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January 14, 1999 

Ronald T. Owens 

Alberta Energy 
Mineral Operations Division 
Minerals Tenure Branch 
9th Floor, 9945 - 108 Street 
Edmonton, AB TSK 2G6 

Att: Hazel Henson 
Agreement Administrator 

I hereby submit an Assessment Work Report to cover the required 
expenditures for sections nineteen through thirty-six of 6-09-079 
of Metallic Minerals Permit No. 9396110003 and sections one through 
eighteen of 6-09-080 of Permit No. 9396110004. 

These properties appear to have relatively small lenses of the Bad 
Heart Sandstone. Samples taken from eight locations, consisting of 
two pit areas, three drill holes and three outcrops have shown very 
low values of free gold. 

Since 1990 I have submitted samples from numerous locations of the 
Bad Heart Sandstone to twenty-three different labsc and quasi-labs. 
In the interest of brevity, I will not submit the ~e~ults of the 
majority of these tests. They were generally inconclusive. I will 
submit the results of tests, pertinent to the fore mentioned land 
locations. The majority of samples tested have been taken from a 
pit on section twenty~six of permit 9396110003. The other sites 
tested, indicated a general similarity in content. 

I have found it necessary to establish my own lab facilities, to be 
able to send portions of prepared samples, while retaining 
accuratly split portions for follow up analysis. The tests that 
show positive results, although done in most cases by persons with 
an impressive resume, are suspect, because they invariably have a 
"Recovery Process" to market. 

I have found it necessary to travel extensively to meet in person 
most of the lab personnel that I have dealt with. Therefore I am 
submitting a portion of these travel expenses, as I considered it 
necessary in view of the wide-ranging results received. 

I have come to the conclusion that some locations of the Bad Heart 
Sandstone contain a very complex asssemblage of minerals and 
elements. There is no doubt that there were errors caused by 
interferences in some of the instrumental analyses . 
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Ronald T. Owens 

Alberta Energy 
Mineral Operations Division 

Att: Hazel Henson 

Further work is required to identify and eliminate these 
interferences. 

I respectfully submit the following list of expenses, test results, 
resumes of some of the test consultants and reference data that I 
consider useful to the exploration of the Bad Heart Sandstone. 

Hewlett Mineral Management 
Process Research 
Complex Metals Research 
Bahamian Refining 
Metallurgical Research 
Trinity Systems (Iron beneficiation) 
Chemtron Labs 
Lilbrat Mining 
Loring Labs 
50% of $27,000 cost of lab equipment 
reagents, glassware & fusion expendables 
Travel costs 
Estimated 1000 hrs. @ $20.00 

Ronald T. Owens 

Total 

$ 16,816.91 
1,200.00 
2,409.36 
1,956.27 
1,205.95 

451.96 
262.00 
600.00 
346.00 

13,500.00 
3,400.00 
4,000.00 

20,000.00 

$ 66,148.45 
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APPENDIX 

TO· 

METALLIC AND INDUSTRIAL MINERALS PERMIT NO. 9396110003 

COMMENCEMENT OF TERM: 

1996 NOVEMBER 5 

AGGREGATE AREA: 

9 216 HECTARES 

DESCRIPTION OF LOCATION: 

6-09-079: 1-36 

PERMITTED SUBSTANCES: 

METALLIC AND INDUSTRIAL MINERALS 

SPECIAL PROVISIONS: 

NIL 
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APPENDIX 

TO 

METALLIC AND INDUSTRIAL MINERALS PERMIT NO. 9396110004 

COMMENCEMENT OF TERM: 

1996 NOVEMBER 5 

AGGREGATE AREA: 

9 216 HECTARES 

DESCRIPTION OF LOCATION: 

6-09-080: 1-36 

PERMITTED SUBSTANCES: 

(VTS 

METALLIC AND INDUSTRIAL MINERALS 

SPECIAL PROVISIONS: 

NIL 
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. . P.. f, HiWLm . 
(619) 384-2647 PAX (619) 371-4619 

I S39 N. China UU<.e BM:I., Ste. f 153 
rudgecrest. CA 91555 
'-

. HEWLETI MINERAL M.ANAGEME.NT 

January. 10, 1996 

Mr. Ronald Owens 

Dear Ron: 

Proposed is that I exclusively consult .for you and your Peace 
River property. 

The objective of. these studies ~re to prove the ore reserves of the 
deposit, to defirie the processing flow-sheet, and the economics for 
the recovery of the precious noble metals, as well as the economic 
recovery of 6ther elements .. 

For example, the following results I 6btained recently from 
Activation Laboratories in Ancaster, Ontario. 

,' 

Sample 
# 

A80 

Gold(T.oz./ton) Silver Cu Pb 
Epithermal Thermal T.oz,/T PPM PPM 
Neutron Activation Fire·Assay 
0.452 0.402 0.207 .1 9,. 162. 

Cd v Ca .p Mg F s 
PPM PPM _%_ ' g_ 

_·_O_ _%_ _L PPM 
0.50 

w 
PPM 
45 

Pt. 
PPM 
8.7 

357. 

.Th. 
PPM 
7.4 

Pd 
PPM 
23.9 

2. 1 4 

La 
PPM 
25.4 

0.527 0.58 0. 1 2 ' 490 

Ce Sl02. Ala 03 Fe 2 0 3 
PPM _L _L % 
54 42.63 2.30 34.50 

Zn Ni Mn 
PPM PPM PPM 

206. 25. 95. 

Br As Co 
PPM PPM PPM 

2.1 380 1 8. 

MnO Cao LOI 
~ -· _% 

o· 
_ts_ 

0. 1 4 3 . 1 1 12.79 

Notice from the "Whole Rock Analysis" that the loss on ignition 
(LOI) was 12.79%.and the silica+a~umina was 44.93%. 

Therefore, with ·magnetic separatois and electro-static separators, 
the ore could be up-graded from 34.50% ironoxide to 62.65% Fe~o 3 
and by the heating/roasting in the R-N proces~, the LOI i~ removed 
and the Fe'2..o3 woµld be a.,theOre·tical 81.60% Fe2 0 3 ; 

This could be accomplished as a sub-set of the recovery of the 
precious and noble ~etals and other economic elements. 
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~ f. HEWLm 
(619) 384-1647 FN<. (619) 371-4619 

H£WL£TI MINERAL M.A.NAGEME.NT 

Proposed that I be retained.for a fee of $10,000.00, which would 
~llow me to up-date my facilities and to be able to control my 
direction of samples that I would. pre-treat to various. 
laboratories, with a view to provide reliable assay data and ore 
reserves that . could be used for further funding, possibly by a. 
public offering. 

The thrust of this proposal is to provide the basic analysis 
requiied to finalize the process chemistry and flow-sheet and to 
then conduct large-scale testing at o~r facility. This would be 
the location for our bulk-sa~ple te~t (200#-to-many tons)~ 

++++++++++++++~+++++++++++++++++++++++++++++++++++++++++++++++++ 

I have had experience with your ore as follows: 

1) Results of various types of gravity concentration: 

a) Diester vibrating tables 
b) Dunham vibrating tables 
c) Riechert Spirals 
d) Knelson Rot~ry concentrators 

2) Process Chemistry: 

3) 

a) F.ire Assay 
b) Bromine/chlorine leaching in my reaction chamber 
c) Neutr6n Activation: 

a. Epithermal 
b; Thermal 

Mineralogy/Petrology: 

a) "Free .Gold" distribution by size fraction 
b) "Locked Gold" by size fraction 
c) .Chemical composition 
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. P.. F. HEWLm 
(619) 384-26-47 FAX. (619) 371·4619 

1539 N. Chlna Lr.kc B.tvd,, Ste. f 153 
Rldaeaest CA 93555 

HEWLETI MINERAL M.ANAGEMENT 

4) Secondary Cortcentration Testirig: 

a) Eriez High-Intensity magnetic separator 
b) Eriez Low-Inten~ity magnetic separator 
c) · Carpco Electro-static separator 

~) Geochemical ~nalysis: 

a) . 11 Pa thf inder 11 elements wi tt,i/wi thou t s ta tis ti cal 
correlations 
a. "Free Gold" 

·b. Oolitic (encapsulated) gold 

6) Proposed Process: 

a) Unit Operations. 
b) ·Process Chemistry 
c) Pro~ucts.: · _ 

1c. Gold-silver and Platinum Group Metals (remember 
that PCM's are not soluble in cyanide - they DO NOT 
form a complex with cyanide.). The process must 
recover ~11 precious/noble metals economically and 
much faster than common leaching - as cyanide. 

My process allows for selective separation of the 
gold~sil~er-arid-platinum group metals or they can 
be melted into one dore. · · 

2. Up-graded. iron-ore. 

3. Other elements to corisider (my process will recover 
them .at very iittle additional ~xpense. 
a. Bismuth 
b .. ·. Tellurium 
c~ . Base metals . 
d. Nickel/Cobalt/Cadmi~m 
e. Rare Earth Elemerits · 
f. Tuhgsten 1 etc. 

·---------------~-----------------~-~--~-----------~--------~----~--

Examples of the above results referred to are ~s follows: 

1) Gravity concentration. . 
I h~v~ had very good success with a Dunham vibratihg table 
- with 5-end riJfles-'- The highest-grade gold is in the #1 . 

. riffle, .~nd the .#2 riffle ii only 23.42% of the #1 riffle 
grade, and the #j riffle is only 1 .11% of the #1 riffle 
grade. . 
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. . P. F. HE.WLm . . 1539 N. Chlna Lr.kc 8lvd .. Ste. ft 53 
RJ¢gecrest. CA 93555 (619) 384-2.647 PAX 1619> 371·4619 

Examples 

2) 

HEWlETI MINERAL .. M.ANAGEMENT 

cont'd 

No gold was found in the #4 - #5 riffles or in the 
tailings. (One-pass--another pass would have reduced 
the #2 grade. 

I have mad~ a simple concentrate with the Dunham table 
of over 10-troy ounces Gold/topn on a one~pass basis. 

Metallurgical Testing Results: 

Slimes .from the 6-26-79-9 pit were· fire assayed and a 
split was analyzed using ~Y bromine/chlorine chemistry. 
Th~ results follow: · 

Pit -50 slimes 

FIRE ASSAY 
(t./oz./ton) 
GOLD SILVER 

0.008 . 0.003 

BROMINE 
(t.oz./ton) 

GOLD SILVER 
0.203 0.056 

. . 
Please note that this is the most dramatic increase in detectable 
gold values I have done. Reasons for this. difference could be: 

a) Excessive slimes {ferruginous) that cause a. ferrous 
oxide lay~r at the interface of the metal phase 
(collector) and the "collected-gold" lead-sponge. 

b) High Te, Bi, or Se. They form alloys with the gold 
that do not collect in lead (or other collector)~~ 
Au~Te/Bi/Se alloy goes intop th~ slag~-speiss--or 
from the button into the cup~l. 

Also, Ir/Os have the same effect on gold as above. 

(Note that As-Sb form "speiss" and they average 300 
ppm As, and 20 ppm Sb with orie high of 4900 pp, Sb. 

(Also, that sample had 24-ppm Sn). 

The Bromine/chlorine leach is "non-toxic" and much faster 
than cyanide or any other non-toxic leach. The costs are 
much less than tyanide and the proce~s is so flexible 
tha~ the operator is in control--instead of ·the process 
being in control of the operator. · 
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~ '· HIWLrn 1539 N. China LrJ<.c ~ .. Ste. fiSl 
!Udxeaei:st. CA 93sss (619) )84,2647 FN<. (619) 371-4619 

. HEWLETI MINERAL M.A.NAGEMENT 

3} Mineralogical. Examination: 

a) Pit Ore: 
+20 mesh 

+28. mesh 

+48 mesh 

· +80 .mesh 

o0nham Table concentrated. #01 riffle 
Oolites·black/brown--minor qtz. 
(near top of Bad Heart fm). 

On~ native gold-Pt. Pt is in the 
center of· an elongate gold grain. 

3-gold grains, 1 with Au~Pt. 

Tiny gold grains--one with silver 
alloy. 

4) Secondary Concentration Testing: 

I h~ve used our low-intensity mag separator for separating 
ferromagnetics such as ma~netite .. 

r·have used (on~ routine basis) the high-intensity m~g 
separator tci then separate sulfides. 

Then, .I have used the electro-static separator to separate 
such minerals as sch~elite, silics, alumina, etc. 

Also, th~ different intensity m~g separators will give 
selective separating for iroh mirier~ls (siderite, 
.geothite, notronite, fertuginous opal, hematite/limonite, 
etc.) when 0sed with the ele~tro~static separator. · 

5) Geochemical Ahalysis: 

Elements with a high positive statistical association with 
gold are: 

A) Silver 
B) Antimony 
C) Cabal t 
D) Tuhgsten 
E) Tin 

By taking out the "free gold" the remaining chemical 
·analysis describes the "complex-gold" or encapsulated 
gold: This aspect will be ~ore precisely defined .. 



I 
I 

•• 
I 
I 
I 
I 
I 
I 
le 
I 
I 
I 
I 
I 
I 
I 
f' 
I 

!9 . 

. . . P. F. HIWLm 
(619) 384-2647 FAX (619) 371·4619 

·.HEWLETI MINERAL .. M.ANAGEMENT 

.... 

5} Geocherni~al Analysis--cont. 

Geochemical criteria for "placer gold 11 and chemical 
precipitated gold would be expected to be determined. 

6) The pro~ess chemistry used is ecortomical and has all 
the advantages of being very flexible and it is controlled 
with ease. 

I have made 300:1 concentrates with the Peace River. ore 
and with a large-scale op~ration (500 tons/hour), that . 
would be little bver 2-tons/hr. of concentrate, or. 13.3 · 
tons of concentrate per 8-hr. shift. 

This con. would go the following: 

500-tons/hour head ore 
! 
Concentration(Spirals/rotary--latervariableconcentrator 
! !---tails 
Cons . 
. l.67 tons/hr.) 

Low~rntensity MAG Seor. 

11 Noh-Mag' 1 

! 

. ! 
Ferro-mag~--~-magnetite 

High~Intensity MAd S~pr. 
! !-----Non-Mag 
ParaMag 
Sulfides 

,· ... 
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(619) ~2.647 FAX (619) 371·4619 
1539 N. Chlna Uo.k.e SMf .. Ste. f 153 

IUdgecreSt. CA 93555 

HEWLETI MINERAL M.A.NAGEMENT 
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. continued 

Non-Mag ,. 

f 

·."Non-Magnetic" 

ParaMag(Sulfides) 

leach if economid 

Magnetite 
I 

leach .if econo~ic 

. ·. . 

iron o~ides/carbonates/sllicates/ 
chamosite/W-Au 

. I 

Electio~static Separator 

conductors 
·Iron cons./ 
Au-Ag-PGM 

! . 

non~conductors 

Silica/alumina/W 

. . 
Selective magnetic separators 

Iroh cone. Au-Ag-PGM cone. 
. . . 

Reaction Chamber 
(Oxidation) 

Br/Cl dissolution 
of Au/Ag/Pt/Pd 
and rest of PGM 

ION~EXCHANGE 

(S~lective Chelating 
Ion-Exchange ReSiri~ 

"Loads" only precious/ 
noble metals 

COLUMNS·OF 
· 3-cubic feet 
resin each: 
100 oz./cu. ft. I 

I 
!------! 

Elution--reuse resin; 
after simple regeneration 

Recover precious/noble metals 
selec.tively or one dare. 

I By the time the process reaches the final leaching stage, 
the am6u~t 6f coricentrates is greatly reduc~d and one 

I 8-ho0r. shift precious/noble metal concentrates can b~ 

processed in that same period. of time (8-hours). 

{' 
I 

!----~-Effltient: 

recover 
with. other 
1-X resins 
other elements/ 
metals · 
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. . rt r. HEWLm 
(619) 384-U47 FAX (619) 371-4619 

1531) N. China l.z.ke &Nd,. Ste. ft 53 
Jijdzeaest. CA ~ss!I 

HEWLETI MINERAL M.ANAG£MENT 

April 29, 1997 

Dear Ron: 

After ~ long delay, I have received most of my assay analyses for 
your "Bad Heart Iron Formation Ore Deposit". 

. In summary, I have. been . spending my time anal yz irig each size·. 
frabtion for four ore-types/locations. These were~ 

1) P-100: 6-26-79-9 pit pulverized by RTO to minus 100 mesh. 
2) Top tw6 (.2) feet of 6-26-79-9 pit exposure. · 
3) General coarse samples from the pit. 
4) Sa~ple site some distance by road from the 6-26-79-9 pit. 

Each size fraction was analyzed by numerous methods, such as: 

1) Conventional.fire assay 
2) Bromine~leach 

J) Bromine-leach-pre-treatment ~- then fire assay 
4) Neutron activation: 

a) Epithermal 
b) Therma.l 

5) .Lead platinum group collection/mass spec. 
6) Nickel sulfide platinum gro~p collection/mass spec. 

After analyzing each size fraction by various analytical methods 
and prior concentration, the best/most accurate results were used 
after computing the ore grades for the head-ore. 

. . _________________ _.,; _______ ...;... _________ .------------------------------.--
Previous results were as follows: 

Sample ID 

A-Glom 
.ABO· 
A+20 mesh 
A+28 mesh 
A+48 
.A-80 

Troy oz./ton Fire Sa~ple Bromine 
Gold Silver Assay ID 
11.150 2.190. A-50slimes 

Gold 
0.203 
0. 1 35 
0:023 
0.042 
0.038 

0.452. 0.402 A-50 
0.87 0;05. A~S 

1 .46 0.22 A~S 

0.22 0.038 A-R 
0~54 0.122 

leach/t.oz/ton 
·.Silver 

0.056 
0.023 
0.010 
0.014 
0.009 
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P.. F. HlWLm 
(619) ~2.647 FM (619) 371·4619 

1539 N. Chins Le.kc &tw'd .. Ste. t t Sl 
Rk!3ec:rest. CA 93SS5 

HEWLETI MINERAL M.A.NAGE.ME.NT 

Ronald T, Owens: April 29 (2) 

Following are the very recent analysis f6r your ore deposit: 
(Platinum group will follow) 

Sample ID Gold (ppb)/ton 

P-100 +28.mesh 1,380. 
------------------~--~-----~ 

P-100 +4.8 mesh 204. 
--------~------------~------

P-100 +200 mesh 198. 
-----~----------------------

-200 inesh 

Weighted Aveiage Gold/Ton. 
(Converted to Head Ore) 

0. 180 troy ounces Gold/Ten. P-100 8,730. 
++++++++~+++++++++++~+++++++++++++++++++++++++++++++++++++++++++++ 

P-2~TOP .+28 mesh 344. 

----------------------------
+ 48 mesh 36. 

----------------------------
+200 mesh 290. 

----------------------------
-200 mesh 26,200. 0~110 troy ounces Gold/Ton. 

+++~++++++++++++++++++++++++~++++++++++~+++++++++++++++++++++++++++ 

P +28 mesh 4,890. 
~-------7--------------------

+4.8 mesh 34. 

---~----~--------------------

+200 mesh 94. 
----------~------------------

·0,090 troy ounces Gold/Ton; -200 mesh 37,000. 
---------------------~--~----- --------------------------
R-TOP +28. mesh 753. 

. . -----------------------------
+48 mesh 9. 

-----------------------------
+200 mesh 149. 

-----------------------------
-200 mesh · 18,700. 0.030 ttoy ounces Gold/Ton~ 

--------------------------------------------------------
THESE RESULTS HAVE PROVEN TO DEFINE AN ECONOMIC ORE BODY--THAT 
REQUIRES CONCENTRATION/SCREENING/BROMiNE LEACHING FOR AN ECONOMIC 
OPERATION. 

I . SIGNED.: 

{' 
RICHARD F. HEWLETT 

I 



- -YL-LA-IN- --
1115 W. Sahuaro Dr. • P.O. Box 50106 
Tucson, Arizona 85703 

HEWLETT MINERAL MANAGEMENT 
Attn: Mr. Richard F. Hewlett 

- • - -
REPORT OF ANALYSIS 

1539 N. China Lake Blvd., Suite 153 
Ridgecrest, CA 93555 Analysis of 37 Rock Chip Samples 

ITEM SAMPLE NO. 

24 BG 8 - CC Qtz 
25 BG s - Black (Qt:z:) 

26 A +20m 
27 A +28m 
28 A +48m 
29 A +80m 
30 A -80m 

31 M 1 
32 M 2 
33 M 3 
34 M 5 
35 M 9 

36 M - Mag 
37 M - 4 Non-Mag 

Charles E. Thompson 

-FIRE ASSAY 
Au 

(oz/t) 

. 055 
6.120 

. 870 v 
1.460 v 

.220 i./ 

. 670 t/ 

.540 I/ 

.110 
1.000 
7.270 

.180 

.135 

.ioo 

.215 

< 

< 

< 

< 

< 

< 

< 
< 

Ag 
(oz/t) 

.01 

. 62 

.01 

.22 

. 01 

. 02 

.01 

.01 

.15 
1. 72 

.16 

.01 

.01 

.01 

William L. Lehmbeck 

Sb 
(ppm) 

< 2. 
< 2. 

15 . 
3. 
7. 
7. 
9. 

4. 
6. 

10. 
9. 
4. 

10. 
8. 

-

As 
(ppm) 

38 . 
44 . 

300. 
165. 
190 . 
245 . 
290. 

125. 
125. 
410. 
155. 

70. 

160. 
110. 

-

Bi 
(ppm) 

< .1 
1.2 

.5 

.1 

.6 

.2 

.2 

. 8 

.3 

.5 

. 6 

.7 

2.2 
2.0 

- - - - -
JOB NUMB' WQR 004B 
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Te 
(ppm) 

Hg 
(ppm) 

< .1 .01 
.1 .12 

. 3 .07 

.1 .10 

. 3 .06 

.2 .44 

.1 .09 

.7 .OS 

.1 .06 

.1 .07 
< .1 .06 

.2 .03 

.2 .03 

.2 .04 

James A. Martin 
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Tucson, Arizona 85703 

HEWLETT MINERAL MANAGEMENT 
Attn: Mr. Richard F. Hewlett 

- • - -
REPORT OF ANALYSIS 

1539 N. China Lake Blvd., Suite 153 
Ridgecrest, CA 93555 Analysis of 37 Rock Chip Samples 

ITEM SAMPLE NO. 

24 BG 8 - CC Qtz 
25 BG 8 - Black 

26 A +20m 
27 A +28m ++ 
28 A +48m ** 
29 A +80m ** 
30 A -80m 

31 M 1 ** 
32 M 2 ** 
33 M 3 ++ 
34 M 5 ** 
35 M 9 ** 

36 M - Mag 
37 M - 4 Non-Mag 

** 
(Qtz) ++ 

Cr* 
(ppm) 

638 
505 

49 
67 
83 
96 

130 

160 
151 
117 
152 
134 

132 
226 

Mg* 
(%) 

.01 

.01 

.88 

.64 

.72 

.53 

.44 

.19 

.19 

.15 

.19 

.23 

.20 

.20 

Ba* 
(ppm) 

16 
37 

520 
478 
638 
527 
348 

172 
209 
217 
257 
197 

206 
208 

n•n Denotes partial digestion in aqua regia of 
elements comm.only found in geological materials. 

+NOTE: Greater than normal geochemical range. 
Please advise if fire assay is needed. 

++NOTE: Samples analyzed on WQR004-A. 
**NOTE: Samples analyzed on WQR004-B. 

Ti* 
(%) 

.01 

.01 

.02 

.01 

.03 

.02 
.• 03 

:.11 

.• 27 
"'"19 
.27 
:.16 

.15 
:. 38 

Charles E. Thompson William L. Le mbeck 

B* 
(ppm) 

18 
83 

<5 
111 

76 
64 
<5 

<5 
<5 
14 
<5 
<5 

<5 
<5 

-

Al* 
(%) 

.08 

.06 

1.52 
1.23 
1.17 
1. 01 

.93 

• 79 
.87 
.62 
.93 
.96 

.39 
1.20 

- -

Na* 
(%) 

• 01 
.01 

.10 

.08 

.07 

.06 

.OS 

.OS 

.10 

.07 

.10 

.07 

.05 

.17 

- - - -e 
JOB NUMBER WQR 004B 

January 12, 1995 
Sombrio Fine Gray Mags 
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K* 
(%) 

.01 

.01 

.34 

.28 

.24 
• 20 
.20 

.15 

.22 

.15 

.23 

.17 

.03 

.42 

W* 
(ppm) 

<2 
<2 

<2 
44 
23 
25 
38 

11 
52 

110 
10 

5 

7 
108 

Be* 
(ppm) 

.4 

.4 

6.0 
2.9 
5.0 
4.2 
2.7 

1.8 
2.0 

.1 
1.9 
2.3 

2.4 
1. 6 

James A. Martin 
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HEWLETT MINERAL MANAGEMENT 
Attn: Mr. Richard F. Hewlett 
1539 N. China Lake Blvd., Suite 153 
Ridgecrest, CA 93555 

ITEM SAMPLE NO. 

24 BG 8 - CC Qtz ...... 
25 BG 8 - Black (Qtz) ++ 

26 A +20m 
27 A +28m ++ 
28 A +48m ...... 
29 A +SOm ...... 
30 A -80m 

31 M 1 ...... 
32 M 2 ...... 
33 M 3 ++ 
34 M 5 ...... 
35 M 9 ...... 

36 M - Mag 
37 M - 4 Non-Mag 

Charles E. Thompson 

- • - -
REPORT OF ANALYSIS 

Analysis of 37 Rock Chip Samples 

Mn 

(ppm) 

37 
373 

2180 
1661 
1842 
1336 
1009 

775 
1284 
1115 

904 
950 

1906 
672 

Fe 
(%) 

1.22 
1.20 

29.99 
20.36 
25.16 
21.07 
17.69 

10.19 
11. 68 
12.62 
11.54 
13.33 

35.49 
7.87 

Sr 
(ppm) 

3 
2 

20 
205 
192 
174 

20 

55 
7B 
58 
BO 
66 

24 
42 

William L. Lehmbeck 

Cd 
(ppm) 

.5 

.5 

1. 0 
2.5 
3.2 
2.9 
2.0 

.$. 

.5 

.5 

.5 

. 5 

1. 5 
. 8 

-

Bi 
(ppm) 

<3 
<3 

<3 
<3 
23 
10 

5 

<3 
<3 
<3 
<3 
<3 

<3 
<3 

-

v 
(ppm) 

9 
22 

225 
279 
499 
431 
355 

319 
386 
449 
379 
447 

1029 
222 

-

Ca* 
(%) 

; . 01 
.01 

2.99 
2.65 
3.30 
2.84 
1.81 

• 7 0 
1.21 

.Bl 

.93 

.82 

. 7B 
1.13 

- - - -JOB ~R WQR 004B 
January 12, 1995 

Sombrio Fine Gray Mags 
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P* 
(%) 

.01 

.01 

1. 00 
.85 
.74 
.74 
.55 

.07 

.09 

.12 

. 07 

.OB 

.29 

.OB 

La* 
(ppm) 

4 

1 

216 
18 
20 
20 

149 

22 
39 
30 
40 
27 

44 
113 

James A. Martin 
Ad70n:1 Ret'.".'iS~"rr~ f\.~c:-o•:r-r No. 11122 
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1775 W. Sahuaro D~.O. ~0106-
Tucson. Arizona 85703 

HEWLETT MINERAL MANAGEMENT 
Attn: Mr. Richard F. Hewlett 

- • - -
REPORT OF ANALYSIS 

1539 N. China Lake Blvd., Suite 153 
Ridgecrest, CA 93555 Analysis of 37 Rock Chip Samples 

ITEM SAMPLE NO. 

