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

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

User agrees to indemnify and hold harmless the Minister, and the Minister's employees and agents
against and from any and all third party claims, losses, liabilities, demands, actions or proceedings
related to the downloading, distribution, transmissions, storage, redistribution, reproduction or
exploitation of each scanned mineral assessment report obtained by the User from Alberta Energy.
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January 14, 1999

Ronald T. Owens

Alberta Energy

Mineral Operations Division
Minerals Tenure Branch

9th Floor, 9945 - 108 Street
Edmonton, AB T5K 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 numercus lccations of the
Bad Heart Sandstone to twenty-three different labs and quasi-labs.
In the interest of brevity, I will not submit the Tebults 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.



Ronald T. Owens

Alberta Energy
Mineral Operations Division

Att: Hazel Henson

Further work 1s 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 $ 16,816.91
Process Research 1,200.00

Complex Metals Research _ 2,409.36
27

Bahamian Refining 1,956.
Metallurgical Research 1,205.95
Trinity Systems (Iron beneficiation) 451,96
Chemtron Labs 262.00
Lilbrat Mining 600.00
Loring Labs 346.00
50% of $27,000 cost of lab equipment 13,500.00
reagents, glassware & fusion expendables 3,400.00
Travel costs 4,000.00
Estimated 1000 hrs. @ $20.00 20,000.00
Total $ 66,148.45

Ronald T. Owens
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- 3 _ APPENDIX
II‘I' - 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

10

METALLIC AND INDUSTRIAL MINERALS PERMIT NO. 9396110004
COMMENCEMENT OF TERM:
1996 NOVEMBER 5
AGGREGATE AREA:
9 216 HECTARES '
DESCRIPTION OF LOCATION: NTS g 3m / 14
6-09-080: 1-36 |
PERMITTED SUBSTANCES:

METALLIC AND INDUSTRIAL MINERALS

SPECIAL PROVISIONS:

NIL
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HEWLETI' MINERAL MANAGEMENT

ngecrest. CA 93555

"Jahuary_10, 1996

Mr. Ronald Owens

.~ 'Dear Ron:

Proposed is that I exclus1vely consult for you and your_Peace_“.'h

Rlver property

The objectlve of these studies are to prove the ore reserves. of the
deposit, to'define the processing flow-sheet, and the economics for

. the recovery of the prec1ous noble metals, as well as the economic

recovery of other elements.

For -example,' the’ follow;ng' results. I obtained reoently from
Activation .Laboratories in Ancaster, Ontario. ‘ : T

. Sample Gold(T.oz./ton) '~ Silver - Cu ~~ Pb . Zn - Ni - Mn
#  Epithermal Thermal T.oz./T PPM PPM PPM PPM PPM
: ‘Neutron Activation Fire Assay | T :
‘A80 0.452 0.402 0.207 . 19. 162. . 206. 25. 95.
Cd A Ca P Mg - F S ~Br = As Co

PPM PPM % % % S %$ + PPM ~ PPM° PPM PPM

0.50 357. 2.74 0.527 0.58 0.12° 450 21 380 18.

W. Th La - Ce S10, -Al,Oz Fe .0, MnO Ca0  1OI

PPM PPM . PPM. PPM __ % g _% $. . % D
45 7.4 25.4 54 42.63 2.30 . 34.50 0.14 3.11 12.79
Pt . Pd o

PPM  PPM

- 8.7 © 23.9

: Notice from the ' whOle Rock Analysis' that the loss on 1gn1tlon.

(LOI)‘was 12.79% ,and the srllca+alum1na was 44. 93%

Therefore, with ‘magnetic separators and electro statlc separators,
the ore could be up-graded from 34. 50% ironoxide to 62.65% Feyg 03
and by the heating/roasting in the R-N process, -the LOI is removed

.and the FezO3 would be. a. theoretlcal 81 60% Fe,;03:

This could be accompllshed as a sub set of the recovery of the .

prec1ous and noble metals. and other economic elements.

" {539 N. China Lake Bhvd., Ste. #153
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' 1539N China Lake Bhvd,, Ste. #1532
Rld;eaat. CA 93555

. - ROFE HEWLETT :
(6&9)38&1647 FAX(619)37146|9

HEWLE'IT MINERAL MANAGEMENT

. Proposed that I be retained for a fee of $10, OOO OO which would
. allow me to up-date my fac111t1es 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 fundlng, poss1bly by - a:

‘ publlC offerlng

.The thrust of thlS proposal is ‘to prov1de the bas1c analysis

required to finalize the process chemlstry and. flow-sheet and to

‘then conduct large-scale testing at our facility. - This would be .

the location for our bulk-sample test (200# to-many tons)

+++++++++++++++++++++++++*+++++++++++¢++++++++++++++++++++++++++
I have had experlence w1th ‘your ore as- follows
1) ReSults of various types of graV1ty concentratlon

a) Diester v1brat1ng tables

'b) Dunham vibrating tables

c). Riechert Spirals:

d) Knelson Rotary concentrators

2) xProcess Chemistry;

Fire Assay ' :
‘.Bromlne/chlorlne leachlng 1n my reactlon chamber .
Neutron Activation: .
a. Epithermal
~ b. Thermal -

oo

3) Miheralogy/Petrology:
a) "Free Gold" dlstrlbution bY‘sIze'frectionb
b) "Locked Gold" by size fraction ’ .
c)- Chemlcal comp051tlon '
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) !539N China Lzke Bivd., Ste. $153 _
R}dgeaat. CA 93555 '

o RF}EVAEW o
(619)3&&2647 EAX(619)3714619

HEWLETI' MINEIU\L MANAGEMENT

4) ‘Secondary Concentratlon Testlng

aj' Erlez ngh Intens1ty magnetic separator
b). Eriez Low-Intensity magnetic separator
Lc) Carpco Electro Statlc separator

' 5) Geochemlcal Analy51s

a). ”Pathflnder elements w1th/w1thout stat1st1cal
—correlations
a. '""Free Gold'.
b Ool1t1c (encapsulated) gold

6);'Proposed Process

- a) Unit Operatlons
b) ~Process Chemlstry

c) Products: ' '
- 1. Gold- s1lver ‘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 all prec1ous/noble metals economically and
much faster than common leachlng - as cyanlde ‘

My process allows for selectlve separatlon of the
-gold-silver-and-platinum group metals or they can
be melted 1nto one dore s

2, Up—gradedmlron—ore.

