab materials and reagents 3,733.68
Consulting and Custom Services 6,583.58

Equipment maintenance

Time spent on project ||| GGG

§ 37,407.95

1 certify that these expenditures are valid and were incurred in conducting assessment work on the above permits.

Signed KAREN R. DAY

LA . ' 4
i A Commissioner for Oaths |
’ ] ] Signature/Stamp: o e+ the Province of Alberta.
Ronald T. Owens Commissioner g .
For Oaths 0. QP07 08



Permit No.

9396110003

9396110004

Total

Allocation of Expenditures

Ha. Expenditure Required Expenditure Assigned
1554.048 $ 15,540.048 $16,331.18
2007.312 20,073.12 21,076.77

3561.36 $ 35,613.60 $37,394.27



Introduction : Program for the Evaluation of the Bad Heart Sandstone

In November of 2000 it was concluded that much of the prior work and expense related to evaluating this property as
a precious metal prospect, was not accomplishing that goal.

An in-house wet-chemistry analysis procedure was begun, under the instruction of an accredited chemist.
The focus of this program was twofold:

1. To identify the most suitable pre-treatment and leach procedure for use on sample material containing anomalous
iron, nickel, manganese and other potentially interfering elements.

2. To evaluate I.C.P. mass spec. as an accurate, economical way of analyzing the pregnant Jeach samples produced.

Work Performed:

Over two hundred leach trials were conducted; the first several groups were either partial or total failures, and so
are not reported.

The protocol followed was “Standard Addition” utilizing a pulp from Nevada, of proven consistency of AU values as
the spike.

This spike was used in all samples submitted for instrumental analysis, to which various ratios of Bad Heart
Sandstone pulp was added.

In the interest of reducing as many variables as possible, the Bad Heart Sandstone pulp used was a thoroughly mixed
sample from between two feet and four feet of an earlier backhoe pit at Site one LSD -06-section 26-06-09-79
(see air photo map)

After a standardized procedure is established, it would then be rigidly applied to samples from other locations and
depths of this property.

On April 26,2002, a second test pit was excavated at Site one - LSD 06-section 26-06-09-79.

Approximately ten pounds of material - was collected at one foot intervals, to a depth of twelve feet. As in the
previous pit, a two foot horizon of cemented material was encountered at six feet of depth.

Several hundred pounds of this material was retrieved and transported for future analysis. Each one foot horizon was
air-dried, pulverized, split, screened and logged. One thousand gram, representative splits of each aforementioned
one foot horizon were forwarded to Auric Metallurgical Laboratories, Salt Lake City, Utah. There a fire assay-nickle
sulphide collection was conducted. The results are shown in section seven of this report.

[ of2



Conclusions:
1. Tron interference was a major hurdle in direct 1.C.P. analysis of the leaches that were tested.
2. Weak acid washes (pre-leach) reduced the problems experienced, somewhat.

3. Multi-step wet chemistry is required to obtain repeatable, quantitative results by anyone not having a broad
experience in fusion chemistry.

4. Tt is essential that instrumental analysis be done promptly and consistently (within one hundred hours, or the
pregnant leaches that were used started to degrade. (partially precipitate).

Summary:

Progress has been made, and more comprehensive in-house work is to be done in the future. This will involve
solvent extraction and gravimetric determination, so that all facets of the analysis can be observed. This should help
identify sooner, any deviations from the norm.






AMENDED APPENDIX
TC

METALLIC AND INDUSTRIAL MINERALS PERMIT NC.

COMMENCEMENT OF TERM:

1996 NOVEMBER S

DATE 6F AMENDMENT :

1998 NOVEMBER 2

AGGREGATE AREA:

4 608 HECTARES

DESCRIPTION CF LOCATION AND PERMITTED SUBSTANCES:
6-09-079: 19-36

METALLIC AND INDUSTRIAL MINERALS

SPECIAL PRCVISIONS:

—~jazbt Q/mm

FO ISTER OF ENERGY

93961109003



AMENDED APPENDIX
TO

METALLIC AND INDUSTRIAL MINERALS PERMIT NO.

COMMENCEMENT OF TERM:
1996 NOVEMBER 5

DATE OF AMENDMENT :

1998 NOVEMBER 2

AGGREGATE AREA:

4 608 HECTARES

. DESCRIPTION OF LOCATION AND PERMITTED SUBSTANCES :
6-09-080: 1-18

. METALLIC AND INDUSTRIAL MINERALS

SPECIAL PROVISIONS:

9396110004



‘otal Work’one In Pefiod or Time Frame

“

May 14, 1999
;ompany Permit Cancelled Date
WENS, RONALD THOMAS 9396110003
Period Due Date Hectare $/Ha Required Spending Expenditure Cash Payment Previous Credit Balance
1 Nov 05, 1998 4608.0000 $5.00 $23,040.00 $28,074.23 $0.00 $5,034.23
2 Nov 05, 2000 4608.0000 $10.00 $46,080.00 $0.00 $0.60 $5,034.23 ($41,045.77)
3 Nov 05, 2002 0 $10.00 $0.00 $0.00 $0.00
4 Nov 05, 2004 0 $15.00 $0.00 $0.00 $0.00
5 Nov 05, 2006 0 $15.00 $0.00 $0.00 $0.00
age1of2

Source: Minerals Tenure Branch, Mineral Agreements May 14, 1999



[otal Workgone In Period or Time Frame

May 14, 1999 ’

Sompany Permit Cancelled Date
JWENS, RONALD THOMAS 9396110004
‘Period Due Date Hectare $/Ha Required Spending Expenditure Cash Payment Previous Credit Balance
1 Nov 05, 1998 4608.0000 $5.00 $23,040.00 $28,074.22 $0.00 $5,034.22
2 Nov 05, 2000 4608.0000 $10.00 $46,080.00 $0.00 $0.00 $5,034.22 ($41,045.78)
3 Nov 05, 2002 0 $10.00 $0.00 $0.00 $0.00
4 Nov 05, 2004 0 $15.00 $0.00 $0.00 $0.00
5 Nov 05, 2006 0 $15.00 $0.00 $0.00 $0.00

Page 20f 2

Source: Minerals Tenure Branch, Mineral Agreements May 14, 1999

)






SRR

‘-l Q‘ﬂéll' :

SO SRS

- |Gordandale

oy et

s

(et

SAE.S

T 20TH!BAS

Boone

N

E LINE

.

N

N -

N v
' Cr

' 'f\akaig,\ )

> . ,,.:..;..k@‘.f\;}y:\r-."\

| SO §




METALLIC MINERALS PERMIT NO. 9396110003
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Corwed St

PARAMETER

UNITS RESULY
Gold

mgh 0.38
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"Ny Sample Date
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B Skngon S Dakv anw S Raorted ! il

l

Contace Mhons

. 2 A A et
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Analytics ine

Glass Botile

Coniainer 'gentity

CERTIFICATE OF ANALYSIS

01-23406-01

Samaie Point 1.D,

Ziient 1,0,

Meter Numoer Laboratery Numper
Cumpany
Well/ Plam Name of Sampter Company
Sample Cescription Gauge Pr kP2 Te 50

£ 2 P e

M

RN-001A N/A N/A N/A {
Sample Faint Source As Received As Aeceived !
*

2000/12/28

2001/01/22

Date Sarnpiec Start

Date Samaied Eng

Date Receivec

Cantact Name

Contact Phene

Date Reported

Conact Fax

PARAMETER

Gold

NA  Anatysis Not Available

ND  Not Detected

UNITS
mg/!

RESULT
0.25

Resuilts relate snly 1o items ested

' Remarks:

" No Sample Date




W a/}\/\za M CERTIFICATE OF ANALYSIS

# Aealytics Inc

A
Glass Bottle 01-234086-02
Conzainer Icentity Sampie Pant 1.0, Chen: 1.0, Meter Humber Laboratory Numoer
. Comoany
Weil / Plant Name of Sampler Company

Samoie Description

; Gauge i kFa 3 Temperatures ‘C ———
RN-0018 N/A N/A N/A N/A
Sample Paint ’ Source As fieceived Source As Becewes
|
" ' 2000/12/28  2001/01/22 AL
Date Sampied Start Qae Sampied Eng Date Receivad Date Feported Analyst

Comact Name

Contact Phone Contac: Fax

PARAMETER UNIT RESULT
Gold mg/l 0.27

w

NA  Analysis Not Available ND Mot Detected Fesults relare only to items testad

Aemarks:

* No Sample Date




2

N a%{a M CERTIFICATE OF ANALYSS

Analytics Ine

Glass Bottle 01-23406-03

' Corainer laentity Sample Foint 1.0, Client 1.2 Meter Number Laboratory Murmoer

Company

Well/ Plant Name of Sampier Company

Sample Cescription

Gauge Pressures kFa | Temp esC
RAN-001C N/A N || v N/A
Sampie FPoint Source As Received J ‘ Source As Received
* 2000/12/28  2001/01/22 AL
Date Sampiec Start Oate Sampieg Eng Date Received Date Reportes Analyst

Contact Name

Contact Phone Contact Fax

PARAMETER » UNITS RESULT
Gold : mg/l 0.25

NA  Analysis Not Available ND Mot Detected Results ralata enly 10 items tested

Asmarks:

‘ " No Sampie Datz




J ERTIE = OF - 218
M 5 V’fzfam CERTIFICATE OF ANALYSIS

1A
/,,/"}/’:‘”a"/”‘:: Ine

Glass Bottle ‘ 01-23406-04

Container fgentity Sampile Point 1.0, Client 1.0. Meter Numzer Laporatony: Mumber
O Company
Weil/ Plant Name ot Sampter Company

Sampie Description o Gauge Pressures kPa — Temperawres C —_——
RN-001D N/A N/A N/A N/A

| Source As Seceived

* 2000/12/28  2001/01/22 AL

Sampte Paint Source As fzcaived

Date Sampled Starnt Date Samoted Eng Dare Azceives Date Reported Anaiyst
Contact Name
Contact Prone Contact Fax

PARAMETER UNITS RESULT
Gold mg/l 0.24

NA  Analysis Mot Available ND  Not Detectad Results ralate anly to iteme tested

Remarits:

0 * No Sample Date
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Anmalytics tne

\{\/:a - CERTIFICATE OF ANALYSIS

o)
Glass Sottle 01-23406-05
O Container lgentity Sample Paint 1.D. Client 1.D. Meter Number Laboratory Numuper
Company
—_—
Weil / Plant Name of Sampier Compeny

Sample Description

Gauge Pressures kPa —_— Temperatures 'C

]
/A Na || A N/A

)
RN-008A ’

H
Sampie Point ; Source As Received f ‘ Source As Received

! J

* 2000/12/28  2001/01/22 AL
Cate Sampied Start Date Sampleo End Date Received Date Aeporea Analyst
Contact Name
Coniact Phone Contact Fax

PARAMETER UNITS RESULT
Golid mg/l 0.32

MNA  Analysis Mot Available ND  Not Detected Results reatg only 16 items tested

Aemaries:
“ No Sample Dats




CERTIFICATE OF ANALYSIS

Glass Eottle 01-23406-07

-_
' Container iaentity Sampie Foint 1.0. Client 1.0, Meter Numoer Laboratory Number
Company
Weil / Plam fName of Sampigr Company

Samgle Description

Gauge Pressures kPa i Temperatures C
RN-002A N/A N/A N/A N/A
Sampie Point Source As Recerved Source As Receivea
i
* -
2000/12/28  2001/01/22 AL
Date Samgied Siarn Date Samplec End Date Receiveg Date Reporied Anaiyst
Ceniact Name

Comiact Phone Contac: Fax

PARAMETER UNITS RESULT
Goid mg/! 0.82

NA  Analysis Not Availabie NMD Mot Detected Resutts relate anly to items rested

Remarks:
" No Sample Dais

FALiTH0 SITwnss
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Gilass Sottle

J
A Al

" Analyiics In=

Conainer identity

CERTIFICATE OF

ANALYSIS

01-23406-06

Sampie Pome L0,

Cilient 1.D.