24 BG 8 - CC Qtz ** 
25 BG 8 - Black (Qtz) ++ 

26 A +20m 
27 A +28m ++ 
28 A +48m ** 
29 A +80m ** 
30 A -Som 

31 M 1 ** 
32 M 2 ** 
33 M 3 ++ 
34 M 5 •• 
35 M 9 ** 

36 M - Mag 
37 M - 4 Non-Mag 

Charles E. Thompson 

Ag 
(ppm) 

.1 
21.9 

1. 8 
. 9 

1.3 
4.3 
4.2 

1.2 
4.1 

27.4 
4.6 
1.1 

1.6 
2.0 

As 
(ppm) 

29 
38 

315 
167 
212 
265 
267 

70 
129 
543 
154 

67 

so 
100 

Sb 
(ppm) 

<2 
<2 

45 
16 
15 

8 
24 

10 
s 

11 
9 
3 

34 
13 

William L. Lehmbeck 

Cu 
(ppm) 

5 
8 

15 
14 
22 
17 
15 

36 
27 
29 
25 
34 

25 
36 

.. 

Pb 
(ppm) 

4 
11 

210 
76 

124. 
102 
151 

75; 
89' 

334. 
75 
46 

126 
39. 

-

Zn 
(ppm) 

13 
17 

235 
255 
346 
299 
239 

S1 
69 
76 
76 
78 

154 
so 

- - - - -JOB A WQR 004B 
January 12, 1995 

Sombrio Fine Gray Mags 
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Mo 
(ppm) 

Ni 
(ppm) 

Co 
(ppm) 

2 20 3 
1 19 35 

<1 29 24 
5 38 74 
7 44 95 
4 42 69 
6 26 42 

2 19 32 
3 16 44 
3 10 35 
4 14 38 
3 20 45 

<1 5 39 
3 10 25 

James A. Martin 
Arizona Registered Assayer No. 11122 
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EDUCATION: 

1957: B.S. 111 Chemical EnglneerlngJ Iowa State University, 
19GO: M.S, in Mining Engineering; University of Arizona. 
1957: Course work and Dissertation completed for D. Sc. 

in Mining Eriglneering and a Pri. D. in Geological 
Engineering \>thile on the teaching faculty of the 
Colorado School of Mines ancJ U1e University of Arizona. 

EXPERIENCE: 

,/·· 

f 900 tu date: 11cqtfisitior1' of extensive California Placers and GOLDFIELD MINES. 
Completed exploration, development, and feasibility studies on 
all of these mining properties. 

Consultant (or numerous precious metal operations; ml/ling 
and heap leochiny {development and metallurgical design of 
various ore treulment systems for varied and complex of'es}. 

Consul lan t for numerous gold placer mines {development. 
evaluation and metallurgical design of recovery systems 
utilizing advanced gold recovery leclinology /. 

1979 to 1900: Gener-a/ Partner; Cold-Silver development and heap-leuch 
operation at Go/df'ie/d, Nevada. 

1978 lo 1979: Consultant for ma;or gold-silver heap leach in Nevada; 
100, 000 tons-per-month under-leoc/1 operation. 

1970. to 7978: General Partner and Chief f:.xecutive Officer,· 

A}. Sierra Minero/ Management/ Merchant Sterling 
Join t - Ven tu re wit '1 PL 11 CE R DE VE L 0 PM EN T ,· 
McDermitt Mercury Mine{ Nevada/. 

$TO, 000, 000 mine development--Mine wenl in lo 
production in f 975 and is still in production. 

Limited Partners ure the 11orriman Trust 
{ Mercl1ont S lerling}, Warr12n Corning, the 
BARR. BR.OS{Bond dealers], Flog/er Mathews, etc .. 

BJ. '71 Minerals,· Tombstone, Arizona gold-silver 
heap-leach operation. Over 11, 000, 000 tons 
o( dump and open-pit ore was leached in (fie 
first (our years. 

f.ne Limited Partner was the flARRIMAN TRUST. 
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{2]- RESUME OF R.F. Hewlett 

.-· 1 ', 

C) . C 0 L 0- CR EE I< J 0 I N T - VEN T UR E; Cr Ip p I e, Creek, 
Colorado gqld-sifver heap-leach operation.·· 
Similar to our Tombstone operation in U1at 
750,000 tons-per-month were put· under leach. 

Another Limited Partnership wit/1 lhe llorrimon 
Trust. 

D). STERLING VENTURE; Nelson·, Nevada. Gold-Silver 
heap-leach from open-pit mining. 

Another Limited Po,rtnership with the Harriman 
Trust. 

1968-1970: Mine Finance,· Consultant on Aquisition ant{ Mine Valuation­
[ Zurich, London, Rome, Johannesburg,. Paris, 

" Belem(Brazil), and New York]. 

7 963 to 1.968: Chairman of the Board; COM PUT EC RESEARCH, CF I COMPUTE I 
INOUSTr<.IES, COMPUTERIZED NA TURllL RESOURCES, and .. 

:J..~, 

1957 lo 1963: 

,• ... 

R.F. JIEWLETT & ASSOC/,(\ Tl;S. Computer. Applicati()n · 
Companies with world-wide consulting in mining operations 
and othet natural resource based ventures. 

Bear Creek/ l(ennecolt; S Cotf s ti col Engineer. Developed 
computer op.plications for ore reserve computations, 
design of underground and open-pit mines utifizing 
econometric analysis I op liml zotion, exploration drilling patterns, 
financial evaluation of exploration pro;ects, production 
scheduling, and process optimization for copper smelting. 

Yuba Mini11g Comp~· Exp/or.ation,. mine examination, and 
design for open-pit gofd~si/ver deposits in lduho. 

Utah Construction; Mine engineer for underground mining 
of oil shale in Colorado{ Union Oil]. 

Kaiser Aluminum,· Bauxite exploration, mine examination, 
fluorspor deposit evaluation, engineering .and plant 
process in Jamaica, Panama, Brazil, and the United States" .. 
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[ 3)- Resume of R. F. flewlett 

19 i O lo 7 9 7 8 J 0 IN T V f N TURES 

7970 PLACER /\MEX; Mercury at Cordero Mine near 
McDermitt, Nevada. 

1970 NORANDll MINES; Walker Mine, Plumas County, CA 
[Copper, gold, and silver]. 

1970. NORANDA MINES; Copper/gold at flassayampa 
Mine area, Prescott, Arizona. 

:·~y:·!:"· 7970 U. 5-. SIL VER; Copper, gold, and silver at 
MacKay, Idaho. 

7970 NEW YORK ROSARIO; Silver and gold operation at 

1971 . TENNECO: 

La Colorado Mine, Sonora, Mex .. 

Porphyry copper exploration in Arizona, 
Californfa, and New Mexico. 

7971 QUINTANA MININERALS; Porphyry copper exploration 
at Coyote Wash, Safford, Al. 

1971 AMERCIAN METALS CLIMAX;·· Porphyry copper explorat, 
near Sliver Bell, AZ. 

CONSULTING EXPERIENCE BY COMPANY 

American ffiecal Climax 
flmerir'.an Fal!ash & th.em Curp. 
American Smelting 5 Refining 
Anaco:iua Compang 
Ba1111er ffiining Cumpa11~ 

Behre-Dalbear 
term De Fasca 
Cities ,S!eru-ice 
Compania ffiinera De Cananea 
Duual torporahian 
El Faso Nahural Gas 
EhhMl Corporation 
Granby ffiining CompanH 
Granisle mines 
G~t. Babat & A~suciab2s 
Hanna ffiitiina Camp1:rn!J 
l r is lt Base me I: .a 1 s ,, 

: ... , .. 

Kaiser Aluminum 5 Chemical Car-paraHan 
Kennecol!l! ~apper Corparahian 
Klnguam of 'au~i Arabia 
miami carper 
ffiiner-a BaHOVar 
mu lybuemun Ccirporabirrn of Amedeo 
Naranua min~s· 

Occiuenhal Pehraleum(minerals) 
Placer Deuelapmenb 
P.C.A.N.t.(Porbug~l) 

~uinbana minerals 
Revere tapper anu Brass 
~uptriar ~il Company 
~winuell-Dressler 

[exas Gulf Sulphur 
traris~aal Consoliuaheu Gal~fielus 
trans IDarlu Airlines 

._.·;. 
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CONSULTING EXPERIENCE BY COMMODITY 

GOLD 

VJ.JtgJ..nia. Mine[ TJta.tUivrutl, .So. A6!Uc.aJ 
Lo1ta..lne.[T1ta.n,~va.a1, So. A6JU'.caJ 
CJt...lpple. CJi.eek(CotoJtadol 
Gold6~el.d[Nevada.J 

Tlw.>idVt M,tn. [Ida.ho) 
Ne.l.6o1t [ Ne.va.da.J 
CongJte .. M [Wzo1ia.j 
Elf1.ho1v1 [ Mof'Ll'.:ana 1 
Mojave[CaL<.601tru.aJ 
CfiloM.de [ AIU.zona.J 
V-Utg,i.1Ua Cay [ Ne.va.da. J 
Oft.a du Re.y[U.ta.lt] 
MVtke.Jr.[ U.ta.hJ 
Ce.tttA.al C..Lty[ColoJta.doJ 
W..<.c.he.nbUJtg(Alti...zona.J 
C1town Kbtg [ Nu:.zo na.] 
Oa..tma.11 [NUZOM] 

SILVER 

COPPER-MO LY-GO LO COMMODITY 

Sa6 6011.d, A.!Uzona[ KCC J 
Tana.ma., Purvr.,to Rlco[KCC] 
Ll.gft;tA C1te.e.k, CA[AMEX] 
Rob)..11.Mtt 0-WWc.t, NV[KCCJ 
Diamond H, MJ.a.m~, AZ 
Sa.rt Xa.v-tVt No-Uh [ASARCO J 
Ra.y~Li.ne-6, AZ(KCC] 
G1ta.ri,U,le., B.C. [GJta.nby] 
M.lc.luqu.ili..a.y, PVtu. [ASARCO 1 
Ja.bttl Sa.yid, Saudi A.It.a.bi~ 

Ruby C1te.e.h, Ala,hka.[KCCJ 
Kala.ma.zoo, AZ [ Qu,.l.11.,ta.11a.J 
S.llvVt. Be.Lt, AZ[i\SARCO]. 
Ca.na.ne.a., Me.x.[Ana.c.onda.J 
Ca.jo Aba.ho, P.R. [AMAX] 
Lq.mpa, Pe.AU[ASARCV] 
Gal'.011.e. C1te.e.k, 8.C. [KCC] 
Lak.Ui l101te., AZ [El PM o J 
Ma.Jt.co ppeA, Ph-ilipp.(n.eJ.i 
Ca.A.tf.e. Pome., AZ [ Ciliu, J 

·Ne.JJJna.n, B.C. [Nohna.daJ 
Sa.11 Ma.>me.l, AZ. 
Twin Bu..ltu,, AZ[Ana.eonda.J 

CU-ZN- PB-AG .. 

" 
NICKEL-CU 

II 

SULPHUR 
URANIUM 
BRINES/SO LIV 
PB-ZN-AG 

" 
" 
" 

COPPER-IRON 
II 

PHOSPHATE ,, 
" 

1RON 
MOLYBDENUM 

" 
" 
" 
II 

" 

Pa.c.ka.Jui. M...i.ne.[Neva.da.J 
Tonopah[Ne.va.da.J 
CalJ..c.o[Ba.Jtbtow, CAJ 
Co.ftde..taJi..,la. [ Ne.va.da. J 
Ojo4 CaUe.tttu,[Me.uc.oJ 

;.;Za.c.lLte:c.M [ Me.uc.o J 
Tomb~..tone [ MJ.zona] 
Sllve.!t Plwnb[Colo~ado] 

. EUJt.ea.11.a./Ely[Ne.va.da.J 
Re.y MaJL,t[A!UzonaJ 
La ColoJta.da.[Me.x..Lco] 
Le.a.dv.<lJ.e.[Coloha.doJ 
Se.a.Jtc.h,l.(.gftt[Ne.vadal 
PJt~co.tt[NU.zona] 

Yu.c.c.a ( A!Uzo na. J 
PieJtce.-Glea;.,on[A!U.zona.J 
Re.ville.[Ne.vada.J 
LOCATION 
T.<.mmhio, cJn.t. [ Te._xa.o Gu161 
C Vt.Jto Ve. Pru, c.o, 'Pvtu. 
Ragland N~c.~e.l[Qu.e.be.c.J 

PJ.kwe., A6tr.lc.o. 
Brngue...t, Philipp.{ne.IJ 
Hom2.h.ttl~e.-Sap..i.n[Ne.w Meuc.o] 

'T1tona., CA 
. Nolt.t.hga.:te., lJtel.a.nd 
Sa.te.ni, M..W~o(.l)t.{.[KCC] 

V..i.bWUtwn, Mo.[ASARCOJ 
TVt.Jte. Mon.te, PoJr...tu.ga..l 
C1ta..lgmof'Ll'.:, B.C. [PLACER] 
Bo-00-B~x.by, Mo. [Am. Pb-Z11J 
FR..o!U'.d.a. 
Tu11u..ta 
S e. c. hU}Ut D u, e.JL.t., P e.Jtu. 
Col.Una, Me.uc.a[HYLSAJ 
ClUnax, Calo.[AM METALS CLJ. 
Y 011.h. f1aJLdy, B. C. (ASARCO 1 
Que..6..ta., N.Me.x.. [MOLY CORP) 
Enda.ko, B.C. [PLACER] . 
Hall, Neva.da.[Ana.c.ondaJ 
llic.e. Mm, B. C. [ KCC] 
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PUBLICATIONS 

' ,;. 

1) • 1970 - ,;Comparison of the Triangular, Polygonal, and ·cq 
Statistical Method of Computing Grade and Tonnage of 
Ore for the Silver Bell Oxide Porphyry Copper Deposit". 

2) • 19'69 - "Case Histories of Exploration Drilling and Ore Reserve 
Estimation''.; Geologic~l and Mining Society of ,. .. ·· 
British Columbia, Vancouver, B.C., Canada. 

3) • 

4) . 

5) • 

6) • 

1968 - "Gase Histories of Automated Ore Reserve Estimates"; 
Annual Meeting of the AIMEr N,ew.York. [In collaboration 
with Dr. A. Banfield of BEHRE'"-DOLBEARJ. . 

1968 - "New Techniques in Prospecting for Coal"; American 
Mining Congress, Annual Meeting of the Coal Division, 
J?ittsburg, Penn. 

1965 - "Open Pit Mine Design Utilizing a Digital Computer"; 
Annual Meeting of the American Institute of Mining, 
Metallurgical and Petroleum Engineers, Chicago, Ill. 

1965 - "Design· of Drill-Hole Grid Spacing for Evaluating 
Low-Grade Copper Deposits''; Report of Inveitigation, 
U.S. Bureau of Mines. 

7)_. 1964 - '.'Future Computerization· in. the· Mineral Industry"; 
International Symposium on Application of Statistics, 
Operations Research, and computers irt the Mineral 
Industry, COLORADO SCHOOL OF MINES, Golden, Colo. 

8). 1964 - "Empirical Models of a Copper Reverberatory Furnace''; 
International Symposium on Applications of Statistics, 
Opera tioTI,i·<Research, and Computers in the Mineral 
Indus try,·· COLORADO SCHOOL OF MINES, Golden, Colo. 

9). 1964 - "Dynamic Problems in Mining": International Symposium 
in Computers and Computer Applications, UNIVERSITY OF 
ARI ZONA, Tucs.on, Arizona. 

10). 1964 - "Application of Simulation in Evaluating Low Grade 
Mineral Deposits": Bureau of Mines, Report of 
Investigations Number 6501, 63 pages~ ·'f.> 

11). 1964 - "Polynomial Surface Fitting Using Surface Data from an 
Underground Copper Deposit"; U.S. Bureau of Mines, 
Report of Investigations Nwnber 6522, 27 pages. 

. ; 
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12). 1964 - "Simulating Mineral Deposits Utilizing Monte Carlo 
Techniques and Mathematical Methods''; U.S. Bureau 
of Mines, Report of Investigation Number 6493, 27 pp~. 

13). 1963 - '.'Computer Methods. in Eva.luation, Development, and 
Operations of an Ore Deposit"; Annual Meeting of the .' 
American Institute of Mining, Metallurgical, and· 
Petroleum Engineers, Dallas, Texas. 

14) . 19 63 - 1'P it Design Utilizing a Digital· Computer'.' I Srropos ium 
of Operations Research~ STANFORD UNIVERSITY, CA. 

15). 1963 - "A Basic Computer Program for Computing Grade and Tonnag 
of Ore Using Statistical and Polygonal Methods"; 
U.S. Bureau Of Mines, Report of Investigation Number 62 

16). 1963 - "Computing Ore Reserv~sby the Triangular Method Using 
a M~diurn Sized Digital Compµter''; U.S. Bureau of Mines 
Report of Investigation Number 6176, 30 pages. 

17). 1962 - "A Survey of the Techniques and Applications of Computer. 
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The Hewlett Reaction System (HRS) - An Outline 

1. Introduction 

Many precious and base metals present very complex recovery problems that result in 
extremely high capital and operating costs. This may restrict new operations to the development of only 
large reserves and relatively high grade properties. In this way the latter costs can be justified when they 
may run into the hundreds of million dollars to just oxidize a refractory ore. These expensive methods 
which include roasting, calcining and pressure oxidation in autoclaves are usually followed by equally 
expensive leaching, electrowinning or vacuum liquation to extract the values. 

The previously described costs, which reduce profits for existing operations of all sizes, 
severely restricts the development of new mines. It certainly reduces the viability of many mining 
ventures when the only recourse is to deliver ore to a custom processor. Other potential operations with 
small reserves and/or lower grades are never 'deVelOped. 

The Hewlett Reaction System (HRS) solves many of these problems. The system permits the 
recovery of precious and base metals and minerals from complex ores and includes the cleansing of the 
environment of deleterious elements. The sub-system to the HRS produces pure metals eliminating 
the delivery of dare, for instance, to a refinery. 

2. Application of the HRS 

The HRS can be applied to most forms of mining including alluvial (placer) and hardrock of 
all kinds. Unlike the cyanidation process, which is extremely toxic, the primary solvent used in 
relatively low concentration is a bromine/chlorine complex. The toxicology of both bromine and 
chlorine are wel!Jmown and are uni"'.er~ajly .. used to purify domestic wat.er supplies. Significantly, the 
HRS permits far more rapid and high recovery of metals and minerals than conventional processes. 

3. Scope of the HRS 

I. Oxidation &/or chlorination of waste water, mine effluent and sewage. 
11. Reduction of metal ions in toxic waste water. 
iii. 

Note: 

IV. 

V. 

Yl. 

Yll. 

Ylll. 

IX. 

X. 

XI. 

Xll. 

Xlll. 

Solid toxic water clean-up; detoxification. 

Refractory gold and other precious metals that cannot be treated by conventional 
cyanidation but can be treated vvith the HRS are as follows 

Precious metals in a sulphide matrix. 
Gold ores attached to carbon by a weak organic bond. 
Encapsulated gold in silica, silicates, carbonates, etc. 
Films on gold: iron oxide/hydroxide, silver chloride from electrum, sulphide 
coatings and iron silicates (desert varnish). 
Manganese (valance +4) and psilomelane and any other compound that requires 
r.eduction before leaching. 
Interstitial gold in magnetite, haematite and psuedomorphs 
Oxygen consuming minerals such as arsenic and antimony sulphides, etc. 
Speiss and matte forming elements. 
Certain physical properties such as texture. 
Excess iron. 

ffRSSHORT: I 08/02'96 
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4. The HRS Components 

5. 

The component parts of the HRS are as follows: 

I. 
ll. 

lll. 

lV. 

V. 

Reaction Chamber, vertical or indiried, etc. to sllit mill facility 
Circulating/Holding Tank. 
Pulp Circulating Pump. 
Ion Exchange System containing resin colur!ll1s and elution facility. 
Furnace and pure metal ingot pouring facility. 

The HRS Process 

The HRS is a natural oxidizing system where slurried concentrates are pumped from a 
circulating tank to the head of a downward sloping chamber. Preoxidation is achieved with the addition 
of calcium hypochlorite in the flow of the pulp and which is made turbulent causing rapid oxidation. 
Low pressure air and ozone are introduced to the circulating pulp as an accelerant. At a predetermined 
pH a small quantity of HCL may also be added to accelerate the process which causes a short burst of 
hydrogen sulphide ga:s. The latter' emissiort' is ~;'chlbbed with normal safety practices being observed. 
The oxidizing process is monitored and when the potential is reached the leaching phase commences 
with the addition of the solvent and reagent. The leach phase is monitored by atomic absorption and 
when the metallic maximum potential is reached the solution is decanted, filtered and the pregnant 
solution reports to ion-exchange. The ion-exchange resins are then stripped in the elution process, the 
resultant precipitates are fired and pure metals poured into ingots. Meanwhile, the barren solution is 
returned to storage, the potency adjusted and the solution reused in the processing of further 
concentrates. The total process time is usually well within the limits of a single eight hour shift. 

Significantly, the HRS can be adapted and sized to treat the smallest alluvial concentrate or 
scaled up to process a high tonnage of complex ore fed to a hardrock mill. The system is 
environmentally and user friendly requiring only nominal metallurgical qualification. 

The HRS is specifi~ally adapted to proc.ess concentrates created by a Knelson gravity circuit. 
,... . 

An HRS is designed, fabricated, installed and commissioned on the basis of cost plus fee. 

HRSSHORT 2 09102196 
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Assay Number: 

'F'Hl]llE tllJ. 
Sep. 03 1998 01:49PM Pl 

Metallurgical Research and Assay Laboratory 

4852 

745 S11nset Road Surles 8 
Henderso11, NV 89015 

702-G65-0074 

ASSAY REPORT 

Date: 

Customer: RONALD OWENS 

Sample Identification: HEMATITE ORE 

Element Oz/Ton 

Au~Guld 0.72 

Ag-Silver 0.74 

Pt-Platinum 1.09 

Rh-Rhodium 0 11 

Os-Osmium 2.~2 

Ru-Ruthenium Cl.i!J 

Pd-Palladium 0 32 

Ir-Iridium 069 

Th~se re11u1ts art'! h;ii:<e<f on wP.11 known ar.i::epte<J an;ily1ical pror.~ur~ u~ solely nn the samrlP. 
;.tibmltted hy the cu~.t0mG1' Thi~. report'" pri;>pared tcr tM ex£:i\15;·1~ u~ of the customer tJc 
warranty as io the reproducibility or extractabilfty of the materic; 'ther th<m the sample is given. 
Oom1ld E. Jotd<1n and/or Me.!alluri:ilc..t .R~areh and Assav Le1b0ra!ory ii1::ike no represent::ltion 
ei<press or imrliP.d on materiRI othi;.r thi!n that reprAAPnted oy the RArnpl!! 1!Ssay""1 

i•Jott;, "llV/1LUE! "MEANS TH/\T ELEMENT I l~S NOT BCE.Ii ANALYZED FOR THIS REPORT. 
Unless prior an angements are made, all sample6 will ~ dl$Carded after 30 days. 
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Assay Nomber: 

F'HOt·IE ~10. 7025f.S0074 ~;ep. 23 1 '398 10: 05RM P 1 

Metallurgical Research and Assay Laboratory 

'1872 

745 Sunset Ro~rl Suites~ 

H~nderson .. NV 89015 
702-565-007" 

ASSAY Rl:PORT 

Date: 9118/00 

Customer: RONALD OWENS 

Sample Identification: HEMITITE - CYANIDE TEST C - 227 gms. In 1000 ml~ .. i agit;;tcd, t€ml' <1mbi<!t, 12 hour$ 
Material was pre leached usfng a weak HCf colutlon te. enhon~ eyanlda leaching. Sottlon W3$ ~i;ayed 

end no •f.'!lues we~ found. The pre reach did not s*1m to help recovery, 

pre feaeh '$¢1~n 

6 houri; 

12 hOllT'S 

Element PPM Oz/Ton 

Au-Gold 0.0 0 00 

Ag-Silver 0.0 0.00 

Pt-Platinum 0.0 0 00 

Au-Gold 0.8 0 11 

Ag-Silver 1 _5 019 

Pt~Platinum 00 0.00 

Au-Gold 1.2 0.15 
Ag-Silver 4 D 0 .. '51 

Pt-Platinum 0. 1 0.01 

No!@;" #VALUC:r. MEANS THAT ELEMCNi HAS NOT OE!:'.N AIMLVZI:::['.) ~OR THJC ~EPORT. 
Uni~:<. rrior arron9P.m1mts en;: m~clP, all somp!P.~ \"Jill be di!le<'!rr11!d after '.'.lCJ rl<'ly~. 
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Metallurgical Research and Assay Laboratorv 

Assay Number: 4871 

Customer : RONALD OWENS 

7 45 S1Jnsct Roao Suili=s fl 
Henderson, NV 89015 

702-565-007 4 

ASSAY REPORT 

Date: 9/18!S8 

Sample !dentlflcation HEMITITE - CY.O.NIDE fE.ST 8 - 227 grr:~. In 1000 mlB I agrtoit,•d, temp ambier.t, 12 hrs, 

6hours 

12 hours 

Element Oz/Ton 

Au-Gold 0.12 
Ag·Silver 0.17 

Pt~Platinum 0.00 

Au-Gold 0 14 

Ag-Silver 024 
Pt-Platinum 001 

l'Jo\ti: "#VALUE!" MEANS THAT ELEME:N'f.HAS NOT SEU ANALYZED FOR THI~ REPORT. 
Unl~s prior arrangements are made. all samples will be :liscarded !ilfter 30 days. 
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EDUCATION: 

EXPERIENCE 
11/90.;..Present 

4/87-11/90 

9/86-12/86 

OONALD E. JORDAN 
804 _.URPLE SAGE TERRACE 

HENDERSON, NV:-''89015 

REGISTERED ASSAYER ARIZONA #19127 

UNIVERSITY OF COLORADO, BOULDER, CO. 
Ph.D., Analytical Chemistry~ 1961. Thesis directed 
by Dr. Harold F. Walton. 

IDAHO STATE UNIVERSITY I Poca tel le., ID. 
B.S. Chemistry - 1949 

METALLURGICAL RESEARCH AND ASSAY LABORATORY, 
Henderson, NV Owner and Chief Analytical Chemist. 
Research in Metallurgy, Analysis,and recovery of 
precious metals found in complex ore, concen­
trates, etc, utilizing digestion, fusionJ furnacing 
techniques: and, analysis by plasms spectroscopy. 
Recovery studies by cyanide, bromine, ion exchange, 
high temperature fire assay and others. Estab-
1 ished a sampling program for ore bodys and 
concentr~tes, 5uitable for investor acceptance. 
Continued rtnalytical service providing high quality 
analysis tu ~l ients. Continued specific procedures 
using i:..igh resolution DCP/ICP and our study of 
ihter-elernent interferences and el in\ination of 
them. 

ALPHA RESEA.RCH CORPORATION' Henderson' NV Chief 
Analytical Chemist and co-founder. Research in 
analysis and recovery of precious metals found in 
ores, concentrates, dore, and scrap by utilizing 
various digestion, fusion, furnacing, wet chemical 
techniques; and, analysis by plasma spectroscopy. 
Analytical service providing high quality, complete 
analysis (up to 71 metals) to clients. Developed 
specific procedures for the use of high resolution 
ICP,and a compendium of some inter-element inter­
ferences and solutions to eliminate them. 

UNITED STA~ES rtESOURCE DEVELOPMENT CORP., Henders­
on, NV Corporate responsibility to set up an ana­
lytical laboratory for Fire assay, Chemical meth­
ods, and ICP spectroscopy to determine gold, sil­
ver, plat~nurr1 group, ';long vrith strategic, and rare 
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6/85-9/86 

1/83-5/85 

1974-1982 

1973-1974 

earth metals. 

J.B. LABORATORY, Phoenix, AZ Set up and establish 
D.C. Plasma Spectroscopy to analyze ores concen­
trates, liquid leach products, black sand~, cinder 
cones and Dore bars for gold, ~ilver and platinum 
group m1:.:tals. 