3. Other elements to consider (my process will recover’
" them at very. l1ttle addltlonal géxpense.

: ~Bismuth - : o :

.. Tellurium -

. ~Base metals

Nlckel/Cobalt/Cadmlum

. Rare Earth Eléments

Tungsten, etc.

MO Qo

Examples‘of the above results referredlto are 'as follows:‘u

1)‘~Grav1ty concentratlon : S
I have had very good success with a Dunham v1brat1ng table-

'~ with 5-end riffles-- The highest-grade gold is in the #1.

. riffle, and the #2 riffle is only 23.42% of the #1 r1ffle

grade, - and the #3 rlffle is only 1. 119 of the #1 r1ffle-'
grade

e o St
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Examples - cont d

"No gold was . found in the #4 - #5 rlffles or in the
tailings. (One- pass——another pass ‘would have reduced

o the #2 grade

I have made a 51mple concentrate w1th the Dunham table
- of over 10- troy ounces Gold/topn on a one-pass . ba51s

t2) ,Metallurglcal Testlng Results:

Slimes from the 6-26- 79 9 plt were: flre assayed and a .
split was analyzed u51ng my bromlne/chlorlne chemlstry;
The results follow:

FIRE ASSAY - | BROMINE

(t./oz./ton) - . (t.oz./ton)
: ' ‘GOLD SILVER . GOLD SILVER
Pit —50 sllmes "O 008 . 0.003 - ‘ L 0. 203 0.056

Please note that thlS 1s the most dramatlc increase in’ detectable
gold values I have done . Reasons for thlS dlfference could- be

’ a)' Excessive sllmes (ferruglnous) that cause a. ferrous
' oxide layer at the interface of the metal phase
(collector) and the “collected gold” lead-sponge.

ngh Te, Bl, or Se. They form alloys w1th the gold
“that do not collect in- lead (or other collector)—-—.
Au-Te/Bi/Se alloy goes 1ntop the slag——spelss——or’
from the button 1nto the cupel. : ‘

_Also, Ir/0s have the same.effect on_gold as above.

' (Note -that As-Sb form "speiss' and they average 300
ppm As, and 20 ‘ppm Sb w1th one h1gh of 4900 PP Sb

‘(Also, that sample had - 24 ppm Sn).

The Bromlne/chlorlne leach is "non- tox1c and much faster
than cyanide or any other non-toxic leach. The costs are
much less than cyanlde and the process is so flexible
that -the operator is in control--instead of -the process o
"_belng in control of the operator : :

AN I A
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szurr MINERAL MANAGEMENT

ST T TTsTTES TS

3) Mlneraloglcal Examlnatlon

a)"P;t Ore: - Dunham Table concentrated #01 rlfflepg

+20 mesh _ Oolites black/brown--minor gtz.

' S - (near top of Bad Heart fm)

+28 meshf One’ natlve gold—Pt.; Pt is in the
oo center of an elongate. gold grarn

+48 mesh 33— gold grains,‘ 'with Au;Ptu
7+80.mesh’ : ’Tlny gold gralns——one with 51lver

' ' “"alloy : :

4) Secondary . Concentratlon Testlng

I have used our low 1nten51ty mag separator for separatlng
'ferromagnetlcs such as magnetlte _

I have used (on a routlne basis) the h1gh 1nten51ty mag
.-Separator to then separate sulfides.

Then, I have used the electro statlc separator to separate
such minerals as scheellte, s1l1cs, alumlna, etc.

Also, the dlfferent intensity mag separators will glve
~ selective separating for iron minerals (siderite, T
- .geothite, notronite, ferruginous opal, hematlte/llmonlte,.
etc ) when used with the electro statlc separator ’ o

5)_’Geochem1cal Analysrs

"Elements w1th a hlgh posrtlve statlstlcal assoc1at1on w1thv"

gold are:

' "~ A) _Sllver
B) " Antimony
C) Cobalt
D) Tungsten
E) Tin.

_By taking out the ''free gold“ the remaining chemlcal
‘analysis describes the ' 'complex- —-gold" or encapsulated
. gold. Thls aspect wrll be more prec1sely defined.
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 HEWLETT MINERAL MANAGEMENT

5y Gedchemiéal Analyéis—econt;.

_Geochemicél criteria for '"placer gold" and chemical‘ ‘
“precipitated gold would be expeqted to‘be‘determined.

" 6) 'The process chemistry used is economical and has all
~ ‘the advantages of being very flexible and it is controlled
with ease. o S S BN
I have made 300:1° concentrates with the Peace River. ore
~and with a large-scale operation. (500 tons/hour), that
would be little over-24tons/hr. of concentrate, or-13.3.
" tons of concentrate per 8-hr. shift. I ’

This coﬁ,»would;go the following:

500-tons/hour head ore
COnCentration(Spirals/rotary——latervariableconcentrator
Cons. . o

1.67 tons/hr.)
Low-Intensity MAG Sepr.
! o : L S .
"No‘n_—Ma‘g” o Ferro-mag—--—-—-—magnetite

o v o

" High=Intensity MAG Sepr.

- ParaMag
Sulfides =

pin el Sl
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H:wu:rr MINERAL MANAGEMENT

1539 N, China Lake Bivd., Ste. $153
md;eoat. CA 93555

) .continued

Non-Mag - . '.ParaMaQ(SuLfidesl . Magnetite
Ty : T . T
t - ‘leach if economic leach if economic

o

. ! . : ) :

f”NonfMaqnetic iron ox1des/carbonates/511lcates/
' S 'chamOSLte/w Au -

A . .

Electro-=Static Separatof'
T o - !

conductors . . non=conductors
Iron cons./ - . 'Silica/alumina/W
Au-Ag—PGM ‘ ' ' :

" 'selective magnetic separators
' | . R P
Iron conc. ~ Au-Ag-PGM conc.