Meter Numper

Laboratory Number

Comoany
Well; Pian: Name of Sampler Company
Desar
Sampig Cescriotian / Gauge Pressures kPa 7 ———  Temperatures T
]
RN-0083 ( N/A NA ] A N/A
Sample Point I Source As Received Source As Receiver
j
* “ P
2000/12/28  2001/01/22 AL
Dare Sampled Slarr Date Sampied Zro Date Received Dare Reponed Anaus

Conzact Name

Contact Phone

Contact Fax

PARAMETER
Gold

NA  Analysis Mot Availabla

ND Mot Detected

UNIT
mg/|

()]

RESULT
0.28

Fesults rslate only 10 items tesiad

Semarks:

C No Sample Date
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|
PHILIP RERVICES ’
PHILIP ANALYTICAL i o
17-Dec 00 ANALYTICAL REPORT
Pugs 2 of 7 Form 42007782 I
I
LHemt ¢
Philip {5 : 30007984 SX)7088 WA TSEE 20007987 0007683 vt ol iy
Llent I ROAI1A 2D RO30TT RI0318 272 RO03ICT!  RO-0:4TY RC035 20
12 21 172
Bpurcode Poramezer Uait WDL,
METALS TOTAL
Au-TME4Z  Gold mg/i 00001 0.0037 DT 50043 0.001% - D.0008 Q.03
|
Matrix ¢ Suil Sl Bail Sod Sait Soil
Sampled om O0/12/0¢ 00712/04 D 12004 XK iZzios 071304 00/ 212

5

H
i




g1sog/

01/23/1%95 18:22 g | PAGE 36
PHILIP AMALYTICAL
7-Die-00 DUPMCATF,‘ SUMMARY
Page 3 of 7 Form 42067732
Parumetar Cliesi ID Philip ID Sminpie Duplicate MDL  Unit Ralazive
Cons. Coke. % Diff,
Gold ROGICTY 2 30007938 2.0027 010024

C.060! mg/L 1196




B b 1 . .,v‘v'.._tj__-..._
PRILIP SERVICES

PRILIF ANALYTICAL

07-Dec-00 SPIKE SUMMARY
Page 4 of ¥ Form 42607782
Pamaspcter Client ID Phitip 1D Sainpie Sampie & Spike Usit Perzant
: Cone. Spake Conc. Aming Recovery
Gold Blank Spike. Bath : 04z01882 = 0.0001 0184 22 wg/L "
Gold ROGIOTE 17 H00T5s, 2.0027 0l441 S mg/L .11




PHILIP SERVICES

PHILIP ANALYTICAL . ,
04-Dec00 ANALYTICAL REPORT
Page 2 07 10
Client
Project

Phitlp 1: 30007857
Clieat ID:  8C02B
Srarcode Fargimeter Unit MDL
|
METALS TOTAL {
Au-TMS42  Gold mg/L 0.0001 < 0.0010 {1y
i
Matrtx @ Soil |
Sampled on: 00/11/28 16:5G | 00/11/28 15:00  00/11/28 16:00

|

Result cormments and/or 1exi

{}) MDL RAISED DUE TC

resulis

DILUTION,




81/23/133%

12:22

514

PHILIP SEEVIEES
PHILIP ANALYTICAL .
04-Dec-00 ANALYTICAL REPCORT
Page Zof 10
Cllent .
Praject
Pailip In . 3057871 30007872 30007873 30007874
Clent ID ; RC-026 ; RG-027 71 RO-027 T2 RGL27 T3
Sparcode Prrometer Unit MDL
METALS TOTAL
ArTMSA G ma/L 0.000] < 0.0030 (i) 0.0003 0.0009 0.0002
Maigly + Soil Soit Soil Soi}
Sampled ogp: S0711/28 16:00 CO/1128 16:00 00/11728 18:00 00/11/28 16:00

Resulr comments and/or rext

(1) MDL RAISED BUE T

resulls :

DILUTION,




PHILIP BERVICES

PHILIP ANALYTICAL '

04-Dee LD ANALYTICAL REPDRT

Page d of 10

Cliemt :

Project ;
PullipID: 30007875 20007876 30007877 0007678
CemtID: RO-027T6 | |RO-G28T2  ROGISTI RO

Sparcode Pyuramagar Vit MDL

METALS TOTAL

AUTRAS42 Geld mg/L 0.6001 < §.0001 0.0022 0.0012 0.0011

Matzix : Soil ol Soil Sall

Sampled oz: O(/11/28 1

B

00 | GO/11/38 16:00  00/11/28 16:00

00/11/38 16:00




21/28/1935 1927 &
' 22 PAGE  dd
PHILIP SERVICES
PHILIP ANALYTICAL e .
04-Dac-£8 ANALYTICAL REPORT
Page 3 of 10
Qlient
Projaot
Philip ID : 30007879
Client 1D : RO-022B
Sparcode P”“?“ Vst MEL
METALS TOTAL
Au-TMS42 Ged mg/L G.0001 0.0080
Matrix Soit

Sampled on:

00/11/28 1&:G0




PHILIB SERVICES

PHILIP ANALYTICAL
0d-Dec-00 DUPLICATE SUMMARY
Page 6 of 10
Parameter Clien: ID Fhilip 1D Sample Duplicate MPL Ui Relative
Cane Gonc. % Diff.
Gold RO-027 T 30007572 0.0001 0.0061 00021 mg/L {.00




PHILIP SERVICES

PHILIP ANALYTICAL
04-Dec-00 SPIKE SUMMARY
Page 7 of 10 ’
Parameter Client 1D Bhilip 1D Sample Sampic & Spika  Unit Perceat
Conc. Spike Conc. Amount Recovery
Gold Blank Spike. Batch : (4701836 < §.6001 4.020% .02 mg/L 103
Goid ROCI7TTI 30007872 0.9001 0.0401 0§ mg/l )




Sampled vo: 00710730 1

D0/10/30 (6:00  S0/10/30 16:00

23/19%8  19:20
2z ng Encr as
f
i
i
|
I i
1N
PHILIP ANALYTICAL o o . ‘
02-Nov-00 ANALYTICAL REPORT
Pege 2 of 16 ]
Clhent ! i
Projecs ; |
Patlip T : 30006630 30506631 30006633 30006633
Cliest I2:  ROOCRC || |RO-008D RO-O08E RO-308G
Spurcods Poraraeter Unit MDL '
: @
METALS TOTAL |
Aw-TMSSZ  Goid mg/L 0.500! 0.0148 i [ 0.0043 0.0034 0.4040
; :
Matrix  : Soll | Sail Soit Soil
L3
|
|




PHILIF SERVICES

PHRLIP ANALYTICAL
42-Mav-00

ANALYTICAL REPCRT

FPazz  av

Page 3 of 18 :
|
|
Client |
Project ;
Philip ID:  3CO0EE34 130006635 30008636 06837
Clent ID:  RO-DOBF RO-G03H B3 ROGG8I T1
Sparcode Pararmefer Uit MEL i
!
METALS TOTAL
Ayu-TMS42 Gold mgfl 0.0001 0.0028 G.0007 9.308 06,0011
]
!
Matrhy @ Soil | Soil Seil Soii ,
Sampisd zo: 00/10/30 ie‘é:iiﬁ 100/10/36 16:00  O6/10/30 18:00  O/10730 18:00

!
|

1
|
3
i




Sampled on: 00710/30 1§06

T FozE 8%
PHILIP ANALYTRCAL ey

02-Nov-00 YTICAL REPORT

Fage < of 1%

Client :

Praject : ‘
Fhilip 1D+ 30008238 30006540 3000664 )
Cliemt D :  RO-DUSI RO-004 RO-008] T2

Sparcode Paremeter MDL

METALS TOTAL

Au-TMS42  Gald 49.6001 €.0149 $.0040 0.0019
Matrki  : Sail Soii Soi}

20/10/30 16;0C  00/10/30 16:00  O0/10/30 16:0G

|




/05871295 13:72 ag
o PAZE A%
I’ .
1
I i
.
SHILIP SERVICES !
PHILIP ANALYTICAL L , )
02-Nov-00 AMALYTICAL REPORT
Page 5 of 1 !
Clizat '
Protect ,
, Phitip 1T : 30006642
Cliest 103 RO-008F T2
Sparcods Parsmser Tnit DL
METALS TOTAL
Au-TM542 Gold mgil 00091 G.0012
Rdagrix Soil

Rompled om:

00710730 18:C0




1297 1398 18T e -
PAGE 14
PHILIP SERVICES
PHILIP ANALYTICAL %
2-Nov-00 DUPLICATE SUMMARY
Page S of 1€ i
Perametar Client 1D Phitip ID Sample Dpplicate MDL  Unit Relative
Cong. Crnc. % Diff.
Gold RO-GOSE 30006632 0.0034 0031 0.0001 . mg/L 9.23




PagE 11
PHILIP SERVICES
PHILIP ANALYTICAL
02-Nov-00 SPIKE SUMMARY !
Pags 7 of 16 i
|
Paramewer Cliemt ID Philip 1D Sample Satnple & Spike  Unut Percent
Conz. Sggke Cone. Amoun! Recovery
1
' |
Dok Biank Splke, Bawn: 04201581 <0.0001 || Q0218 02 mell 108
Goid RO-DCBE 30006842 G.0034 .‘;453 3 ma/l 1t




TL/LDP LT R

BHILIP SERVICES

BHILIP ANALYTICAL
i4-Mov-00
Page 2 of 13

Client

AMALVYTICAL REPORT
Foprm 2047778

) g e a
“inz Ld

30007194

Philip ID:  30637T19! 20007192 33007193
Clent B:  ROD9ED RO-013 RO-CILE RO0104
|
Sparnode Fargmaeter Uit MDL
1
!
METALS TOTAL
AUTMS42  Gold mg/L £.0001 0.0286 05138 1,032 0812
|
Mairiz ¢ Soii o sat Soil Soil
Sempled on: DO/11/07 (650 | 00/1107 $5:00  00/11A7 [6:00 0011707 (5:00
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PHILIP SERVICES

PHILIP AMALYTICAL
1a-Mov-00
Page 3 of 13

ANALYTICAL REPORT
Form 42007775

Client
Fallip ID: 30007193 30007196 30007197 30007198
Clien? ID: RO-DICBTR RO-0L0B T4 RO-O09E ROO12
Sparcode Parameter Lult WMDL
4 3¢
WETALS TOTAL L ? { @ 3
AwTMEL?2  Gold mg/L 0.0001 0,132 0.0575 0.0512 0.140
Seii Seil Sail

Sasnpled om; 00111407 1
i

Mairiy ¢+ Soil l
3

o

SU/LIRT 1600 00/1LA0T LE00  00/11/07 16100




Fage 4
§1/29/199%  19:22 31
PHILIP SEAVIDES
PHILIP ANALYTICAY o
Td-NnvGp A.NAXL HICAL E.EPQRT
Page 4 of 13 Form 4200577%
Client b
Phidly a5 30007199 30007200
Cliest ID RO-QI1B RO-G11D
Sparcode Pﬂtﬁmcm% Unit MD'E,
1
i
i
METALS TOTAL !
Ay-THI342 Goid mg/L 0.000 0.044% 9.9339
i
Matpiy 5] Soil
Samplefi o 001107 1500 0C/1L/07 1800
L
i




172571995 12:22 z2a e -
) el Lt
R
i
PHILIF SERVICES i
BHILIP ANALYTICAL
J4-Novai0 DUPLICATE SUMMARY
Page 5 of 13 Form 420077758 |
|
|
j
Parameisr Cilem ID Philip 1D Sampte ! Diplicate MDL  Unit Relative
Cane. zane. % Diff,
Gold ROWDILF 67103 2.0392 $.0283 2.0001 ma/L 1.03




QLA LEn Ly e : FAGE 1%
Lo
5 ; RS i . :
PHILI® SERVICES
PRILIP ANALYTICAL
14-Nov00 SPIKE SUMMARY
Page Sof 13 Ferm 42007775
Pirameter Client ID Philip ID Sampie |Satitple & Spike  Unit Percent
Cone. Spire {onc. Amount Recovary
. N
Guid Blank Spike, Baich : 04201683 <0.000t 11 04207 02 my/L 104
Gold ROOIIF 30007123 00302 S0 5 mg/L 23




21r2971995 13:20 e PasE 2w
! i
I ]
PHILIP SERVICES
PHILIP ANALYTICAL N |
22-Nov-60 ANALYTICAL REPORT i
Puge 2 of 13 Form 42007778
Qlient |
Puillp ID: 30007524 30007525 10007526 30007327
Cleni ID:  RC-014T1 RO-014 T2 RODIEA T] RGL16A T3
Sparcode Parameter Unit MDL
i
METALS TOTAL *’ :
Au-TMSa2 Gold mg/t, 0.0001 0,001 0.0093 (.866 G.10%
Mairix 1 Soil Soi) Soil Soli

Sampled on: GO/11/17 16

|

(0711717 16:00

117 16:00  C0/11/17 16:00




B1/23/1998 19122 ae -
FaZE 21
PHILIFP SERYICES
PHILIP ANALYTICAL N e —— .
22-Nov-30 ANALYTICAL REPORT
Page 3 of 13 Form 2200777
Hent .
Philtp 10 ¢ 30CD73ZR BOO0752¢ 30007430 30007551
Llemt 1D« ROU-011-A RC-0I1 K RCW01S A RO0iEB T
Sparcode PFarameter Unit MDL
|
i
METALS TOTAL
Au-TMER2 Goid mg/l 30004 0.982 0.i1} 0.0606 0,152
Rty v Soil Sail Soi Seil

Sampled om: 00/11/17 18

G0 100117 16:00

D0/11/17 §6:00




B1/23/1395 19:22 2] FOEE 22
FHILIP SERVICES
PHIELIP ANALYTICAL . . .
23-Nov.00 ANALYTICAL REPORT
Page 4 of 13 Form 42007776
Client
Philip I3 ; 30007532
Client 1D ; RODISE T2
Spurcode Paramerer Unit ML
METALS TOTAL
Au-THIS42 Goid mg/L 0.000 0.0304
Mairiy Soil

Sampisd on:

OO/ 11737 16:00




[Nt oo

BLILIP SERVICES

PHILIP ANALYTICAL |
i
2-Nov0 ~ DUPLICATE SUMMARY |
Page 5 of 13 Form 42067776 !
Parameter Client ID Philip ID Sample [niplicale MDL Unit -Relative
Cone. Coine. % DAY,
Cold RO-014 73 30067528 G;Oﬁ% NO108 0.003! mg/L 35

ted
@
i}




FazE 24
B1/2%/199%  13:2% oy i
|
I
|
£ |
|
PHILIE SERVICES
i
PHILIE ANALYTICAL
223-Nov-ig . 5P IKE EU&.EMARY :
Page 6 of |3 Form 4200777¢
Parameier Clisnt ID Philip (D Sample Sampie & Spike Unit Percan
Cong, Spike Conc.  Amount Recovery
j .
Goid Blank Spike. Batch, %2015 <ot || boes 02 mgr o8
Goiy RO014 T2 WIS 50093 p.0957 A mgiL 26
i 1




GL/AE718YE 182D G
) ” PaGE T8
Ho
PHILIF SERVICES
PEIEIP ANALYTICAL R . )
99 Ngy-00 ANATYTICAL REPORT
Page 2 of 10
Client
Projeci :
Phuillp ID: 30007438 0007639 30007640 30007641
Cligg) 1D :  RO-018C 7B RO1C RO-0150
Sparcode Parameier Unit MBDL
METALS TGTAL
Au-TM 542 Gold mg/L 0.0001 £.0051 0.0022 0.0013 §.0013
!
Mawiz ¢ Soil Soil Soil St
Ezmpled on: 00711/22 16400 ; 001122 16:0G  C0/11/22 16:00 00711722 16:00




PHILIP SERVICES

T

(0]
iv

1
~4

PHILIP ANALYTICAL . s .