ANALYSTS, INC. I Oakland, CA CORPORATE :R'P..'iFAQf':.l 
cu~Mis;;a;i_.. ~ =·~e'a.LL:u' d.na aeve1opment. Supervised four 
chemists in non-routine oil, inorganic and metal­
lurgical analysis, utilizing infrared, A.A. Ferrog­
raphy, and plasma spectroscopy. Was also respon­
sible fo~ developing new methods for metal analy­
sis. 

LABORATORY MANAGER Supervised a 28 person labora­
tory in analyzing oil samples, performing computer 
data entry", printing results and forwarding reports 
to corporate headquarters, maintained supplies and 
lab inventories. Hired, trained, evaluated, and, 
where necessary, discharged lab personnel. Was 
able to change company data base from routine to a 
higher valu~ status. 

PHELPS-DODGE CORPORATION, Morenci, AZ SENIOR 
RESEARCH CHEMIST. ::-_ brn!.~ 'iticaJ . ._.RA~'ift;fl,rf"J'it:ti' ~ecfiniques 
to det.ermine trace and higher concentrations of 
most metals. Developed the use of DC? Spectroscopy 
for the following: 
wear metals through oil analysis, 
Trace impurities in cathode Copper, 
Analysis of refinery slimes for Au, Ag, Pt, Pd, 

cu, Se, Te, Sb, As, Pb, Ni, (simultaneously), 
Analysis of impurities in Nickel sulfate prepared 
fro~ slime and many other trace elements such as 
Rhenium, Gallium, Germanium, Tantalum and others. 

studied various leaching techniques for the 
tailings l~ach program. 

UNIVERSITY ANALYTICAL CENTER, UNIVERSITY OF ARIZO­
NA, Tucson, AZ SENIOR CHEMIST - University Analyt­
ical center (UAC). organized and directed service 
activities, and participated in sampling and analy­
sis of air pollutants. 

2 
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1960-1973 

1959-1960 

1952 ... 1957 

1948-1951 

PUBLICATIONS 

CONTINENTAL OIL COMPANY, Ponca City, OK ANALYTICAL 
RESEARCH SECTION. SENIOR RESEARCH SCIENTIST. 
Organic and Physical Properties. 
Organic Laboratory. 
Inorganic I·abo:ratory. 

Methods Research, development and modernization, 
compJ.ete fertilizer technology, including super 
Phosphoric Acid, using Automated Technicon and 
Chromatography techniques. 

separation and determination of Pyrophoric Aluminum 
organic compounds. General capability in UV, IR, 
Flame Emission, A.A., Chromatography, Thermal (DTA, 
TGA), and tirne of Flight Mass Spectroscopy. 

Participated in preparation and analysis of Metallo 
Organic Sulfonate Standards for used oil analysis. 
Helped establish a complete Copper Ore methodology 
(see Phelps Dodge above). Also, established chemi­
cal and instrumental methods for water quality 
evaluation and structural parameters on rigid 
silicate fcarns. 

NATIONAL BU'REAt1 OF STANDARDS, Boulder, CO CRYOGEN­
IC ENGlNEER!NG LABORATORY. Search of World Wide 
Literature for Thermal Physical properties of 
Cryogenic Solids and Liquids. Coded the data for 
storage and retrieval. 

MONSANTO, St. Louis, MO Characterization of the 
structure of Anhyd:tous Mono Calcium Phosphate. 
Developed a method to determine trace quantities 
(0.2%) Magnesium in the presence of Phosphate and 
Calcium. 

Plant chemist in Method Development, modernization 
of methods at Trenton, Michigan, and Carondelet in 
St. Louis, Missouri. 

J.R. SIMPLOT, co., Pocatello, ID ACTING CHIEF 
CHEMIST - control Laboratory including complete ore 

Assay Facility. 
see. at.taahed list. 

please 
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Donald !. JordAn 
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of Vanadium", u.s_. Patent #_3,:}45--..112.§, October 3, 1967. 

16. D.F. Hagen, D.G. Beichler, W.D. Leslie and D.E. Jordan, 
11 Controlled Deactivation Kydrolysis and Determination of Aluminum 
in AlR3", Anal. Cbiin,icn. Agta, :l1 1• 557 (1968). 

17. D.E. Jordan, "Determination Linear 1 Chloroalkanes in 
Mixtures of Linear and Non-Linear (C12-Cl6) chlcroalkanes by 
Reaction Kinetics'', &D.~J~· _Qhe.m .• 40, 171'Z. (1968). 
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THE AH11LYSIS OP DBS2RT 7LOOR, BLACK SANDS, VOLCANIC CINDERS, 

S2RPEN'l'INEB AND OTHER MATRICES POR GOLD, SILVER AND PLATINUM 

GROUP KBTALB BY PLASMA SPECTROSCOPY 

BY 

DONALD B. JORDAN 

ABSTRACT 

A method for the determination of gold, silver, and the platinates 
by Atomic emission plasma spectroscopy is presented. Atomic 
emission plasma excitation combined with a high resolution e.chelle 
grating (approx .• 02A) shows no interference when analyzing the 
precious metals at the chosen wavelengths. Analysis of the eluant 
is completed and tabulated in about five minutes after sample 
preparation. Time required for sample preparation varies widely 
depending solely on the complexity of the ore matrix. A survey of 
some platinate literature from 1905 to 1984 is included. 

contri~ution from: 
Alpha Research Corporation, 8390 s. Pourtb st,, Ben~erson, NV ego1s 
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-~iy, precious metals have been determined by chemical fire 
.-day procedures<ll. Accurate results are obtained for Gold and 

Silver in simple matrices. However, in complex materials such as 
volcanic cinders, black sands and similar type ores, fire assay is 
most difficult without some kind of pretreatment. At best, only 
limited Gold and Silver is obtained by fire assay procedures, with 
essentially no Platinum group metals. Davis12>, Beamish and Van 
Loon<3>, and others have presented methods to determine the Platinum 
group metals in pure mixtures by fire assay, while Ammen<'> and 
Liddell <5> each describe procedures for the separation of the 
Platinum group by chemical methods. 

Substantial Platinum deposits equal to Gold, or nearly so, occur 
in the black sands of eight Western states and South Dakota as 
described by Enunons and Ecke1<61 Their study included over 2,000 
samples from a total of 34 states, territories, British Columbia, 
Mexico and South America. Platinum, Iridium and Osmium have been 
produced in Shasta County as a byproduct of gold dredging on Clear 
Creek, Cottonwood Creek and Roaring River by placer miners on 
Beegum Creek111 • 12 •13•151 • Other studies have shown Mariposa county, 
California, Devil's Gulch, to assay $94/T Platinum and $44/T Gold 
at 1920 pricesm. The same publication shows Flaky Gold and a 
ratio of 4.08 Osmiridium to one part Platinum in Mendocino county, 
California. Two sample lots of JO tons each averaged $1.81 and 
$1.88 per cubic yard. Additionally, a shipment from upper Beegum 
Creek, Shasta County, contained 1.6 oz., assaying 1.25 oz. 
Osmiridium, .cs oz. Gold and o.J oz. Platinum. The values were: 
Iridium $400-$450/oz., Osmium $75/oz., and Platinum $105/oz. Merti 
et. al. , also discusses the Platinum group metal deposits at 
length, including the United States<141 • 

The most recent information by government agencies alleges there 
are no primary Platinum group metal deposits in the United States 
except for the Stillwater Complex in Montana. This seems to be a 
direct anomaly to the work outlined above. It is felt the problem 
occurs because of the inability of many laboratories to detect the 
Platinum group; or, if they · do detect the Platinates, their 
reluctance to report the values. Many laboratories approved by the 
government use only fire assay or fire assay followed by 
dissolution of the prill and an atomic absorption finish. some try 
to determine the precious metals concentration in ore by direct 
atomic absorption of eluate using an organic (usually MIBK) 
extraction. 
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With the development of stable high energy plasma excitation 
sources for atomic emission spectroscopy, an alternative to fire 
assay is available. Here, the plasma spectrometer must be couf led 

) with a high resolution grating (approximately .02 angstrom)< ·9·10
> -

to successfully perform multi-element analysis of precious metals 
at ·low PPM levels and other metals in all matrices without 
interference. The use of either DCP or ICP excitation coupled with 
a high resolution echelle grating provides a substitute for fire 
assay. Results for all precious metals, including preparation 
time, can be completed in less than six hours for simple and up to 
24 hours for the most complex ores studied to date. The continued 
development of stable plasma sources should result in additional 
"state of the art" plasma spectrometers in the near future. 

J!iXHRIKENTAL 

APPARATUS 

)'A Spectraspan III-A manufactured by Spectrometrics, Inc. Andover, 
l_Mass, with sequential and multi-element capability, and a Leeman 

Labs Plasma Spec ICP 2.s manufactured by Leeman Labs, Inc., Lowell, 
Mass., were used in this study. The precious metals determined and 
their wavelengths are outlined below: 

BLEMEN'l' WAVELBHG'l'JJ, Im 
ICP DCP 

Gold 267.6 267.6 
Silver 328.07 328.0 
Platinum 214.42 265.9 
Rhodium 369.24 A 
Osmium 228.23 A 
Ruthenium 267.86 A 
Palladium 340.46 340.46 
Iridium 215.27 A 

A - Not Analyzed by DCP. 

Fire assay and classical chemical procedures were done in our 
chemistry and fire assay section. 
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Only c.P. reagents and Class A glassware were used. All reagents 
were analyzed prior to and during use. 

STANJ)ARJ)S 

All standards were purchased as single element plasma standards. 
The matrix high standard was prepared by analytical dilution of the 
purchased 1,000 and 10,000 ppm standards. The multi-element 
standard contained HCl, HN03 , 10/ug/ml each precious metal, 2ouq/ml 
of several base metals; 500 ug/ml iron and so ug/ml each of 
Manganese, Thallium, and Mercury; all made to 500.0 ml. 

SJ\MPLB PBEPAR,ATION 

A. DESERT lLQOR. LAXE BBPS AND OTBBR SIMPLE l(ATRIX ORES. 

Accurately weigh 2.5 gm of -200 mesh ore into a 250 ml Class A 
Volumetric flask. Add 20 ml Cone. HN03 and swirl to mix. Let 
stand 20 minutes at room temperature to oxidize any volatile 
material to a higher oxidation state. Then add 60 ml Cone. HCl 
and digest at a low boil or simmer for four (4) to five (5) hours. 
Remove the sample from the heat source, cool, and dilute with DI 
water to volume and mix well. 

B. BLAC)I; SJ\NDS. YOLCJU!'IC CINDERS, AND OTfiER COMPLEX ORES. 

Accurately weigh from o.5 to 2.5 grams of -325 mesh sample into a 
250 ml Class A Volumetric flask. Digest as in (A.) above, at a low 
boil or simmer from twenty (20) to twenty-four (24) hours. Remove, 
cool and dilute to volume with distilled water then mix well. 

c. OTHER KBTAL8 AND Mil[TQRES. 

l. Resins. 
Perform a wet ashing digestion on dried resin using HzS04 
and Nitric Acid. Upon completion, dilute to 50 ml, add 
60 ml Aqua Regia and continue digesting for 30-60 
minutes. Cool, dilute to volume and mix well. 
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OSMIRIDIUX. OSMIRBODitzM, PLATINO RHODHH MD PLA'l'INO 
IRIDATES, ETC, 
These samples require an oxidative alkaline tuaion at 
aoo degrees c. in a Zirconium or Nickel crucible tor at 
least one-half hour. 

CALIBBATION AND AN]\LYSIS 

A. DCP <BPICTJtl.SPN! III-A. also Beck:!lan an4 ).l!,L) 

) The OCP is set up as described by Reednick1101 • Align the grating 
to its geometric center (253.2 nm) usin9 the preselected channel 
in the cassette and a PURE sin9le element standard for that 
channel. Complete the alignment with the same element in the 
multi-element standard mixture. 

The instrument was calibrated using hi9h and low standard mixtures 
chosen so the sample would fall between the standard values. The 
channel representing each element in the multi-element cassette is 
actuated by turnin9 on the channel switches and pressing the 
channel button. Values for the high and low standards were entered 
into the computer for each element in their respective channels. 
The photomultiplier tube (PMT) voltages were set at 5. The hi9h 
standard was pumped into the plasma and the computer activated. 
After the "Autoran9e" button was depressed, the elements were 
ranged through two (2) eight-second integrations and the results 
printed. This step was repeated until each channel showed a 
photomultiplier (PMT) reading near 25 (any value between 12-SO can 
be used) and a count per integration near 4300. To achieve this, 
PMT voltage to the affected channels is increased or decreased. 
When the adjustments were completed, the low standard was pumped 
into the plasma. Enough time must be allowed to eliminate all 
residual high standard memory (7-12 seconds). After the "Low Std" 
button was depressed, the low standard was ranged through two (2) 
eight-second integrations and the results printed. The low and 
high standard mixtures are analyzed as samples by pressing the 
"sample" button. Calibration was complete. Samples were analyzed 
the same as the standards (i.e., two (2) eight-second 
integrations) . High and low standards were analyzed as every 
fourth and fifth sample. 

Standard additions were used (both single and multipoint) for each 
sample and the values were corrected for matrix effects. 
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The DCP instrument parameters 
Sleeve Pressure 
Nebulizer Pressure 
Anode Spacing 
Sample Volume 

were set as follows: 
so psi Arqon 
JO psi Argon 
5/32" 
.80ml/min 

B. ICP CLEEKAlf LABS PLASMA SPEC 2,5, LOWBLL, MASS) 

Set up the ICP as described in the manufacturer's operating manual. 
The ICP instrument parameters are set as follows: 

Auxiliary Pressure 5 psi Flow Rate 0 L/min 
Nebulizer Pressure 40 psi Flow Rate . 4 L/min 
Coolant Pressure 5 psi Flow Rate 12 L/min 
Pump Slow 
Power 0.54A 

The Source is optimized usinq sequential mode ·as outlined. Press 
Sequential A for the A proqram. Input Nickel 3. (231. 60nm) to the 
proqram. Next press Peak 1 to align the optics. Then press Peak 
2 to optimize the source. After the alignment is finished, the CRT 
will say "ready", Press "Scan". In a few seconds the CRT will say 
"Press Profile". The resulting display will show the Nickel peak 
symmetrical with the APEX directly over the "P" on the x-axis. If 
it isn't, repeat. Then do Peak 3 and Peak 4, and make adjustments 
necessary to obtain the curves outlined in the manual. 

Next, align the wavelenqth of the metals of interest. Press 
sequential multi and "A" on the keyboard. Prepare the single 
elements of interest at about 100 ppm each. On sequential multi 
"A", input all the wavelengths for each element; i.e., Gold, Aul, 
Au2, AuJ, .... These will be entered into program A. Now, input 
the 100 ppm gold standard into the plasma for 30-45 seconds and 
press Peak 2. The optics will automatically align, then the 
wavelength will optimize. When the CRT shows ready, press scan and 
then profile when scanning is done. All the wavelengths for the 
element should show the same symmetry as for Nickel; i.e., the peak 
must be symmetrical and the Apex directly above the P on the X­
axi s. If they are skewed, repeat Peak 2. Print the aligned 
profiles for reference. Repeat the sequence for each element of 
interest. After all the elements are aligned, prepare a program of 
all the elements of interest as outlined in the Manual using only 
the wavelengths best suited for the analysis. Complete pages 2-6 
of the program as shown in the Manual. Page 6 sets the important 
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analytical parameters for the operation of the program. Scan the 
wavelengths, then press profile which displays page 1. 

To display and print the displays, press "ENTER" and "PRINT". 
Repeat until all the scans are printed. If any element is 
unaliqned, do a Peak Wavelength CPeak 21 on each single element 
that is unaligned. Then repeat the scan, profile and print 
sequence above on the mixed standard. Repeat until all the 
elements in the high standard are aligned. 00 NOT ALIGN ANY 
WAVELENGTH WITH THE MIXEP STANDARD. 

B.1 STANJ)ARQIZATION 

Press "Std" [lJ and "Enter" [l] [Enter] when the data is complete, 
it will print. Then press "Std" [1] Enter [2] Enter and finally 
"Std" [l] Enter [3) Enter. This means that for standard #l, we 
collected three (3) sets of raw data. The sequence is repeated for 
standard #2. The raw data is used to calibrate the .instrument. 
Press calibrate to present the calibration program. Now press 
Enter, the calibration curve for the first element will be 
displayed. If reasonably straight, press Y to accept it, press 
print to print it, then press Calibrate and Enter, etc., until all 
the elements are calibrated. Be sure to accept each curve or the 
calibration for that metal will be excluded. After the calibration 
Press the "Update" key. The CRT will ask which standard? Pump the 
high standard mixture into the plasma for approx. 45 seconds and 
press 2 for the High standard, then Enter. When the update is 
complete, the value for each metal will be printed. Then press 
sample and enter "High Std". Press enter and the values will be 
determined. When this sequence is finished, repeat for the low 
standard. You are now ready to analyze samples. Repeat the high 
and low standards as samples every three (3) to four (4) samples, 
(for complex or high salt matrices, every 2 samples). Report 
results as troy oz/Ton as follows: 

Oz/T = (PPM from ICP) (Dilution/wt. sample) (.029167) 

' standard addition was used and the values corrected for matrix 
effects. 

DISCUSSION AND RESULTS 

All samples analyzed were received from outside sources. If 
necessary, they were crushed, split and pulverized to a minimum of 
-200 mesh (74u). 
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Black sands and volcanic cinders were ground to -325 mesh (45u). 
The author feels and to some extent has shown that a finer grind 
(-400 to -600 mesh) might release the precious metals more readily 
and more completely than a 45u grind. Leaches and liquids received 
were run as is unless they had to be acidified. Any samples 
exceeding the high standard were analytically diluted with the low 
standard to bring them into the high standard range. Any samples 
exhibiting high silver thus insoluble silver chloride that exceeded 
the limits of our volume to redissolve AgCl to Ag(Cl) 4 "

1 (AgCl + 
3Cl" = Ag(Cl) 4"1) were repeated with a s111aller sample. 

Both the DCP and ICP were set up according to the manufacturer's 
specifications. Each one was adjusted to optimize the excitation. 
Both were warmed up (about one half hour) to minimize drift. For 
DCP, standards and samples were analyzed through two (2) eight­
second integrations. For the ICP, the standards and samples were 
analyzed through three ( 3) three-second integrations. In each 
case, the results were printed and reduced to tabular for111at for 
easier understanding. 

Table I shows results for selected samples. The first four samples 
are repeated here from an earlier paper presented at the 
"Developments in Atomic Plasma Spectrochemical Analysis" Conference 
at San Juan, Puerto Rico, and published in those proceedings<8

l. 

All other results are from ICP Analysis. Samples #2516, #2532, and 
#2540 all required alkaline fusion. Sample #2532 required three 
separate fusion to solubilize all the Iridium. The other samples 
were either received as liquids or were readily soluble by the acid 
treatment suggested. It is interesting to note the samples come 
from as far away as New York and many are received locally or JOO 
or 400 miles away. some are received as pad leach concentrates 
from Show Low, Arizona. 

Table II shows the results on our sample #3946 by five (5) other 
well known laboratories. For one of these "A", their results are 
accepted internationally. "B" and "C" are widely accepted 
throughout the United States and Canada. 11 E11 is a well known 
government laboratory and 11 011 is a laboratory in a very large 
company interested in precious metals. 

It has been suggested by some workers that iron interferes in the 
plasma analysis for precious metals. This simply is not true using 
high resolution plasma spectroketers. A study conducted in our 
laboratory recently with iron from l,OOOppm to 10,oooppm (0.25 to 
2.5 qm/250ml) showed no interference at any wavelength of interest. 
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When these iron concentrations were analyzed as samples the values 
for the precious metals increased linearly as the iron increased. 
Further scanning of the solutions showed minor amounts of RhodiUlll 
and others in the scans corresponding to the analysis. It should 
be pointed out that all iron samples analyzed contain small to 
medium concentrations of precious metals. For example, iron nails, 
steel railroad rails, iron salts, etc. 

Figure 1 shows the correlation between fire assay and plasma 
spectroscopy<&> in refinery slimes. Not all samples fire assay 
without a pretreatment. For example, black sands and volcanic 
cinders. The graphical results are shown in percent. If the 
results were equivalent the data points would fall on the 
theoretical 45 degree line. 

SJZMMARY 

The data here and the USGS Bulletin #285<6 > and others<S,7> shows the 
presence o! Platinum Group Metals and Gold and Silver in nearly 
all types of matrices studied. Black sands, volcanic cinders, 
serpentines, as well as others, are too complex tor simple fire 
assay and require a pretreat before significant values are 
obtained. Plasma spectroscopy using a high resolution grating is 
more than adequate for accurate analysis of precious metals. Iron, 
nor any other trash metal, show interference in the analysis at 
the wavelengths of choice; although, a poor choice of wavelengths 
certainly could cause an interference. 

AQDiOWLBDGUNT 

To Jim Scott and Dav id Graham for their suggested changes and 
critique of the material; to Benton Wilcoxon for editing; and to 
Kateri Jordan for the typing. 
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BAHAMIAN REFINING SERVICES & MINING EQUIPMENT C,'OM'.PANY 
A Division ol D:.i.h:1rnl:;i11 Rollnl11~ Corpor.~1lon 

9222 N. 14th AVE., PHOENIX, ARIZONA 85021. TELf'.PH(:)NE (602)~'iooxx 
NEW NUMBER 602·9/.1'1 .. 65'77 FAX 9'14··1893 

DATE: OCTOBER 7, 1997 

NAME: 
ADDRESS: 

RONALD OWENS, YUKALTA RESOURCES INC. 
201 - 5201 - 52 AVENUE 
PONOKA, ALB T4J-1H6 

SAMPLE: #1 

Dear Mr. Owens: 

This is a report on the sample you submitted, showing 
the actual recovery of all 16 formulas using BIO-D-Le~chent, 
reported in ozs. per ton. 

BASIC 

Formula # 1 
Formula # 2 
Formula # 3 
Formula # 4 
Formula # 5 
Formula I 6 
Formula # 7 
Formula # 8 

ACID 

Formula # 1 
Formula ti 2 
Formula # 3 
Formula # 4 
Forrnula # 5 
Formula # 6 
Formula # 7 
Formula # 8 

AU 

.38 
l. 20 
1. 07 

.02 
1.38 

.91 

.10 

.31 

.30 
1.20 
1.27 

.14 
1.34 

.78 

.10 

.16 

Aq 

. 02 

.14 

.13 

.oo 

.14 

.OJ 

.00 

.01 

.oo 

. 12 

.12 

.oo 

.14 

.02 

.oo 

.01 

--- - ' Fred Fine 11 , Jrc:.:::::1 resident ___ ... • 

e I enc e10 NOT stLF.CT THf SAMrLt1s1 n:srto. ANO NO ~ePntsr.Nr 11 nvs;; o~ enc MAS 111s1TEO YttE l"no11e111 v ANt>mn PLMH 11No1on LAr.1onA 1 oriv F110M wMtrie THe 
8AMP1.E(.,) W~l'11! 'f llKEH. enc HAS NO WAY o~ KNOWINQ ,, THI! MMrLE(S) TES TEO ME n'tPnESENTATl'JE o~ 1141( PnoriunTY. llN0/01'1 TH! METHODS OF 'TESTING ANC/0~ 
l'nOC<CSINCl USEO, ANO one ootts NOT KNOW THE EXTENT THE SAW•~E(S) nci"n~st:NT OF /\NY VOLUME o~ ORF.($) ON t HI! f'nc)l'l;nrv on 1 Hl': COMMl:inCl/\L rtt/\SIOIUTY OF 

I 
TH~ rnor~nrv, enc vtnrfl(S ANO AT'HSTS THE: V/\WG.S nc~onm:l Wt!M ACTUALLY 11ECOVtREO r.f'IOM mr. S/\W'Lr.(S) rnovrorrc TO Mm rr::IHO rlY one: NO WAnnANTltS 
ON Y'HE n~l"nOOUCIOILIHOF THI' $1\MPLt An~ OIVeN, !Xt:EPT f'Qn fOliNTIC/\L 9,\MPL~ /\NOTE Sr n~reArHl ,~, li()IJ~',! 1'1111'; M!\KF.!; NO\'/ll!lnMITY, P.:i<Pn~~G on IMrurn. ANO 
i!.~SUMG~ NO LF.O/IL. L)/IOILITY WHATSO~V~ll AS TO THE USUULN~S3 O' /\NY IN,OllMATION CONTAINEO Ill 11w; nr r·rn1 r 

"" n mu!uel prolocllon lo ell~nls, tho ~ublle and th1' eorpornHo". l~I' l'O~ort II eul:lmlHod ""i:l ucr.1•pl1111 101 1,,,, .. "·'"'""'' "'''' ,,1 11111 <.li1>11l lo wh•.•"' ,, '" 11dd11·:::111•J """ 
upo11 tho eondlllon that It le not to bo u~~d. In wholo or In pnrt, In nny ndvortis!no or p,,bllo~1tv :11.lllu1 w1l111111t '""" w.,111111 '~"''11mi111''"' r""" 1111" C'.i'irpm11i1(111 
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A Division of Bahamian Refining Corporation 

9222 N. 14th AVE., PHOENIX, ARIZONA 85021 •TELEPHONE (602)XJS(~ 

NEW NUMBER 602-944 .. 6577 FAX 944-1893 
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DATE: 

NAME: 
COMPANY: 
ADDRESS: 

JANUARY 28, 1998 

RONALD OWENS 
YUKALTA RESOURCES INC. 
201 - 5201 - 52 AVENUE 
PONOKA, ALB T4J-1H6 

SAMPLE: # 1 

Dear Mr. Owens: 

Following are the results, all in ozs. per ton, of the 
tests for platinum group metals on the sample you submitted 
using BIO-D-Leachent. 

Basic 
Formula # 5 

.Acid 
Formula # 5 

le Platinum .10 

Palladium 

2.15 

I 
I 
I 
I 
I 
I 
I 

I 

1.89 2.81 

Rhodium .18 .15 

Iridium .63 .84 

Osmium . t13 .51 

Ruthenium 2.08 1. 47 

Fred Finell, Jr., President 

FF:kt 

DID NOT SELECT THE SAMPLE(S) TESTED. AND NO REPRESENTATIVE OF SAC HAS VISITED THE PROPERTY AND/CR PLANT ANC/OA LABORATORY FROM WHERE THE 
MPLE(S) WERE TAKEN. SAC HAS NO WAY OF KNOWING IF THE SAMPLE(S) TESTED ARE REPRESENTATIVE OF THE PROPEAH. AND/OR THE METHODS OF TESTING AND/OR 

CESSING USED, ANO SAC DOES NOT KNOW THE EXTENT THE SAMPLE(S) AEPRE.SENT OF ANY VOLUME OF ORE($) ON THE PROPE.RTY OR TriE COMMERCIAL FEASIBILITY OF 
THE PROPERTY. SAC VERIFIES AND ATIESTS THE VALUES REPORTED WERE ACTUALLY RECOVERED FROM Tl1E SA~PLE(S) PROVIDED 70 AND TESTED SY BRC. NO WARRANTIES 
ON THE RE?RODUCISILITY OF THE SAMPLE ARE GIVEN. EXCEPT FOR IDENTICAL SAMPLE AND TEST REPEATED IN HOUSE. SRC MAKES NO WARRANTY, EXPRESS OR IMPLIED, AND 
ASSUMES NO LEGAL LIABILITY WHATSOEVER AS TO THE USEFULNESS OF ANY INFORMATION CONTAINED IN THIS REPORT. 