_Reaction.Chamber

I (Oxidation)
, S . T
o Br/cCl dissolution
N of- Au/Ag/Pt/P4d
I - "~ and rest of PGM
. . [ . :
. TON~EXCHANGE o ' SR
I R " (Selective Chelating . COLUMNS " OF
- - Ion-Exchange Resin- .. " 3-cubic feet
S : . "Loads'" only prec1ous/ h resin each: '
I o . noble metals . .- - 100 oz./cu. ft.
[ . . e [ ) B C
R '-Elut;on——reuse'resin; ' ! L
: after simple regeneration !-——---Effluent:.
I : v , - ' recover
- Recover precious/noble metals -~ with other
: selectlvely or one dore o 1-X resins
I- .. . Other elements/
By the tlme the process reaches the final. leachlng stage, A ]'metals ' :

the amount of concentrates is greatly reduced and one
.8-hour shift precious/noble metal concentrates can be
processed in that same perlod of time (8 hours)

...llllil’
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Dear Ron

April 29, 1997

Mr. Ronald T. Owens

After a long delay, I have recelved most of my assay analyses for

your ”Bad Heart Iron Formatlon Ore Depos1t”

-In summary, I have been . spendlng my tlme analy21ng each s1ze“'-
fraction for four ore- types/locatlons -These were: .

P 100 6-26-79-9 p1t pulverlzed by RTO to minus TOO mesh
Top two (2) feet of 6-26-79-9 pit exposure :
General coarse samples from the pit.

' Sample site some distance" by road from the 6— 26 79— 9 p1t

= wh =
~—

Each size fractlon was analyzed by numerous methods, such as:-

'Conventlonal f1re assay
Bromine-leach
Bromine-leach-pre- treatment = then f1re assay
. Neutron activation: - :
a) Epithermal
b) Thermal -
5) Lead platinum. group collection/mass spec
6) Nlckel sulflde platlnum group collectlon/mass spec.

: _;vaw—x.‘

After analyzing each size fractlon by various analytical methods -

and prior concentration, the- best/most accurate results were used o

after computlng the ore grades for the head —-ore.

Prev1ous results were as follows

. Sample ID Troy. ozL/tonj' Fire Samplef Bromine leach/t.oz/ton
S . "Gold  Silver Assay- __1ID_ Gold: - Silver-
‘A-Glom - - 11,150 2.190° A-50slimes 0.203 - 0.056 -

“A80- -~ '0.452 0.402 . A-50- - 0.135  0.023 -

A+20 mesh 0.87 . 0.05 . .A-S . 0.023 0.010.

A+28 mesh 1.46 .0.22 - A-S. - 0.042 0.014

A+48 0,22 ..0.038 A-R 0.038 0.009

A-80 - 0.54 0 - o

J122
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' R.FHE.WLETT

(6!9) 384—2647 FAX (619) 37! 4619 Ridgeaat. CA 93555

HEWLETI‘ MINEML MANAGEMENT

' 1539N Chlnal.akebhrd Ste. #153

Ronald T Owens Aprll 29 LZL

FolLOW1ng are the very recent analy51s for your ore’ de9051t
(Platlnum group w1ll follow) :

Samgle ID | : -Gold ppb)/ton Welghted Average Gold/Ton,
' o S (Converted to Head Ore) -
P-100  +28 mesh - 1ﬁ380. :
pP-100 +48 mesh 204
P-100 +200 mesh 198 , _
P-100  -200 mesh  8,730. - . 0.180 troy ounces Gold/Tcn.
'++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
P-2-TOP _+28 mesh - . . 344. ' '

+ 48 mesh 36

+2OO mesh 290
| 200 mesh - 26,200. 0.110 troy ounces Gold/Ton.
+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++‘
| +28 mesh : 4 890 :

+48 mesh 34

+200 mesh 54

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

+48 mesh 9

+200 mesh 149 o

—200 mesh 18,700 0.030 troy ounces Gold/Ton

THESE RESULTS HAVE PROVEN TO DEFINE AN ECONOMIC ORE BODY—-—THAT

"REQUIRES CONCENTRATION/SCREENING/BROMINE LEACHING FOR AN ECONOMIC

OPERATION

'RICHARD F. HEWLETT .
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JOB NUMg WQR 004B
January 12, 1995
Sombrio Fine Gray Mags

HEWLETT MINERAL MANAGEMENT . PAGE 5 OF 8 PAGES
Attn: Mr. Richard F. Hewlett REPORT OF ANALYSIS

1539 N. China Lake Blvd., Suite 153

Ridgecrest, CA 93555 : Analysis of 37 Rock Chip Samples
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‘FIRE ASSAY

Au Ag sb As Bi Te Hg

ITEM SAMPLE NO. (oz/t) (oz/t) (ppm) (ppm) (ppm) (ppm) (ppm)
24 BG 8 - CC Qtz .055 < .01 < 2. 38. < .1 < .1 .01
25 BG 8 - Black (Qtz) 6.120 .62 < 2. 44. 1.2 .1 .12
26 A +20m : .870 i < .01 15. 300. .5 .3 .07 .
27 A +28m 1.460 o .22 3. 165. .1 .1 .10
28 A +48m .220 Y < .01 7. 190. .6 .3 .06
29 A +80m .670 .02 7. 245, .2 .2 .44
30 A -80m .540 Y < .01 9. 290. .2 .1 .09
31 M1 .110 < .01 4. 125. .8 .7 .05
32 M2 1.000 .15 6. 125. .3 .1 .06
33 M3 7.270 1.72 10. 410. .5 .1 .07
34 M5 .780 .16 9. 155. .6 < .1 .06
35 M9 .135 < .01 4. 70. .7 .2 .03
36 M - Mag .100 < .01 10. 160. 2.2 .2 .03
37 M - 4 Non-Mag .215 < .01 8. 110. 2.0 .2 .04

Charles E. Thompson : William L. Lehmbeck

James A. Martin

~ame a [ YT, A ee L Rla 141D



1775 W. Sahuaro Dr. » P.Q. Box 50106
Tucson, Arizona 85703
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JOB NUMBER WQR 004B
January 12, 1995
v Sombrio Fine Gray Mags
HEWLETT MINERAL MANAGEMENT PAGE 8 OF 8 PAGES