29-Nov+00 ANALYTICAL REPORT

Bage 3.0f 10

Cileat

Project : ‘
Philip ID : 30007642 0007645
Cliend ID . RO-DLBA RQO-018B.2

Spexvéde Paramater Unit ME,

METALS TOTAL

Au-T™ME4Z Gold g/l £.0001 0.0013 0.0022
Maetelx : Soil Soil

Sampied ou: DOr11/22 160

00/11/22 18:00  CDF11/22 16:.00

00711722 16:00




PAGE 2%
j
|
BeEILIP SERVICES :
|
i
PHILIP ANALYTICAL N !
26-Mov-00 ANALYTICAL REPORT |‘
Bage & af 10 , ’ |
Client
Project :
Phillp 1D : 30007846 300074848 30007449
Chemt 1D RODISA TI RO-021 RO-D2
Sparcode Parameter Unit MBL
METALS TOTAL
Au-TKS42 Gold g/l 0.0001 0,00038 0.0C4 1 0.0G12
SPECIAL INORGANICS
MTSPMTEP  Mets Special Angly Nooe - {1 - {2
Maoweix  : Soil Soil Sail

Sampled om 80/11/22

|
1550
|

CO/11/22 16:00  00/11/2% 16:00

Reguit comenents snd/or text

v

(1) Text results for sample

results ¢

0007645 sparcode MTSPMTST foliow

Rh = <9.6601 hg/L

{2) Text rasuits for sample

Pd =

S.00
PCoa §,02

o I
13

me
T




172877595 13:22 kel

PHILIP ANALYTICAL
25-Mov-0¢
Page S of 1€

Chent
Pfﬂ}ﬂh !

Sparcode ?nrumfgt

ANALYTICAL REPDOR?

Unit

Phitip 1D :
Cliene 15 2

MDL

FOzE

30007650
RCD1I0A

SPECIAL INOROANICS

MTSPMTER Metals Sphecial Analv

e i1}

Matri 1
Sampied nn:

Soil

00/11/23 1600

Resulz comments endfor texs besuits

(1) Text results for semple 30007650 sparcods MTSPM TSP foliow

ENTIRE SAMPLE

DIGRESTED, Au IB <

!

028 ug.




PHILIE SERVIGES
%ﬂﬂ

PHILP ANALYTICAL ;

28-Mov-0

DUPLICATE SUMMARY
Page § of 10 . H
Paramater Client (D Pajlip 1D Sample Buglicate MDL  Unit Reistive
Cone, {Jone. % Diff.
Gold RG-021 30007644 2.0041 RO ALY C.0001 mg/t 300
!




BHILIP SERVICES

PHILIP ANALYTICAL

25-Nov-00
Puge 7 of 10

SPIKE SUMMARY

Parameter Phiiip ID Sdmple & Unit Beresnt
S;%ike Cone, Recovery
, i
Gaold Blank Spike. Batch 04301772 4.0201 02 mg/L 101
Gold 300C7648 § 2464 %) me/L 83
fiold Blaix Spiie. Bacch : CaZ0 107 0.0201 02 me/L 101







Aug-03-01 02:16

Dee: August 3, 2001

.01

Yo:  Mr Ron Owens
wineral Rooovery Systems
201-5201-22 Ave
Poncks, Albera, Canase Tés 1HE
Method .
Code1 Goid Siver Pigtinum Palindlur
s@‘;’b 1 Sai:“":ma Code2 Tt 023N R 14 n e —Tr s n_
3488 1 ¥ M} 0.010 0.084 _____Q_._Qj_z Q.OQf
34086 2 FANFAR | 0.008] ND1__ 6.00% 0.063
3500 3 FANFAA .008 0.00€ 0003 0.004
3501 4 EANFART  0.008 N/D 0.002] 0008
3502 8 FANFAA 0.007 N/D 0.003 6.008
3803 ) FANF AL $.008 N/D NDJ  0.004)
asos | Ty ANYE AA 0.008 N/D ND| _ DO0%
3508 8 AN/ A oK 6.661 0.0C3 0,008
3508 8 FRRFEE T 0.008 NDT . ND|___ 0.004
3507 10 FANF AR 8.007 N/D 0.008 5.508
Analvsis method: . o o ] e
ADn Diccurmpisition (n: the number of acids used)
FAl. I'ire Assy with Lead butlon Coliection
FAN Fire Asary with Nickel Sulfide Colkeciion
FAl Iire Assty with Tin Button Collection
VOl. Volumetry o 1iwimerry
GRY Cirevimeiry
FAA I'lame Alomic Absompion Spestrophotometry
GAA Graphite tumace Atomic Absarption Spectrophotometry
ICPE Inductively Coupled Plasme Specirophotomairy

QEE‘M‘, M“Lﬂﬁﬁg?
2l reslls Temias amOvE Wre hused on welisbrows, RESCDICE Bxghtical srovetures, uscd snlely on the sangle submiled ny \he

CUROIRET N wETBRTY & 10 1S IGpIoducibiity o earpuibibiny of the maertd! tdhes thea thi sampie ok pven AR Memllurg.cal

Laborgicaes, 1AL mishvs o ropwsubaiing expros of impiict on (s (BBHY ttiier ey (s TepReRnitd T I B0yl asRifie.

Phe reavits o 1nix ekany wpre based glvly tpon

Fi¢ D4 P

L5800

Uk comodl 1f tho vwmple

the potential investmicnt vasiue of the Clym or deposi hus heen dewrmines based oa lie revuiis of gisays of multiple sempos of
griogcdt materials snlicercl by the puispustive invesior uf by b quplitied pomas scicewd By hin igid Bamed um 4n evalLBLON Of Wil
LNQIPCUTINR dOrE BVELIEDIC CONININIRG SRy prupvsed PAYGCL.

-

Anmet B.

 §300 West Diresiors Mow, Gaft Laks Cly, Utk BI04 URd o

Al

o

=i B

RIS bordiurpiost Laburersnos (6 ¢ Liowied Listty Camanny

Ph; 8O1-676-787F -

Fax: 601-274-805C

£ a
ST, Ay G280 w invest wusule fe mags ety aftey



Aug-03-01 09:17

Data: Avgust 3, 2001

To: Mr. Ron Owans

Mingral Recovery Systema
2041-6201-52 Ave
Ponoka. Albena, Cenaca TaJ 1RE
Method .
ode1 Gold Sliver Pigtinum | Pelledium
si?o?m &cu‘m;é ; god& Tr ox/ton Tr o2/ton Tr oz/ton Tr n
3308 11 F. 0.608 N/ID ND| _Q_Llﬂ_
3508 12 ' FANFART _0.008 ND| _ ND| 0004
3610 | 18 FANFAA| 0008 0.047 ND|] 0003
3591 16 "FANFAAT T 0.004| _ ND - :61:% g.ggg
17 . ' FANIFAA B 0.9_2]_ NDL . Ao
gi:% 8 FANFAA]  0.018 N/D 0.018 | 0.007
3514 T FAN/FAA 0.022 0.034 00371 ,'°°7
: ¢ L a ; - i cadan ’ b 0009
18 1 AD2/3RY 0.013 _Q.ﬁ?.’: 0.012 . ‘
2217 17 AD 0.016 0.877 0.019 0.009
Anglysig method: § -
Prazedure for Recomonnition / PeeoRralion 05 MG D8
%%_l Acld Decomposition (n: the number of acids unad)
0 FAL Fire Assay with Leed bulton Collsction
FAN I'ire Assay with Niche! Sutfids Collectiva
FAT Fire Assay with Tin Buttont Collcttion

R Fafitei s YUl £ K
VOL Volumatry or Titrimetry
URYV Gravimery
FAA -Tame Atomic Absurption Spectrophotonieiry
GAA Graphilc Fumnace Atomic Absorplion Spectrophotometry
ICPF inductively Coupled Plasma Spectrophotomeiry

AR D

B O RAL MR AL -
Vhe results roported above arv husad un wall-krown, sceepled andiyiul procadures used solely on the sumpie submited by the
cavlosmer. No werrenty a3 to the reproducibilily vr extrcranility of the material other than the sample i given. AuRIC Metallurgicl
1 Enoreaoscs. LLC nuten A sepresanatinn cxpiess o i0tplizd oo e muicr:al athict (A& thal represenied By e assayed swnple

, . AL AR A LSS A TTVE L3 LA L BL08S
The results o this risoy were bused solely unon ehe content of Lie sunvply suhmitted. Aay dox iion 1 invest should By e vrdy after
the petential inveslonsn vidug ot Lne claln ar dpowit hus besn dowrmined Mascd un the reaulin of wessy s of multiple sumplos of

peotugivel muznats collecred by e praspeciive investor or hy 3 gualificy persun veleeted by himy and based [
3 ¢ ) Nificyd p b n ol ovaluReion
eNeIRgeiing Ly &y BIHANEE COMUSINING, AYY 11 ORLSE ProeY d ’ se ‘ onetul

$820 Wen Uircetars Rew, Soft Loke City, Uieh 94103 UBAR

P 010787877 o Faw: 091-974-3088
AURIE Matouegiea! LoSorciores 10 8 Lniod LInBlRY COmSEny




Fab-28-01 10:51

Bate: February 28, 2001

REpe———

ASSAY REPORT:

To: Mr. Son Owens
Minarat Recovery Systems
201-5201-52 Ave
Ponoka, Albena
Ceneda T4d 1HD

AURIC Customer { Goid Sitver R Platinum | Peadium  Rhodium

| Smmple No. Sampie 1D Nc- | Yroziton | Troziten | Trozton | Yrozmon o Trozion |
1643 C | ROA-04 - 0.012 Q1021 0.064 0.004 R0
3365 A_jROA-04 0014] ~0174| 0048 0.003 N/D

- |

it

1l

Analysis mathod: (for AURIC Sempie No.'s anding with A - FASAA)

(far AURIC Sarmple NG '6 @nging win C: Chemica! Assay/ SX/ GFAA
spectrophotometer finish)

The resulis reported wbove Lo asea on wall known, accepled witdylicd prosvdurcs used solcly on the sample submined by ine
cusknnGs, NG WADBRTY a1 iz reproducibility or exumetability of the matezinl otber than the sarmple i given. AuRIC Metatiurgicai
| At ranies. §.4LC Tty A% (OpIESSIHATIA. sepress of smphed ow e maleriah other than 1har sCpresentnd by the assayed sumple.

Ahmet 8. Altinay
Metullurgical Engineer

5200 Waeat Mractore Row, Galt Lake City, Utah 84104 UBA

e P S01-G78-76TT -
AuliC Moteliuepionl hobwreiorias s a Limited Liabillly Company

Fax: B01-874-9868



Sap-12-02 15:8688

Date: September 12, 2002
ANALYSIS REPORT:

ﬂ%’i‘,’" Mr. Ron Owsns
Mineral Recovery Systems
201-6201-82 Ave
Ponoka, Alberta, ©snada T4J 1HD

AuRIC Sampie No.: 3926
Customer Sample ID No.: Bead
Weight: (Bead} 1.968 mg |
Method (Code § / Code 2} ADZ/IFAA
Units: ggm
Aluminum ] i
Bismuth
Chromum
Cobalt

Copper
Eﬁ_ 812.60 |~ o.aalm?
iridium ) o N/A
lron
‘Lead o
| Molybdenum _
 Nickel

Osmium NJA
Paladium 472> 0 001 3
Platinum " Trace

‘. Rhogi_q_m N/A&

Ruthenium N/A .