As a mutual protection to clients, the public and this corporation, this report is submitted and accepted for the exclusive use of the client to whom it is addressed and 
upon the condition that it is not to be used, in whole or in part, in any advertising or publicity matter without prior written authorization from this corporation. 
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DATE: DECEMBER 26, 1997 

Name: RONALD OWENS 
YUKALTA RESOURCES, INC 
201-5201-52 AVE 
PONOKA, ALB T4J-1H6 

SAMPLE NAME: # 1 

RE: Complete Basic & Acid Workup - BIO-D-Leachent 

This report is to provide you with BIO-D-Leachent 
amenability data on the sample you submitted; and 
preparation, head analyses, and leach recovery results. 

SAMPLE PREPARATION 

le 
The entire sample which we received from you was dried 

by slow evaporation to eliminate errors that could be caused 
by moisture content. It was then thoroughly mixed and put 
through a Jones' splitter to obtain an average sample and 
then ground up for the test. A control sample was also_ 
taken, and will be held in storage for 30 days to enable us 
to do additional testing should you request it. I 

I 
I 
I 
I 
I 
I 

I 

HEAD ANALYSES 

The head analyses reported below were derived from 
combining the results from actual recovery of both the 
tailing pulp and the pregnant leach solution. (See attached 
sheet for the individual results of each formula used.) The 
total values for the best formula(s) are reported as follows 
in oz./ton. 

FORMULA 

Basic # 5 

Acid # 5 

GOLD 
Au 

1. 38 

1. 34 

SILVER 
Ag 

.14 

.14 

, DID NOT SFOLECT THE SAMPLE(S) TESTED, AND NO REPRESENTATIVE OF BRC H.>.S VISITED THE PllOPEF.TY A~Df()R ?LANT AND/OR LABORATOR'f FROM WHERE THE 
MPLE(S) WERE TAKEN. BRC HAS NO WAY OF KNOWING IF THE SAMl'LE(S) TESTED ARE REPliESENTA"fl'IE OF THE PROPEA-rY, MD/OA THF.. METHOD$ OF TESTING AND/OR 
OCESSING USED, AND SAC DOES NOT KNOW THE EXTENT THE SAMPLE(S) A EPA ES ENT OF ANY VOLUME OF ORE(S) OM mt: PROP<::irrv OR THE COMME'RCIAL FEASIBILITY OF 

PROPERTY. BRC VERIFIES AND ATT~STS 1."IE VALUES REPORTED WERE ACTUALLY RECOVERED FROM THE SAMPLE(S) PROVIDE[ T(J AND TESTED BY 8RC. NO WARRANTIES 
ON THE REPRODUCIBILITY OF THE SAMPLE ARE GIVEN, EXCEPT FOR IDENTICAL SAMPl.E AND TEST REPEATED IN HOUSE. BRC M•\KES NOWARfiANTY, EXPRESS OR IMPLIEO, AND 
ASSUMES NO LEGAL LIABILITY WHATSOEVER AS TO THE USEFULNESS OF ANY INFORMATION CONTAINED IN THIS REPORT. 

As a mutual protection to clients, the public and this corporation, this report is submitted and accepted for the exclusive use of the client to whom it is addressed and 
upon the condition that it is not to be used, in whole or in part, in any advertising or publicity matter without prior written authorization from this corporation. 
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LEACH RECOVERY 

The samples prepared for the leach tests for each 
formula were placed in appropriate sized containers, and the 
test was commenced. The following formulas were determined 
to be the best for this sample. (See attached sheet for all 
formulas used.) 

BASIC FORMULA # 5 
DI Water 408 ml 
Sodium Bromide 25 grams 
Sodium Hydroxide .50 grams 
BIO-D-Leachent .05 grams 

ACID FORMULA # 5 
DI Water 408 ml 
Sodium Bromide 25 grams 
Acid none 
BIO-D-Leachent .05 grams 

These tests were done as a soak leach amenability test 
on the samples and the leach time was 24 hours. No agitation 
was used and the temperature was ambient, varying from 75 
degrees to 80 degrees. The oxidizing strength of the 
solution was maintained by monitoring with Potassium Iodide 
Starch Test Paper. 

After 24 hours of leach time, the entire slurry for 
each test was filtered through a Whatman ashless No. 42 
filter, and washed with 5 times the volume of the pregnant 
solution with deionized laboratory water to rinse out the 
dissolved precious metals from the pulp. 

The tails pulp was dried. Then a total recovery by both 
hydrochemical and f erometallurgical methods was done to 
determine precious metals not yet dissolved by the leachent. 

DI water was added to the entire volume of rinse water 
containing the pregnant leach solution up to a total of 1000 
ml using a volumetric Erlenmeyer flask. The pregnant 
solution was analyzed by atomic absorption spectrograph and 
represents the actual values recovered from the sample by 
this particular testing procedure. (See attached sheet for 
all results.) 

The percentages of recoveries are as follows: 

FORMULA # GOLD (Au) SILVER (Ag) 

Basic # 5 100 100 

Acid # 5 100 100 
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COMMENTS 

A 24 hour soak leach is a good method to determine the 
amenability of an ore to release its values using a certain 
formula, however, in practice this is not an efficient 
method and is not used. The amounts of precious metals 
recovered would be greatly increased in a far shorter time 
span if there were a liquid flow through the ore as is 
normally done in production. 

Other factors that would increase the yield would be 
agitation, increastng the solution temperature, fine 
grinding, and adding an oxidizer to the solution. Any 
production method used would produce far greater results 
than the 24 hour soak leach method of testing will produce. 

RECOMMENDATIONS & CONCLUSIONS 

Of the 16 formulas tested, there were 6 that produced 
over 1 oz. per ton, and 2 of those were over 1.33 oz. per 
ton. This ore responds very well to BIO-D-Leachent. The 
indications for platinum group metals show values much 
greater than the gold values recovered. We have not yet 
received the results on the platinum metals. I will call you 
as soon as I have them. 

I am available by phone between 2:00 and 8:00 p.m. 
daily to discuss this report and answer any questions you 
may have. 

'Fred Finell, J ., Pres. 

FF:kt 
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PRECIOUS METALS RECOVERY SYSTEMS 

Developers of tllc 
"MC CLOSKEY" PROCESS for 
tllc Recovery of Gold, 

F'AGE 1 

. . Silver & J>latimm1 Group 
Mclnls from 01'es 

SprciaUzing i11 tire 
Eco11omlc11! I~ccovcry of 
Pt·ccious Mcla/5 Value~ 

from Ores 

I 

FAX FROM1 John p, Mc Closkey - FAX: (909) 369-7130 

FAX TO: Ron Owens - FAX: (403) 783-6487 

Dear Roni 

Following are th~ results of a prn~~ss test performed on one 
sample of ore for Gold only recovery: 

Sample Description 

Sample No.l of 3 
Pulverized 

Remarks a 

Ounc~~/ton recovered 

Gold 0.15 

The above test results should not be considered as an assay but is 
a process test which can be scaled up to any size operation desired. 

Box 948, Riverside, CA 92502 
•V• • ..... - lo - - ,,,_ .-. - >. - - - - • • - -

John P. Mc Closkey 
Chemical Consultant 
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FAX FROMi John P. Mc Closk~Y - F~X: (909) 369-7430 

FAX TO: Ron Owens - FAX (403)- 783-6487 

Dear ~on: 

Following are the results of a ~recess test p~~forrned on one 3nmple 
of ore as one of 3 samples rac~ntly forwarde~ to the laboratory 
for t111F.1t. ing: 

Jillements: 

Gold 

Platinum Group 

Ramerks: 

OunceJ/ton recover~d 

5,4 

1. 2 

The sample was not pulverized further but was run AS-lS 

That above test results should not be considered as oss~ys ~~:i~~:. 
process tesl:.s which can be scale~ up to any size operat:i.on 

Box 948. Riversi<le, CA 92502 
'l'cl & FAX (909) 9Z3-9598 

ohn p, Mc cioF.1ke 
hemical consultnnt 



I PRECIOUS METALS RECOVERY SYSTE1"1S 
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FAX FROMi John P. Mc Closk~Y - F~X: (909) 369-7430 

FAX TO: Ron Owens - FAX (403)- 783-6487 

Dear ~on: 

Following are the results of a ~recess test p~~forrned on one 3nmple 
of ore as one of 3 samples rac~ntly forwarde~ to the laboratory 
for t111F.1t. ing: 

Jillements: 

Gold 

Platinum Group 

Ramerks: 

OunceJ/ton recover~d 

5,4 

1. 2 

The sample was not pulverized further but was run AS-lS 

That above test results should not be considered as oss~ys ~~:i~~:. 
process tesl:.s which can be scale~ up to any size operat:i.on 

Box 948. Riversi<le, CA 92502 
'l'cl & FAX (909) 9Z3-9598 



PRECIOUS METALS RECOVERY SYSTEMS 

evefopers of the 'J{gn-Cyanid"e 
'J{gn-'To?:i.c "CJJV.£9" Lea.c.fi" 

for the ~ery of Pfatinum, 

Golii & Silver from Ores 

Speriaf izing in tfte 
'Economical '.J@overy of 
Precious 1vfetais Values 

from Ores 

I 

•• 

BACKGROUND INFORMATION 

JOHN P. McCLOSKEY 

Classification: Chemical Consultant 

EXPERIENCE: 

i 975 to Present Technical Director: PRECIOUS METALS RECOVERY SYSTEMS INC., 
Riverside, California 

i 948 to i 958 

1946toi948 

1943 to 1946 

Develop an economical PROCESS SYSTEM for the recovery of Gold, Silver and 
the Platinum group metals from ores containing these values. Also, develop an 
economical non·cyanide, non-toxic process for the recovery of Gold and Silver 
from ores, using ion exchange technology. 

Senior Research Chemist: Rockwell International, Space Technology 
Research Group, Anaheim, California. 
Develop ultra·micro analytical chemical procedures, as reQuired, for the analysis 
of new and exotic materials related to basic space technology research. 

Chief Chemist: U.S Army Engineers, Mediterranean Division Laboratory, 
Athens. Greece 
Supervision of chemists engaged in the evaluation of all materials used in new 
construction and maintenance of U.S. Military Bases in Greece, Turkey, Pakistan, 
Italy, Iran, Iraq and Morocco. 

Chief Chemist: U.S. Navy, Marianas Division Laboratory, Agana. Guam. 
Supervision of chemists engaged in the evaluation of all materials used in new 
construction and maintenance of U.S. Military bases on Guam, Saipan, Rota, 
Tinian, and all other islands located in the Marianas Area. 

Research Chemist: Union Starch & Refining Co., Granite City, Illinois. 
Conduct research investigations, and perform chemical analyses of corn 
products, such as corn syrup, candies, corn sugars, 1uch as maltose, dextrose, 
sucrose, etc. 

Chief Choml1t: Atomic Bomb Plant Laboratory, Oak Ridge, Tennessee. 
Supervision of chemists engaged in the treatment of the water In what was then 
the largest power house in the world. Also, special problems related to con· 
tamination of some of the return condensate being contaminated with Uranium 
Hexafluoride from secret atomic bomb plant processes for the separation of the 
asotopes of Uranium . 

Box 948, Riverside, CA 92502 

I~~~~~~~~~~~~ 
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I LILBRAJ•MINING 

DATE: July 28, 1997 

DIRECTED TO: Ronald T. O"·ven 

PROJECT: Spirit River Project 

SA~1PLE NAT\lE: S.R. 1 

SAMPLE \\!EIGHT: 80 lbs 

GOLD RECOVERED: 0.2 grams 

EXTRAPOLATE VALUES: ll,;~_gi_n§ ___ '='------~_,_Q_gtn + 31.104 """' .16 oziton 

l\!lETHOD Ej\fPLO'YED: 

COMMENTS: 

fr..rVOICE: 

80 lbs 2000 lbs 
Gold at $323 USD per ounce= $51.92 USD per ton 

Crnshed, ground to 60 minus, 
scrub, table concentration, chemical scrub of concentrate 
amalgamation recovery, nitric reduction. 

Crushing, milling, recovery $300.00 Cdn. Paid. 

Trusting this is of service to you. 

Yours truly, 

John Savege 

[---·---------·--------------------·---·-·--------------------·------·-------·-·--·-·----"--·-----·-----·----·-
L.!.11 Spruce Street, Cultus Lake, BC, Canad.a V2R 4Y7 Telephone: Plant (604)858-4289 Res. (604)858;9595-1 

--·----~·---------·--·----'---------'---·---- . ·--~------•·-'·---~----------------~ 

I 
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. . . . ' .. . . .... ' .. . .......... 

DATE: Aug. l, , 1997 

DIRECTED TO: 

PROJECT: Spirit River 

S Al'vIPLE N A1\,1IF,: S.R. 2 

SAMPLE WEIGHT: 74 lbs 

GOLD RECO'VERED: 0.17 grams 

EXTRAPOLATE VALUES: !1JJ __ _&ns ==-_-_4_.592m + 31.104 = .148 ozJton 

IVIETI-IOD EivIPLOYED: 

co:rvnvrnNTS: 

fuTVOICE: 

7 4 lbs 2000 lbs 
Gold at $323 USD per ounce= $47.71 USD per ton 

Crnshed, ground to 50 minus,Arnalgam added chemical 
scrub, t~ible concentration, chemical scrub of concentrate 
amalgamation recovery, nitric reduction. 

present. 

Crushing, milling, recove1y $300:00 Cdn. Paid. 

Trusting this is of service to you. 

Yours trnly, 

Jolm Savege 
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June 11, 1998 

Ron Owens 

CANADA T4J1H6 

COMPLEX METALS RESEARCH & DEVELOPMENT, INC. 
P. 0. Box 1137 

LaVerkin~ Utah 84745 

Telephone: 435-635-2088 
435-877-1059 

I SUBJECT: 93 lbs. of ground yellov1 iron oxide ore: 

I 
I 
le 
I 
I 
I 
I 
I 
I 
I 

•• 
I 

Placed in air tight leaching vessel. 10 gallons Redox solution added to 
Ph 2.10, Orp. 1125. One hour leach was checked for Ph 5.40, Orp. 430. 

2 gallons Redox added to Ph 2.00, Orp 1150, sealed for 3 hours to Ph. 5.70, 
Orp. 450; ~edox added (3 gallons) to Ph 1.90, Orp. 1168. 

5 hours Ph 6.70, Orp. 400, 4 gallons Redox added. Ph. 2.12, Orp. 1180. 

2-1/2 hours Ph 6.20, Orp. 410. 4 gallons Redox added to Ph 2.80, Grp. 1120. 
Ran 14 hours overnight. Ph 4.60, Grp. 450. 5 gallons Redox added to Ph 2.60, 
Orp. 1130. 2 hrs. Ph 4.10, Orp. 688; leach stopped. Vessel cleaned. Leach 
flocked and filteredci Total solution from leach 28 gallons. 

2000 Ml. of pregnant solution: Ph to 9. Hydroxide added with sodium bora-hydride; heat 
and filtered. Filter paper was burned. Total Precip 11.4 grams. Assay with 
11.4 grams of silver added. 

--#'~ Au:. 2.62 Milligrams (Had 200 mg. loss of silver) 
Pt. Group - 1.4 milligrams 

2 lbs. of ore was dried and ground with impact grinder. Sample was put in water 
with a wetting agent. Run on concentrating table. Results: 

_J.J..'7. Concentrate - 7.26 grrns·~ 11.8 mg Au 
n ~ Middles 636.64 ~rams- 0.52 mg. Au 

263:18 grams - 16.04 mg Au 

Raw ore - Bank run - 0.37 oz./ton Au 
Slimes 0.51 oz./ton Au 

Subject: Grinding and Leaching: Impact grinding the concentrating on a table 
will give you a cownercial yield. 

Slimes for leaching: 1 am sure the Redox will work. You must first adjust the 
Ph ?? before Redox. 

urn:nn 
CHARGE: $800.00 
£.AI D _lli_ F Ll..ll.,_ 

, . ' . 
' . 
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IAMPL! TYPe OTHER 

LAIOAATORY: 

IAMftll llZI AllAYID IN QRAMI OPI 'RATIO' 

C 12 I 
We r111rv1 th• right to uuy 
1ny t.IH or umpl1 band on m1t1I 
content and dlfllculty (Complex). 

~ ... 

DwEr ctteM1cAL 1Ac101 Own CHEMICAL usic OAc10 " 110N D•LKALI rusioN 

DsEucT1vE DAoP OnLECT1v1 LEACH OauLK o"o" D HYD"ox10~ OAOP' D•POT TllT 

LAIORATOAY OTHUI I 

FURNACE: 

DP:IR! ASSAY DHIOH T!Ml'l .. ATURE SMELT DLEAO COLLECTOR D•UDUCTIVI l!AO 

Os1LV~A cou1croP1 OcoPnR COLLECTOPI OaoLo COLLECTOA OR1oucT10N 

COLLECTOR 

U4ELT 

c:Jcu,IL!o ~UPINACE OTHEAI I 
"--~~~~~~~~~~~~~·~~~~~·~~~~~~~~--' 

NOTll: 

'' 

ASIAYI" ASSAY CATI 10/14/9e 

.___a_A_A_M_•_Pl_A_T•_o ___ , _a _ _..I [ LEACH ML ~A TIO 2 s ) E•n ro LIACH "ATIO 2.ou 

COMPl..U! UN·PARTID !!AD -4 0 UtHAATID IUD WllQH't r-- I roi ~!AO WA.S TO 0 
L-- · L!:'J SMAlL. TO Rrn.IAN 

RE>.OINQS SHOW TOTAi. METAL C~ITAINED IN l"ME SUBM!nEO MMPL! CH!l • .\.TllON OOES NOT Ol'l'IPI BACK CALCUL.AtlOOS. 
OZ. PT PPM OZ PT PPM OZ. PT PJ:>M OZPT !'PM 

ftD 0.018 0.5 AQ 0.000 0.0 AU o.ou 1 .• PT 0.020 0.7 
OZ. PT l"l'M OZ. PT 1-'PM OZ. PT !'PM OZ. PT Pl'M 

"H 0.001 0.2 PIU o .OJ 1 1.1 01 0.007 0.2 
·~ 

o.ou 0.1 
oz., ~IAOoHCU ..... lolOfll ACCIJllATI e1Nce !Hl, ... , h<~ll 01011 PPU J1\JU~U .... QIVIN I~ CNI 0 QI! •o IOlo<I o• T><I pPU F14U~ll Ml• II ~OVNO&D 10 THI Nl~I ,l\OtA&ll OIQll. 

l"D lt.U AO 10.00 

(3-4.2!8 PPM • 1 OZ. PT) 

AU llS.17 PT 11.0 0 I to.41 
FIGUAES ABOVE ARF. DOLLARS PER TON o~ !AMPL! !;U8iAln!D TOTAL VAl.U! l'ER TON 

IA '4.32 
i'37 .Or-') 

•SAMPt£ PR!PAAATION. $85.00 For micro w1we A~ dlgt~llon o~ $25.00 tor 91andan:1 lyp1AA~1-1aio~. (For PT groop, microwave recommtndtd). 
•SP!CTFIAL. ANALYSIS <!>N D1 CORRECTING ELECTRIC :t.~TRUMl!NT Mtl&J dtlecdon • tGO!d $19.00 •l'Allaoum 115.00 •P11anvm S:Ze.O'.l 
•Rhodium S28.00 •Aulhtnlum S30.00 •01m1um ~5.00 •1110IUITI $32 no •All 7 metal• for only Sllll.OO (For s1rv1r uuya call for sp~al qU0/1) 
•5 A.SSA'!' TON M~TAL l"I HANO ASSAV9 l~)Cl.UOINQ RETURN c,.. oone:· evo~ .. ·l~CH ASSAYS SI 7!!1.00 •SMEI. T ASSAYS 117$.00 

CHE"1TROH LABS 14300 OAVENPOAT RO. ll~B SAUGU9. CA 91J50 PH. 805·2U·fl43Z FAlC 305·2U·71IO 
j 
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SAMPLE TYPE: 
SAMPLE SIZE: Approx. 

OauARTZ ORE OeLACK SAND DDOhE 

DANODE MUD OcoRE DRILLING$ 
SAMPLE SIZE ASSA YEO IN GRAMS OR 'RATIO' 

I 10 =i 
OcARBON DASHES DPRECIPITATES We reserve the right to assay 

SAMPLE TYPE OTHEAI 
any size of umple baaed on metal 

I 

I 
content and dlttlculty (Complex}. 

·-
LABORATORY: 

DwET CHEMICAL (Ac101 DwET CHEMICAL BASIC DAc10 FUSION DALKALI FUSION 

OsELECTIVE DROP DsnEcT1vE LEACH DeuLK DROP D HYDROXIDE DROP DsPor TEST 

LABORATORY OTHER! I 

FURNACE: 

DFIRE ASSAY DHIQH TEMPERATURE SMELT DLEAD COLLECTOR DREOUCTIVF. LEAD COLLECTOR 

Os1LVER coLLEcToR OcoPPER COLLECTOR OaoLo COLLECTOR DREDUCTION SM!:LT 

DcuPELED FURNACE OTHER! ___ J 
NOTES: 

.. ' '' " " .. ' ...... '. 
',., 

I\ 

ASSAYER \ ~/ ASSAY DATE 10/28/06 

I GRAMS FfA TIO 1 0 11 LEACH ML RATIO 22 ) I GRAMS TO LEACll RA TIO ;·:200 _ _J 
BEAD WAS TO 

SMALL TO RElURN 
READINGS SHOW 'TOT AL METAL CONTAINED IN THE SUBMITIED SAMPLE CHEM· TRON DOES NOT OFF EA BACK CALCULATIONS 

COMPLETE UN-PARTED BEAD -4 0 UN·PARTED BEAD WEIOllTr ._ ___ __, [] 
OZ. PT PPM OZ. PT PPM OZ. PT PPM OZ. PT PPM 

PD 0.023 0.8 AG 0.000 o.o AU 0.047 1. 8 PT 0.0111 0.6 
'~-OZ. PT PPM OZ. PT PPM OZ. PT PPM OZ. PT PPM 

RH 0.007 .0.2 RU 0.029 1. 0 OS o.o 10 0.4 IA 0.048 1. 7 --
OZ.PT READINGS ARE MORE ACCUAA TE SINCE THEt ARE TH~EE OIOIT. PPM • • '~" S -~~ l• "t;~ Ill C'N~ DIGIT s•: 3- ,, •F . .:'f ~E PPM FIOURES WIU BE AO\JliDED TC THE NEXT PR06ABLE CIGIT 

PD $2.78 AG $0.00 

(34.286 PPM = 1 OZ. PT) 

AU $18.10 PT ,7.58 RH $3.85 RU 82.32 OS $0.6!5 

FIGURES ABOVE ARE DOLLARS PER TON OF SAMPLE SUBMITrED TOTAL VALUE PEA TON 

IR 83.84 
$3G;) 

•SAMPLE PREPARATION. $65.00 For rnlc10 wave AR dlgesllon or $25.00 for standard lyp~ AA or Hafox. (For PT group, mlcroW'lVE recommended). 
•SPECTRAL ANAL YSlS ON Di CORRECTING ELECTRIC INS iRIJMENT. Mela I detecllon · -Oolrl $19.00 •Patledlurn $15.00 •F'leUnum $25.00 
•Rhodium $26.00 •Ruthenium $30.00 •Osmium $45.00 •lr:ulum $ 32.00 •All 7 metal• for only $99.00 (For Si/var assays cs// !or spec/al quote) 
•5 ASSAY TON METAL IN HAND ASSAYS. INCLUDltJO RETURN OF DORE BEADS· •LEACH ASSAYS $175.00 •SMELT ASSAYS $175.00 
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•• ' MF!i'~ 
TAIU I ! ·-· .• 

PUCICIUI ICTUS .. u.f"')'· 
T rll'/ 01/Sllor 1 Ton 

I SUIPl.I -Ill OATE IOElfTI "CATlt!I Au Ag " lh ·OS lu I'd Ir 

Er·156 (I) 9/'ll/71 AnOdl 111 .. 90,J1 6594.1 0.45 

I lP•1•1 (I) 10/6/71 Anode 111 .. 3'.t.I 5263.S 0.37 1.69 

LM· 1 •Z (I) 10/30/71 Anode Slt .. 75.17 5476.9 0.31 1.94 

LM•7·1 (1)\ 1/29/79 AnOdl Sii-. 104.15 6479, 7 0.62 2.04 

I 12224 1/21/81 Dnert Ore D.34 a.34 0.22 5.t.I 0.3 1.71 0.34 0.01 

R2l4 1/21/81 Vol.,.,,lc Clndtn 2,4 1.lZ 1.56 6.65 2.66 16.63 1.61 '·°' 
I 

12516 3/23/81 ATU 1165~ S10,4J 1.97 4,n 0.99 2.Z7 0.9 m.09 J.411 

•2521 l/ll/81 "-Geolh-l 6.47 D.71 2.39 34.69 21.74 4.l lZ ZO.e6 

R5J2 4/1/81 Cane 129.71 21.11 06.51 94.34 '°'·" 471,02 663.06 l4CIS.14 

I 12540 3/29/81 Unroaated fl"" ZT,12 Z.6Z 4, 14 55.13 S.62 16.09 19.96 7J,9 

f2S54 l/J0/81 Hted Ore 0.99 0.64 1,66 Z6.l4 0,87 1.,, 1.73 0 

I 
125l7lC S/S/111 Slit D.49 1.9 4.tS J,1'4 1.17 0.67 t.24 1.IJ 

#3174CM 8/Z6/81 Yolconlc Clrdera 5.66 0.53 4, 11 4.11 S.07 a.11 4.4J 16,1J 

llSJOl'IC 1/J/19 Cane 4.Z6 o.sz 0 3.06 1.17 Z.4T 1.61 6.36 

le f.lS65JS 1/17/89 ore 10.93 o.76 5.1] 4.64 I.JI 6.09 4.61 23.5 

ll71JIA J/25/89 Dorr 0.1 z1.1 0.01 0 0.004 0 0.004 D.009 

f'.3755JT 4/7/19 Hted C- 10.63 10.71 1.66 11.09 12. 15 22.1'4 Z1.57 35.55 

I f'.37'6.IT 417/89 Pulp c- S.46 11.7 9.67 7.44 21.511 IJ.&4 6.4 J7.05 

11376nH 4/10/&9 lllt c- 1.57 o.,, Z.71 2.114 1.46 11.Da 

I #3771TH 4/10/19 Mag C- 02 IOU!ed 4,ll 2.%6 J,06 9.77 4.0I 9.55 14.51 

1·V1luee ly PCP (8) 

TllfSI USU!. TS AIE USED o:t lllLL ICMOW ACC!PTEll AICALTTICAL PIDClDURll A111 SU.Ell' OM TMI SNl'US 

I 
SUiHITT£D IT QISTOIH, Tll1 UPOIT II PltPARlD FOi TMI IXCl.USIVE USE Cl Tll CUSTOll!R CllL T, NO 
llARIWITIES AS TO UPICllUClllLITT Ol UllACTABILITY Of THE Cllll IS GIVlN, DONALD l. JCIROAM ANO/OI 
ALPllA IESEAACM CQIPCJUTIOll WI· NO IEPUSlNIATICll Ol llolJIWtn, lllPIESS Cl IMPLIED, Allll USIMI: llO 
lEllAL LIABILITY llKATSOl!VU AS TO THI AJ:al!ACY Cl USlf\JUESS Of ANY INfCAMATICll CONIAINED IN TMIS 
REPOllT. 