Attn: Mr. Richard F. Hewlett REPORT OF ANALYSIS
1539 N. China Lake Blvd., Suite 153 ) .
Ridgecrest, CA 93555 Analysis of 37 Rock Chip Samples
Cr¥* Mg* Ba* Tix B¥* Alx Na~x K* W* Be*
ITEM SAMPLE NO. (ppm) (%) (ppm) (%) (ppm) (%) (%) (%) (ppm) (ppm)
24 BG 8 - CC Qtz *~* 638 .01 16 .01 18 .08 .01 .01 <2 -4
25 BG 8 - Black (Qtz) ++ 505 .01 37 .01 83 .06 .01 .01 - <2 .4
26 A +20m 49 .88 520 .02 <5 1.52 .10 .34 <2 6.0
27 A +28m ++ 67 .64 478 f01 111 1.23 .08 .28 44 2.9
28 A +48m ** ' 83 .72 638 .03 76 1.17 .07 .24 23 5.0
29 A +80m ** 96 .53 527 .02 64 l1.01 .06 .20 25 4.2
30 A -80m 130 .44 348 -03 <5 .93 .05 .20 38 2.7
31 M 1 o 160 .19 172 11 <5 .79 .05 .15 11 1.8
32 M 2 ** 151 .19 209 .27 <5 .87 .10 .22 52 2.0
33 M 3 ++ 117 .15 217 219 14 .62 .07 .15 110 -1
34 M 5 ** 152 .19 257 .27 : <5 .93 .10 .23 10 1.9
35 M 9 ** . 134 .23 197 =16 <5 .96 .07 .17 5 2.3
36 M - Mag 132 .20 206 .15 <5 .39 .05 .03 7 2.4
37 M - 4 Non-Mag 226 .20 208 .38 <5 1.20 .17 .42 108 1.6

nx" Denotes partial digestion in aqua regia of
elements commonly found in geological materials.
+NOTE: Greater than normal geochemical range.
Please advise if fire assay is needed.
++NOTE: Samples analyzed on WQRO04-A.
**NOTE: Samples analyzed on WQR004-B.

Charles E. Thompson William L. Lehmbeck James A. Martin
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Sombrio Fine Gray Mags

HEWLETT MINERAL MANAGEMENT PAGE 7 OF 8 PAGES
Attn: Mr. Richard F. Hewlett REPORT OF ANALYSIS
1539 N. China Lake Blvd., Suite 153 _
Ridgecrest, CA 93555 Analysis of 37 Rock Chip Samples
- Mn Fe Sr cd. . Bi v Cax* p* Lat*
ITEM SAMPLE NO. (ppm) (%) (ppm) (ppm) (ppm) (ppm) (%) (%) (ppm)
24 BG 8 - CC Qtz ** 37 1.22 3 .5 <3 9 ;.01 - .01 4
25 BG 8 - Black (Qtz) ++ 373 1.20 2 .5 <3 22 .01 .01 1
26 A +20m 2180 29.99 20 1.0 <3 225 2.99 1.00 216
27 A +28m ++ 1661 20.36 205 2.5 <3 279 2.65 .85 18
28 A +48m ** 1842 25.16 192 3.2 23 499 3.30 .74 20
29 A +80m ** 1336 21.07 174 2.9 10 431 2.84 .74 20
30 A -80m 1009 17.69 20 2.0 5 355 1.81 .55 149
31 M1 775 10.19 55 .5. <3 319 .70 .07 22.
32 M 2 ** . 1284 11.68 78 .5 <3 386 1.21 .09 39
33 M 3 ++ 1115 12.62 58 .5 <3 449 .81 .12 30
34 M5 ** 904 11.54 80 .5 <3 379 .93 .07 40
35 M 9 ** 950 13.33 66 .5 <3 447 .82 .08 27
36 M - Mag 1906 35.49 24 1.5 <3 1029 .78 .29 44
37 M - 4 Non-Mag 672 7.87 42 .8 + <3 222 1.13 .08 113
Charles E. Thompson ~ William L. Lehmbeck James A. Martin

Avisnna Blaaictarnd Azcavear Na 0497 Arizans D errien focacer Na. Q495 Arizona Recisterer Accmsrr No. 11122



IN
e e N wm wm t I W SN NN S B O B =

Tucson, Arizona 85703

JOB WQR 004B
January 12, 1995
Sombrio Fine Gray Mags

HEWLETT MINERAL MANAGEMENT PAGE 6 OF 8 PAGES

Attn: Mr. Richard P. Hewlett REPORT OF ANALYSIS

1539 N. China Lake Blvd., Suite 153

Ridgecrest, CA 93555 Analysis of 37 Rock Chip Samples
. Ag As sb Cu Pb Zn Mo Ni Co

ITEM SAMPLE NO. (ppm) (ppm) (ppm) (ppm) (ppm): (ppm) {(ppm) {ppm) {(ppm)
24 BG 8 - CC Qtz *+* .1 29 <2 S A 4 13 2 20 3
25 BG 8 - Black (Qtz) ++ 21.9 - 38 <2 8 11 17 1 19 35
26 A +20m . 1.8 315 45 15 210 235 <1 29 24
27 A +28m ++ .9 167 16 14 76 255 5 38 74
28 A +48m ** 1.3 212 15 22 124 0 . 346 7 44 95
29 A +8Qm ** 4.3 265 8 17 102 299 4 42 69
30 A -80m 4.2 267 24 15 151 239 6 26 42
31 M1 ** 1.2 70 10 36 75: - 81 2 19 32
32 M 2 ** 4.1 129 8 27 89 ° 69 3 16 44
33 M 3 ++ 27.4 543 11 29 334_2 76 3 10 35
34 M 5 ** 4.6 154 9 25 75 76 4 14 38
35 M g *=* ‘ 1.1 67 3 34 46 78 3 20 45
36 M - Mag 1.6 80 " 34 25 126 - 154 <1l 5 39
37 M - 4 Non-Mag 2.0 100 13 36 39. 50 3 10 25
Charles E. Thompson - . William L. Lehmbeck o James A. Martin

.- Cfetmied Aceaiias Al AT Brivana Dacictared Acsaver No. 94725 : Arizona Registered Assayer No. 11122
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R.F. HEWLETT | 1539 N. China Lake Bivd., Ste. #153
I(619) 384-2647 FAX (619) 371-4619 RESUME . Ridgecrest, CA 93555

EDUCATION:

1957: B.S. In Chemical Engineering; lowa State University,
1960: M.S, in Mining Engineering; University of Arizona,
1967: Course work and Dissertation completed for D. Sc.
in Mining Ergineering and a Ph., D, in Geological
Engineering while on the teaching faculty of the
Colorado School of Mines and the University of Arizona,

EXPERIENCE:

1980 to date: Acqdigition of exténsive California Placers and GOLDFIELD MINES.
' Completed exploration, development, and feasibility studies on
oll of these mining properties.

Consultant for numerous precious metal operations; milling
and heap leaching{development and metallurgical design of
various ore treutment systems for varied and complex ores].