- Silver seEagess | — | L2 "’F{

Tin U

Titanium

Vanagium
Zine

Analysiz method:
Cade 1 Procedure for Decomposition / Preparation of Soli¢ Samples
ADn Acid Decomposition {n: the number of acids usad)
FAL Fire Agsgay with Lead button Coliection
FAN Fire Assay with Nicke! Sulfide Coliestion
FAT Fire Asgsay with Tin Bunton Collsction
Code 2 Procedure for Measurament
VOL Volumetry or Titrimetry
GRV Gravimetry
FAA Flame Atomic Absorption Spectrophotometry
GAA Graphite Futnace Atomic Absarption Spectrophotometry
GPE Inductively Coupled Plasms Specirophotemetry

The results reported above are based on well-known, accepted anaiytical procedures used salsly on the sample
submitted by the customer. Ne warranty as ta the reproducibility or extractability of the material otnsr than the sample is
given. AURIC Metallurgical Laboratories, LLC makes no representation express or impled on the material other than that
fepresented by the assayed sampie.

Ahmet B. Altmav

3280 Wast Directors Fow, Salt Lake City, Utah 84104 USA + Fh:801-974-7677 + Fex: B01-974-9656
AuRIC Metaliurgical Lsboretories it & Limlted Lisbility Company






Ponoka, Atberta Samples :
. T4J 1H6 - Project
) P.O#
Certificate of Assay
Loring L.aboratories Ltd.

629 Beaverdam Road, NE Calgary Alberta T2K 4W7
Tel: (403)274-2777 Fax: (403)275-0541

ATo : MR. RON OWENS / FileNo : 44127
201, 5201 - 52nd Avenue _ / Date . September 6, 2001
7 L7

Sample No. : Au Pd Pt Rh
mglt mg/! mg/! mg/t

"PGHM Analysis"
01-03-01 < 0.01 < 0.01 < 0.01 < 0.01
01-03-02 1.12 < 0.01 < 0.01 < 0.01

NOTE: High iron content of solutions caused interferences at
some wavelengths.

i HEREBY CERTIFY that the above resuits are those assays
made by me upon the herein described samples :

Assayer

| Rejects and pulps are retained for one month unless specific arrangements are made in advance.

Page 1 of 1






=¢>C A 1 S T A T
A FULLERTON

Department of Chemistry and Biochemistry
(714) 278-3621 / Fax (714) 278-3316

I

"y

February 18, 2002

Ron Owen

Mineral Recovery Systems
201-5201-52 Ave

Ponoka, Alberta

T4J1H6

Phone: 403 783 6487
Fax? 403 783 6586
Mobil: 403 783 0656

Dear Ron,

As I mentioned on the phone, I have completed the assay on the sample you submitted.
The analysis is shown below:.

Gold Platinum Palladium  Rhodium
Sample ID Oz/Ton Oz/Ton Oz/Ton Oz/Ton "~
5080 less than 0.02 ess than 0.02 less than 0.02 less than 0.02

This assay is for the sample labeled “Site 01, sample # 03, 3-4 feet. As we discussed, I
am now running sample 01, 1-2 feet and will report to you as soon as I have finished. If
vouhave anv questions, please feel free to call me at (714) 278 2641.

Sincerely Yours

Df'.ﬁ‘Joseph L. Thomas
.Associate Professor of Chemistry

CALIFORNIA STATE UNIVERSITY, FUuLLERTON  PO. Box 6866, Fullerton, CA 92834-6866
The California State Universily: Bakersfield / Channel Islands / Chico / Dominguez Hills / Fresno / Fullerton / Hayward / Humboldt / Long Beach / Los Angeles / Maritime

Academy / Monterey Bay / Northridge / Pomona / Sacramento / San Bernardino / San Diego / San Francisco / San Jose / San Luis Obispo / San Marcos / Sonoma / Stanislaus
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wi Ul 13:34 No.020

Genalysis Laboratory Services Pty. Ltd.

ANALYSTS AND CONBULTING CHEMISTS
ABN: 32 008 757 237

| COMMENTS
| 1. ATTENTION: R OWEN

. JOB INFORMATION LEGEND

JOB CODE 1 6.3/0103208 X = LESE THAN DETECTION LIMIT
e 3 NR' = SAMPLE NOT RECEIVED
¢ WD, QF Ty T : . = ey
| CLIENT OIN : ROWENS RESULT GHECKED
. BAMPLE BUBMISSION No, ; {r = RESULT STILLTO COME
. PROJECT o H G = INEUFEICIENT SAMPLE FOR ANALYEIR
8TATE . ‘ : :;;}(ng - (4 e RESULT X 1,000,000
* DATE REGEIVED : OBI0S/20 -
' 'UA’ = LINARBLE TGO ASSAY
| DATE COMPLETED : '
. DATE PRINTED T $4/07/2000
MAIK QFFICE AND LARDRATORY
15 Davison Street, Maodington 6108, Wostarn Australia
O Box 144, Goznails 8000, Western Australis
Tel +51 B 9458 8011 Fax: +61 O Y458 5343
Emall: genalvsisfinonalysis.com.au
Web Page: www gensiyels. Com e
| KALGOORLIE CRMPLE PREPARATICHN DIVIEION ADELAIDE EAMPLE PREPARRTION DIVISION
' 12 Keogn Way, Kaigoortie 8430, Western Austrais 124 Mooringe Avenug, North Pivinplon 5037, Souih Australla
| PO Box 388, Kalgooriie 6430, Westarn Australis PO Box 2078, South Plympton 5038, South Austrslia
\ Tek 461 § 9021 6057  Fax: +61 8 8029 476 Tel: +61 8 8276 7122 Fax: +81 8 8576 7144

genalysis laboratory services pty itd.

POl



., 6.3/0L03208

ELEMENT
UNITS

| DETECTION
. METHOD

SAMPLE NUMBERS
0001 03
0002 03 DUP

' 0003 03 TRIP

| STANDARDS

0001 HGMN.1

BLANKE

. 0001 Control Blank

> PERTH TE
{11/07/200%}

Au

pob

5

NISI*MS

10
10
10

144

01

Ry

pob
2

252

'618-94931106 11 Jul
CLIERT O/N: B OWENS
ANALYSIS
Ir Qs Pd - Rh
ppb ppb ppb pphs ppb
2 2 2 2 1
NIS/'MS NiSEME NIS/MMS NISFMS NISFMS NIS/MS
X X 4 2 X
X X 4 X
X X 4 2 X
76 118 710 258 85
X X 2 X X

13:54 No.D20 P02

Page 2 af

genalysis laboratory swvﬁcm@@: td.
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SILVER INQUART METHOD

0.

41.

2.

Thoreughly mix ore with flux. (ehould be done in 8 Mmetal mizing box)
8 grams Ore
20 grame borax
70 greme Htharge
1 gram sllver
18 grams Rour
Put in furnace in scorifying dish at 2,600° F for 48 minutes.
Pour and cool. Break slag from lead and cupel lead button at 1,760° &,
Weigh Ag Button.
Part In 1:8 HNOD, to distliied water. Warm untli butten lg in seiution.
Leave on hot plate untll dry. Put cruelble in fureee for two hours at 606° F.
Remove from furnece and cool. Add 80 to 100 mi distilied wetor and warm.

Fliter and wasah three times with ket distilled water.

Burn fliter untl! ash free and add 26% suluric acid and heat for one hour.

- Fitter and wash with hot water.

4

Burn Niter untli free of ash, cool and weigh.

Calculate minture of metals and analyze on inatrument.
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1. Grind 100 grams of the ore to =100 mesh. Thoroughly mix with
70 grams of borax and 30 grams of sodium carbonate. Place in an
unused 40 gram? clay c¢rucible and fuge this mixture for
approximately %0 minutes at 1,156C. Pour into a cast iron mold
being careful to recover as much of the fusion as possible. Bave
the crucible. Grind ths fusion to -100 meab.

4
2. Carefully separate the metallic particles from the glass
matrix. This may be done by using one of the following methods:

a. Place the ground fusion into a gold pan and carefully pan
away as much of the glass as possible. Remove the concentrate from
the goldféyd dry. There should be approximately 5 grams of dried
concontr% es remalning.

b. Using a hand magnet, carefully remove the magnetic
particles from the ground fusion. Place the non-magnetic fraction
into a gold pan and, using normal panning procedures, discard as
much of the "lights” as possible. Remove the concentrates from the
pan and dry. Combine these concentrates with the magnetice.

3. Weigh the concantrates. Add approximately the same weight of
a mixture of one-half sodium nitrate and one-half sodium peroxide.
Mix thoroughly and place in the above saved clay crucible. Furnace
at 1,000C for 30 minutes. It should be noted thaet scdium peroxide
is a strong oxidizer which should be handled with care. Any osmium
or ruthenium that is present in the sample may, at this stage, be
oxidized and volatized from the roast. Remove from the furnace
and, while still hot, add the following premixed flux:

1. 60 grams litharge

2. 8 grams flour

3. 50 grams borax glass

4. 35 grams sodium carbonate

5. 5 grams silica

6. 1 gram analytical-grade silver chloride

Place in furnace and fuse for approximately one hour at 1,150C.
Pour into a cast irom mold and let cool. Carefully break away the
slag from the Pb button. Save any metal fragments that are removed
during the cleaning process. Grind thes slag and smelt under the

above conditions using the same flux and crucible; do not add
additional silver.

4, Place the Pb buttons and recoversd metal fragments in a
suitably-sized scorifying dish (3.5 inch diameter), cover with
borax glass and a small amount of sodium carbonate, and scorify to
approximately one-half of the original weight of the Pb buttons.
Pour into a cast iron mold.

5. Cupel the Pb button at approximately 950C. If the cupel is
discolored, suggesting ths presence of small amounts of precious

metale, wrap approximately 100 mg of silver in S grathe of lead foil
and *re-cupel”.



- 2 -

6. Using standard spectographic procedures the prill{s) may be
analyzed for the Au content and the data calculeted to Troy cunces
of Au per hesad ore ton. It is recommended that the method of
standard additions be used for background correction. The
resulting prill(s) may also (again using standard procedures) be
parted with dilute nitric acid and the rsesidue annealed and
weighed. The above procedure can be modified teo analyzs eitherx
larger or smaller ors samples. .






“Shale-hosted Nickle Zine Moly PGE - Mineral Deposit Profiles, B.C. Geologicarnﬁpm"'aw’\xnem.go\v.bc.ca/l\/[imng/Geolsurv/E...og_\,f.f'metallicminel'als/mdp/’proﬁles/E16.htm

m—

Shale-hosted Nickie Zinc Moly PGE - Mineral Deposit Profiles, B.C. Geological
Survey

SHALE-HOSTED Ni-Zn-Mo-PGE_
E16
by David V. Lefebure* and R.M. Coveney Jr.#

* British Columbia Geological Survey
# University of Missouri - Kansas City, Kansas City, Missouri

Lefebure, D.V. and Coveney, R..M. Jr.(1995): Shale-hosted Ni-Zn-Mo-PGE, in Selected British Columbia Mineral
Deposit Profiles, Volume 1 - Metallics and Coal, Lefebure, D.V. and Ray, G.E., Editors, British Columbia Ministry
of Energy of Employment and Investment, Open File 1995-20, pages 45-48.

IDENTIFICATION

‘ SYNONYMS: Sediment-hosted Ni-Mo-PGE, Stratiform Ni-Zn-PGE.
COMMODITIES (BYPRODUCTSY): Ni, Mo, ( Zn, Pt, Pd, Au).

EXAMPLES (British Columbia - Canada/international): Nick (Yukon, Canada); mining
camps of Tianeshan, Xintuguo, Tuansabao and Jinzhuwoin and Zunyi Mo deposits,
Dayong-Cili District (China). S

- GEOLOGICAL CHARACTERISTICS

CAPSULE DESCRIPTION: Thin layers of pyrite, vaesite (NiS2), jordisite (amorphous MoS2)
and sphalerite in black shale sub-basins with associated phosphatic chert and carbonate
rocks.

TECTONIC SETTING(S): Continental platform sedimentary sequences and possibly successor
basins. All known deposits associated with orogenic bels, however, strongly anomalous
shales overlying the North American craton may point to as yet undiscovered deposits over the
stable craton.

DEPOSITIONAL ENVIRONMENT / GEOLOGICAL SETTING: Anoxic pasins within clastic
sedimentary (flysch) sequences containing black shales.

O AGE OF MINERALIZATION: Post Archean. Known deposits are Early Cambrian and
Devonian, however, there is potential for deposits of other ages. ‘

iofd SNTINO 020 ANA
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HOST/ASSOCIATED ROCK TYPES: Black shale is the host; associated limestones, dolomitic.
limestones, calcareous shale, cherts, siliceous shale, siliceous dolomite, muddy siltstone and
tuffs. Commonly associated with phosphate horizons. in the Yukon at base of 2 10 t0 20.m
thick phosphatic shale bed and iwi-l\ﬂo beds are in black shales associated with

pHoSphorite.
Phosprort

DEPCSIT FORM: Thin beds (0 to 15 cm thick, locally up to 30 cm) covering areas up to at
teast 100 ha and found as clusters and zones extending for tens of kilometres.

TEXTURE/STRUCTURE: Semimassive to massive sulphides as nodules, spheroids,
framboids and streaks or segregations in a fine-grained matrix of sulphides, organic matter and
nodular phosphorite or phosphatic carbonaceous chert Mineralization can be rhythmically
laminated; often has thin discontinuous laminae. Brecciated clasts and spheroids of pyrite,
organic matter and phosphorite. In China nodular textures (~ 1 mm diameter) grade to coatings
of sulphides on tiny 1-10 mm spherules of organic matter. Fragments and iocal folding reflect
soft sediment deformation. Abundant plant fossils in Nick mineralization and abundant fossils
of microorganisms (cyanobacteria) in the Chinese ores.