I 
llANr5·a1 
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1AILI Z 

(IM'AllSCll H-'9 II· TlD'f OZ./$. TCll o• PlllCIDUI ICULt IT DIHlllMT UIQUTCllU 
Ullll4 DlffllOT ,lACTIOlll OI JOlll~ AISCICIATll AllC ,_ llOll aAI 

LAIOlllTOllY" SAMl'll ..... ... " 
.,, oa IU Pd Ir 

All'i'• IJ946 49.l 1143.l zn,s 100 17,Z JJZ' 240.6 az.a 

437 

A Cl) 
•146 2917·5134 2917 

39.4 1165 
,,, o.004 tr tr zi.a az.3 

0.51 0.11 437.6 1.2 
\66,9 

Z4 

D(Z) • .. ~ 

0,16 Z19 304 14.6 c.2 ... z ID c,z 

•THI UllllAMEll \.Al(llATClllU lllLL II IDEMTHIU IJPOll WllTTEll HUST. 

t I) rrolllil111rr r1111\ t1 b'/ x.,. 
-.cl tu Ion b'/ DCP It'd oth•rl will fol\Oll. 

t2> Sl I• fir• Asuyed end th• pr Ill dhaolved. 

lr • frlCI 

llotttod 

•lgh hHllltlon ICP 

xa• ... 
ICAP 

fire, AA 

.. , • UJI, '"''" 
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I 4 

I 
AU (t) 3 

I FIRE ASSAY 

I 
2 

I 1 

I 
Ii 

L 1 2 3 4 5 

I AU (%) PLASMA 

I 
_!!~- -!~!~-

1) l.St· 1.st 

I 2) 2.65t 2.st 

3) 3.05t 3.43' 

I 4) 3. 6t 3.0 

I 
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FACSIMILE 

PROCESS RESEARCH ASSOCIATES LTD. 

9145 Shaughnessy Street 
V•ncouver, B.C. 
Canada, VIP 8R9 

Comp•ny: 
Attention: Ron Owens 
FAX Number: (403) 783-6487 
From: Bryan Tatterson 
No. of pages (tncludlng thl• page): 

Message : re : Metallurgical Test Work 

3 

TEL (604) 322-0118 
FAX. (804) 322-0181 

Date: May 28, 1998 
96-041 Project No.: 

The results to date on the Hewlett type leach on your sample are attached. The test 
procedure is included on the data sheets. 

The calculated results show that the minus 200 mesh fraction of the Knelson 
concentrate assayed at least 1 g/tonne since the gold dissolved amounts to 0.945 
g/tonne. 

The final leach solution has been stored. Plea~e advise if you want us to proceed 
through the !on exchange and elution stages. 

If you have any questions, please contact me. 

Sincerely, 

Bryan S. Tatterson, P.Eng., 
Senior Metallurgical Engineer. 

Ltd. 
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1 b04 3220181 

HEWLEIT LEACH TEST DATA 
Sample Knelscn Concentrate 

Test Date'. 

Procedure: Project No: 
April 29, 1996 

96-041 

The cone crushed sample, at 65% solids, was milled to 80% minus 100 mesh. 
The milled slurry was pasaed through the 3" Knelson centrifugal Concentrator. 
The concentrate was collected 10 times to accumulate sufficient sample for leaching. 
The accumulated concentrate was screened at 100 and 200 mesh. 

The minus .200 mean concentrate was diluted to 20% solids for leaching with overhead agitation. 
An ozone/air mixture WilS bubbled through the slurry throughout t.oth stages of the leach. 
Concentrated HCI and salt (NaCl) were added to each give a solution strength of 10%. 

55% Ca(OClh was added stagawise to increase the ORP to above 1000 mV. 

The oxidation stage was continued overnight with continuous agitation. 
GeoBrom was then added and the leach continued for a further two hours. 
Solution samples taken during the leach were analysed for Au & Ag by direct AAS. 

Sample Wt.. 174 g Residue 1/1/t. 
1me 

Hrs weight 

0.00 

0.25 

0.25 
o.s8 
0.58 

17.82 
24 25 
24.25 
24.75 
25.75 
25.25 

( ) 

869 

918 

695 895 

69.6 

50 

37.2 

687 

137.9 

10.6 

Addi~;~e;, the solid Ca(OClh was carried out in stages. The ORP increased and then dropped. 

GeoBrom was only added when the ORP stabilized above 1000 mV. 
The first solution sample was taken 15 minutea after adding .the GeoBrom 
Th I ach was ended when the AAS results showed a levelling off. 
Th: :1,..ct AAS Au re1dln99 on the HmptH are subject to Interference from Fe. 

Time Assay Solution Assays (m gfL) 

g 

(mV) 

403 
526 
536 
5S4 

1102 

520 
1000 
1076 
1066 

1062 
1062 

min Method Au Ag Pd Pt Rh 

Sample 1 60 AAS 8.1 1.0 

Sample 2 90 AAS 6.2 O.B 

Sample 2 120 FA/AAS 0.239 2.1 < 0.005 < 0.015 < 0.025 - ·---·-· .. -
c,1culated g/ton ne 

AU Ag Pd - Pt Rh 
Calculated Head(· 200# Kntlson Cone) 

based on Leaeli solution assay 0 945 8.31 < 0.020 < o.oeo < 0.1 

Calculated Head (Knelson Feed) 
based on Leach solution assay 0.015 0.13 < 0 0003 < 0.0009 < 0.002 

--

P.02 

B 
:!I 
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SIZE ANALYSIS REPORT 

Project no : 96-041 Date : May 9, 1996 

Sample description : Iron Ore 

Grind time: 8 minutes per 2.5 kg charge 

Procedure : The cone crushed sample. at 65% solids. was milled to 80% minus 100 mesh. 

Sample 

Knolton Cone. 

Knelson Tall 

TOTAL 

The mllled slurry was fed to a 3" Knelson Centrifugal Concentrator. 
Jacket water pressure was maintained at 1.5 psig 

Concentrates were removed ten times during the process. 
The accumulated concentrates were screened at 100 & 200 mesh 
The minus 200 mesh fraction was leacr1ed for precious metals 

Kneleon Total 
Size F ractlon Concentrates Sample 

(Tyler me1h) lndlvldu1I Cumulative Individual Cumulative 
ii 

Percentage Percentage Percent.ge Percentage 
I 

Retained Passing Retained P11111lng 
----

100 29.9 70.1 2.1 97.9 

200 47.9 77.8 3.4 94.5 

- 200 22.2 1.6 930 

93.0 

- -
100.0 100.0 ---

DRAFT 

P.03 

Tf1"T"r.1 ,-, t'"">.-, 



#2 
ENERGY RES AREA 

7.4 71.93 152860 
TOTAL AREA= 1261500 

Peak at .38 keV 
Peak at .64 keV 
Peak at 1. 80 keV 
Peak at 2.10 keV 
Peak at 5.42 keV 
Peak at 6.40 keV 
FIT INDEX=**· ** 
ELMT 
AgL l 
PbL 1 
AuL 1 

APP.CONC 
23.308 
31.819 
3.623 

ZAF CALCUl ./\ T JONS 

.. l 2 iterations] 

omitted? 
omitted'? 
omitted? 
omitted'? 
omitted? 
omitted? 

ERROH(WT%) 
. .l 38 
.607 
.293 

LIVETIME(spec.)= 300 

0.00 kV TILT = .00 ELEV = 35.00 AZIM = .00 COSINE = 1.000 

Spectrum: #2 

.\ll elmts analysed.NORMALISED 

ELMT 
.\gL : 
PbL : 
.\1Jf. : 
TOTAL 

7./1.F Rat.lo %ELMT 
] .800 42.954 +­
) .914 51.309 +-

1 .930 5.740 +-

100.002 

Error 
.253 
.979 
.464 

CHEM.&MATERJALS ENG. 

ATOM.% 
58.994 
36.689 

'1.317 
100.000 

"'\ 

] 

] 

~l 

I 
I 
I 
I 
I 
I 

_] 

I 
I 
I 
I 
I 
I 
I 
" '-I 

I 



tl'L (Cut surrace) 
ENERGY RES AREA 

7.4 72.25 158195 
TOTAL AREA= 1303169 

Peak at .40 keV 
reak at 1.,4 .Kev 
Peak at 1. 78 keV 
Peak at 2.14 keV 
Peak at 5.40 keV 
Peak at 19.54 keV 
FIT INDEX= 

ELMT 
AgL 1 
PhL 1 
\u L 1 
;; i L 1 

9. l 1 

APP.CONC 
44.553 

l. 656 
9.869 
l. 079 

1\F CALClILATIONS 

.. i ~ iterations] 

omitted? 
oml t tec:n 
omitted? 
omitted? 
omitted? 
omitted? 

EHROR(WT%) 
.182 
.466 
.374 
.495 

LlVhTJ.ME(spec.)= 300 

.:0.00 kV TILT ;: .00 ELEV = 35.00 AZIM = .00 COSINE= 1.000 

Spectrum: #2 (Cut Surface) CHEM.&MATERJALS ENG. 

1\Jl Plmts rir1n.J.vsed,NORMALtSED 

F1,"1T ZAF Ratio %ELMT Error ATOM.% 
·'' f~ J, 

I .891 77.544 +- .317 86. 4 50 
Pl·,;. l .857 2. ~l!JG + - . 813 1.739 
\uL 1 .874 17.506 + -· .664 10.688 
HiL l . 8~) 7 952 +- .896 <3 sd 1 . l 2 3 
TOTAL '.l97 100.000 

' 

] 

] 

~l 

I 
I 
I 
I 
I 
I 
~ 

I 
I 
I 
I 
I 
I 
I 
' ~i 
I 



fl J 
ENERGY RES AREA 

7.5 72.46 146023 
TOTAL AREA= 1198843 

Peak at .38 keV 
Peak at 1.58 keV 
Peak at 1.76 keV 
Peak at 2.06 keV 
Peak at 6.40 keV 
Peak at 7. 10 keV 
Peak at 19.54 keV 
FIT INDEX=40.16 

EU1T 
AgL l 
PhL 1 
\uL .I 
Pt L l 

APP.CONC 
26.511 
9.372 
3.081 

16.372 

i -~ F CAL.CL' LAT I Oi\S 

.. [ 2 iterations] 

om.itted? 
omitted'? 
omitted? 
omitted? 
omitted? 
omitteo? 
omltted'? 

ERROR ( WT'~ ) 
.145 
.462 
.317 
.415 

LIVETIME(spec.)= 300 

20. 00 kV TILT = . 00 ELEV = ;35. 00 AZIM = .00 COSINE = 1.000 

Spectrum: #~l 

.\JI elmts analysed.NORMALISED 

f'.LMT 
,\gL 
t>hJ. : 
.\uL : 
PtL : 
'l(ff,\L. 

/.AF Ratio %ELMT 
l .811 50.742 +-

1 .898 16.200 +-
1 .914 5.227 +-
1 .912 27.842 +-

100. 0 I l 

Error 
.277 
. 79~3 
.538 
.707 

CHEM.&MATERIALS ENG. 

ATOM.% 
65.530 
10.892 

3.697 
19.881 

100.000 

' 

I 
] 

'-] 

J 
I 
I . 

I 
I 
I 
~ 

I 
I 
I 
I 
I 
I 

I 



Counts (XlQ
4

) 

3 

Ag 

2 

g 

l 

4 6 8 

#3 

Pt 

10 

Range CkeV> 

\ 

] 

] 

~J 

J 
I 
J 
I 
I 
I 
~ 

I 
I 
I 
I 
I 
I 
J 
'\ 

-J 
I 



-

LIVETIME= 100 I/P= 3601 cps 

ENERGY 
7.5 

8040.9 

RES 
72.32 

160.48 

TOTAL AREA= 

AREA 
44045 

127702 

360140 GF= 50.045 

----------------------------------------------------------------
Sp cc t rum f i le ; T /\ L 1 
# 1 

ENERGY RES AREA 
7.G 72.16 158310 

TOTAL AHF/\= J.:303005 

Peak ot .40 keV omitted? 
Peak at 1.26 keV omi.tte<n 
PTT INDEX=- 5.36 

ELMT APP.CONC ERROH(WT%) 
\gL 1 SS. 0 L1 .201 

11.'hl, 1 I . S8f-! .375 
·\ti L l " 7 l ~) .245 
., i ~ J !. I '1. .018 

.. I 2 iterations] 

LIVETIME(spec.)= 300 

::rt.00 kV TJLT - .00 ELEV = 35.00 AZIM = .00 COSINE~ 1.000 

Spec I rum: # 1 CHEM.&MATERlALS ENG. 

,\JL clrnts anal,yscd,NORMALTSED 

i::1Jn· ZAF Hrili.o %ELMT Error ATOM.% 
,\gL 1 . 97'.J 95. 11 7 + -· .]47 96.529 
PbL 1 . 8~U :3. 210 + .. .758 1 .696 
Au L l .850 l . 4 J 8 +- .486 <3 sd .788 
Sil\ 1 .760 2 r:: ·~ . ;) '-"' + -· .039 .987 
TOTAL 99.998 100.000 

I 
I 

•• 
I 
I 
I 
I 
I 
I 

el 
I 
I 
I ·--.------

I 
I 
I 
I .. 
I 



4 
Counts (XlO ) 

3 

Ag 

Pb 

2 

g 

1 

2 

#2 

4 6 8 1 0 

Range CkeV> 

' 

] 

] 

'-J 

l 
I 
I 
I 
I 
I 
~ 

I 
I 
I 
I 
I 
I 
I 

' '-J 

I 



Spectrum file : IAL2 
#2 

ENERGY RES AREA 
7.4 71.93 152860 

TOTAL AREA= 1261500 

Peak at .38 keV omitted? 
Peak at .64 keV omitted? 
Peak at 1.80 keV omitted? 
Peak at 2.10 keV omitted? 
Peak at 5.42 keV omitted? 
Peak at 6.40 keV omitted? 
FIT INDEX=**·** 

ELMT 
AgL 1 
PbL 1 
AuL 1 

APP.CONC 
23.308 
31.819 

3.623 

ZAF CALCULATIONS 

.. [ 2 iterations) 

ERROR(WT%) 
.138 
.607 
.293 

LIVETIME(spec.)= 300 

20.00 kV TILT = .00 ELEV = 35.00 AZIM = .00 COSINE = 1.000 

Spectrum: #2 

All elmts analysed,NORMALISED 

ELMT 
AgL : 
PbL : 
AuL : 
TOTAL 

ZAF Ratio %ELMT 
1 .800 42.954 +-
1 .914 51.309 +-

1 .930 5.740 +-

100.002 

Error 
.253 
.979 
.464 

CHEM.&MATERIALS ENG. 

ATOM.% 
58.994 
36.689 

4.317 
100.000 

I 
I 

•• 
I 
I 
I 
I 
I 
I 

• 
I 
I 
I 
I 
I 
I 
I .. 
I 



Counts (X1Q 4
) 

6 

5 
Ag 

4 

3 

g 

2 

1 

6 

# 2 <Cut Surface) 

8 10 

Range (keV) 

I 
I 

•• 
I 
I 
I 
I 
I 
I 

• 
I 
I 
I 
I 
I 
I 
I .. 
I 



4 Counts (XlO ) 

6 
Ag 

5 

4 

3 
g 

2 

1 

2 

#1 

4 6 8 10 

Range CkeV) 

' 

I 
l 

~l 

I 
I 
I 
I 
I 
I 

~] 

I 
I 
I 
I 
I 
I 
I 
' '-j 

I 



Spectrum file : GCl Spectrum : Gain Calibration (Cu) 
LIVETIME= 100 I/P= 3601 cps 

ENERGY 
7.5 

8040.9 

RES 
72.32 

160.48 

AREA 
44045 

127702 

TOTAL AREA= 360140 GF= 50.045 

Spectrum file : OCOl 
Silver Bead 

ENERGY RES AREA 
7.5 70.72 43895 

TOTAL AREA= 321410 

Peak at .40 keV omitted? 
Peak at 1.78 keV omitted? 
Peak at 2.06 keV omitted? 
Peak at 5.40 keV omitted? 
FIT INDEX=20.69 

ELMT 
PbL 1 
PtL 1 
AgL 1 

APP.CONC 
13.278 

7.922 
23.505 

ZAF CALCULATIONS 

.. [ 2 iterations] 

ERROR(WT%) 
.823 
.583 
.235 

LIVETIME(spec.)= 100 

20.00 kV TILT = .00 ELEV = 35.00 AZIM = .00 COSINE= 1.000 

Spectrum: Silver Bead 

All elmts analysed.NORMALISED 

ELMT 
PbL : 
PtL : 
AgL : 
TOTAL 

ZAF Ratio %ELMT 
1 .893 28.594 +-
1 .908 16.785 +-
1 . 828 54. 629 + -

100.007 

Error 
1.772 
1.236 

.547 

CHEM.&MATERIALS ENG. 

ATOM.% 
18.893 
11.778 
69.329 

100.000 

I 
I 

•• 
I 
I 
I 
I 
I 
I 

el 
I 
I 
I 
I 
I 
I 
I .. 
I 



Counts ( x 1 O 3 
) 

8 

? 

6 

5 

4 
g 

3 
Pb 

2 

1 

6 

Silver Bead 

8 10 

Range CkeV) 

' 

J 
l 

~) 

I 
I 
I 
I 
I 
I 

~J 

I 
I 
I 
I 
I 
I 
I 
' "-J 

I 
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Assaying fr1 Resoi.lree Evalu~tlon: 

The Need for a Clear and Open Mind 

6v J.B.P. sawyer 
Consulting GeQloglst, West Sussex, E;ngland 

Reprinted from Special Publication Nd. 63, 
Geo/og/cal Society Publishing House, England 

, Abstract 
This article Is concerned malnly with 

assaying of precious and noble met­
als, gold, sliver, and platinum group 
metals. 

The determination of the amount of 
saleable metals {or other mineral prod· 
ucts), In an ore is the most Important 
step In evaluation of a mineral deposit. 
Most assays, even If well done, will not 
tell you how the material occurs In the 
rock or how much of it can be recov­
ered, but if the amount that is present 
In the first place Is unknown, it is im­
possible to make any comment as to 
the efficiency of a recovery system. 
This may not be Important because If a 
recovery can be made which will pro-· 
vide a large profit, that which Is not 
recovered will not seriously affect the 
economics of the operation. However, 
where the grade, and thus tlie opera-

lion Is marginal, this Is a different mat· 
ter. 

Fire essaying, with Its origins In an· 
tiquity, is widely regarded as the best, 
If not the only, way to determine pre­
cious metals In naturally occurring ores. 
There are a lot of misconceptions about 
the universal appllcablllty of fire assay 
methods and the more recent combl· 
nation of tradltlonal fire assay collec· 
!Ion techniques with laboratory instru· 
mentatlon has given rise to a serious, 
it not ludicrous, situation In the case of 
some materials. 

There are some naturally occurring 
materials which cannot be success· 
fully determined by fire assay. Some of 
those same materials can only be do· 
termlned by instrumental techniques If· 
their chemistry is understood. 

Even the most sophisticated instru· 
ments In the world will not yield the 

correct answers if the. chemistry of thf 
ores being tested Is not . taken Into 
consideration In designing the samplf' · 
preparation and Instrumental proce·· · 
dures to be usod. Such consideration! 
can only be made if the chemistry i~: 

understood, and such proper under .. 
standing requires the availability of ti 
mind open to the fact that there may 
Indeed be something new (to man} 
under the sun. It is important to appre· 
ciate the lmpllcatlons of the fact that 
naturally occurring materlals may be in 
an unusual formj hence the need for a 
clear AS well as an opon mind. 

The evaluation of procious metE1! 
deposits of a certain type Involves ar1 
appreciation of their setting In terms of 
plate tectonics modiJls. 

Case histo~in:> of assaying prob· 
lams with ores frurn the southw~stem 
United Sta~a5 are presented which ii· 
lustrate all of the nbovo points. An•m· 
lion is drawn to the possible implica· 
tions of the ph!;lnomena described for 
mlneml axplorafo11 in tt1e UK as we!! 
as worldwide. 

---·-·----
Assaying Is probably the most crit!· 

cal step In e11a1•rn:ing a mineral deposit 
but it is one which ·.'~;:·;.>1-'.'nr~j 10 ge! le:;; 
than its fair sh;:rr -;; 'Grious atttri:iP'' 
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· ln'ganeral discussion and review. One 
has only to scan the calendars of the 

, many technical and professional meet· 
· lngs to sea the vast numbers of meet-
1·-.,s, symposia1 short courses, etc., 

oted to mineral exploration and 

., ~- .. ·-- "··--· -~-- ···-·· ..... ~··~-;;·-~~--~·-:: --·-- --... ---~----~--

mining projects worldwide and if one exploration proJects._ui T1tiw ·11 ,i,, ,, ... ·' 
takes the time to browse through the velopmentsi . · . 
abstracts, It becomes. clear·.that the 
papers are broadly of three main types: 

I) descriptive case histories either of 
I. 

2) theoretical or. academic papers 
which, all too frequently, present a 
variety of facts to fit a chosen model or 
concept for a particular type of deposit; 

3) papers on geostalistlcal ore reserve 
estimation and/or financial Investment 

. analysis. 

OccaslonaUy, mineral evaluation is 
the main topic of a particular short 
course or .. symposium and In these, 
most often, less than 10%, probably 
closer to 5%, of the meeting Is devoted 
to basic geological or other scientific 
Information. · 

As an example, a short course given 
In tlondon In 1990 on Mineral Evalua· 
tlori contained a total of 26.5 hours of 
·presentations including a one-hour 
workshop on the use of spread sheets. 
Of that, only 1.5 hours, less than 6°/o of 
the total, was devoted to 1Geological 
and Processing Variables Determin· 
Ing Economic Capacity• which included 
such things as average grade and re­
serves; cut-off grades; average grades 
and reserves above cut-off: dilution 
and mm recovery; and the economic 
capacity decision, whatever that is. 

One would not wish to give the Im­
pression that any, or all, of these exer­
cises are unimportant or unnecessary 
but it would appear that the acquisition 
of the data, the actual numbers which 
go to make the meat of all these so· 
phlstlcated decision making processes 
are considered to be either: (a) unim· 
portant, or (b) so easily and "readily 
obtained as not to poee any problem in 
their determination. 

It Is, however,. pertinent to Inquire 
whether either of these two supposl· 
tlons is correct and It Is Important. to 
recognize a distinction between the 
two kinds of information with which wa 
are dealing. . 

It Is doubtful that anyone would dis­
pute the fact that there are a number of 
different ways of crunching the num­
befs In order to reach the all important 
decision of whether to Invest or not to 

• I invest; or whether a particular project . 
wlll •fly" or not. The fact that some 

'companies will "pass• on a particular 
project, while others will jump in with 
both feet, testifies to this. The particu­
lar circumstances or objectives of one 
group ara often quite different from 
those of another and so the numbers 
on which decision making Is based ar~ 

Cilifarnia Mining foum(l.1/Novembcr 1992 

·. ... ' . ' - . ~.. '·,,· ~ ~\_ '; : . ,,.. ' . ··. 



µ~i~~~~ .... ·:.,~~~t ... ~.i'~~~.i~~~'"".U£;-·i·~tat~,rr-h 1!fi·1Dn'i'~cwa.i.ti'it'JB&!ft1£iU;••wn:w:~na ms·1.., .. , 
I . ~ . 

.· to some degree subjective. This Is not (a) Obviously they cannot be unlm· 
, the -:a~e wh~n It comes to assaying, or portent, the content of metal or other 

I at least It should not be the case. The valuable commodity and the amount 
amount of afparticular commodity In a that can be recovered are the critical 

A qlven body of rock Is not variable, it Is factors In determir;iing wh~th~r a natu-

1 
W .. ,inlle, although one would ackhowl- rally occurring m~terlal is'. ore. There 

edge that th!~ Is not always apparent are, of course, otherfactors to be taken 
from the assay certificates produced Into consideration; the cost of extrac­
by different laboratories, and it is rec- tlon', which involves the cost of power, 

I
. ognlzed all too 'ijell that the only'.tlme of labor, of capital equipment, eto.: Iha 

· one really knows how much metal Is, or costs of transportation and marketing: 
rather wus, in an orebody Is attar ii has the cost of money: and tha cost of 
been mined out. To raturn to our two safeguarding the .. environment. It is 
suppositions then: · · essential that the grade of the material I r:: IW!ll:iM-.m'~1_,..S ...... mm ... 111m1• 
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ls known, I.e., how much copper, zinc, 
gold, or platinum Is In the rock. 

(b) The second supposition, that 
this vital Information is so easily and 
readily obtained as not to pose any · 
problem In Its determination, is the real 
crux of the problem. In many situations 
this is, In fact, the case; generally 
speaking, there Is no problem In deter­
mining the amount of zlno or lead In a 
Mississippi Valley type ore, or or cop­
per in rnost of the mines in the Zambian 
Copperbelt and In porphyry copper 

•,-:t"· 
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or9, or of uranium at Kay Lake, Blind 
River and Aoss)ng; or of gold In many 
of the world's gr9at mines. There are. 

· however, some;precious metal depos· 
its which do pre~ent considerable prob­
lems In their ac.cutato determlnatio'n, 

i It is on these. that this article !ls 
JS ed. ! 

The term "some precious metal de­
posits" refers to gold, or gold plus PC3M 
(platinum group metals) occurrences, 
which do not respond In the normal 
way to standard assay procedures. In 
fact, In our present state of knowledge, 
they cannot be satisfactorily deter­
mined by standard assay laboratory 
procedures; specifically fire assay will 
nol produce the correct result. Now, In 
many Jurisdictions, and Indeed in many 
corporate offices ~them's fighting 
words,• ·and If one Is rash enough to 
utter them In audible tones one runs 
the serious risk of being branded a 
knave or a fool, or both. However, 
there is plenty of evidence to demon­
strate that they are true and will find 
acceptance by those wllllng and able 
to approach the matter with an open. 
mind. The author's position with re­
spect to such materials is borne of 
personal experience over many years 

..... _. 

as a practical, ham.ls 011, exµluruuun 
geologist. ' . . 

I t· ' 

' ·ii ' 
The Nature of Jhe Pro~lem 

The sub-title of this article Indicates 
the problems are only partly to do with 
geology, chemistry arid physics. Woolly 
thinking and closed minds, some of 
them very tightly closed, are also slgnifl· 
cant players. , , 

If we run through the practical, sci­
entific aspects of these problems, the 
other less tangible aspec1a will be­
come apparent. Fire assaying is not 
the only probl5m area; Indeed, It may 
be the least Important In terms of the 
real problem, but it is the one which 
attracts the most attention, and causes 
the biggest controvorsy. 

Two important things happened In 
the years immediately prior to the 1970s 
and In the 20 years or so since then. 
First, we lost a whole generation, or 
perhaps two generations, of fire 
assayers: with the price or gold fixed 
for so long et $35 an ounce, It did not 
matter very much whether the amount 
of gold In a sample was 0.01 or 0.1 
ounce per ton and, thus, fire assaying 
became something of a lost skill. Many 
of the old time assayers were more 

artists l11a11 s~1on11s1s uml luul.; a !rih.iE:L L 
deal of trouble to get the flux right; they 
could tell very often Just by sight, or by 
the application of some simple prepa­
ratory procedure, whether the ore was 
acidic or basic arid would· adapt the 
flux accordingly, and If they did not get 
It right the first time they would repeat 
the assay. More importantly; they knew 
that fire assaying is not a universally 
applicable technique as Indicated by 
some of the old texts on assaying. How 
many laboratories these d{ly9 hava 
pebple like that, and If they do, how· 
m~ny of them could afford lo repeal an 
assay? 