Consultant for numerous gold placer mines{development,
evaluation and metallurgical design of recovery systems
utilizing advanced gold recovery technology].

1979 to 1980: General Partner, Gold-Silver development and heap-levch
operation at Goldlield, Nevada.

1978 to 1979: Consultant for mojor gold-silver heap leach in Nevadu,
100,000 tons-per-month under-leach operation.

1970 to 1978: General Portner and Chief Executive Officer;

" A). Sierra Minerol Management/Merchant Sterling
Joint-Venture with PLACER DEVELOPMENT,
McDermitt Mercury Miné[Nevada].

$10,000,000 mine development--Mine went into
production in 1875 and is still in production.

Limited Partners ore the Horriman Trust
(Merchant Sterling], Warren Corning, the
"BARR BROS([Bond deulers], Flogler Mathews, etc..

B). ‘71 Minerals; Tombslone, Arizona gold-silver
heop-feach operatlon. Over 4,000,000 tons
of dump and open-pit ore was leached in the
first [our years.

The Limited Par*tner was Lhe HARRIMAN TRUST.

- ..1li..éf EE BN EE = li— lll|'||lr -Il ‘ll— - - e
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[2]- RESUME OF R.F. Hewlett

C). GOLD-CREEK JOINT-VENTURE; Cripple, Creek,
" Colorado gald-silver heap-leach operat/on o
Similar to our Tombstone operation in that

150,000 tons-per-month were put under leach. -

Another Limited Partnership with the llarriman
Trust.

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

Another Limited Partnership with the Harriman
Trust. :

1966-1970: Mine Finance; Consultant on Aquisition and Mine Voluation- . '
[Zurich, London, Rome, Johannesburg, Paris,
Belem(Brazif), and New York].

1963 to 1968: Chairman of the Board, COMPUTEC RESEARCH, GFI COMPUTEI
INDUSTRIES, COMPUTERIZED NATURAL RESOURCES, and
R.F. HEWLETT & ASSOCIATES. Computer. App//cat/on
Companies with world-wide consulting in mining operations
" and other notural resource bused ventures.

1957 to 1963: Bear Creek/Kennecott; Statistical Engineer. Developed
computer opplications for ore reserve computations,
design of underground and open-pit mines utilizing
econometric analysis/optimlzation, exploration drilling potterns,
financial evaluation of exploration projects, production
scheduling, and process optimization for copper smelting.

Yubag Mining Company,; Exploration, mine examination, and
design for open-pit gold-silver deposits- in lduho.

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

Kaiser Aluminum, Bauxite exploration, mine examination,
fluorspar deposit evaluation, engineering and plant
process in Jamaica, Panamo, Brazit, and the United States..
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1970 to 1978 JOINT VENTURES : | L o

1970

1970

1970

1970

1971 .

e

1971

1971

“U. 5. SILVER,

PLACER AMEX, Mercury at Cordero Mine near
’ McDermitt, Nevaoda.

NORANDA MINES,; Walker Mine, Plumas County, CA

[Copper, gold, and silver].

Cobpé{/gokiat Hassayompa
Mine area, Prescott, Arizond.

NORANDA MINES;

Copper, gold, and silver at
MacKay, Ildaho.

NEW YORK ROSARIO; Silver and gold opératibn at

Lo Colorada Mine, Sonora, Mex..

Porphyry. copper explofoﬁon in Arizona,
Californja, ond New Mexico.

QUINTANA MININERALS;

TENNECO;

Porphyry copper exploration
at Coyote Wash, Safford, AZ.

AMERCIAN METALS CLIMAX; ~ Porphyry copper explorat,
: near Sllver Bell, AZ.

CONSULTING EXPERIENCE BY COMPANY

American Mebkal C€limax

Amgrican Patash & Chem Corp.
American $melting & Refining

Anacaonda Company
Banner Mining Cumpany
Behre-Dalbear

Cerra De Pasco

Cities Zeruvice

- Compania Minera De Cananea

Duval Corporabion

El Paso Natural Gas
Ebhyl €orporation
Granby Mining €ompany
Eranlsle Mines

6.T. Bator § Assuciatbes
Hanna Mitiing Company
Irish Base flekals

PEN

Kaiser Aluminum & Chemical Catporatian
Kennecokb Copper Carparation |
Kingdom of faudi Arabia

Miami Copper

Minera Bayavar

Malyhdenum Carporatian of America
Narangda Mines '

Occidental Petroleum{Minerals)
Placer Develapment

P.L.ANLT, (Purtugal)

Quintana Minecals

Revere Copper and Brass

Jupetior 01l Campany
$windell-Dressler

Texas Gulf Sulphur

TransPaal Cunsolidated Eolafields.
Trans Darld Airlines :
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CONSULTING EXPERIENCE BY COMMODITY

GoLD

Lonaine[Transvaal, So. Africa]
Cnipple Creek(Colorado]
Goldfield[Nevadal
Thunder Mtn,[1daho)
~ Nelson[Nevada]
Congress(Aizona)
ELkhorn{Montana]
Mo fave[Californial
Chlonide{Arizona]
Virg.inia City{Nevada]
Oro del Rey[Utah]
Merken([Utah])
Centhal City{Colorado]
WickenburglAnizona]
Crown King[Arizona]

Vinginia MLné[TmmuaaL So. Agrnical

—

SILVER

Oatman|AMizona) : -
COPPER-MOLY-GOLD : COMMODITY

Saffornd, ArizonalKCC] CU-IN-PB-AG

Tanama, Puerto Rico[KCC] S

Lights Cneek, CA[AMEX] NICKEL-CU

Robinson District, NV(KCC] "

Diamond H, Miami, Al SULPHUR

San Xavier Nowth|ASARCO]  URANTUM

Ray Mines, AZ[KCC] . BRINES/SOL1D

Granisle, B.C.[Granbyl] PB-IN-AG

Michiquillay, PerulASARCO] n

Jabal Sayid, Saudi Arabia "

Ruby Creek, Alashal{KCC] "

Kalamazoo, Al{Quintana) COPPER-1RON

Sifver Bell, AZ[ASARCO] L

Cananea, Mex.|Anaconda] PHOSPHATE

Cajo Abaho, P.R.[AMAX] : "

Lampa, Pesu[ASARCO] n

Galore Cneekh, B.C.[KCC] " TRON

Lakeshore, AZ[EL Paso] A MOLYBDENUM

Marcoppen, PRLLippines
Castle Dome, AZ[Cities)
-Newman, B.C.[Nornada])

San Manuef, AZ.