ORE MINERALOGY (Principal and subordinate): Pyrite, vaesite (NiS2), amorphous
molybdenum minerals (jordisite, MoS82), bravoite, sphalerite, wurtzite, polydimite, gersdorffite,
violarite, millerite, sulvanite, pentiandite, tennanite and as traces native gold, uranitite,
tiemannite, arsenopyrite, chalcopyrite and covellite. Discrete platinum group minerals may be
unusual. Some ore samples are surprisingly light because of abundant organic matter and
large amount of pores.

GANGUE MINERALOGY (Principal and subordinate): Chert, amorphous silica, phosphatic
sediments and bitumen. Can be interbedded with pellets of solid organic matter (called stone
coal in China). Barite laths are reported in two of the China deposits.

ALTERATION MINERALOGY: Siliceous stockworks and bitumen veins with silicified wallrock
occur in the footwall units. Carbonate concretions up to 1.5 m in diameter occur immediately
below the Nick mineralized horizon in the Yukon.

WEATHERING: Mineralized horizons readily oxidize to a black colour and are recessive.
Phosphatic horizons can be resistant to weathering.

ORE CONTROLS: The deposits developed in restricted basins with anoxic conditions. Known
deposits are found near the basal contact of major formations. Underlying regional
unconformities and major basin faults are possible controls on mineralization. Chinese
deposits occur discontinuously in a 1600 km long arcuate belt, possibly controlied by
basement fractures.

GENETIC MODEL: Several genetic models have been suggested reflecting the limited data
available and the unusual presence of PGEs without ultramafic rocks, Syngenetic deposition
from seafloor springs with deposition of metals on or just beneath the seafloor is the most
favoured model. Siliceous venting tubes and chert beds in the underlying beds in the Yukon
suggest a hydrothermal source for metals.

ASSOCIATED DEPOSIT TYPES: Phosphorite layers (FO77?), stone coal, SEDEX Pb-Zn (E14),
Sediment-hosted barite (E17), vanadian shales, sediment-hosted Ag-V, uranium deposits.
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COMMENTS: Ag-V and V deposits hosted by black shales have been described from the same
region in China hosted by underlying late Precambrian rocks.

EXPLORATION GUIDES

GEOCHEMICAL SIGNA.TURE: Elevated values of Ni, Mo, Au, PGE, C, P, Ba, Zn, Re, Se, As,
U, V and S in rocks throughout large parts of basin and derived stream sediments. In China
average regional values for host shales of 350 g/t Mo, 150 g/t Ni, several wt % P205 and 5 to

22% organic matter. Organic content correlates with metal contents for Ni, Mo and Zn.
GEOPHYSICAL SIGNATURE: Electromagnetic surveys should detect pyrite horizons.

OTHER EXPLORATION GUIDES: Anoxic black shales in sub-basins within marginal basins.
Chert or phosphate-rich sediments associated with a pyritiferous horizon. Barren, 5mmto 1.5
cm thick, pyrite layers (occasionally geochemically anomalous) up to tens of metres above
mineralized horizon.

ECONOMIC FACTORS

TYPICAL GRADE AND TONNAGE : The thin sedimentary horizons (not economic) represent
hundreds of thousands of tonnes grading in per cent values for at least two of Ni-Mo-Zn with
significant PGEs. In China, Zunyi Mo mines yield ~ 1000 t per year averaging ~4 % Mo and
containing up to 4 % Ni, 2 % Zn, 0.7 g/t Au, 50 g/t Ag, 0.3 g/t Pt, 0.4 g/t Pdand 30 g/t Ir. The
ore is recovered from a number of small adits using labour-intensive mining methods.

- ECONOMIC LIMITATIONS: In China the Mo-bearing phase is recovered by roasting followed

by caustic leaching to produce ammonium molybdate. Molybedenum-bearing phases are fine
grained and dispersed, therefore all ore (cutoff grade 4.1% Mo) is direct shipped to the smelter
after crushing.

IMPORTANCE: Current world production from shale-hosted Ni-Mo-PGE mines is
approximately 1000 t of ore with grades of approximately 4 % Mo. Known deposits of this type
are too thin to be economic at current metal prices, except in special conditions. However,

these deposits contain enormous tonnages of relatively high grade Ni, Mo, Zn and PGE which

may be exploited if thicker deposits can be found, or a relevant new technology is developed.
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New Chloride Leaching Process for Gold Extraction
from Refractory Ores

From certain gold ores, known as refractory gold
ores, the gold cannot be fully recovered by direct
cyanide leaching. A major cause of this is the
occurrence of much of the gold in such ores in
highly disseminared form in sulfide, arsenide and
sometimes antimonide minerals. Three methods
have been developed for weatment of such
refractory ores, each of which involves breaking
down the sulfide and arsenide minerals by
oxidation before cyanide extraction.

In one method, the sulfide and related
minerals containing the gold are recovered by
floration, and roasted. The residues (S- and As-free)
arc then leached with cyanide. In a second, recently
developed process, the flotation concentrates are
aerated in slurry form in a medium conzaining S-
and As-oxidizing microorganisms before being
leached with cyanide. In the third method,
breakdown of the S- and As-minerals is achieved by
oxidative trearment of the concentrate in an
autoclave, followed by cyanide leaching.

Method 1 is gradually being abandoned
because of environmental pollution probiems, and
new plants in the USA, South Africa, Australia
and elsewhere tend o employ Method 2 or
Method 3, which produce less.severe problems of
this type. .

Over the past 10 years, -however, there have
been a number of publications which indicate that
the direct oxidative chloride leacking of gold from
refractory o be an
improvement on the methods now in use.

These new developments were reviewed by
F K Letowski of the University of Witwatersrand
in Johannesburg, at the International Conference
on the Science and Technology of Gold at Hanau
in Germany in fune 1996 (1). They include:

gold ores may prove

I The use of less volatile ‘chloride ion carriers’

In the pasc, HCI has been used as the main
chloride ion carrier in leaching solutions and
HNQO; o Cly)oas che oxidant This has limired
leaching because  high  paruial
pressures of HCL dead to loss of Cl from the
leaching solution. Partial substiruton of HCI by
AICH; or ZnCly has been found rto decrease
dramatically chese  parcial - pressures of  HCI,
apparently as a result of the formartion of Al and
Zn  chlorocomplexes.  This  has  made the

(CI‘HPET'&{UI’CS

_attainment of higher leaching temperatures and

higher efficiencies possible. Decomposition of the
refractory sulfides and arsenides occurs in the
chloride leach solutions and their gold content
made susceprible to cyanide leaching.

2 The regeneration, in process, of nirric acid
used as oxidant

In the chloride leaching reaction, the nitric acid is
reduced to NO, the conversion of which back o
HNO; is costly by conventional methods. A
‘leaching in froth’ (L/F) process has been devised,
however, which has been successfuliy applied on a
laboratory scale for mineral graphite purification
(2), zinc concentrate processing (3) and more
recently for gold extractien from refractory gold
ores.

In this process, oxygen and oxides of nitrogen
are the flotation carriers and a chloride solution
containing HNOj is the reactive medium in which
the hydrophobic particles of the ore are suspended.
In operation, the outer walls of the froth cells are
quickly saturated with oxygen and oxides of
nitrogen, enzering them from both their sides.

Instantaneous  hydrolysis  and  dispro-
portionation of NO; through intermediate specics
regenerates a substantial fraction of the HNO; fed
to the system, which implies that the main oxidant
in the process is oxygen.

Gold is recoverable by adsorption on carbon
from the chloride leach solutions, which can be
recycled.

The foundations appear to have been laid for a
pilot plant evaluation of this process.

WS Rapson
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Issues Concerning the Quality of Assay Results

Phillip L Hellman'

Hellman & Schofield Pty Ltd, Suite 6, 3 Trelawney St, Eastwood NSW 2122 Australia

“Itis necessary thatthe assayer who is testing ore or metals should be prepared and
instructed in all things necessary in assaying, and that he should close the doors of
the room in which the assay furnace stands, lest anyone coming at an inopportune
- moment might disturb his thoughts when they are intent on the work.”
Agricola® ‘ ,

Abstract

It should not be assumed that assays of samples collected during activities associated with
mineral exploration, drilling and metallurgical testwork will be either accurate or precise. The
onus of responsibility of monitoring quality should be on those who submit samples.

Assumptions of quality that depend upon, inter alia:
« certification or affiliation of the laboratory,
e use of internal standards by the laboratory,
» apparent accuracy of internal standards as reported by the laboratory,

» agreement between original assays and repeat assays by a second, third or subsequent
laboratory,

» agreement between Calculated Heads and Head Assays in metaliurgical testwork
should not be made.

Numerous examples are presented highlighting problems such as:
» cross contamination of gold,.
e incorrect assay technique leading to under-statement of gold,
e background analytical error resulting in delineation of waste as ore,
* assay bias induced by lithology and presence of coarse gold and
* incorrect caliprations.

These issues reinforce the need for the submission of control samples such as blanks and
standards, as well as properly designed check assay campaigns, to:

e provide proof of accuracy and precision,
* provide early warning signals of assay problems,

« identify or eliminate the source of error when issues arise such as poor reconciliations (eg
between resqurce model vs grade control, grade control vs mill),

* minimise risks associated with resource development.

Introduction
The areas of exploration, resource delineation and mine development that come under the
general responsibility of geologists and are subject to the greatest risk are, in decreasing
importance®: _

e resource estimation,

s sampling and

'Ph 6129858 3863 Fax61 2 9858 4057 email plh@hellscho.com.au
Z Agricola (1556) pp 223-224
*In the expetience of Hellman & Schofield Ply Ltd
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e assaying.

The potential for resource estimates to be seriously-in erroris enormous. It-is not uncommon
for different estimates using the same data to vary by over 30% in grade and/or in tonnes”.
Sampling bias wijll directly impact on both resource estimates and on the discrimination
between ore and waste in the production environment. Issues of assay quality affect all steps
from exploration to production and include environmental monitoring. They also impinge directly
on areas subject to the responsibility of metallurgists both at the Feasibility testing stage and
also during prodyiction.

Importance of Quality Control ‘

A recent example® of the importance of Quality Control comes from a gold mine. The mine
geology department had been complaining that the resource model was over-estimating grade.
A detailed inspection of several months of blast hole assay results from the mine laboratory
showed few assgys less than 0.5 g/t. The author then submitted a blank pulp and a standard
pulp with known gald concentration to the laboratory.

The blank retumed an assay of 0.6 g/t. It should have returned a “less-than-detection” value. The
standard returned a value of 1.6 g/t and had a recommended value of 0.9 g/t. Ore zones were
being defined on the basis of a 1.5 g/t cut-off. Thus whole “ore blocks” with a true grade of
between 0.9 and 1.5 g/t were being mined on the assumption that they exceeded 1:5g/t. The
identification of sssay bias in the mine laboratory ended a cycle of confusion and blame of the

- “innocent. The view that Quality Control is the responsibility of the laboratory, and not also of

those who submit the samples, is a common justification for not using control samples such as
standards or blanks.

Mines that are generally the only source of cash generation for mining companies-usually have
no effective Quality Control-systems: for monitoring assay  accuracy in their laboratories.
Paradoxically, the accounting firms that audit these companies, however, have sophisticated
systems, often ISO stamped, to audit the books and financial resuits.

In the production environment where there is ineffective quality control there is no basis for
taking informed. remedial action when problems arise. A typical example® of how unsolved
problems compgund follows:

» the metallurgical department complains to the mine geology department the gold head
grade is lower than predicted in the ore being delivered to the plant,

 the mine geology department replies that-they are probably losing gold in the tails.or in
plant lock-up,

o the tanks are cleaned out to find the gold,

« the mine geologists point out that the hard ore that contains the good grade is not being
processed,

e management becomes suspicious that gold is being stolen,

o alarge batch of samples is sent to another laboratory

o extra security is placed in the gravity. circuit,

s an “audit” of the laboratory commences,

» the mineralisation is regarded as being unique and hostile to resource estimation,

“ For example, V Snowden (1994, p335) discusses Snowden Associates’ re-estimation of the resources at the
Girlambone copper deposit, NSW, Australia and reports a doubling of the reserve tonnage at a similar grade to
g»revious estimates.

Further discussed in Example 2, below.
®Based on several real examples.
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» the results of the check assays are received but they are so different from the original
results that there.is-a big debate about which laboratory is correct,

o the resource model is re-run to try to better control the spatial variability of the high grades
with the same resuit as before,

e private investigators are called in to detect fraud,
e an audit of the grade-control procedures is commissioned,

e everyone is suspicious that the external consultant has delivered a defective resource
model but because terms such as “sequential indicator kriging” or “uniform conditioning”
are used (that few understand) they feel powerless to argue,

¢ management requests all resource estimation and ore blocking to be undertaken by
polygonal methods

e an audit of the resource estiméte commences,
o the new polygonal estimates clearly do not match reality,
o still there is no answer,

All of the above possibilities for explaining why the mill feed grade is below the predicted grade
may be true, but without having credible assays -of unbiased samples, -there is no-basis for
coming to any firm conclusion as to what is the cause (s) of the problem. There is also no basis
for quickly eliminating possible causes for the short-fall in gold production.’