The modern assay laboratory is 
designed to handle several hundred, 
or several thousand samples a· day 
and their price structure Is based on 
volume. One has only to review the 

. current laboratory price lists to see the 
problem. In Vancouver, as an example, 
most laboratories will charge about 
$11 for a gold-plus-silver fire assay 
with an extrl! $3. 75 or so for sample 
preparation. When the poverty-line 
salary level In Canada is $26,000 pa, 
what kind of an assay are you going to 
get for $15? Cert.ainly not one that 

C~ntlnusd pg. 64 
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Muylng-
. continued from pg. 10 

. requires mora than a cursory lnspec· 
- lion of the ore, ortha slag, or of the lead 

button. Ono sample ls going to be 
I" ~ted exactly the same as the next 

.ole even though the character of 
the two samples may be quite differ· 
ent Anyone who thinks that a $15 
precious metal assay on a complex 
ore is golng to b~ accurate on any but 
an accidental b~sis Is not living in the 
real world. Ever worse these days, 
some laboratories are offering Instru­
mental preciou$ metal assays, acid 
digestion/JCP or ,similar procedure fdr 
$3. 75, and they would have you be· 
fieve that they have a foolproof com­
P'Jler program that will correct for all 
the matrix effects and Interferences! 
For a straightforward simple gold In 
quartz ore this may be accurate 
enough, but who is going to decide 
whether you go for the $3.75 orthe $15 
assay, and if you have a complex ore 
Is it really going to matter? You are 
probably not going to get the right 
answer In either case. This Is not to say 
that it cannot be done; perhaps II can 
if you have the right equipment and : 
have taken the trouble to prepare 
proper standards, and have an ICP 
Instrument with a 0.02 Angstrom 

'ielle grating to stretch the line spec· 
...... so that you can be sure that the 
lines you are readlng are the ones you 

want and are free ol lnterlerences, but 
there are not many commercial labora­
tories that have this equlpmen~ or who 
can afford within their basic price struc­
ture to take enough time to go through 
all the desirable precautionary stages. 
It is Important to have a clear mind 
aboui whe1t you are paying for and to 
be able to make the distinction be­
tween what Y,OU think you. ar.e getting 
for a specific price and what you are 
really getting. Such decisions need to 
be made by geologists, not by accoun· 
tants and budget mahagers •. :1 · 

Th~ second important factor was 
the repla~ement of fire assayers with 
Instrument technlclarlswho are trained 
to know wh1¢h bullons to push and 
which digital read-outs to record but 
who, for the most part, have no chemi­
cal background. They have a solution 
prepared by dissolving the button from 
a fire assay, or by digesting an ore 
sample In acid, or cyanide, and they 
know that If they aspirate this into the 
Instrument It Is supposed to give you 
the reading ot what Is in the ore. They 
are always going to get a reading of 
something but how much does the 
technician who pushes the buttons on 
the ICP Instrument, for example, know 
about how well the fire assay has col· 
lected the gold, or the silver, or the 
platinum, or the rhodium, or wh91her 
the element they think they have got In 
solution Is In fact soluble In the form In 

·.;:~ 

which tile)' think It has bee1 I col!UL;lU\.l 5 
in that particular solvent. Without a ' 
solid bac:kground In practical. bench 
chemistry, as well as In theoretical 

· chemistry, probably very few of the 
technicians In the modern cqmmerclal 
assay laboratory are qualified to certify 
any but the most routine results on 
straightforward materials. What hap­
pens 11 they get an ore that contains 
gold plus five or six of the platinum 
group elements? Do they know enough 
about the chemistry and the physics of 
PGE to be sure that they have, inf act; 
determined them all? Our experience 
Is that very few are sufficiently well· 
qualified or experienced In: handling 
these materials to, be able to give a 
reliable certified assay result. 

One of the biggest problems with 
regard to fire assaying is the wide­
spread belief that It is possible accu­
rately to fire assay any precious metal 
bearing ore. People who subscribe to 
this dogma usually have a second ar· 
ticle of faith which says that erratic 
results on replicate samples deter· 
mined by fire assay are due to sam­
pling errors, the old standby 'the nug­
get effect.' Of course, the nugget effect 
can be a problem and It Is essential 
that sampling procedures be carried 
out with the utmost care. In the author's 
experience it Is not the universal prob· 
lem some think it to ba and lack of 
reproduciblllty can bP. 1 and frequently 



I 
I 

•• 
I 
I 
I 
I 
I 
I 
le 
I 
I 
I 
I 
I 
I 
·1 

I 
I 

Is, the result of much more fundamen­
tal facts of physics and chemistry. 

Tsbfe I lists the various collectors 
used in fire: assaying, and the gravi· 
metric and i instrumental procedures 
which are ti1sed to quantify the pre· 
cious metal~ collected by tile firing part 
of the assav~ Le2.d has been used as a 
collector sirlce medieval times and Is 
still, somewhat turprlslngly, theimost 
commonly u.sed today. Even more sur· 
prl!lng, p!Hhaps, Is the f l\et that In 
1991 some assayers still believe that 
lead Is the bast collector for precious 
metals. Some make an enormous con­
cession to modem knowledge and state 
that nickel sulphide works better for 
PG Ms, as though all six of the platinum 
group elements behave the same way. 
Would that they did! 

Table 1 
Fire assay collectors snd 

ansly(!csl methods for prsclous msta/s 

!ir.JLA:~ec.Lat£ 

Lead, nlcknl sulphide, tin oiclde/tln, copper sulphide 

MaM/cal m8/hoc13; 
F·AAS Flame atomic absorptiort spectrometry 
OF·AAS Graphite furnace atomic absorption spec 

trometry 
ICP Inductively coupled pr11,ma 
OCP Dl111ct eurrel\t pla5ma· 
ES EmlRROr'I speelrom&try 
·s Man Spectrometry 

... ,FG Atomic lluortJctnce spectrometry 
NAA Neutron aclivatiol\ analysis 
INAA lnstruintnlal neutron 11ctlvetlon anely~i~ 

The facts regarding each of the~e 
collectors ara summarized below: 

L&!si 
(a) Sultable for gold and silver in the 

absence of interfering substances; 
(b) Less useful for platinum and 

palladium because their high melting 
point requires substantial amounts of 
alloying constituents such as gold or 
(especially) silver; .. 

(c) Even ICJSS useful for. rhodium, 
ruthenium and iridium since these do 
not alloy wlth silver. 

Jron-coooer·nickel sllovs 
High temperature fusion methods 

were devstoped by Beamish In the 

& Inman ( 1961) and has been shown 
to produce more consistent results with 
some of the more difficult gold/PGE 
ores but Is not widely used. 

Nfcke/ sutpb;de . 
The use of this collector was devel· · 

oped In South Af f.ica In the early 1970s 
for pf a Unum group mfi!lals but its great 
dr~wback Is its inability quantlt~tlvely 
to oolleot gold WQlch usually Is lost to 
thA l'llAg. Gold collfl!ctlon Into nlck1l 1ul· 
phlde Is Improved. by the addition of 
copper to the system. 

~; 

·The method of collecllng all eight 

1960s to collect precious metals Into ( 
these alloys in response to demands 
for better collecting systems but this 
system Is now only used to a very 
· -nited extent. 

Tin oxide/tin 
This method was developed by F~ye 

California M/m'"g /ournal/Nov~mbrr 1992 

precious metals Into copper sulphide, 
formed by use of copper oxide and 
sulphur, was developed by l<allman & 
Blumberg (1986) at Ledoux and Co. 
and has been shown to have e number 
of advantages over other methods.· 

The situation regarding the status of 
fire assaying in the industry is, per­
haps, best summed up by a rnply made 
at a Maring held by one of the Cana­
dian Provlncl!!I Prof A!111lonAI EnglMors 
Associations In 1989. counsel put tile 
question ns to whothor thorn Is nny 
controversy regarding the use and 
applicability of the fire assay tech· 
nlque. The roply, from the sole advisor· 
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to the Regulatory Authority In that pa.r­
tlcular jurisdiction was, "No, sir, there 

, ls no controversy.' Well, It Is submitted 
that there Is a controversy; witness the 
'"'llowlng statements: 

The pyrometallurgica/ techniques of 
fire assaying whether used for the 
gravimetric. analyses of total gold 
and s/Jv9r vatu8s or .. 'for 
preconcenl(atlon prior to lnstrumen· 
tal analystJf re.main the most: rs• 
spected procedure for analysis of 
procious mbtarvalues (Bacon et al. 
1989), ' ' ! 

; ~ 
!' : i 

Th& chemical .repertoire available 
·{Ir: the late 1960s and early 197,0s) 
consisted chiefly of fire assay tech· 
nlques Involving the lead collecting 
system. This system, 11owever, 
fa/led to be adequate as a support 
ba'ils for Instrument~/ techniques 
(Kallman & Blumberg, 1986). 
II these experts cannot agree is il 

not possible th~t the industry has a 

serious problem on Its hande? 
Time does not permit one to go into 

the Inconsistencies present in the world 
of precious metal analysls today but 
maybe It would not be impertinent to 
enquire why, If these well known end 
well trie<.J tradltional techniques are the 
best, did Beamish keep publishing re· 
visions of his classic texts, and why did 
Beamish & Van Loon (1f'77) develop 
their well-known wet ohemlcal prooe· 
du re tor the determination of the Noble 
Metals? Is It pos!jlbte, perhaps, that 
there is, in tact, a': problem with the 
universal appllcatldn of th$ :11r1 assay 
teohnlqua? If thlli i;ls 'the case, then 
perhapfl there Is a.I so a prof assional 
problem, nol~ay;a legal problem as 
well, with all tne admlnlstrativa deci­
sions that have been rendered In ,a 
number or jurisdictions based on the 
inability of assayers appointed byvari· 
ous non-technical regulatory bodies to 
reproduce, by fire assay; results pro· 
duced by others through the appli· 
cation of the pr!nclples and procedures 

of classical chemistry and hydrometal· 
lurgy? 

Then~ are problems also In deter· 
mining some of these types of ores by 
Instrumental techniques. The problems 
are not Insurmountable but if one is not 
aware that they exist, how c:sn steps 
be taken to ensure thalthey are over· 
coma? Optical emission spectroscopy 
Is a caB1 In point. This technique came 
Into Its own about 40 years ago and It 
la a sign of the rapid advances made In · 
Instrumental techniques that today It Is 
bwcoming quite difficult to find a com~ 
mtrolal laboratory that still has opllcal · 
emission spectrographic equipment In · 

. working order and regular use. Otten It 
Is even more difficult to find experl· 
enced operators for such· equipment' 
except, perhaps, In the laboratories of 
cer1ain precious metal refiners. For 
those laboratories who do still provide 
thls analy1ical technique, \he standard 
procedure seems to be a f alrly short 
qurn time: 30 seconds commonly but, j1 most, two minutes. Attempts by the 

r10 • .. ,. 
__________ .... r_· .. ~ .. ·• ------1'1 11 ··--·--- ·-·­
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author to get a commerclal laboratory 
. to use a five minute burn were met by 

responses which varied from •we'll 
have no electrodes left if we burn It tor 
that long• to •we do this all the time and 
we know how to read platinum group 
elements.· 

· Table 2 is taken from Twyman (1951) 
and is based on a method developed 
by Peters ( 1933), for the detection and 
estimation of platinum metals In ores. 

Peters produced a lead butlon by 
blowpipe fusion of the ore with a lead 
acetate fusion mixture and fluxes and 
cupelled)these to produce a .le~d prill 
wh lch was then sp.ectroscoplcally ex· 
amlned by arcing In a crater;of a car­
bon elec,trode using a curren~ of 10· 13 
amps. By tul<ing a series of e~posures, 

' ' 

each of 20 seconds duration with a 
time lag of 5 seconds between photo· 

·graphs, he demonstrated that the se· 
quence of volatilization was as shown 
In Table 2. This work, undertaken nearly 
sixty years ago appears to have been 
largely ignored. Why? Perhaps be· 
cause many assayers are not even. 
aware of it. 

If a two-minute burn Is used, only 
part of the platinum metals will be 
volatillzed and any quantification base~ 
on spectra so obtained will be lnaccu­
rala. If the burn lasts only 30 seconds, 
none will be volatilized and none wlll 
be detected.: Could this be why so 
many assay certificates for spectro· 
scoplc anafy·ses for ·platinum group 
elements show •nonldetected" even 

J: 1'. 
;• 
; ~ 

Table 2 
Tha ordo; cl vol111J//zation of platinum metals 

~5 
0·20 Pb Ag 
25·45 Pb Ag Au 
50·70 Ag Au Pd 
75.95 Pd Ru Rh Pt 
100·120 Pd Ru Ah Pt Ir 
125·145 Ru Rh Pt Ir Os 
150·170 Rh Pl Ir Oe 

Mor T"Y"'"" (1gS1) 

when other methods have shown these 
elements to be present? It Is important 
to have a r,lear mind about the capa· 
bilities of the techniques being used. 

Case History; 
Gold &·Platinum 
Group !:laments 

Some of the points raised above 
can be illustrated by a study with which 
the author has been Involved since the 
early 1960s when asked by a client to 
sample a certain area in the western 
United States and to assay the samples 
for gold. ·rhe rocks are phyllites and 
schists which have been regionally 
metamorphosed to greenschist fii<.:ies. 
lnlllal scepticism about the likelihood 
of finding any significant amounts of 
gold in these particular rocks, brought , . 
an assurance that gold was present, a : 
fact proven by amalgamation. This was : 
confirmed by the author who also re- 1 

covered free gold by amalgamation 
from the crushed rock. Further sam­
pling was carried out which con ff rmed ! 

that gold values were present in these 
rocks over a large area. More detailed 
work involved geologlcal mapping and 
additional sampling to try to establish 
the grade of this surface mineraliza· 
tion and it was this which led to recog­
nition ot .an assaying problem. In an· 



attempt to solve this problem; a com-
• poslte sample was prepared from over 

I Table 3 

I •• '. 
r
' · 200 large samples. The control on the 

preparation of this composite sample 
was very strict and great care was 

The eff9cts of th9 eddrtlon of spiked sulphide orl Into the "Sawyer Master BUmd' 

·en to ensure thorough mixing so as % Master 
... .>roduce an homogeneous sample. ....ElliWI 
It was found that one could alweys 

100 assay very low gold values, In the 

'Yo Sulohlda 

0 
3.3 
8.4 
g,3 

Theoretteal 
ooia· (mg) 

0.0 
0.007 
0.001 
0.002 
0.003 
0.004 
0.005 
0.007 
0.021 

Measured 
Q.Qid (mg) 

0.0 
0.002 
0.002 
0.003 
0.002 
0.004 
0:002 
0.002 
0.021 

Qll!erenca 
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0 0 8 
98.7 

range up to . o ounces per ton, and 91.e 
· 1, that reproduciblllty in this range was 90.7 
(' good and within acceptable limits. e1.e 
L. Occasionally, however, values ten 95·

4 

j;" times (or more) greater were obtained. ~~:~ 

12.1 
14.6 
19.4 
25.El 
100 

·0.005 
+0.001 -
+0.001 
·0.001 
. 0 

·0.003 
·0.005 

~. Even using multiple replicates under o 
the most Mref ully controlled condi· 
tlons, reprod1.1cl9ility of these higher 
Value& COUid not be achieved Within "ThoorelicAI Ollld lw !hat w?llch rnuHI from 1n•lytlt only In lh• Cll9 .,,,.,,,._the ON! 11100%. All Olhtr IHUlll .,._ calcutaled, 

acceptable limits. A research program, 
initiated to develop a reproducible as· 
say technique and to establish a con- greater the discrepancy between the 
slstent grade for gold in the rocks im· expected value of gold In the sample 
der F:tudy, wa$ unsuccessful. Several and th.at actually achieved. 
hundred anal~ses were performed us- Further work, using classlcal wet 
Ing all the stqndard fluxes and tech· chemistry and subsequent conflrma· 

i niques, as well as many innovative tion of products of chemical separa· 
procedures, .without being ablei to tions by glow dls9harge rpass spec· 

1: achieve satisfactory reproducibility. It trometry and other methods, confirmed 
I was always possible to produce a bead that the composlte'sample carried slg· 

from fire as!:ay procedures but :the nlficant amounts ol platinum group el­
beads frequen!ly exhibited character- ements. There is no doubt that the 
istlcs which indicated the probable diffk:ulty in determining the gold In this 
"lresence of other elements. Amongst material ls directly.related to the pres­

e experiments carried out were a ence of the PGEs. 
number of. "spiking- procedures in A second composite sample rvas 

Table 4. 
Results pbtalm1d from spiking a composlt11 

samplt1 with /(flown amovnts of gold er" 

~ 
Wl'lto 

5.J.JIWj ~ ~ ~d 
At 

A2 

A3 
A4 

100.0 tu 1U 
75.Z 12.5 11.2 

~u 8. 10 8.8t 

2•.0 3.0I 3.1.P 

Table 5 
Discrspsncles In gold contBnl of splkttd 

samp/9$ /!stad In Table 4 

which gold lnquarts were added to the prepared In 1989 using material f,rom ,.,,,pie ~2 p•.i?. 1z.sit0.m. us Oii MOFIE 

sample. 11.iE:o, varying amounts of a six separate drllt holes In another area [o• 1 1~.21t>.mJ. 1s.e. ue Ol1 Mo11e1 
gold ore, which had been assayed of slmil~r geology. This oompqslte 
successfully with good reproducibility sample was then analyzed by fire as· &•ITIP19 ~ 1u1·e.10)10.•BB·1.4se llf1 MORE 

many times In the past, were added to say, wat chemical separations, and lor ce.eito.m) · 1u • 1.•~3 ~ MOREJ 

the sample. The results were Interest· variou9 instrumental techniques. The S•mpie, 13.H. uovo.u •. 2.89 ii11 Less 
ing and informative. They showed that results wero essentlally slmllarto those to• t3.29ro.2~l. 1e.e. 2.e91>"1 LU&! 

often not all, and sometimes none, of from the earlier research program. 

I the lnquarted gold was recovered and, Some of this material was also given to 
• In the case of the known gold ore, a cor.imerclal laboratory In the UK Table 5 shows calculations using 

the data from Tabls 4. It Is evident that, 
not only are the two sets of figures (the 
actual assay rnsults and those ex· 
peeled from the dilution ratios used) 
not in reasonable agreement bi.Jt that, 
If Indeed the assayer really thought 
that they were, one should have serl-: 
ous reservations about using such a 
laboratory again when their control Is 
poor and they have such low expecta­
tions of their accuracy. One suspects 
that the presencG of platinum group. 
elements In these rocks had already 
been ruled out and the Interpretation of 
results was entirely subjective. 

I '·' results were Inconsistent with calcu- which was asked to perform various 

I lated chemical balance equations. · procedures to determine Its constltu· I Strikingly, as the amount of the com· ents. Flt'e assay procedures showed 

I 
poslte sample was Increased, the very minor amount or gold and essen· 
amount of gold recovered diminished tlally no platinum group elements. To 

I I , until a point was reached at which no .convince themselves, and us, that their 
I_.:,·.·· gold was recovered. Clearly the com- work was accurate, they also carried 
I . poslte sample contained materials outsplklngexperlmentswhichlnvolved 

I f~ which were preventing the recovery of adding known amounts of a previously 
· the gold. The mechanism causing this determined gold ore to the composite l1 · was, at that time, a subject only for sample. The results are reproduced In 

Ii speculation. / Table 4. 

I f Table 3 l'Justrates this phenome· These results were accompanied 
f j non. It shows that the results, obtained by the comment that ~n Is evident that 
/i ; · by adding varying amounts of a known there Is reasonable agreement be· 

I 
I 

~, 3old bearing sul,pnlde ore Into the com- tween the actual assay results and These results confirm those of the 
· ~·i posite sample ("Sawyer Master thoseexpectedfromthedllutlonratlos earllerworkandclearlyshowthatthere 

1
:- Blend"), are erratic and that, as more u5ed." This Is a very significant state· ts some interaction betw.een the gold • ~I O~ the con1p::••: s~~p~e IB """""· U~• .. ''~"' ,, wl•l•~.n-~od:~·~~·~•--mlnolln~ ;,~~:::~::;';,".~~:::::.::: :::~ 
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accurate determination. As more of and thus tho occurrence of platinum 
····the ore sample Is added to the known ·· group elements within this assemblage 
'Sample, the amount of gold recovered Is not surprlslng. 
diminishes. A point, therefore, could The general area Is characterized 

· be reached at which no gold Is recov· . by widespread placer mining opera· 
. ered at all. Whether this interlerence Is tlons on most of Its creeks and rivers 

chemical, or physical, or both, Is not over the last 1 oo years~ Numerous old 
clear. The scientific approach Is to reports on these operations contain 
observe and record the facts and then references to the occurrence of platl· · 
to try to understand what mechanism num with the gold In the gravels and 
might be causing them. black sands worked by the placer min· 

Although It is clearly not possible to era, and reference to official statistics 
go· Into a detailed description of the published by tho State Department of 
geology and mineralogy of :these de· Geology and Mineral Industries shows 
posits In this article it Is lnter~sting, and that periods of highest platinum pro· 
may be Important, to look at the geo· ductlon correspond to periods of great­
logfcal setting ·of the rocks In Question. est placer mining activity. 

These rocks occur as part of the Field relations indicate fairly con-
. largest !of three kllppen In an area cluslvely tha,t the source of the gold 
which has been described as a superb and other heavy minerals In the drain· 
exampl6 of collisional tectonics, Litholo· age system ':Is the package of rocks 
gles pr~sant lncludB phylUte( m!ca· from which .the samples referred to 
ceous s~hists, metasedimentary and above were bollected. What was puz· 
nietavol'canic rocks. There are highly , zling Is why this source had not been 
sheared ·se~pentinized perid,otite bod· recognized and commerr;ially exploited 
!es which are at the base of .the thrust In the past. The inability to assay these 
sheet, . probably deriv~d from rocks by standard techniques might 
harzburglte and dunite and which may have obscur~d the fact that they are 
bedlsm*"mberedpartsofoceanlccrust. the source of'h-_a,old and PGM. Also, 
They clearly have an ophlollte affinity sur1ace exposur~ of these rocks do 

not suggest that they might be Ilk 
candidates. It ls only when the esti: 
Ing problem Is recognized that the ( 
ology of the area begins to make sen 

Two questions remain to be : 
dressed: I) Why are they so dilllculi 
assay? 2) Are. there any geologl 
conditions which may be contributi 
to the problem? 

This article does not Intend to ; 
dress these questions In detail, 1 
stresses the point that assaying 
mineral resource evaluation is not 
ways as straightforward as it may see 
However, some generalized comm er 
may be appropriate. 

To address the first point, they r. 
difficult to assay because. they do r 
behave In the manner which, on t 
basis of normally accepted practl( 
we expect them to behave. There 
good independMt evidence which cc 
firms that there Is significant gold a 
PG Ms in these rocks but n:1rm.al as:: 
techniques usually detect only part · 
the gold, and frequently, none of 11 
PGEs. The spiking experiments, cJ 
scribed earller, clearly demonstrate I~ 
there ls an Interference eff~c! !n ~r11;•1 
tlon against the successful app!lcritl1 

;. 
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ot standard fire assay procedures. Also, earlier, the 'evidence Is far from com­
the apparent variation In composition plete, or from being convincing, but 
otthe same composite sample reported there Is a suggestion that the condl· 
by different laboratories using other tlons required for the formation ot these 
standard techniques such as X-ray unusual materials may be more readily 
fluorescence, INAA, optical emission found In a specific plate tectonic set· 
spectroscopy, and instrumental tech· ting such as that which has ovolved as 
nlques (such as AA or ICP) on fire the result of coHapie of back·.arc· and 
assay prills, or by digestion by acid or fore-arc basins. Within thla setting, It is 

:i:i, other chemicals, Is evidence enough, the presence of thtust faulting that Is 
at least to the author, that they have Important for it has led to the juxtapo· 
unusual properties. Some of these el· sition of ultrabasic rocks (the source of 
ements may not occur in normal metal· the PG Es) with host metasedlments. Jf 
lie form and may not be detectable by there Is a genetic relationship between 
the standard lnstrurnental techniques. 

The problem Is put succinctly by 
Duncan & Rouvray (1989) as follows; 

small uggr1:19ates ot aroms conslilule a di&· 
Unct phase of mailer. Their cl'111mlstry, at 
once highly reactive and salecllve, has poa· 
&lblo applications In catalyals, optic&, and 
electronlca. 

We know that there is a great deal of 
research being carried out at present 
into the behavior of elements In small 
aggregates and. at least one learned 
society, the Faraday Division of the 
Royal Society of Chemistry, considers 
it important enough to have devoted a 
three· day symposium to it in Septem· 
ber 1991. Their ~lrcular for General 
Discu::islon 92, announcing this sym· 
posium states: . 

There is growing lnlere$l, ranglr1g from the 
theoretlcal to lh!il pr11p1m1tive; In dispersed 
1md aupported pllrtlcles ot minute dlmen· 
11!onr; consisting ot le&s than hin and up to 
&11veral million atomo. Theu poueaG a 
w11alth of electronic, magnetic, chemical, 
and alactrochemlcal properties. ·rnay ali>O 
constitute lormld11ble challBngH with re· 
gard to evolving reliable mettiod& fQ( lhair 
characterization and th11 delarmlnatJon ol 
thel1 lntemal and aurt11c& a11ucture. 

· lhal materials having these unusual 
properties do exist, Is an accepted fact 
among scientists in other disciplines. 
Is there any reason to believe that they 
cannot, or do not, exist as naturally 

·occurring material In a oeologlcal aet· 
ting, I.e., in rocks? · 

The details of the case history cited 
in broad and generalized tetms above, 
suggests that there are natura!IY oc­
curring precious metal ores which ex­
hibit some unusual characteristics. 
Materials which do not initially show 
detectabl6 IE;tvel~ of an element on 
standard Instruments have been shown 
to contain significant concentrations 
alter specific treatment. 

A-,;: tn thA second auestlon posed 

PAGE. 11 

the type of precious metal minerallza· 
tion, which exhibits sorne of the un­
usual characterlstles discussed ear· 
lier, and the plate tectonic ~ettlng, then 
this could have a significant impact on 
exploration for these metals. 

Conclusion 
It is Important to point out that the 

comments and opinions In this article 
are Intended to be viewed In the per· 
spective of the constantly changing 
state of our knowledgti of th9 natural 
universe. 

--- , 



~ssaying-Controversy and Reality 
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I· 

u 1 ••• vln C. Johnson, Jr., Ph.D. 

The purpose of this article is to 
review some of the features of the fire 
assay method of analyzing for pre­
cious metals and to discuss a few of 
the more recent misconceptions con­
cerning ores that reportedly "do not 
fire assay for gold and silvercohtent." 

.Fire assaying is perhaps the single 
·- most important technique used in the 

mineral industry to. demonstrate the 
visible presence of precious metals in 
various geologic ores and concen­
trates. Depending on the quality of 
application, individual fire assaying 
results may range from less than quali­
tative to quantitative. It is unrealistic to 
give the assayer $15 and a complex 
refractory ore sample, and expect in 
return to promptly receive a quantita­
tive extraction and recovery report on 
the precious metal content. In order to 
properly assay most ores, and espe­
cially to develop a usable fire assay 
procedure for a particular ore, exten-
sive development work is often neces-

1.A sary. To state that some types of pre­
' W cious metal-bearing ores cannot be 

fire assayed is as misleading as it is to 

I 
I 
I 
I 
I 
I 
I 
f 
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say that all precious metal-bearing 
ore can be fire assayed and those that 
do not respond to certain specified fire 
assaying procedures do not have any 
precious metal values. It might be bet­
ter to state that all ores containing 
precious metals are capable of being 
quantitatively analyzed by fire assay­
ing methods if: (1) the sample matrix 
has been properly prepared prior to 
analysis, and; (2) the fire assaying 

technique is properly performed. 
In general, the process of fire assay­

ing for precious metal content may be 
divided into four stages, part of which 
may not be necessary depending on 
the desired results. Matrix preparation 
(Stage 1) is of primary importance in 

, a!I analytical pro.cedures. Such steps 
as comminution, oxidation of sulfides. 
andsulfO~salts, distillation of mercury, 
and the leachir.ig of excessive a­
mounts of base metals from ore sam­
ples prior to fire assaying can make 
the difference between success and 
failure. The second stage involves the 
fusion of the prepared ore sample. In 
this step it is necessary that the flux 
formulation be correct to insure the 
proper fusion chemistry. Other varia­
bles such as the temperature of 
fusion, the type of furnace used, and 
the length of fusion time are of great 
importance. In fire assaying, litharge is 
perhaps the most commonly used 
precious metal collector; however, 
copper, nickel, and tin, or compounds 
thereof, are also used for special 
applications. In certain situations 
where relatively. large amounts of gold 
and platinum~group elemen'ts are 
suspected to be present, silver is used 
as an inquarting media, usually in con­
junction with litharge. Depending on 
the reference, from 10 to 20 times the 
suspected amount of gold plus platinum­
group elements is suggested for the 
amount of silver inquart. This inquart 
may be added either to the fusion or at 
the cupellation stage. When the fusion 
is poured, generally into a cast iron 
mold, the button of collector-metal is 
recovered. 