Twin Buttes, Al[Anaconda}

Packard Mine[Nevada]
Tonopah[Nevada}
Calico{Barstow, CA]
Candefaria{Nevada]
Ofos Calientes[Mexicol

- slacatecas [Mexico]

Tombstone [Anizona)
Silver PLumb{Colorado]

. Eureaha/ELy(Nevada)

Rey Mart[Arnizonal]

La Colorada[Mexico)
Leadville[Colorado]
Searchlight{Nevada]
Prescott{Aizonal
Yucca[Arizona]
PLerce-Gleason[Arizonal
Reville[Nevada]

LOCATION

Timmins, Ont,[Texas -Gulf]
Cesrvno Te Paaco, Peru
Ragland Nichel[Quebec]
Pifwe, Africa

Benguet, Philippines
Homestake-Sapin{New Mexico]
‘Trona, CA

-Nonthgate, Irefand

Salem, Missouri[KCC]
Vibwnwm, Mo.[ASARCO]
Terrte Monte, Pontugal
Craigmont, B,C.[PLACER]
Boss-Bixby, Mo.[Am. Pb-in]
FLorida

TunedLa

Sechura Desert, Peru
Colima, Mexico[HYLSA]
CLimax, - Colo.[AM METALS CL} .
Yorh Handy, B.C.[ASARCO]
Questa, N.Mex.[MOLY CORP]
Endako, B.C.[PLACER] |
Halt, Nevadal[Anaconda)
Alice Amm, B.C.{KCC]
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1). 1970
2). 1969
3. 1968.
4). 1968
5), 1965
6). 1965
7). 1964
8). 1964

"Comparison of the Triangular, Polygonal, anda
Statistical Method of Computing Grade  and Tonnage of
Ore for the Silver Bell Oxide Porphyry Copper Deposit'.

"Case Histories of Exploration Drilling and Ore Reserve
Estimation''; Geological and Minlng Society of v |
British Columbia, Vancouver, B.C., Canada.

"Case Histories of Automated Ore Reserve Estimates” ﬁf
Annual Meeting of the AIME, ‘New York,[In collaboratxon»ﬁ
with Dr. A. Banfield of BEHRE -DOLBEAR] .

"New Techniques in Prospecting for Coal'; American
Mining Congress, Annual Meeting of the Coal Division,
Pittsburg, Penn.

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

"Design of Drill-Hole Grld Spacing for Evaluating
Low-Grade Copper Deposits'; Report of Investigation,
U.S. Bureau of Mines.

"Future Computerization-in the Mineral Industry";
International Symposium on Application of Statistics,
Operationg Research, and computers in the Mineral
Industry, COLORADO SCHOOL OF MINES, Golden, Colo.

"Empirical Models of a Copper Reverberatory Furnace"
International Symposium on Applicatlons of Statlstlcs,
Operationg’ ‘Research, and Computers in the Mineral
Industry, COLORADO SCHOOL OF MINES, Golden, Colo.

9). 1964 - “Dynamic Problems in Mining':; International Symposium

in Computers and Computer Appllcatlons, UNIVERSITY OF

ARIZONA, Tucson, Arizona.

10). 1964 -~ "Application of Slmulatlon in Evaluating Low Grade
Mineral Deposits'; Bureau of Mines, Report of

Investigations Number 6501, 63 pages.

11). 1964 - "Polynomial Surface Fitting Using Surface Data from an
Underground Copper Deposit''; U.S5. Bureau of Mines,
Report of Investigations Number 6522, 27 pages.
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;2).
13).
14).
15).
16) .
17) .
18).

19).

20y,

21).
22).
23).

24).

25).

1964

1963

1963

1963

1963

1962

1962

1962

1962

1962
1961
1961

1961

1960

"Simulating Mineral Deposits Utilizing Monte Carlo
Techniques and Mathematical Methods''; U.S. Bureau :
of Mines, Report of Investigation Number 6493, 27 pps.

"Computer Methods in Evaluation, Development, and
Operations of an Ore Deposit"; Annual Meeting of the -
American Institute of Mining, Metallurgical, and
Petroleum Engineers, Dallas, Texas.

"Pit Design Utilizing a Digital Computer';.Symposium
_of Operations Research, STANFORD UNIVERSITY CA.

"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

"Computing Ore Reserves by the Triangular Method Using
a Medium Sized Digital Computer"; U.S. Bureau of Mines
Report of Investigation Number 6176 30 pages.

"A Survey of the Techniques and Appllcations of Computer
in Resolving Operating Problems'; American Mining Congru
San Francisco Annual Meeting.

"Computing Ore Reserves by the Polygonal Method USLng
a Medium Sized Digital Computer'; U.S. Bureau of Mines
Report of Investigation Number 5952, 31 pages.

"Mineral Deposit Evaluation Using Mathematical Models,,
and a Digital Computer'; University of Arizona ‘
Symposium on Computer Applications, vol. 1, section K,

- pages 1-55,

"Use of High-Speed Data Reduction and Processing in
the Mineral Industry': U.S. Bureau of Mines,
Information Circular Number 8099, 82 pages.

"Formulating Computer Problems"; University of Arizona

Symposium on Computer Applications, vol. 1, D[37 pgs.].

"Calculating Ore Reserves Using a Digital Computexr'
MINING ENGINEERING, v. 13, pages 37-42.

"Swall Mines Can Make Wide Use of Computers'

- MINING WORLD, vol. 23, no. 7, pp. 38-40.

"Computer Calculates Best Method to.Develop
High-Angle Escalante Vein'; MINING WORLD,

- vol. 23, no. 10, pp. 31-35.

"A Comparrson o ‘Various Methods of Calculating Ore
. Reserves Using a Digital Computer, University - =¥
of Arizona Computer Symposium.



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 mullion 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, electrowinmng or vacuum liquation to extract the values. N

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/of lower grades are never'dévéloped. ’

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 doré, 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 cyamdation 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 well known and are universally used to purify domestic water supplies. Significantly, the
HRS permits far more rapid and high recovery of metals and minerals than conventional processes.

' '

3. Scope of the HRS
L Oxidation &/or chlorination of waste water, mine effluent and sewage.
1. Reduction of metal ions in toxic waste water.

i, Solid toxic water clean-up, detoxification.