Terminology

In this paper the term “standard(s)” is used instead of the more technically comrect term
“standard reference material’ (or “SRM”). Sometimes, the term “house reference material’ (or
‘HRM”) is used to refer to standards -made for particular intemal purposes by a company or
laboratory. The term “precision” is used to denote the spread of assay data obtained from
replicate determinations and: is often used synonymously with “relative standard deviation®
(“RSD” = standard deviation/mean) and “coefficient of variation” or “CV". These terms are
often expressed as a percentage.

If commercial labojatories quote a precision, it-only relates to a-concentration level above some
multiple of the “jower detection limif" (LD" or “LLD"). This multiple is usually 20 to 50 and
refers to a level above which the precision is reasonably stable. The precision value usually
refers to twice the RSD expressed as a percentage based on muitiple analyses. A quoted
precision of 10% for base-metal analysis and 15% for fire-assay gold are typical quoted levels. In
reality these obviously depend upon many factors such as difficulty of matrix, element (it cannot
be assumed that silverforexample will:have the same-precision-as copper), etc. Assays become
more imprecise §s the lower detection limit is approached. Precision levels from actual examples
are provided in this paper.

The “upper detection limit' (“UD” or “ULD") is a level beyond which the analysis is
recommended to be repeated by a more appropriate technique usually because the
concentration is beyond the normal limits of calibration.

The term “precision™ is also-.commonly applied-to the spread of assay data as determined by
duplicate pairs. This information is usually more readily available than replicate analyses of
individual samples. Pairs: of assay results; such as two determinations of gold from the same
pulp, that comes out of a pulveriser provide estimates of one type of precision whereas an

" It is the experience of H&S that, despite audits and reviews of operations and Feasibility Studies by high
profile consulting groups, fundamental flaws may remain undiscovered.

® The precision vajue that appears in the figures in this paper refers to o(A-B)/(¥2 x m(A)) where A & B refer to
original and repeat assays and m(A) is the mean of A.
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original assay paired to a check assay of a split of the same pulp carried out by a different
laboratory provides.anothertype of precision. In these cases the absolute value of the difference
between the twq results divided by the pair mean® is often used to estimate precision and is
commonly expressed- as a percentage. This has been referred to as the “Absolute Mean-
Percent Difference” or AMPD (eg Bumstead, 1984). The average of these values for a number
of pairs is often reported. '

AMPDs from duplicate -determinations of pulps by different laboratories are recommended by
Francois-Bonga[cqn et al (1996) to be better than 10% (ie the value retumed from duplicate of
assays of 1.000'and 0.905 g/t). This level increases to 20% when assays from coarse rejects'®
are considered. These levels are somewhat arbitrary and depend upon the commodity of interest
(eg silver typically retums higher AMPDs than base-metals) and concentration level. AMPDs
from concentrations near the LLD will obviously be considerably higher than at higher
concentrations.

‘Accuracy” of pnalyses or assays refers to closeness to the true value. Consistent and
significant departure from accuracy is termed “bias” and can be expressed in a variety of ways
such as an absolute difference or as a percentage. Thus an average value of 0.8 g/t from several
assays of a standard with a “Recommended Value” (RV) of 1.0 g/tindicates a negative bias of
20%. Positive bias refers:to results from unknowns that are consistently higher than accepted
values. Bias is pnly “relative” unless results from samples are referenced against results for
which there is prpof of accuracy.

Benchmark papers that discuss this terminology in relation to geochemical analysis include
Howarth & Thompson (1976), Thompson & Howarth (1 978), Thompson (1992) and Ramsey, et
al (1992). ’ : :

A number of actual examples from exploration, feasibility studies and -grade control are
described below. The Walker Lake data set has been used to depict a mining bench to illustrate
the impact that sampling:and- assay errors may have on resource estimates and mining
operations. This approach has been used here rather than by using actual sections or bench
plans from operations or prospects to preserve anonymity.

The Walker Lake data consists -of 78,000 data points from -a digital -elevation model and has
been studied in ?etail by Isaaks and Srivastava (1989). The distribution of the “U” variable in the
data set has cloge similarities with natural gold distributions (eg skewed shape, high coefficient
of variation of 1.8). One hundredth of its value is used in this paperto achieve a mean “grade” of
2.66 g/t (with a standard deviation of 4.88, minimum of 0 and maximum of 95). Data points
closest to the nodes of a 10 metre grid have been used as a reduced data set.

Examples of Bias
Example 1. Low grades biased high and high grades biased low

Cause: Poor sample preparation procedures with samples containing coarse gold
leading to cross contamination as well as the wrong choice of assay technique

The evaluation of this deposit was flawed due to a choice of assay technique that proved to be
imprecise and partial rather than near-total as would have been achieved by the use of fire
assay. The interpretation of check assay results was made difficult by the presence of coarse
gold resulting in a considerable scatter when original and check assays are plotted (Figure 1).
The use of a sub-set of the check assays that had been performed by screen fire assays from a

®ie [assay1 — assa(ﬂ]l[avgé] or as 200[assay1 — assay2}[assayt + assay2] (expressed as a percentage)
" Eg RC chips '

Good Proied -~ Wronn Assave Gettinn Samnie Pranaratinn and A eeavinn Rinht Qudnev 92 ik, 41000 Frmem A



. Issues Concernng the Quality of Assay Results P L Hellman

proven laboratory revealed an interesting feature depicted in Figure 2. The increasing bias with
increasing grade is obvious.
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Figure 1. Complete Check-Assay Data Set

Figure 2. Screen Fire Check-Assay Sub-
Set of Data Depicted in Figure 1

Approximately one third-of the check assays from the data set in Figure 2, however, were of low
grade assays legs than 0.5 g/t. There is. little value in check assaying such a high proportion of
low grade sampgles. An examination of the check assays that followed samples with high
amounts of free gold indicated that low grade (less than 1 g/t) were being significantly
contaminated with gold that had plated on the pulverising equipment. This caused the positive

bias at low grades that are evident in Figure 4.
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Figure 3. Distribution of Biased Grades on a
Mining Bench (ROM ore is biased low and
Low Grade Stockpile-is biased-high)-

Figure 4. Bias — Grade Relationship as
Determined by Correct Checks -
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The impact of the variable bias on the spatial distribution of grades is depicted in Figure 3 by
using the bias-grade.relationship-of Figure 4.

The presence of coarse gold requires a careful consideration of sampling and assaying
protocols. The use of large bowl pulverisers to obtain the largest possible fine sample before
splitting off the sample for assaying is commendable. Even this process, however, may induce
bias (Johansen, 1997) in mineralisation containing coarse gold such as is found in Bendigo,
Victoria, Australia. Scoops taken from the top of the mound of pulp in the pulveriser for
conventional fire assaying-having-an-average 30%-less than -gold-assays determined by-either
cyanidation of thg whole pulp or by screen fire assaying of a large sample. In this case, assaying
the whole samplg effectively eliminates any possibility of bias resulting from “extraction emor”.
The low bias of the fire assays, however, had not arisen due their low (50 grams) sample
weights, per se, compared to the targer weights employed by the other techniques but rather
because the samples were intrinsically biased due to segregation of gold particles in the
pulveriser.

The situation is got helped by laboratories taking short-cuts in their screen-fire methodologies.
The author has found it necessary to specify that the sieve cloth used in screening be assayed.
This was once accepted practice. It is also necessary to specify that the wash (eg felspar) used
between samples to clean the pulveriser bowl be assayed to weight-average with the unknown in
order to prevent assays being diminished by -gold plating -onto the .discarded wash. Melnbardis
(1991) documengeq the loss of up to 50% of gold on to disk pulveriser plates and 15% on to ring
pulverisers from 1/8 inch crushed samples containing visible gold.

Example 2. All grades biased high

- “Cause: Assay-error arising-from poor-checking of standard solutions

300N —

250N

200N -

50N

ON -

OF H50R TO0K 1H50R 200m 2H0R
] Blocks misclassified as ROM, actually Low Grade

i Blocks milsclassified as > 1 g/t. actually < 1 g/t

_Figure 5. Blocks with Biased Grades due to
Mine Laboratory Background Error

This example was referred to in the Introduction (above). 24% of the tonnage with a true grade
less than 1.5 g/t has been mis-classified as ROM (blocks marked with filled squares, Figure 5).
22% of the tonnage with a true grade less than 1.0 g/t has been mis-classified as having a grade
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exceeding 1.0 g/t. As with many reconciliation issues (resource or grade control vs mill) the
identification of the majer compenent.ofthe problemwas-hindered by the presence of both assay
bias and also sampling bias. The most likely explanation for the constant “background error” is
the deterioration of standard solutions used to calibrate the AAS readings.

Example 3. Assay bias exacerbated by lithology and presence of coarse gold

Cause: Presence of clay causing dispersion problems and solubility problems of gold
_grains

Discrepancies between grade prediction from mine grade control procedures and back-
calculated mill head grades at a gold mine with a significant level of gravity-recoverable gold led
to a number of check assaying campaigns. The check assay results, however, were equivocal
when doubt was cast on the veracity-of the assays-due to serious-data handling errors-and an
inconsistent explanation for some of the assay discrepancies. The absence of included
standards did nqt help establish which laboratory should be believed.

This exampie was interesting because the cyanide-soluble assays from the grade control
samples were positively biased (of the order of 10%) compared to a number of checks by aqua
regia and a smaller number of checks by fire assay. The mineralisation, however, has no known
characteristics that should prove problematical for-aquaregia-(eg -presence -of -electrum, -high
sulphide contengs, carbonate, etc). Intuitively, the cyanide results should have been lower than
the aqua regia assays: Coincidentally!’, the magnitude of the bias between the cyanide results-
and the aqua regia comesponded to the mismatch between milled grade and grade control
predicted grade.

The mine [aboratory used “off-the-shelf’ standard pulps that-had-an -uncertain relevance to the
mineralisation s@ it was felt that the quality of the assaying should be re-investigated. The
following course of action was taken in collaboration with mine staff:

1. Several hundred kilograms from a range of rock types and grades were comminuted,
blended and homogenised.

2. A set (10 pulps in each set) of approximately 70 gram samples were dispatched to two
laboratories for fire assay(30g)-of gold-in duplicate, ‘a-third-set-of 20-pulps (with-included
standards) were sent for analysis by neutron activation to establish homogeneity.

3. The resuits from all three laboratories were examined:

Assaying of Candidate Standards
Standard Lab 1 (n=20) Lab-2 (n=20) NAA Lab (n=20)
Mean CV% Mean CV% Mean CV%
LG 1.19 4.3 1.39 2.2 1.24 1.3
MG 2.59 7.0 3.06 3.3 2.92 1.6
HG 8.70 3.5 1017 3.1 9.14 1.3

Table 1: Homogeneity qheck assaying of standards

The variation begween the three laboratories in the author's experience is typical with an average
17% difference between the lowest and the highest average for each standard. This variation is,
however, unacceptable by any:-reasonable criteria. The two laboratories that returned the lowest
and highest value have good reputations and were advised that the samples represent potential
standards so it js assumed that particular care was taken with their assay.

"This remained a coincidence
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The results for the certified standards supplied to the NAA laboratory are:

Assaying of Certified Standards
Standard ‘-Recommended Value (g/t) | ‘NAA-Result (N.= 3)
2PA 0.85 0.85
7PA '3.00 ' 3.00
10P 6.81 6.82
6PA 1.65 1.66

Table 2: Assaying of included standards by NAA

The results jn Table 2 are within 1% of Recommended Values and indicate that the
values from the NAA laboratory in Table 1 can be used with confidence.

The three standards were then provided to the mine geology department as large
samples (~800 g).to -use-with the large -grade :control samples for-cyanide soluble:gold
and as smajler samples (100 g) for use as controls for conventional assaying by fire
assay and agua regia.

Blank pulps and coarse blanks were also prepared.

To resolve the historic and ongoing assay discrepancies a retrospective check assay
program commenced using approximately 200 previously assayed residue pulps in
combination with the newly.prepared.standards.and blanks.

Several coafse; gold standards were made by using high purity separates from the
gravity plan{, These were weighed and added to selected standard samples. Coarse
blanks (several grams) prepared to mimic typical +106 micron fractions obtained during
screening (for screen fire assay) were also added to the standards that had spiked gold.
The coarse blank was also added to several blank pulps submitted for screen fire
assaying.

The prepared batch was submitted to a different laboratory from those tabulated above
for cyanide-’oluble gold analysis and screen fire assay (~800 grams, 150 mesh, two 30
gram fire assay undersize and fire assay of oversize, sieve cloth assayed). The “‘whole”
submitted sample was assayed.