Stage 3 in the general procedure of 
fire assaying is referred to as scorifica-
tion and this step applies mainly to 
lead buttons. Scorification is applica-
ble if it is deemed necessary to 
remove contaminants that were col-
lected by the lead in the fusion step 
which could seriously interfere with 
the recovery of the precious metals in 
the cupellation process. This step is 
too often omitted in the fire assay 
procedure, sometimes causing· inac-

. curate results. ·Scorification of .the 
assay button would tend to prevent 

1 much of the interference by many of 
! the transition elements in the recovery 
, by cupellation of precious metals in 
dore form. At this stage the assay but­
ton, which has collected the various 
metals from the ore sample, may either 
be analyzed gravimetrically or spec­
trographically, or the fire assay pro­
cedure may be continued through 
cupellation. 

The final stage of fire assaying is 
cupellation. The prill resulting from 
cupellation may either be parted with 
nitric acid and the gold and silver con­
tents of the prill calculated, or the prill 
may be analyzed by gravimetric or 
machine methods. In the latter situa­
tion the content of platinum-group 
elements may be calculated. 

In reviewing some of the basic prob~·' 
!ems in fire assaying a particular ore 
sample for its precious metal content, 
it seems reasonable that without a 
prior knowledge of the ore and its con­
tents, on a one or two time trial basis 
the results of several different assay­
ers will not necessarily coincide. Fire 
assayers tend to be artisans in their 
own right. Many of them tend to spe­
cialize in ores that are within their own 
geologic district. In order to replicate 
their data the procedures that they 
used to prepare and assay a certain 
ore must be known. 

In comparison, machine analysis by 
such methods as spectroscopy, X­
ray, and neutron activation analysis 
has problems that are not entirely dis­
similar from that of fire assaying. In this 
situation the analyst is frequently 
requested to analyze ore samples that 
contain an abundance of elements 
that drastically interfere with sample 
matrix preparation. These elements 

, might also interfere with the detection 
and quantitizing of many, if not all, of 
the precious elements. There a.re 

· operators that have, over a period of 
years, developed certain procedures. 

. r, . 
7 

for the accurate analysis of various /:J~J; 

~!~: J 
w~ 
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types of ores. Without using the same 
or similar analytical procedures, it 
should not be assumed that two dif-

- ferent analysts will arrive at the same, 
A or closely similar, analytical results, 

'. .'Jl9' especially where the precious ele-
> 1.·~ ments are concerned. 

1 
.~ Because of the problems inherent in 

1 
:'~ analyzing certain types of ores for 

1 
,. ,J precious metal content, many mine 

" developers have attributed the prob-
' '\\ lem of conflicting results to such pos­

i ,.~ 
t . 
r ~, 

sible phenomena as micron-size gold, 
organic precious metal-bearing com­
plexes, volatization of gold halides, 
and other such possibilities that would 
prevent a proper analysis of their ore. 
In many cases these operators have 
been able to perform cursory assays 
and recover enough precious metal 
content to convince them that the 
values are present, but for various 
reasons the results are not easily 
repeatable by either themselves or by 
third-party analysts. This could mean 
that significant values are, in fact, 
present, but for some reason an ana­
lytical procedure that will repeatedly 
detect these values has not yet been 
developed for this particular ore body. 

'; 

: A case in point is the Carlin dissemi-
·~1ated gold deposit which is located in 
·-evada. Because of the lack of an 
· · appropriate analytical method, this 

I 

•• 

well-known gold deposit was over-
looked for many years. It was some 
time after the deposit was being ex­
ploited that a fire assay procedure 
was developed which actually reflect­
ed the gold values present. This 
procedure was utilized for further 
exploration and exploitation of this 
area. Suc.;h foresight should be ac­
claimed, not condemned just because 

, this ore deposit could not be located 
~:'! .. ·- with "standard" fire assay procedures 

· as they then existed. 
The presence of platinum-group 

elements in an ore sample can pres­
ent the fire assayer with serious inter­
ference problems if they are not con­
sidered as the assay is taken through 
the cupellation stage. If the sample 
contains considerably larger amounts 
of platinum-group elements as com­
pared to silver and I or gold content 
and, in turn, the sample is fire assayed 
through the cupellation process with~ 

··. out the addition of sufficient inquart­
'J media, the collection of total pre­
us metal content from the sample 

. ~o the prill will be appreciably dimin­
.. ·· IShed. If the presence of significant 
· .. \f Platinum-group elements is suspect­

·:1 · 
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ed in a sample, most professional fire 
assayers suggest the addition of from 
10 to 20 times silver (or perhaps gold) 
more than the total amount of pre­
dicted PGE. If the above phenomena 
is in doubt, it can only be suggested 
that a blank sample be spiked with a 
precious metal content that consists 
of relatively large amounts of platinum­
group elements and relatively small 
amounts of silver and gold. Perform a 
standard fire assay analysis (with no 
addition of inquarting media) through 
the cupellation stage, and weigh the 
results and calculate the recovery. 
The simple fact' is,· certain combina­
tions of precious metals will not form 
dore alloys under the normal tempera­
ture conditions of cupellation. The 
myth becomes reality! 

It is unrealistic to give the 
assayer $15 and a complex 
refractory ore sample, and 
expect in return to promptly 
receive. a quantitative 
extraction and recovery 
report on the·precious 
metal content. 

An interesting example of the perils 
that are frequently encountered when 
utilizing a "canned" gold extraction 
flowsheet was recently observed by 
this writer. The ore being evaluated 
was a volcanic scoria and the pre­
cious metal values were largely pres­
ent in the form of a metallic-like coat­
ing on the vesicle surfaces. Spectro­
graphic analysis of this material in­
dicated the presence of precious 
element content as well as relatively . 
large amounts ·or As, Hg, Ti, Se, Te, Bi, 
$b, Fe, Zn, Cu, Pb, Cr, Co, Mn, and Ni. 
Sulfur was determined by other 
methods to be present as well, but not 
in significant quantities. Since "stand­
ard" fire assay techniques did not 
reflect the precious metal content in 
this particular ore, a modified fire 
assay procedure was developed that 
enabled the use of fire assaying 
methods in controlling the extraction 
study of this ore. The initial extraction 
procedures that were performed were 
"conventional" and very similar to 
those that are proposed elsewhere. 
The testing procedures consisted of 
amalgamation, cyanidation, and sul­
fide flotation. In considering the com­
position of the precious metal-bearing 
component of this ore it is not surpris­
ing that none of the· above three 

extraction procedures proved even 
partially successful. If just these con­
ventional "canned" procedures for 
analysis and evaluation had been 
used on this ore it is likely that it would 
have been rejected as being poten­
tially economic. 
. In conclusion, it should be stated 
that this article is not a condemnation 
6f any particular method of analysis or 
ore evaluation procedure. Far from it! 
This presentatiori'is partially to remind 
the mineral industry that ore analysts 
we not machines that automatically 
provide the same data from the same . . " ..• 
samples. A great deal of training and 
experience is required, as well as an 
open mind, for both mineral analysts 
and prospective clients. Systems 
change arid new procedures and 
modifications evolve; otherwise, how 
can we as an industry manage to 
survive? 
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INTRODUCTION 

While reading this bulletin, we 
hope you will keep in mind that 
any reference work comprises the 
best knowledge an author has at 
the moment and may at some point 
in the future be considered in 
error, or in need of revision. 

Minerals of Gold contains bits ----of information drawn from several 
sources and presented in a unified 
manner. 

In the interest of brevity, we 
have been forced to use some tech­
nical terms with which the reader 
may not be familiar. However, we 
have placed the Glossary of Terms 
at the beginning of the text and 
repeatedly reinforced the meanings 
of these terms throughout the 
text. 

Were you to look up any one of 
these minerals in a standard 
reference book, you would find 
them listed as "rare. 11 Please 
keep in mind that such statements 
are based upon the entire litho­
sphere (e.g., the entire surface 
of the planet). 

When auriferous (gold bearing) 
deposits are taken as the basis of 
comparison, they are by no means 
rare. In fact, they are quite 
common. To some degree or other, 
they are found in every deposit, 
including placer. 

It is unfortunate that this 
literal interpretation of the term 
II II rare has .tainted the conceptual 
understanding of most assayers and 
metallurgists. As a result, no 
consideration has been given to 
the unusual chemical and pyromet­
allurgical P.roblems encountered 

when attempting to analyze and/or 
recover gold from these minerals • 

We hope this bulletin will con­
tribute to a better understanding 
of these problems by the layman 
and.the professional alike. 

IN BRIEF 
Preceeding the name and chemi­

cal composition of each mineral 
is a series of drawings depicting 
its crystal configuration (if 
known). There will be a heavy bar 
drawn beneath the most common form 
in which that mineral will be en­
countered. 

If some unusual configuration of 
the basic forms are involved, it 
will be included. 

Following the name and chemical 
formula will be a verbal descrip­
tion of the mineral, and where the 
experts disagree, we have noted 
the fact and given both versions. 

None of these minerals are 
formed directly from (or within) 
molten magma. Therefore, they are 
the product of water borne ele­
ments. At great depth and under 
tremendous pressure, these 
elements will remain in solution. 
However, as the temperature and/or 
pressures diminish, the solution 
becomes supersaturated and various 
minerals are formed and 
precipitate. 

This is not a, haphazard pheno­
menon, and dep~nding upon the 
elements present, it follows a 
rather orderly ~rocedure. 

The proper term for this pheno­
menon is "paragenetic sequence" 
which we have kept quite brief and 
entitled Paragenetics. 

Following paragenetics will be 
Chemical Behavior which is intend­
ed to warn the reader of the 
problems involved when working 
with these minerals. 

We have not attempted to resolve 
these problemsl merely to make you 
aware of them. i Hopefully, at some 
point in the future, we will be 
able to publish the method of 

-ii-
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analysis and recovery for each 
mineral or set of minerals. 

The last page is dedicated to 
some test procedures which may be 
of help in identifying these 
minerals. 

GLOSSARY OF TERMS 

Antimonical -- containing the ele­
ment of antimony. 

Auriferous -- gold bearing. 

Colloidal -- particles so small 
that they will remain suspended 
in water literally forever. 

Epicenter -- (as used in this 
article) the point at which the 
molten magma bas stopped and the 
aqueous solutions and gasses are 
emanating. 

Epigene -- a geological proces~ 
taking place at or near 'the 
earth's surface. 

Epithermal (deposit) -- a deposit 
formed in rock at shallow depth 
and by low temperature hydro­
thermal solutions. 

Hypogene -- mineralization created 
by ascending waters, as contras­
ted to supergene which is miner­
alization altered or created by 
descending waters. 

Intrusive -- molten rock (magma) 
which has solidified before 
reaching the surface. 

Paragenetic -- referring to the 
chronological order of the crys­
tallization of minerals within 
a vein. 

COMMENTS ON CRYSTALLOGRAPHY 

For gold to form a crystal 
structure with other elements, 
which is repeated and identifiable 
as a mineral, their atomic radii 
must be close to that of gold. To 
simplify the description: one 
cannot build an orderly pile of 
basketballs and ping-pong balls. 

The elements with which gold can 
chemically combine are: silver, 
tellurium, antimony, bismuth, cop­
per and the platinum group metals. 

However, the platinoids usually 
form solid solutions (entrapment 
of one metal within the matrix of 
another). 

Cleavage is the term used where 
a crystal breaks easily along a 
plane, leaving a flat surface. 

Fracture is where a crystal has 
broken across its natural planes 
rather than with these planes. 

Hardness is useful only when a 
crystal is large enough to manipu­
late (which is seldom). 

The Mohs scale of hardness is: 
1) talc; 2) gypsum; 3) calcite; 4) 
fluorite; 5) apatite; 6) ortho­
clase; 7) quartz; 9) corundum; 
and 10) diamond. 

Density is a mineral's mass when 
compared to an equal volume of 
water. 
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Element 

Antimony 

Bismuth 

Copper 

Gold 

Lead 

Selenium 

Silver 

Sulfur 

CHEMICAL SYMBOLS 
USED IN THIS BULLETIN 

Symbol 

Sb 

Bi 

Cu 

Au 

Pb 

Se 

Ag 

s 

Tellurium Te 

Symbolic Terminology (by example) 

Au means one (1) atom of gold 

means two (2) atoms of gold 

AuAg means one (1) atom of gold 
combined with one (1) atom 
of silver 

Au,Ag means gold and/or silver 
without a fixed ratio 

(Au,Ag) means either gold or silver 
but in a fixed ratio [e.g., 
(Au,Ag) would mean that 
either two atoms of gold OR 
two atoms of silver comprise 
this portion of the mineral 
being described]. 

\ 
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No 1dent1f1able crystal habit (probably 1sometr1c) 

Description: 
Petzite is steel grey to iron 

black and quite brittle. 
Even though this mineral bas a 

hardness of 2.5 (between gypsum 
and calcite), it is sectile, and 
this ability to be carved with a 
knife without crumbling is prob­
ably the only clue to its identity 
in the field. 

A density of 9.13 (when pure) 
allows it to collect well in 
gravity concentration. Cleavage 
is described as fair, and the 
fracture is subcboncoidal. 

Paragenetics: 
Petzite is found in intrusive 

and subvolcanic formations where 
.the magma never achieved the 
surface and hydrothermal acti­
vity was absent or nil. 

Chemical Behavior: 
This mineral is insoluble in 

alkali cyanides, hydrochloric 
acid, aqua regia, and potassium 
hydroxide. However, it is 
decomposed by nitric acid, both 
dilute and concentrated. More­
over, the reaction progresses 
with effervescence. 

Ferric chloride will pit the 
surface, but we do not know 
whether or not a ferric chloride 
leach will succeed. (This needs 
to be explored.) 

# 
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Poorly defined, cleavable, grains 

MUTHMANN I TE 
(Ag ,Au) Te 

Description: 
Muthmannite has never been 

proven as a legitimate mineral 
species, but it is often listed 
as such. 

It is described as elongated 
grains of brassy yellow to grey 
white metallic substance which has 
perfect cleavage upon one plane. 

The density is 5.59 which is 
quite light for gold bearing 
minerals, and the hardness is 2.5 
which lies between the hardness of 
gypsum and calcite. 

Paragenetics: 
Unknown. 

Chemical Behavior: 
As the paranthetic (Ag,Au) 

implies, the gold and/or silver 
content may vary from molecule to 
molecule in any sequence, e.g., 
(AuTe) (AgTe) • 

It !s deco~posed by dilute 
nitric acid, leaving the gold 
as a true submicroscopic colloid 
s~spended in solution. 

After leaching, muthmannite is 
soluble in aqua regia if silver 
predominates. However, as this 
ratio may change from one grain 
to the next, there is no assur­
ance that recovery will be 
complete when using any known 
leach solvent. 

PLATINUM GOLD 
(AuPt) 

A combination of gold and 
platinum. 

No authoritative published 
comments. 
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PORPEZITE -- PROPEZITE 
(Au, Pd) 

Description: 
We are uncertain as to the 

proper spelling, for one author 
describes pallaidic-gold {porpe­
zite) as face centered, cubic 
{octahedrons), often distorted in 
shape, with a hardness of 2.5 and 
a density of 19.3, and the second 
author agrees so far, and both 
state that the palladium varies 
from 5% to 10%. 

However, the first author states 
that the color is golden yellow 
with a metallic luster and some­
times a fine brown powder. Whi~e 

the second author declares that it 
is metallic and cream-colored with 
a pinkish tinge. 

Personal Note: As an artist who 
has worked with precious metals in 
the field of jewelry, might I add: 
"They are both correct." 

Five to eight percent Pd content 
fits the first description and 8% 
to 9% the second. By 10%, the 
color is that of white gold used 
in jewelry. 

Chemical Behavior: 
Soluble in aqua regia, alkali 

cyanide, and sometimes in ferric 
chloride/acid/salt leaches. 

# 

RHODITE 
(Au,Rh) 

A combination of gold and rho­
dium {one of the platinum group 
metals). 

No authori~ative published 
comments. 

II 
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No known crystal descr1pt1on 

FISCHESERITE 
Au3AuSe 2 

We have very limited information 
on this mineral. It is not a true 
selenide of gold, for the selenium 
is combined with the silver, and 
the silver is combined with the 
gold. 

The only comments we found on 
the deposition of this mineral 
was the fact that when selenium 
and gold are found together, 
tellurium is usually absent. 

lso•etrtc 

Generally speaking, the higher 
the selenium content, the higher 
the gold content. 

Hypothermal deposition occurs 
earlier than the sulfides, for 
selenium is less mobile than 
sulfur. 

As the chemistry of selenium 
with four common valence states 
i~ rather complicated, we will not 
pursue this discussion until more 
information is available. 

; ' -·::;i'-· 
L .. 1 •••..• ... I 

L1•1l llr Equ1ftt - Colu•n1r Ac1cu1ar 

IRIDIC GOLD--AUROSMIRIDIVM 

Iridic gold is iridium (up to 
20%) trapped in solid solution in 
gold. 

Aurosmiridium is the reverse, 
where gold, and/or osmium, is 
entrapped in a solid solution of 
iridium. 

Sorry, we found no other 
published information on this 
subject other than the fact that 
it is soluble in sodium peroxide 
fusion only. 

# 
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L1•1111r Tabular Equant Colu•nar Acfcular -
NAGYAGITE 

Pb5Au(Te~Sb)Sb4Ss-B 

Description: 
The name is a mouthful, the 

chemical composition complex, and, 
to add insult t~ injury, it is not 
a true sulfide, but rather an 
intermetallic compound. 

To anyone short of an expert, 
these monoclinic crystals appear 
tetragonal. They are usually 
thin, tabular, and often bent. To 
find this mineral in a granular 
form would be unusual. 

Its color ranges from greyish 
white to blackish lead grey with 
a metallic luster. 

Cleavage is perfect, and the 
platelets are flexible. Its 
hardness is 1.5 (a little softer 
than gypsum), and it's density 
ranges from 7.3 to 7.5. 

However, the thin platelets 
often have a tendency to float 
by surface tension. 

T1tr190Aal 

L1•1ll1r Tabular - E q u & " t 

Paragenetics: 
Nagyagite is formed in 

epithermal mineral veins in the 
company of: native gold, electrum, 
altaite, native tellurium, pyrite, 
and alabandite. 

As ·an epigene is, by definition, 
formed at, or near the surface, 
one would assume that nagyagite 
would give way to other minerals 
with depth. 

Chemical Behavior: 
Nagyagite, like most minerals of 

gold, can be decomposed by dilute 
nitric acid, which leaves the gold 
as metal in colloidal solution. 

This mineral is insoluble in 
alkali cyanides, alkali hydrox­
ides, ferric chloride, hydro­
chloric acid, and aqua regia. 

# 

Colu•nar Acicular 
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Monocl 1111 c 

L••tllar Tabular Colu•nar Ac1cular -
NAGYAGITE 

Pb 5Au(Te~Sb)Sb4 s 5 _ 8 

Description: 
The name is a mouthful, the 

chemical composition complex, and, 
to add insult to injury, it is not 
a true sulfide, but rather an 
intermetallic compound. 

To anyone short of an expert, 
these monoclinic crystals appear 
tetragonal. They are usually 
thin, tabular, and often bent. To 
find this mineral in a granular 
form would be unusual. 

Its color ranges from greyish 
white to blackish lead grey with 
a metallic luster. 

Cleavage is perfect, and the 
platelets are flexible. Its 
hardness is 1.5 (a little softer 
than gypsum), and it's density 
ranges from 7.3 to 7.5. 

However, the thin platelets 
often have a tendency to float 
by surface tension. 

Tttragoftal 

L1•11l1r Tabullr - Equaftt 

Paragenetics: 
Nagyagite is formed in 

epithermal mineral veins in the 
company of: native gold, electrum, 
altaite, native tellurium, pyrite, 
and alabandite. 

As ·an epigene is, by definition, 
formed at, or near the surface, 
one would assume that nagyagite 
would give way to other minerals 
with depth. 

Chemical Behavior: 
Nagyagite, like most minerals of 

gold, can be decomposed by dilute 
nitric acid, which leaves the gold 
as metal in colloidal solution. 

This mineral is insoluble in 
alkali cyanides, alkali hydrox­
ides, ferric chloride, hydro­
chloric acid, and aqua regia. 

# 

Colu•nar Actcular 
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L•~ellar Tabular Equant Colu•nar Actcular 

MONTBRAYITE 
(Au,Sb)Te 2 --?-- Au2Te 3 

Description: 
Everyone agrees that montbrayite 

is yellowish white with a metallic 
luster, but there are disagree­
ments as to the chemistry of the 
mineral. 

Some reference sources state 
that an isomorphic replacement of 
gold and antimony combine with 
two atoms of tellurium, and others 
insist that two gold combine with 
three tellurium, and montbrayite 
is the resultant mineral. 

Personal Note: If the experts 
cannot agree, is there any wonder 
that prospectors and assayers 
often argue over the names and 
qualities of minerals? 

All parties agree that the 
crystals called montbrayite have 
good cleavage on all three planes 
of a triclinic crystal and that 
the angles at which the axis of 
these planes meet are 104°30 1

, 

97°34', and 107°53' respec­
tively. 

Their hardness is 2.5. They 
are brittle and have a density of 
9.94 (when pure). 

Personal Note: Someday we will 
ask an expert how the density of 
both possible combinations can 
be so exact. We find this 
difficult to justify. 

Paragenetics: 
We found no specific comments 

as to how and when montbrayite is 
deposited. However, we assume the 
process to be hydrothermal and 
below 370°c. 

This is based upon the fact that 
gold does not lose its mobility in 
aqueous solutions until the 

0 temperature is below 370 C, 
\ montbrayite is found in 

company of: chalcopyrite, 

and 
the 

froth-
bergite, "tellurbismuth," melonite 
and colorodite. 

Chemical Behavior: 
Montbrayite is attacked only by 

dilute nitric acid (with efferves­
cence). If the mineral is rinsed 
shortly after immersion and 
examined, it will have etched in 
an alligator pattern. 

It appears to be a leach opera­
tor's nightmare, for it must be 
decomposed by dilute nitric acid 
before any other chemical will 
attack it. 

# 
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SYLVAN I TE 
(Au,Ag)Te 4 

Description: 
Once again, the experts cannot 

agree. In writings prior to 1966, 
the chemical composition was often 
given as (Au,Ag)Te 2 . However, 
more recent works agree that four 
tellurium to one gold or silver is 
the correct ratio. 

Gold and silver are isomorphic 
and, as such, one can substitute 
for the other in any imaginable 
quantity. 
This isomorphic substitution 
probably explains the difference 
in color description one encoun­
ters when reading various 
reference works. 

There are 3 primary descriptions 
used. One is: yellowish grey to 
silver white with a metallic 
luster. The second is: high 
silver white metallic with a hint 
of yellow. The third is: steel 
grey to silver white metallic. 

In any event, the crystal form 
is a better point of identifica­
tion, for it is monoclinic and 
usually tabular or twinned ..• 
sometimes granular. When it 
occurs in the tabular form, it is 
usually dendritic (like a bush or 
tree within the host) and/or 
graphitic. 

Sylvanite is always brittle with 
an uneven fracture but perfect 
cleavage. The perfect cleavage 
between the lamellar platelets is 
reason for the graphitic behavior, 
and like graphite, it will float 
upon the surface of water effort­
lessly. 

A hardness of 1.5 on the Mohls 
scale is difficult to observe due 
to the brittle quality of this 
mineral, and its graphitic behav­
ior disguises the density, which 
is 8.16 times that of water. 

Paragenetics: 
Sylvanite is the most common 

telluride gold ore. It occurs in 
low temperature (less than 200° 
Centigrade) hydrothermal intrusive 
veins and subvolcanic hydrothermal 
deposits, often in considerable 
quantities. 

Chemical Behavior: 
Sylvanite is a leach operator's 

nightmare, for it is insoluble in 
alkali cyanides, alkali hydrox­
ides, hydrochloric acid, and 
ferroc chloride. 

It has very poor solubility in 
aqua regia, but the tellurium will 
dissolve in 12% to 15% (by volume) 
reagent grade nitric acid, leaving 
the submicroscopic gold in suspen­
sion in the solution. 

These colloidal particles are 
true metallic with a valence of 
zero. However, they are soluble 
in any nitro-chloric acid (a 
combination of nitric acid and 
hydrochloric acid where the nitric 
acid is less than 1:3 with the 
hydrochloric, and water comprises 
at least 50% of the total solu­
tion). 

# 
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When attempting to use cyanide 
as a solvent, one must take into 
consideration that the tellurium 
portion of this compound may be 
etched only by potassium hydrox­
ide, rather than the less 
expensive calcium and/or sodium 
hydroxides which are customarily 
used. However, the potassium 
hydroxide must have time to 
attack the tellurium before the 
alkali cyanide is added. 

Crystal Habit Unknown 

When the accompanying minerals 
do not interfere, calaverite vill 
leach with a combination of sodium 
chloride (salt) (5%), aqueous 
ferric chloride (2.5%), and hydro­
chloric acid (1.2%), the balance 
(91.3%) being water. 

If there are enough requests, 
ASAT will publish a bulletin on 
this last method of leaching and 
the recovery from the leach 
liquor. 

KOSTOVITE 
AuCuTe 4 

Description: 
If you have gold in a copper ore 

along with tellurium and have 
failed to identify the source of 
the gold, this mineral may be the 
culprit. 

Kostovite has no distinct metal­
lic luster and varies from brown 
to reddish grey, to greyish yellow 
in color. 

It is also devoid of any identi­
fiable crystal structure. To date, 
no one bas specified either a 
hardness or a density for this 
mineral. 

Paragenetics: 
Unknown. 

Chemical Behavior: 
Kostovite resists attack from 

all standard wet chemical rea­
gents and may be dissolved only 
by using perchlorates and perio­
dates in combination with acids. 

# 
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MALOON I TE 
Au2Bi 

Description: 
In its unaltered state, maldon­

ite is isometric (cubic) crystal 
which is silver white metallic 
with a pinkish tinge. However, it 
soon tarnishes to red and/or 
black. 

It is sectile (can be carved 
with a knife without breaking) and 
has distinct cleavage. 

Usually, it has undergone some 
degree of alteration and is a 
homogenous compound of gold and 
bismuth which is difficult to 
identify. 

The hardness varies from 1.5 to 
2, which means that it may be 
scarred by gypsum but will not 
scratch gypsum. Before decompo­
sition, maldonite's density is 
15.46 (64.50% Au and 35.72% Bi), 
but the density increases as the 
bismuth is leached from the 
crystal. 

Using a blowpipe and charcoal 
block to fuse maldonite will pro­
duce a metallic gold bead and a 
bismuth oxide coating on the coal. 
Fusibility is very low. In fact, 
the flame of a candle is suffi­
cient. 

Bismuthic ~ is a term often 
used to describe the skeletal 
remains of maldonite after the 
bismuth has been thoroughly 
leached (about 3% Bi remains). 

Paragenetics: 
As the ascending mineral laden 

solutions form the hypogene and 
their temperatures begin to drop, 
maldonite is formed at 372°C or 
slightly less. It is noteworthy 
that this is the highest tempera­
tures at which gold is deposited 
in gold quartz veins. 

It may be accompanied by pyrite, 
marcasite, sphallerite, enorgite, 
goldfieldite, arsenical famatin­
ite, and tennantite. 

It is also found in garnetifer­
ous skarns in the company of a 
host of tellurides and selenides, 
including selenopyrites. 

Mineralogists have reported its 
presence in loellingite. 