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

. Precious metals in a sulphide matrix.

V. Gold ores attached to carbon by a weak organic bond.

Vi, Encapsulated gold in silica, silicates, carbonates, etc.

vil, Films on gold: iron oxidethydroxide, silver chloride from electrum, sulphide
coatings and iron silicates (desert vamish).

viil, Manganese (valance +4) and psilomelane and any other compound that requires
reduction before leaching. . . | :

IX. Interstitial gold in magnetite, haematite and psuedomorphs.

x. - Oxygen consuming minerals such as arsenic and antimony sulphides, etc.

X1, Speiss and matte forming elements.

Xii. Certain physical properties such as texture.

Xlil, Excess iron.

HRSSHORT: 1:08/02'96
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4. The HRS Components

The component parts of the HRS are as follows:

L. " Reaction Chamber, vertical or incliied, etc. to suit mull facility.

1. Circulating/Holding Tank.

iit. Pulp Circulating Pump.

. Ion Exchange System containing resin columns and elution facility.
\2 Furnace and pure metal ingot pouring facility.

5. 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 sulphidé gas. The latter' emission’'is' s¢rubbed 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‘caliy adapted to proc“ess concentrates created by a Knelson grawity circuit.

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

" HRSSHORT:2:09/02/96
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Metallurgical Research and Assay Laboratory
745 Sunset Road Suites B
Henderson, NV 89015
702-565-0074

ASSAY REPORT

Assay Number: 4852 Date: Sl

Customer: RONALD OWENS

Sample [dentification: HEMATITE ORE

Elemant

Au-Gold
Ag-Silver
Pt-Platinum
Rh-Rhodium
Os-Osmium
Ru-Ruthanium
 Pd-Palladium
Ir-fridium

These reaytts are bared on weli known accepted analyticat procedures usext solely an the sample
submitted by the customet. This repeit is prepared for the exaiusive use of the customear. No

" warranty as io the reproducibility or extractability of the materie: >ther than the sample is given.
Donalg E. Jotdan andfor Metallurgical Ressarch and Assay Laboratory make ne representation
express Or impliert on material other than that represented oy the sample assayed.

Mote, " #VALUE! " MEANG THAT ELEMENT HAS NOT BEE[I ANALYZED FOR THIS REPORT.
Unless prior anangerments ars made, all samples will be discarded after 30 days.
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Metallurgical Research and Assay Laborato
745 Sunsef Road Suites 8
Henderson, NV 89015
702-565.0074

ASSAY REPORT

Assay Numbet: 4872 . Date:  on18m8
Customer : RONALD OWENS

Sample Identification' HEMITITE - CYANIDE TEST C - 227 gms. In 1000 mis. i agitatcd, temp ambiat, 12 hours
Material was pre leached using 8 weak HC{ colution 16 enhunce cyanide leaching. Soltion was assayed

' ' and no values were found, The pre lsach did not seem to help recovery,
b Element PPM  Oz/Ton

pre laach salution Au-Gold 0.0 0.00
Ag-Silver S 0.0 0.00
Pt-Platinum 00 0.00

6 hours Au-Gold . 0.9 c. 11
‘ Ag-Silver ‘ 15 0.19
Pt-Platinum 0.0 0.00

12 hours Au-Gold : 1.2 0.15

&%

- Ag-Silver 40 0.51
Pt-Platinum 01 0.01

submr*t»d by the f‘uciomer This report ig preparﬂd for lhn ex*’uvw use of the cuetomer No
wamanty a8 in the reprodueibility or oxractability of the matenal other than the sample i3 given.
Donald E. Jordan and/or Metallurgical Research and Assay Laboratory make no representation
express ar implied on material other than that representad by the sample assayed.

Mote: * #VALUC! “ MEANS TIHAT ELEMENT HAS NOT BEEN ANALYZED FOR THIS REPORT.
Unicss prior arrongements are made, all samplea vill be discarded after 30 days,
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Metallurgical Research and Assay Laboratory
745 Sunsct Road  Suites 8 '
Henderson, NV 89015
702-565.0074

ASSAY REPORT

Assay Number: 4871 . ’ Date:  wrtage
Customer : RONALD OWENS

Sample Identification. HEMITITE - GYANIDE TEST 8 - 227 gms. in 1000 mie / 2gtated, temp ambient, 12 hrs,

Element Q«/Ton

8 hours Au-Gold ' 0.12
Ag-Silver | 0.17

Pt-Platinum , 0.00

12 hours : Au-Gold 0.14
: Ag-Silver ' . . 024
Pt-Platinum , 0.01

i\

These re_sults are based an well known accepted anahstical procedures usad solety on the s NGRS
submittac by the customer. This report is prepared for the exclusive use of he customer. No
warranty as to the reproducibillity or extractability of the naterfat sther than the sampie is given.
Donald £. Jordan and/or Metallurgical Researeh and Assay Laboratory make no representation
express of implied on material other than that rapresented by the sample gssayed

Note: " #VALUE! " MEANS THAT ELEMENT HAS NOT BEEN ANALYZED FOR THIS REPORT,
Uhless prior arrangements are made, ail samples will ba disc arded after 30 days.



EDUCATION:

EXPERIENCE

' 11/90~Present

4/87-11/90

9/86-12/86

DONALD E. JORDAN
804 FURPLE SAGE TERRACE
HENDERSON, NV 89015

REGISTERED ASSAYER ARIZONA #19127

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

IDAHO STATE UNIVERSITY, Pocatello, ID,
B.S. Chemistry - 1948

METALLURGICAL RESEARCH AND ASSAY LABORATORY,
Henderson, NV Owner and Chief Analytical Chenmist.
Research i1n Metalluryy, Analysis,and recovery of
precious metals found in complex ore, concen-
trates, etc, utilizing digestion, fusion, furnacing
techniques: and, analysis by plasms spectroscopy.
Recovery studies by cyanide, bromine, ion exchange,
high temperature fire assay and others, Estab-
lished a sampling program for ore boedys8 and
concentrates, sultable for investor acceptance.
Continued analytical service providing high quality
analysis to zlients. Continued specific procedures
using iiigh resolution DCP/ICP and our study of
inter~elemant interferences and elimination of
them.

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

UNITED STATES RESOURCE 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, platinum group, &long with strategic, and rare



I 6/85-9/86

l 1/83-5/85

I 1974-1982
1973=1974

earth metals.