The results of the control samples were examined:
Standards and Blanks

Standard Recommended. Assay. Mean. | CV%.. ‘N

(glt) Value (g/t) Method
Blank <0.01 ' SFA 0:03 4
Blank <0.01 CN 0.03 4
LG 1.24 SFA 1.25 6.1 7
MG 2.92 SFA 2.80 41 6
HG 9.14 SFA 8.98. 1.87 7
LG 1.24 CN: - 1.25 0.7 T
MG 2.92 CN 2.70 12.2 6
HG 9.14 CN 8.82 1.95 5

Talde 3: Summary statistics for the assaying of standards

These results cqm%are well with recommended values. Although the laboratory was not
informed that the batch contained standards, it performed better than the two other
laboratories whose results are reported in Table 1. The cyanide-soluble results are lower
than the RVs for the MG and HG standards (by 92% & 97% respectively).
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10. The results from the spiked samples were useful despite potential inaccuracies in
weighing in small amounts of physical-gold into the standard samples. The-GN-soluble
results were conpiqtently low (average of 78% of predicted values) whilst the SFA resulits
were, on averagg, within 10% of the predicted values. The average predicted grade for
the spiked samples assayed by SFA is 17.4 g/t and the average for the CN-soluble
assays is 13.5 g/it. Thus at higher grades, in the presence of coarse gold, there is
evidence that the CN-soluble grades are significantly low.

11. An examination of the-assay-results-of the unknowns-commenced. Theeriginal -pulps-of
the samples had previously been assayed twice at different times using the mine
laboratory’s N-soluble methodology. Thus for each sample there were two original
assays. There were also two new assays - a screen fire assay and a CN-soluble assay,
by the check laboratory. It quickly became clear that one set of the earlier CN-soluble
results were biased high by an overall 6% compared to the check laboratory’s CN
results. The other set-had-a-close-agreement-with-the-check-jaboratory. When-the grade
ranges were considered; however; by sub-setting the grades inta.intervals from 0-1, 1-5,
5-10 and 10-50 g/t a positive bias at low grades and a negative bias at higher grades
became apparent (Figure 6):

Bias vs Grade - Cyanide Leach

0 10 20 30

Average of Cyanide Leach and SFA Assays (g/t)

Fi/gure 6. Bias — Grade Relationship for Cyanide Leach Used in
' Assaying of Grade Control Samples.

This result was consistent with previously acquired internal check assay data.

12. The reason for the bias grade relationships became clear when the data was split on the
basis of lithology. The lithologies - containing the-highest-amounts-of-layer silicates had
_ the -highest positive biases suggesting that problems of dispersion in the pregnant
solution -were- contributing to-the problem. The check laboratery:commented. that the:
dispersion problems were extreme for some of the samples with settling of the solutions

for hours required in some cases.

The presence o' hjgh clay contents is a well known contributor to high bias for both aqua regia
’ and cyanide golg determinations.

The procedures outlined above for preparation of standards have proved effective over
many years. Unless every batch of samples submitted to a laboratory contains a standard
sample there is no means to determine the accuracy of the results. This applies to stream
_sediments, BLEG samples, -soils, ferruginous Jags, rock chips, drill core, reverse circulation

Pand Menind  Mlans A mnmin Qatbina Camnla Dranarstian and A ccavinn Rinht QuAnev 28 Inlv 1Q0Q Pane 10



Issues Concernng the Quality of Assay Results P L Hellman

chips, grade control samples, waters, metallurgical samples -and- any -other-samples. ‘The
common assumption that assay results are in some way guaranteed because the laboratory
uses its own sta is clearly: unsupported and.unjustified .

Useful papers describing the use and preparation of standards are James and Radford (1988)
and Davis and YVindham (1995).
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Example 4. Low bias in copper-rich but high iron samples from Girilambone,
NSW. '
Cause: Incorrect gas mixture resulting in inadequate temperature in flame for AAS

determinations.

The evaluation' thatted tothe successful development of the Girlambone Copper Mine, N.S:W.
took place from 1989 to 1992. As part of the drilling program a number of pulps were prepared
from the actual minperalisation and were distributed to ten Australian laboratories to check the
copper content of oxide and chalcocite samples with a variable Fe content. It became
immediately apparent that the results formed two populations. Seven laboratories agreed on a
lower set of Cu values, three gave results variably higher.

with check assgys. In this case the majority was wrong and the exercise resulted in the
identification of a poor choice of AAS gas mixture resulting in an incorrect flame temperature by
the majority of the laboratories. A re-assay program of samples with high Fe' contents (~> 5%
Fe) and low copper contents (~>0.3 - < 1.5% Cu) resulted in an-average 15:4% lift in copper
grade of the re- a’ssayed samples. The relationship between bias and iron content is depicted in
Figure 7.

The view that thE majority is likely to be right is a common™ but flawed approach when dealing

An earlier check assay program had not revealed any bias but had supported the original
laboratory’s results. Such is the danger of check assay programs uncontrolled by appropriate
standard pulps.

JIran (%)

Bias

Figure 7. Bias ~ Iron Relationship,.Copper Mineralisation,
Girilambone, NSW

2By Nord Resources (Pacific) Pty Ltd

3 Not only in the mining industry but in most areas of human endeavour. A recent example of this concemed
results for a nickel laterite from three laboratories two of which agreed and the third differed by reporting lower
concentrations of Ni-andMg. The resuilts from the third were unjustifiably rejected.

“The identificatiog of high iron samples for re-assay was made possible by the diligent, detailed and quantitative
geological logging that was available as a computerised database.
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Example 5. ~ Fire-assay with AAS finish
Cause: Incorrectly calibra_ted AAS procedure

Five standards with various grades were made up of Lebong Tandai (Bengkulu Province,
Sumatera, Indonesia) ore in the early 1980s. These were submitted with underground channel
samples and drill core to an Australian laboratory for fire assay (followed by AAS) gold
determinations. Theresults-from submitted-standards in numerous batches indicated-a-15%fow
bias. A check laporatory with included standards was also used. A simple scatter plot of gold
concentration of ghe two laboratories with the results of the standards was sufficient to convince
the laboratory to re-assay, at their expense, all samples from the previously assayed batches.
The use of included standards prevented arguments between the two laboratories as to which
laboratory was correct. :

The original laborgtory maintained that-the -problem-arese from-the-AAS-equipment though no
other laboratory had this problem with the same equipment. It appears that a fundamental
problem existed either with- standardisation or- with- the actual- fire assay technique. This-
laboratory was subsequently sold to another group. If that low bias camied through to other
projects how many projects may have been similarly.undervalued?

Examples of Incorrect Assay Techniques

Example 6. Disappearance of grade

Cause: Unconvincing explanation from the branch laboratory that “we forgot to add
the-acid”—the wrong-technique was-used.

The spectacular gxample of a whole batch of silver results reporting low as is depicted in Figure
8 was discovered by the routine use of blind standards. The curious feature of this example is
that lead and zinc assays performed in the same batch as the silver assays showed close to
expected values. Rather than having discovered a new Ag-poor Pb/Zn-rich ore type the results
from the standards demonstrated that the silverassays-had-considerably-been-undervalued. The
laboratory (a br:?nqh laboratory of a major intemational minerals analytical company) initially
indicated that tr'e results were as reported. The standard results were then shown to the
laboratory which then conceded that a mistake had been made. The forthcoming explanation of
forgetting to add acid was, however, less than convincing due to the fact that the Pb and Zn
assays are derived from the same solution.

The check assays for Pb are, on average, 8% lower than the originals (Figure 9) and illustrate a
convincing unifo);m bias. The Zn repeats show a close agreement with the originals.

The samples in this example constitute approximately 170 metres of drilled intervais from two
holes. If undiscovered, the low grades (mean of 3 g/t) in the original batch would have resulted in
a significantly understated resource estimate compared to the re-assayed batch (mean-of 47.g/t).
In a preliminary exploration setting the low results could conceivably have led to the down-
grading of a propising prospect.
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ci Ag - Repe

Figure 8. Original vs Repeat Silver Assays ~ Entire Batch of Results
- (arrows mark position of standards)

o

Figure-9. Original vs Repeat Lead Assays — Entire Batch of Results
’ (arrows mark standards)

Arcd Deniard Wirana Aecave Rattinn Qamnle Prenaratinn and Assaving Riaht. Svdnev. 26 Julv 1999 Page 14



issues Concernng-the-Quality of Assay-Resulls - : -P-L-Hellman-

SEED, s

Figure 10. Original vs Repeat Zinc Assays — Entire Batch of Results
(arrows mark standards)

A more considered explanation of the disappearance of the silverin the original batch came from
the laboratory where the actual analysis was performed. The branch laboratory acted as a
receiving depot and forwarded the pulps to the main laboratory for analysis. A partial leach was
stated to have been mistakenly-used instead-of -a-multi-acid-digestion that-would-have invelved
HCI, HNO3, HCIP4 and HF resulting in a “total” result. This second explanation is still hard to
understand in vi’aw of the “partial” results for Pb and Zn having higher mean results than the
repeats.

Example 7. Inappropriate ICP technique for iron-rich laterite samples

Cause: 1Inappropriate assay technique that failed to report As and Sb resulting from
“iron-rich nature of matrix

An example of the complete failure of an ICP technique for analysis of Sb and biased results for
As comes from a laterite sampling survey in West Africa. Sb results from all the initial batches of
results for surface Jaterite samples werereported by the|laboratory-as being less-than-detection”
by a large samplg aqua regia technique. Prior to selecting the technique the laboratory had been
contacted to cheFk the appropriateness of the particular technique.

Checking by INAA showed these results to be clearly in error with the true results returning
values in excess of 10 times the detection limit. Repeat analyses by the same laboratory using a
larger ratio of solution to sample resulted in more acceptable results.

Examples of Cross Contamination
Example 8. . Cross contamination of an entire batch of samples

Cause: Previously éssayed metallurgical test products and failure by client and
laboratory to assay coarse blanks

The formative exp,erieneeby4heauthereaﬂy~inhiscareemf—a-whele-batch@fsurface foek-chips
having suffereg imeversible laboratory contamination from coarse gold originating from
previously assayed metallurgical samples in the laboratory has left a lasting memory. With such
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exciting results there was keen interest in following15 up the initial samples. This led to a new
batch of submitted samples returning values.less than detection.

Example 9. Cross contamination tails
Cause: High amounts of coarse gold reporting to oversize in screened assays
An examination of successive-assays following high grade intercepts was-carried out to test the

extent of crossycontamination that may have resulted during the fine pulverising stage. Two
examples are pfoyided in Figure 11.

5 One week of field-work in mid summer
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Figure 1. Diminution of grades in screened oversize following a high grade intercept.

The fall off in grade following the intervals with exceptionally high gold in the coarse fractionis a
testimony to the ability of gold to plate on to puiverising equipment and camy-over to subsequent
samples. Evidence for such effects can be found by closely examining the behaviour of gold
grades following hjgh grade-intervals-either by-assessing the -amount-of-gold that reports to the
oversize in the qase of screened assays (eg screen fire assays) or by looking for decay-type
diminution of grage.

Coarse blanks (eg waste gravel, coral, limestone, etc) should be submitted as anonymous
samples especially after suspected high grade mineralisation to test for cross contamination.
Cross contamination in samples containing coarse gold may be severe and may have the effect
in resource evajuation driliing of falsely enhancing lower grades to levels above cutoffs of
interest.

A useful practice is to find out how many pulverisers are being used in the laboratory and what
order the samples are being processed. The same number of coarse blanks should then be
placed at the start of every submitted batch. This-ensures that, if the previously prepared batch
at the laboratory contained unusually high concentrations of elements (eg Mo, Au) that have a
tendency to platg onto pulverisers, early detection of the problem is likely.

A recent inspection of a laboratory revealed the selective non-use of inter sampie cleaning
agents (such as quartz wash). This was justified by the laboratory manager on the basis of the
visual impression by laboratory -assistants- that the - pulveriser bowls -appear clean. it is
impossible, howgver, to visually detect gold plated onto pulverising equipment that may
contribute paﬁsvger million cross contamination. :

Cross contamination of gold in the context of resource estimation will result in exaggerated
mineralised intercepts leading to the impression that mineralised widths are wider than reality.
This will, in tum, affect geostatistical studies of spatial continuity resulting in artificially induced
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measures of continuity. Blanks cost nothing and are easily obtainable and may provide
indispensable informatien regarding-the-quality-of sample preparation.

Blanks that by-pass the sample preparation system are also valuable. These are typically pre-
pulverised material (eg silica flour or residue pulps) and yield information relating to background

analytical levels and the possibility of cross contamination by virtue of solution carry-over or
other sources of non-sample-preparation-type contamination.