Chemical Behavior: 
Maldonite is stable between pH 

4 and 8. When these limits are 
exceeded, the bismuth portion is 
attacked slowly and with some 
difficulty. The mineral is 
insoluble in hydrochloric acid 
but will dissolve in aqua regia. 

We found no confirmed informa­
tion on the alkaline solubilities 
nor on the reaction to cyanide. 
The latter should, however, be 
negative. 

# 
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CUPROAURI DE 
AuCu 

---------- AURICUPRIDE 
Aucu3 

Description: 
These minerals are intermetallic 

compounds of gold and copper which 
seldom have fixed ratios of one 
metal to the other. 

Cuproauride is the name used 
when the copper content is below 
20%, and auricupride is theoreti­
cally 50.8% copper but usually 
contains at least 60% copper. 

When pure and crystalline, they 
assume the isometric, face cen­
tered cube (octahedron); however, 
they often form globules, leaf­
lets, platelets, and spangles 
which are mistaken for tarnished 
native copper. 

Color is difficult to describe 
as it varies from golden yellow 
with a reddish tint to copper red 
with a golden tint. Both have a 
high metallic luster and are 
malleable. 

Hardness varies somewhat with 
the copper content but averages 
3.5 on the Mohls scale (fluorspar 
will scratch it, and calcite will 
not). 

With a density of approximately 
11.5, both minerals concentrate 
well, unless the particle size is 
smaller than 120 microns and/or 
the shape is thin platelets. 

Both cuproauride and auricupride 
have a peculiar ability to resist 
wetting which interferes with 
hydrometallurgy and amalgamation. 

They are probably the most over­
looked minerals of gold. 

Paragenetics: 
The dispositional possibilities 

of these minerals are too diverse 
to describe in this brief bulle­
tin. Let it suffice to say, that 
if you have copper in ~ form, 
they may be present. The only 
pathfinders are the presence of 
chromite and niccolite which often 
accompany these minerals. 

I 
Chemical Behavior: 

If the total copper content of 
the ore is fractions of 1 percent, 
fusion assay is quite successful. 

However, the higher the copper 
content in the ore, the more dif­
ficult the fusion becomes, and it 
soon reaches the point where 
scorrification is ne~essary. 

Theoretically, both elements, 
gold and copper, will respond to 
numerous chemical solvents. 

However, the unique ability of 
cuproauride and auricupride to 
resist wetting defeats both leach­
ing and analysis. 

Moreover, this phenomenon is 
used to identify these minerals in 
microchemical techniques, e.g., if 
the physical description fits and 
the surface of a polished section 
is not attacked by nitric acid, 
hydrochloric acid, aqua regia, 
ferric chloride, mercury chloride, 
potassium hydroxide, or potassium 
cyanide, the mineral is determined 
to be either cuproauride or auri­
cupride as evaluated by color. 
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AUROSTIBITE 
AuSb2 

Description: 
This mineral of gold is often 

mistaken for galena, for its 
crystal habit is isometric and 
generally cubic, with the same 
metallic white luster as lead 
sulfide. 

However, with a ratio of two 
antimony to one gold, the crystals 
will soon tarnish like boronite 
(peacock copper), and this behav­
ior is aurostibite's identifying 
characteristic. 

It is a rather dense mineral 
with a specific gravity of 2·91 
when pure and usually concentrates 
well. The hardness by Mohls scale 
is 3 which can be scratched by 
fluorspar but not by calcite. \ 

Paragenetics: 
Aurostibite forms late in the 

hypogene process as the ascending, 
mineral laden waters cool. The 
top end of this series would be 
in the low temperature quartz 
stibnite veins where it would 
associate with stibnite, berthier­
ite, native antimony, and arseno­
pyrites. 

As the h~drothermal waters cool 
below 150 C, aurostibite is 
found in the company of stibite, 
tetrahedrite-tennanite, and hidden 
in pyrite, arsenopyrite, and 
marcasite. 

Generally speaking, as the sul­
fide content increases (and the 
antimony decreases), the gold 
content decreases as well. 

During the supergene process 
where descending waters dissolve 
and transport mineralization, the 
antimonical constituents are 
attacked if the pH drops below 3 
or exceeds 8 leaving behind a dull 
rusty, cellular textured gold 
which is reluctant to amalgamate. 

Aurostibite is usually devoid of 
silver. However, when it does 
occur in tertiary, polymetallic 
veins with ruby silver, it is 
often of bonanza proportions. It 
should be noted that this mineral 
has never been found in skarn. 

Chemical Behavior: 
The deceptive appearance of 

aurostibite mimicking galena often 
leads to errors in fire assaying, 
for sulfur is a reducing agent and 
antimony is not. 

This mineral is notorious for 
defeating cyanide leaching, for it 
is totally insoluble in alkaline 
cyanides. 

However, the antimony may be 
removed by leaching with dilute 
potassium hydroxide or 12% to 15% 
(reagent grade) nitric acid. 

Decomposition may be accom­
plished with hydrochloric acid 
and/or ferric chloride. However, 
in this instance, if (and only if) 
powerful oxidants are present in 
the ore, gold will go into solu­
tion as well. 

Assuming the gold to have 
remained in the residue, the par­
ticle size will average less than 
80 microns (will pass through a 
#200 screen). 

-13-
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KRENNERITE 
AuTe 2 

(with Ag substituting for Au up to 1 part in 4) 

Description: 
Once again, there is argument as 

to the color of a mineral with one 
authority giving silver white to 
brass yellow and another describ­
ing it as silver white with a 
yellow tinge. However, they all 
agree that krennerite has a very 
high metallic luster and good 
crystal faces. 

These crystals are usually 
coarse grained and orthorhombic. 
They are very brittle and have 
good cleavage, with subchoncoidal 
fracture. 

Hardness is 2.5 by the Mohls 
scale which lies between gypsum 
and calcite, and their density is 
8.6 times that of water. 

Paragenetics: 
Krennerite is rather unstable 

in the chemical climate of hydro­
thermal deposition and is often 
transitory. 

Gold and silica are the most 
mobile elements in mineralogical 
chemistry, e.g., they will travel 
further from the epithermal center 
(original source of magmatic 
heat). 

In the presence of tellurium, 
this mobility is reduced for gold, 
and deposition is closer to the 
heat source. When silver is 
involved, as it is in krennerite, 
the distance from the epicenter is 
shorter yet, which means that 
krennerite is the first formed of 
the late forming minerals in the 

hydrothermal deposition process. 
Among the early forming (less 

mobile minerals) krennerite may 
replace nagyagite and/or form as 
intergrowth in silver rich 
fahlore and pyrrhotite. 

In turn, the hydrothermal 
solutions migrating through the 
partially formed rock may redis­
solve krennerite and replace it 
with native gold, hessite, petz­
i~e, or chalcopyrite. 

Chemical Behavior: 
With silver present, this 

mineral is attacked by nitric 
acid in any proportion exceeding 
12% and decomposes with efferves-
cence. However, the molecular 
gold is left behind. in suspension 
in the solution, and hydrochloric 
acid must be added to bring the 
chemistry to that of aqua regia 
or, better yet, chloro-nitric 
acid (approximately 1 nitric, 4 
hydrochloric, and 5 water). 

Krennerite is etched by ferric 
chloride and potassium hydroxide 
which implies that unless other 
minerals interfere you may be 
able to use the saltwater leach 
discussed under calaverite. 

This mineral is not directly 
attacked by cyanide but will 
often dissolve in this medium if 
the particle size is small and a 
potassium hydroxide solution is 
used to attack the mineral prior 
to the introduction of alkali 
cyanides. 

-12-
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Crystal habft unknown 

ELECTRUM - - KUS TEL I TE 
(Ag ,Au) 

There exists a complete inter­
lattice substitution series of 
gold and silver. 

If the silver content is 30% to 
45%, it is called electrum. If 
the silver content is 80%, the 
name changes to kustelite. 

Crystal habit unknown 

In nature, gold and silver are 
found combined in the above com­
binations and one other -- 1% 
gold 99% silver -- which is the 
normal silver ore combination. 

The only other comments are 
that it is metallic and malleable 
with a wide range of colors. 

UYTENBOGAARDITE 
Ag2AuS 

No published comments save the 
fact that this is not a gold sul­
fide, but rather a bonding of 

sulfur to silver and silver to 
gold. 

I Crystal habf t unknown 

I 
I 

" I ... 
[ 

PALLADIUM--AUROCUPRIDE 
(Cu,Pd) 2Au2 

No authoritative published comments. 

-14-
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TORCH TESTS ON CHARCOAL 

Dig a small concavity in a char­
coal block (or briquet), and fill 
it with a few grains of the miner­
al in question. 

Using the oxidizing tip of the 
flame from a propane torch, fuse 
the mineral to bright red heat. 
(The oxidizing portion of a gas 
flame is the near invisible tip 
where orange flickers sometimes 
appear -- the deep blue inner cone 
is the reducing part of the 
flame). 

The minerals which will give 
metallic beads and/or identifiable 
residue are: 

Calaverite -- leaves a gold button 
and colors the flame green 

Krennerite -- leaves a gold button 

Maldonite -- leaves a gold button 
and coats the charcoal with 
yellow bismuth oxide 

Muthmannite -- leaves a metallic 
globule and a vhite sublimate 

' Nagyagite -- residue of gold and 
two coatings on the charcoal: 
one yellow and permanent, the 
other white and volatile in the 
oxidizing flame 

Petzite -- leaves 
globule 

a metallic 

Sylvanite -- leaves a metallic 
globule and a white sublimate 

A COMMENT ON 
SPECTROCHEMICAL ANALYSIS 

Spectrographic sensitivity for 
the element tellurium is 0.5% (by 
weight) which would amount to 10 
pounds per ton of ore and concen­
trates. Therefore, it only has 
validity when the tellurides of 
gold exceed 20% of the ore or 
concentrate. 

If tellurides are suspected, 
the best determination would be a 
wet chemical tellurium assay, 
using sulfurous (anhydrous sul­
furic) acid. 

-15-
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GOLD MlNERALS NOT SOLURLE IN AQUA REGIA 
THEREFORE 

NOT TESTABLE BY STANDARD WET CHEMICAL, AA, ICP, OR DCP. 

1. PELZITE Ag3 Au Te2. DESCRIPTION: Stcci gr~y to irnn blJck & very brittle. 
Hardness 2 . .S Density 9.13 

2. MUTHMANNITE (Ag, Au) T~. DESCRIPTION: Bras:>y ye\Jow to gr~y white. 
Hardness 2.5 Density S.59 

3. RHODITE (Au, Rh). DESCRIPTION: Dark hrnwn to black. H;irJncss J.O 
Density 7.70 

4. FISCHF:· f<fTE Au3 Au Sc2. DESCRIPTION: Grey white to r1:.;Jdish bla~·k. 
Hardness 2.; :Jcfl':,;':'J 8.18 

S. AUROSMIRIDUM (Au, Os) Jr2. DESCRiPTIO~: Rust to bbck. HC2rdncss 2.7 
Density 7 .07 

6. NAGYAGITE Ph.5 Au (Tc, Sb) Sb4 55~8. DESCRIPTIO~ ()ktallic g11..; ~nitc to 
blackish lead. Hardness l.~ Density 7.3 

7. MONTBRA YlTE (Au, Sb) Te2. DESCRIPTION: Metallic yctlov.:ish wh;tc 
Hardness 2.S Density 9.94 

8. SYl;.-VANITE (Au,, Ag) T~4 (Very_ poor solubili' ' ,: '~CF 1 .'.~'fl0'.'1: Gran~htr 
metallic steel grey to s1lvcrwh1te.Hardnc~s: 1..5 Dcnsn_, -. t,1.1t 1,.,<Jts hke graphite. 

9. CALA VERITE Au Te2. DESCRIPTION: Metallic silver white to brnssy yellow. 
Hardness 2.5 Density 9.3 

10. KASTOVITE Au Cu Tc4. DESCRIPTION: Brown to reddish gn;y to grey!~ i 
yellow. Hardness 2.5 Density 7.61 

11. CUPROAURIDE Au Cu. DESCRIPTION: Gvldcn yellow with reddish tint. 
Hardness 3.5 Density 11.S 

12. AURICUPRIOE Au 013. DESCRJPTION: Copp~r red with golden tint. 
Hardness 3.5 Density 11.S 

13. KRENNERITE Au Te2. DESCRIPTlON: Silver white to light brJss yellow. 
Hardness 2.S Density 8.6 

14. AUROSTIBITE Au Sb2. Soluble only with high oxides present in the ore. 
DESCRimON: Metallic whjte luster mistaken fOr lead galena. Hardness 3.0 
Density 9.91 

lS. UYI'ENBOOAARDITE Ag2 Au S. (Barely soluble). DESCRIPTION: Metallic 
arcy to dark brown. Hardness 2~ Density 6.61 

16. AUROCUPRIDE {Cu, Pd)2 Au2. DESCRIPTION: Rusry to metallic black with 
pink tint. Hardness 2.19 Density 8.91 
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NOTE 

Determination of trace gold in rock samples by a combination 
of two-stage solvent extraction 

and graphite furnace atomic absorption spectrometry: 
The problem of iron interference and its solution 

TAKUSHI YOKOYAMA, 1 TETSUYA YOKOTA,2 SHU HAYASH!2 and E!ll IZAWA2 

1Department of Chemistry, Faculty of Science, Kyushu University (Ropponmatsu), 
Ropponmatsu, Chuo-ku, Fukuoka 810, Japan 

2Department of Mining, Faculty of Engineering, Kyushu University, Ha¥>zaki, Higashi-ku, Fukuoka 812, Japan 

(Received May 29, 1995; Accepted Januarf 16, 1996) 

For the accurate determination of trace gold in rocks and iron minerals by graphite furnace atomic 
absorption spectrometry, a two-stage solvent extraction method (di~thyl ether and MIBK) was designed to 
prevent strong interference from iron and to effectively concentrate gold. The interference was perfectly 
condoled by adjusting some operating conditions in the solvent extraction. In the analytical method de­
veloped, the recovery of gold was >90%, and the precision (C.V.) was 11.7% (l µg/l). When 0.5 ml of 
MIBK was used in the second extraction, the detection limit for gold was 0.13 µg/kg (concentration in rock) 
at SIN = 2. The gold concentration of geological standard rocks (JB-2 and JB-3) measured by the method 
proposed in this work was in close agreement with the recommended values. 

The gold concentration of sandstone and shale collected from the Shimanto belt, southwestern Japan, 
was in the range 1.0-2.5 and 1.1-1.8 µg/kg, respectively, while the gold concentration of pyrite contained 
in the above rocks was about ten times higher than that of the corresponding rocks. 

µ j < ,,,_;. u" '\ r .,,..__ ~ I K {\)_ .. 'S ~ ' I, otN, coo 

/ Shimizu et al. (1984) reported an excellent deter-
INTRODUCTION 

In the fonnation mechanisms of epithermal 
gold deposits, the origin of gold is one of the most 
attractive problems in geochemistry. According to 
one hypothesis (e.g., Richards et al., 1991), its 
origin is the mother rocks (country rocks) around 
the gold deposits, that is, it results from continuous 
dissolution of gold from the mother rocks, trans­
port and selective precipitation. To verify the idea, 
it is first important to estimate accurately the gold 
concentration in the mother rocks. Gold occurs in 
rocks at sub ng/kg-µg/kg levels. To estimate a 
reliable mean concentration of gold in rock 
samples, a combination of solvent extraction with 
MIBK and graphite furnace atomic absorption 
spectrometry (GF AAS) is convenient. Although 
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mination method of gold in ore samples using the 
combination, the detection limit was I ng/g. It is 
desired to enhance the sensitivity about tenfold in 

order to detennine trace gold in rock samples. 
In a series of preliminary experiments, the au­

thors often observed severe interference from iron 
during measurement using GFAAS with an ordi­
nary one-stage MIBK solvent extraction. To 
eliminate the interference, Shimizu et al. (1984) 
used the back extraction of iron into a diluted acid 
solution. However, their method was investigated 
only for the Fe concentration of 0 to 10 mg/l 0 ml 
of MIBK. To detennine gold not only in rock 
samples containing relatively high amounts of iron 
but also in iron minerals such as iron oxides and 
sulfides, which are candidates as host minerals for 
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gold, it is essential to examine in detail the iron 
interference for higher Fe concentration ranges 
(about several thousands of mg/I at maximum) and 
to develop a method to eliminate it. 

In this study, we developed a two-stage solvent 
extraction method to eliminate the iron interference 
and applied it to the determination of trace gold 
(sub ng/kg to µg/kg) in rock and mineral samples 
using GFAAS. 

EXPERIMENT AL METHODS 

Instrumentation 
The instrumentation consists of a Nippon 

Jarrell Ash Model AA-8200 atomic absorption 
spectrometer equipped with an FLA-1000 thermal 
atomizer, an HU-21 graphite furnace, an AS-301 
autosampler and a Rika Deki R-032 recorder. A 
pyrolytic graphite-coated tube was used. The 
background correction was carried out using a D2 
lamp. The peak height was taken for the mea­
surements . 

Reagents 

The standard solutions were prepared from a 
1000 mg/I Au stock solution (Katayama Kagaku) 
by diluting it with 0.1 moll! HBr solution. MIBK 
(methyl isobuthyl ketone) was that for atomic ab­
sorption spectrometry and other reagents were of 
analytical reagent grade. All the solutions were 
prepared with ultra-pure water. 

Analytical method for gold 
(1) Complete dissolution of rock samples 

After complete dissolution of rock sample (I g) 
with a mixed acid (HC104 1 ml+ HF 10 ml) in a 
PFTE beaker on a hot plate, the s<'lution is 
evaporated nearly to dryness at around l 80°C. 
After cooling, the residue is dissolved with 4 ml 
of aqua regia. The solution is evaporated nearly 
to dryness around at 100°C and the residue is 
redissolved with 5 ml of a 5 moll! HBr solution. 

(2) Extraction of gold into diethyl ether The 
solution and the 6 ml of water used to wash the 
beaker are collected into a separatory funnel. 0.5 
ml of H3P04 is added, and the mixture is shaken 

with 20 ml of diethyl ether for 3 minutes. After 

the separation, the diethyl ether is removed by 
evaporation on a water bath. 

(3) Extraction of gold into MIBK The result­
ant residue is moved into a glass tube by dissolv­
ing it with 3' ml of 1.5 moll\ HBr solution saturated 
with MIBK. This operation is repeated three times 
for the complete recovery and then the solution is 
shaken with 0.5 to 2 ml of MIBK. In order to 
collect the small amount of MIBK with a pipet, a 
slender glass tube was used. 

(4) Measurement of gold by GFAAS Taking 
0.02 ml of the MIBK layer, the atomic absorption 
signal for gold at 242.8 nm is measured. The blank 
and standard solutions for calibration are prepared 
.in the same manner using the two-step solvent 
extraction described above. 

I. ,. 

¥ESUL TS AND DISCUSSION 

Effect of i~on on the atomic absorption signal for 

gold , 
When I g of rock sample is dissolved, the 

concentration of iron in the final MIBK solution 
can reach several tens of thousands of mg/I. Ad­
ditionally, there is a relatively strong absorption 
line of iron (242.4 nm) near the analytical line for 
gold (242.8 nm), suggesting that iron interferes 
strongly with the determination of gold. First, the 
effect of iron on the atomic absorption signal was 
examined using ferric chloride solution (0 to 3000 
mg F e/l) containing trace gold (5 µgll). Figure 1 
represents the atomic absorption signals at 242.8 
nm, the analytical wavelength for gold. The oper­
ating conditions are shown in Table I. The symbol 
(*) shows the peak for the determination of gold. 
The peak height increased with increasing iron 
concentration, indicating that the coexisting iron 
causes a positive error in the determination of gold. 

Design of a two-stage solvent extraction for 

removal of iron and concentration of gold 

As shown in Fig. 1, in order to determine trace 
gold in rock samples, it is necessary to remove 
iron from the sample solution and to concentrate 
gold effectively in the final MIBK solution. In 

~ .~ :: - ~ . ; 
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I 
I .. 

I * * 

I 
(d) (C) (b) (a) 

I Fig. /. Atomic absorption signals al 242.8 nm. ("': Atomic absorption peak.) Au concentration: 5 µgl/. Fe con­
centration. (a) 0. (b) 1000, (c) 20000, (d) 30000 mg//. 

I 
Table I. Operating conditions 

[...,, Argon tlow rate (dm3/min) : 2.0. 
Wavelength (nm) : 242·.s 
Sample injection (cm3) : 0 .. 02 

E 
Sensitivity : 0:49 

Drying (cC) : 150 
(Ramp, s) :,30 
(Hold. s) :.;· 40 

I 
Ashing I (°C) : 600 

(Ramp, s) : 10 
(Hold, sl : 10 

Ashing II (cC) : 700 

I 
(Ramp. s) :3 
(Hold, s) : 13 

Atomizing (cC) : 2300 
(Ramp, s) :0 

I 
(Hold, s) :5 

--------·-- -----·- -- ·-- - ·-·--~-

the determination of gold by GFAAS, MIBK is 
ne of the best organic solvent because of its high 

boiling point ( 136. l °C) and its insolubility in 

t ater. As a result, a two-stage solvent extraction 
sing diethyl ether and MIBK was designed. In 

the first stage, iron remains in an aqueous layer .9 ml) due to complexation with phosphoric acid, 
9vhile gold is effectively extracted into a large 

, unt of diethyl ether (20 ml). The diethyl ether, 

r 
I 

because of its low boiling point (34.9°C), can be 
easily evaporated in a short time without the loss 
of the tetrabromogold complex that would result 
from heating to a high temperature. In the second 
stage, gold is concentrated into a small MIBK 
layer (0.5 to 2 ml). 

Effect of HBr concentration on the extraction of 
gold into diethyl ether 

The extraction of gold (AuCk or AuBr4-) into 
MIBK greatly depends on the acid concentration. 
Brooks et al. ( 1981) reported that with an acid 
concentration (HCl or HBr) above I moll!, the 
proportion of the extraction into MlBK is nearly 
l 00%. Figure 2 shows the variation of the pro­
portion of the extraction into diethyl ether with 
HBr concentration. Above 1.5 mol/I, the proportion 
was more than 90%. As a result, the HBr con­
centration in the solution A was determined to be 
1.5 moll!. 

The permissible concentration of iron in aqueous 
solution before extraction of gold with MJBK 

From the results shown in Fig. 1, it is con­
cluded that in the solvent extraction with MIBK, 
the iron concentration in aqueous solution must 
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Fig. 2. Effect of HBr concentration on the recovery of gold. 

be lowered below 500 mg Fe/I for safety. Ac­
cordingly, a large amount of iron must be removed 
in the stage of extraction with diethyl ether. 

Behaviour of iron in the extraction with diethyl 
ether 

The extraction of iron into diethyl ether is 
prevented by the presence of phosphoric acid as a 
complexing agent (I. Inamoto, personal commu­
nication). Using 9 ml of an iron(III) chloride so­
lution (30000 mg Fe/I) with various HBr concen­
trations (0 to 2 mol/I), the behaviour of iron dur­
ing the extraction with diethyl ether (20 ml) was 
examined in the absenc~ and presence of phos­
phoric acid. As shown in Fig. 3, in the absenc·e of 
phosphoric acid, the iron concentration in the 
aqueous solution before the extraction with MIBK 
increased with increasing HBr concentration and 
exceeded the permissible concentration of iron at 
2 mol HBr/J. On the other hand, in the presence 
of phosphoric acid (0.5 ml of H3P04 was added to 
the iron(III) chloride solution), the iron concen­
tration reached only about 300 mg/I. 

In the case of pyrite (FeS 2) sample, the iron 

concentration in (lqueous solution before solvent 
extraction with diethyl ether is about 52000 mg 
Fell. Even in sucH a case, a satisfactory result was 
obtained by repe~ting the extraction with diethyl 
ether twice. 

Figure 4 shows the effect of HCJ and HBr on 
the extraction of iron with diethyl ether in the 
presence of phosphoric acid. The extraction of iron 
from the HBr solution was retarded more greatly 
than that from the HCl solution. Moreover, since 
the recovery o~ gold from the HBr solution was 
slightly. higher/ than that from the HCJ solution 
when it was extracted with diethyl ether, HBr was 
chosen for thisl work. 

Precision and Lnsitivity for determination of gold 
To demon.~trate the reproducibility, a MIBK 

solution condining I µg Aull was measured six­
teen times by/ GFAAS. The precision (coefficient 
of variation,/ C.V.) was 11.7%. When 2 ml of 
MIBK was used in the second extraction, the de-

1 . 
tection limit for gold is considered to be 0.5 µg/1 at 

SIN= 2. I 
To increase the sensitivity, the volume of 

I 

~----·-
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Table 2. Gold concentration of rock reference samples 

This study Terashima et al .(1992) Arai et al. (19 88) Sakurai et al. ( 1991) 

GFAAS GFAAS lNAA INAA 

JB-2 
JB-3 

6.5 
3.1 

5.36 
2.06 

6.3 l 
2.36 

7.3 

GFAAS: Graphite furnace atomic absorption spec1roplzotomet1y. 
INAA: Instrumental neutron actimtion analysis. 

MIBK in the second extraction was reduced from 
2 to 0.5 ml. As expected, the sensitivity increased 
quantitatively by decreasing the volume of MIBK. 

Interference from foreign elements except iron 
Shimizu et al. (1984) examined the effect of 

foreign elements on the detennination of gold by 

a combination of GFAAS and one-stage solvent 
extraction with MIBK. According to their report, 
the interference from foreign elements except iron 

is negligible. 

Determination of gold in standard rocks 
ln order to check the validity of the analytical 

method described above, geological standard rocks 
supplied by the Geological Survey of Japan (JB-2 
and 3) were analyzed. The analytical data are given 
in Table 2 together with the published values ob­
tained by graphite furnace atomic absorption 
spectrometry (GF AAS) or neutron activation 
analysis (NAA). The present results are close to 

those of NAA by Arai et al. (1988). Using the 
present analytical method, the trace of gold in rock 
and iron mineral samples can be detennined ac­
curately in an MIBK medium by GFAAS without 
interference from iron. 

Determination of gold in sedimentary rock samples 
To elucidate the source of gold in gold depos­

its, it is essential to detennine the gold contents 
in various source rocks. In this work, the present 
analytical method was applied to the detennination 

of gold in some sedimentary rocks consisting of 
sandstone or shale and pyrite from the Shimanto 
belt, southwestern Japan. 

Table 3. Gold contents of sedimentary rocks 

and pyrite collected from Shimanto belt 

Sample Location Fep3 (%) Au (ppb) 

s u 1.88 l.O 
s u 3.63 2.3 
s u 2.82 1.9 
s u 4.14 l. I 
s u 0.74 l.2 
s u 5.22 2.0 
s u 3.56 1.3 
s u 3.07 2.1 
s u 3.35 1.2 
s·; u 2.74 2.5 
M u 7.75 1.6 
BS N 2.29 1.2 
BS N 4.88 1.6 
BS N 6.22 l.l 
BS N 6.31 1.8 
QV H 6.30 2.3 
QV H 0.02 0.9 

PY H 17 

Location: U, Uwajima; N, Nobeoka,; H, Hitoyoshi. 
Sample: S, Sandstone; M. Mudstone; BS, Black shale; QV. 
Quartz vein; PY, Pyrite. 
The Fe content was measured by X-ray fluorescence method. 

As represented in Table 3, since the iron con­
tent in the sedimentary rocks was relatively low, 
the extraction with diethyl ether was perfonned 
once, while, in the case of pyrite, it was repeated 
twice. The gold content in the sandstone and shale 

was in the range of 1.0 to 2.5 µg/kg and I.I to 1.8 
µglkg, respectively. The gold concentration in the 
rocks collected from the Shimanto belt is low and 

the concentration variation is relatively small be­
tween different areas. On the other hand, the gold 
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concentration in pyrite is about ten times larger I than that in the sedimentary rocks. 
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