Example of Re-Calibration

Example 10. Discrepancy between Zn assays by different techniques from the
same laboratory

Cause: Incorrect calculation of assays due to incorrect calibration

| Figure 12. Effect of Recalibration upon Repeat Assays

This is an unusual example and was discovered by standards submitted by the client being used
to document discrepancies between assays based on different methods. The result was pleasing
with an approximate lift by 33% of zinc grades.
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Importance of Detection Limits

Example 11. lllustration of the wisdom of taking note of laboratory’s guidelines
for assay method’s upper limits

Many laboratory Schedules of Services quote Upper Detection Limits (“UD") in addition to Lower
Detection Limits (‘LLD”). These should be taken seriously as the-example depicted in Figure 13
illustrates. In this case the laboratory’s Schedule of Services specifies a LD between 2-5 ppm
and an UD of approximately 80 - 120"® ppm. '

Figure 14. QQ Plot of Silver by Neutron Activation (x axis) vs ICP

Inspection of a scatter plot of the data at lower concentrations (Figure 15) shows a trend of
negative bias of the ICP resuits compared to the NAA results with increasing grade. The QQ plot
highlights this more distinctly (Figure 16) and indicates that the quoted UD is in fact too high, on
the basis that the NAA -results -are -more -accurate -at these levels -and that theICP results
deteriorate from about 75 ppm rather than the higher UD indicated by the laboratory. This
assumption is sypporled by included silver standards that demonstrated the accuracy of NAA at

'8 Actual quoted detection limits are not provided in order to preserve anonymity.
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levels above 100 gh.-As indicated. by Figure 16.there .is -a:paositive bias in the ICP. results at
grades below ~80-g/t compared to:-NAA. This accords:with: results from a-standard with a RV of
48 ppm for which the ICP results average 48 and the NAA results average 41. This biasis
reversed at grades in excess of ~70 g/t Ag.
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Figure 15. Scatter Plot of Silver by Neutron | Figure 16. QQ Plot of Silver by Neutron
Activation (x axis) vs ICP (sub-setted data less | Activation (x axis) vs ICP (sub-setted data less
than 200 ppm) than 200 ppm)

Further evidence for the-performance-of the-ICP-and-NAA techniques-at-various-concentration
levels can usefully be obtained by a consideration of the variation of precision with concentration
level. Results frgm two blanks (a pulp and a coarse blank) as well as three standards are
available from numerous batches assayed over a period of two years. In addition to these,
results from duplicate pulps and duplicate rig splits (in the case of reverse circulation drill
samples) are also available. The relationship between CV and concentration is provided in
Figure 17 and Figure 18 for-the-two -methods for-silver-and zinc. The -asymptotic relationship
between the twq is typical and is a reflection of the rapid deterioration of precision at low
concentration Ie\qel$ and only a modest gain in precision at higher levels. The deterioration in the
ICP results for silver in Figure 17 in the standard at the ~300 ppm level is consistent with the
bias at these levels noted above and reflects the instability of the method above the UD. In
contrast, the precision of zinc remains stable at elevated concentrations (Figure 18).
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Figure 17. CV vs Grade for ICP Figure 18. CV vs Grade for ICP
and NAA Results and NAA Results
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The results from duplicate rig splits analysed in various batches over a period of two years are
provided-in Figure 19 and Figure 20.

Figure 19. AMPD for ICP Ag Results Figure 20. AMPD for ICP Zn Results
- RC Rig Splits — RC Rig Splits

It is immediately gbyvious that-the comparison -of -duplicate -pairs -based -on -different -splits -of
coarse RC chipg introduces a significant deterioration in precision as illustrated by the average
AMPD for Ag values over 20 g/t being 19.8% and that of Zn being 12.4%. The CVs from the
standards for these two elements are illustrated in Figure 17 and Figure 18. The poorer precision
is due to the introduction of a sampling error which was minimal in the case of the results based
on splits of finely pulverised standards. This illustrates the importance of ensuring that
discussions of analytical precision are based.on samples that.have minimal sampling error.

Multiple Prob;ems Within a Laboratory

Example 12. Poor precision of low level gold determinations using aqua regia
digestion

Cause: -‘ncoirect calibration at gold levels over 100 ppb and no coirections used for
actual sample weights in cases when low weight samples were submitted.

Precise low level gold determinations are required for geochemical exploration techniques that
utilise media such as stream sediments, soils and laterite. Aqua regia'’ digestion followed by
AAS is ideally suited to these requirements by virtue of its lower cost compared to fire assay and
its ability to achieye low-limits -of -detection-that -are usually quoted -at-the -part-per-billion level.
The media quotq‘d above are usually oxidised and lack high levels of problematical components
such as sulphidgs and carbonate that preclude the technique as a general method for resource
delineation. Aqua regia assaying for resource-type levels of interest invariably report lower
average results with greater variability when compared with “total” techniques such as neutron
activation or fire assay. At low levels, however, aqua regia may achieve good precision.

The results depicted-in- Figure 21 -were -a disaster to-both -the laboratory-and -client. Suitable
standards had bgen routinely submitted to the laboratory along with the soil and stream sediment
samples. The clignt had assumed, however, that there was something wrong with the submitted
standard after having been reassured by the laboratory that the internal laboratory standards

7 For a discussion of its relative peiformance refer to Hall et al (1989, 1990)
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were effective monitors of accuracy and thus guaranteed acceptable quality of assaying. The
internal standards used by the laboratory showed no bias.
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Figure21. Aqua regia assays for gold of low level gold standard
(same standard as in Figure 22)

H&S had been responsible for setting up the original sampling and QC system and were
approached to resoive the situation. The first step was to submit approximately 15 splits of the
same standard sample to three laboratories for replicate assaying by NAA, aqua regia and fire
assay. A histogram of the NAA results is-provided-in Figure 22. The coefficient-of varation (CV)
is 2.3% which is an excellent precision and could only be achieved if the original sample splits
reflected a horgogeneous parent. Furthermore, the mean of 195 is within 1.5% of the
Recommended Value of 200 ppb. The CV of the same standard depicted in

Figure 21 is 31.1%, approximately 20 times the NAA result'®. The mean of 155 ppb would be
acceptable in the context of discovering anomalies provided some semblance of acceptable
precision-was achieved.

les of
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Figure 22. Homogeneity check by INAA of low level gold standard
with Recommended Value of 200 ppb (marked by arrow)
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The homogeneity tests using aqua regia and fire -assay by -an-independent laboratory showed
CVs of 3% and @4%, respectively. These NAA, AR and FA results prompted the laboratory to
investigate the spurce of the poor precision. This led to the discovery of two problems:

Firstly, the results of samples with weights less than 30 grams had a low bias in proportion to the
sample weight (eg a 10 gram sample had one third of the correct concentration). The use of
small (ie less than 30 grams) samples of —200# hand sieved stream sediments may be common
in samples from sireams -of -high -relief (due to-the rapid loss -of fine silt -due to high -energy
drainages). Secqndly, since the purchase of a new AAS unit, suppression of resuits by 30%
occurred due to (ncorrect calibration at gold levels above approximately 100 ppb.

Actual original and repeat gold values (ppb) in pairs of samples analysed by the same laboratory
are:

30 grams 30 grams <30 gram | <30 gram
Original 130 108 - 27 28
Repeat 217 180 . 270 280
(Weights refer to-original submitted sample weight)

A plot of gold copcentratlon vs Batch Number is provided in Figure 23. These types of plots are
useful in highlighting deterioration of quality with time, bad batches within discrete time intervals
and overall performance. It is clear that the quoted precision of 10% for the technlque was never
achieved over the entire period.

350

300

Gold Value (ppb)
2 & 8 b
Q o (=] Q

a
o

o

- o™ N o~ a2 © ™ - - -
“Batch-Number-

. Figure23. Variation in Gold Concentration of Standard Sample
with Batch Number. (Arrow marks recommended value).

This example demonstrates the inadequacy of relying on the performance of a laboratory’s own
internal standards as a guide to assaying accuracy. In this case a false sense of security would
have resulted due to.-a fixed weight-of 30-grams-being-used-by the laboratory for the standards.
Many of the unkpowns however, had weights less than 30 grams and therefore had understated
grades due to ti)e lack of the weight correction factor.
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The laboratory was obliged to have over 1000 exploration samples re-assayed and, due to the
lack of confidencg.of the -client in the Jaboratory, -an-independent Jaboratory -was, justifiably,
requested. The gesults of the re-assays are depicted in Figure 24, Figure 25 and Figure 26. Bias
is particularly pronounced:in the-soil re-assays: at levels-above-about 75 ppb: Better agreement
in the —200 mesh stream sediments is presumably related to the “cleaner” matrix and particulate
nature of the gold in the sediments compared to the soils.

The —-80 stream sediments{Figure 26) show poor-agreement-due both-to-the poor-quality of the
original assays and also to the sampling errors associated with particulate gold. The high
sampling error associated-with-the —80-mesh-sediments.is reflected in-an-AMPD of 47%, the —
200 mesh sediments have an AMPD of 16% and the soils an AMPD of 27% (all for values over
20 ppb).

The cost of the Igboratery’s -errors -is -not -simply -confined {0 the.cost--of -re-assaying -all-the
samples which "n this case was bome by the original laboratory. The poor precision of the
original analysss resulted in considerable mis-classification of geochemical anomalies.
imprecisely understated stream sediment results will result in the down grade of potentially large
drainage basin areas (to several square kilometres). The occasional artificial anomaly (see
Figure 23) causes the unnecessary follow-up of falsely high results. The combined costs of
helicopter hire and logistical support to follow-up-laboratory-induced-anomalies is:considerable.

The detection ¢f bias and poor precision of either original or check assays is difficult to
impossible in samples that have high sampling errors due to particulate gold. In these cases,
inserted standards are the only means by which quality of assaying can be unambiguously
assessed.

Figure 24. QQ Plot of Original vs Repeat Gold Analyses in Soils.
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Figure 25. QQ Plot of Original vs Repeat Gold Analyses
"in —200 Mesh Stream Sediments.

) -Figure 26. Scatter Plot of Original vs Repeat Gold Analyses
in —80 Mesh Stream Sediments.

Assaying of Metallurgical Samples

Example 13. Interpretation of assay results of metallurgical samples by multiple
laboratories using typical criteria

Cause: Reliance on agreement between Caiculated Heads and Actual Heads as an
indicator of accuracy without having submitted standards.

Interpretation of metallurgical -results is -often -difficuit-as a -consequence of the:absence of
effective QC prgtocols. Metallurgical test products are susceptible to problems of precision and
~.accuracy resulting fram the partitioning: nature of the actual testwork which produces extremes.in
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element concentrations. Inclusion of appropriate control samples is mandatory in such work due
to the high cos} of the testwork and significance of the results to the evaluation of mineral
projects. '

Samples were submitted to five laboratories. The results in Table 4 (below) concern silver and
are based on the same metallurgical sample and come from two of the five laboratories:

Assay Results of Metallurgicai Sampie from Laboratory 1

Weight (%) Ag (ppm) Ag (%)
Product 1 0.49 3900 33.9
Product 2 0.65 2500 28.7
Product 3 0.66 340 4.0
Product 4 4.56 35 2.8
Product 5§ - 1.62 100 2.9
Tail 92.02 17 27.7
Total 100.0 100.0
Calc Head 56.6
Actual Head 199

Assay Results of Metallurgical Sample from Laboratory 2

Weight (%) Ag (ppm) Ag (%)
Product 1 0.49 35125 78.8
Product 2 0.65 3115 9.2
Product 3 0.66 303 0.9
Product 4 4.56 33 0.7
Product 5 1.62 . 94 0.7
Tail 92.02 23 9.6
Total 100.0 99.90
Calc Head 219
Actual Head 207

Tabl? 4: Assay results of the same metallurgical products by two laboratories

Assays for the tails by five laboratories varied from 14 to 27 ppm and for Product 1 varied from
2800 to 37,700 ppm. Excluding Laboratory 1, assays of Ag for the tails varied from 18 to 27 ppm
and for Product 1 from 32,300 to 37,700 ppm.

Results for internal standards assayed in the same batches as the metallurgical samples were
reported-by the laboratories. Laboratory 1 reported these resulits:

Recommended Reported Value
Value (ppm) (ppm)
Standard 1 138 138
Standard 2 626 600
Standard 3 70 68

The apparent gopd performance of these resuits-is-inconsistent with the -total failure -of the
laboratory’s performance with respect to the samples of interest. This illustrates the inadequacy
of using laborafpries' own internal standard data as a monitor of accuracy.

Agreement between calculated heads and actual heads is a common method used to validate
assays in metallurgical tests. It is-easy to-demonstrate that the-intreduction of a variable bias (eg
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assays at high levels too low and assays at low levels too high) will produce a close agreement
(within 5%) between these two values. The results from Table 4 have been used to generate a
set of biased assays from a hypothetical laboratory:
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Hypothetical Laborato
Factored Bias
Weight (%) Ag (ppm) Factor Ag (%)
Product 1 0.49 30,000 0.854 74.7
Product 2 0.65 2660 0.854 8.1
Product 3 0.66 333 1.10 1.12
Product 4 4.56 39.6 1.20 0.92
Product 5 1.62 105 |- 1.15 .0.86
Tail 92.02 306 1.35 14.3
Total 100.0 100.0
Calc Head 198
Actual Head 207

Table 5: Artificially-introduced-variable-bias-to assay resuits

The agreement between-the: Calculated: and- Actual Heads for the artficially: biased results is
actually better than the real results provided in Table 4. This feature may lead to the emoneous
conclusion that the biased results given in Table 5 are superior to to the real results in Table 4.

The early detectiop.of bias-without-the time-consuming submission-of-residue samples to-check
laboratories is qnly possible by the use of control samples such as internal standards and
blanks. The conpequences of having no control samples may include the following:

 discrepancies between Calculated vs Actual Heads being blamed on sampling problems
such as “spotty” gold rather than assay error,

o incomect estimation of metallurgical recoveries leading to over- or under-valuation of the
project,

= -extra. expense associated with. numerous check assays that may produce. equivocal
results,

o masking of assay bias by poor precision.
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