J.B. LABORATORY, Phoenix, AZ Set up and establish
D.cC. Plasma Spectroscopy to analyze ores, concen-
trates, liguid leach products, black sands, cinder

cones and Dore bars for gold, silver and platinum
group matals.

ANALYSTS, INC., Oakland, CA  CORPORATE RFESRARNH
CHEMIE®. .&acacrcil’ ana aevelopment. Supervised four
chenists in non-routine oil, inorganic and metal-
lurgical analysis, utilizing infrared, A.A. Ferrog-
raphy, and plasma spectroscopy. Was also respon=-
sible for developing new methods for metal analy-
s518.

LABORATORY MANAGER Supervised a 28 person labora-
tory in analyzing oil samples, performing computer
data entry, printing results and forwarding reports
to corpeorate 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 - Analviical.Rasprarrdars ~telAnidues
to determine trace and higher concentrations of
most metals. Developed the use of DCP Spectroscopy
for the follewing:

Wear metals through oil analysis,

Trace impurities in Cathode Copper,

Analysis of refirery slimes for Au, Ag, Pt, P4,
cu, Se, Te, 8bh, As, Pb, Ni, (simultaneocusly),
Analysis of impurities in Nickel Sulfate prepared
from slime and many other trace elements such as
Rhenium, Gallium, Germanium, Tantalum and others.

Studied various leaching techniques for the
tailings leach 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



1360~1973

1952~1957

1948-1951

pUBLICATIONS

- 1959-1960

pleas

CONTINENTAL OIL COMPANY, Ponca City, OK ANALYTICAL
RESEARCH SECTION. SENIOR RESEARCH SCIENTIST.
Organic and Physical Properties.

Organic Laboratory.

Inorganic Laboratory.

Methods Research, development and modernization,
complete fertilizer technoleogy, including Super
Phosphoric Acid, using Automated Technicon and
Chromatograghy techniques.

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

Participated in preparation and analysis of Metallo
Organic Sulfonate Standards for used oil analysis,
Helped establish a complete Copper Ore methodclogy
(seée Phelps Dodge above)., Also, established chemi-
cal and instrumental methods for water gquality
evaluation and structural parameters on Yrigid
silicate foams.

NATIONAL BUREAU OF STANDARDS, Boulder, CO CRYOGEN=
IC ENGINEERING 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 Anhydrous Mono Calcium Phosphate.
Developed a method to determine trace guantities
(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. Louls, Missouri.

ACTING CHIEF
J.R. SIMPLOT, CO., Pocatello, ID
CHEMIST - Conérol ﬁéboratory including complete Ore

Agcay Facility.

e see attached list.
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THE ANALYSIS OF DESERT FLOOR, BLACK SANDS, VOLCANIC CINDERS,
SERPENTINES AND OTHER MATRICES FOR GOLD, SILVER AND PLATINUM
GROUP METALS BY PLASMA SPECTROBCOPY

BY

DONALD E. JORDAN
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BTRAC

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 echelle
grating (apprcx. .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.

I . ¢ £ .
. k9 ’ Contribution from:
l b e Alpha Research Corporation, 8390 8. Fourth 8t,, Henderson, NV 89015
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e 4 ANTRODUCTION

«aly, precious metals have been determined by chemical fire
~esay procedures‘'!. 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. Davis®?’, Beamish and Van
Loon®, and others have presented methods to determine the Platinum
group metals in pure mixtures by fire assay, while Ammen®®  and
Liddell®®’ 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 Emmons and Eckel®’., 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 Creek!"'2'%1)  other studies have shown Mariposa County, |
California, Devil's Gulch, to assay $94/T Platinum and $44/T Gold
at 1920 prices'”., The same publication shows Flaky Gold and a
i ratio of 4.08 Osmiridium to one part Platinum in Mendocino County,
19 California. Two sample lots of 30 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
Osmiridium, .05 oz. Gold and 0.3 oz. Platinum. The values were:
5 Iridium $400-$450/0z., Osmium $75/0z., and Platinum $105/0z. Merti

' et. al., also discusses the Platinum group metal deposits at
d length, including the United States!',

oz.

| The most recent information by government agencies alleges there
3 are no primary Platinum group metal deposits in the United States
L except for the Stillwater Complex in Montana. This seems to be a
1 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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B With the development of stable high energy plasma excitation
sources for atomic emission spectroscopy, an alternative to fire
ined by chemical fire assay is available. Here, the plasma spectrometer must be coupled
¢ obtained for Gold and 7 with a high resolution grating (approximately .02 angstrom)‘ 9,103
omplex materials such as to successfully perform multi-element analysis of precious metals
r type ores, fire assay is ' at low PPM levels and other metals in all matrices without
reatment. At best, only ! interference. The use of either DCP or ICP excitation coupled with
Ire assay procedures, with , a high resolution echelle grating provides a substitute for fire
™ pavis'®, Beamish and Van : assay. Results for all precious metals, including preparation
i to determine the Platinum time, can be completed in less than six hours for simple and up to
ssay, while Ammen‘ and : 24 hours for the most complex ores studied to date. The continued
' the separation of the development of stable plasma sources should result in additional
"state of the art" plasma spectrometers in the near future.
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R NTS

Only C.P. reagents and Class A glassware were used. All reagents
were analyzed prior to and during use.

8T 8
All standards were purchased as singlé element plasma standards.

The matrix high standard was preparaed by analytical dilution of the
purchased 1,000 and 10,000 ppm standards. The multi-element

standard contained HCl, HNO,, 10/ug/ml each precious metal, 20ug/ml
of several base metals; 500 ug/ml iron and 80 ug/ml each of
Manganese, Thallium, and Mercury; all made to 500.0 ml.

Accurately weigh 2.5 gm of =200 mesh ore into a 250 ml Class A
Volumetric flask. Add 20 ml Conc. HNO, 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 Conc. 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. COMPLEX ORES.,

Accurately weigh from 0.5 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. OT ET. .

1. Resins. : :
Perform a wet ashing digestion on dried resin using H,S0,
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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2. OSMIRT 8 D LATIN
IRIDATES, ETC,
These samples require an oxidative alkaline fusion at
800 degrees C, in a Zirconium or Nickel crucible for at
least one-half hour.

CALIBRATION AND ANALYSIS

A, DC C P ITI-A, a L

The DCP is set up as described by Reednick''?. Align the grating
to its geometric center (253.2 nm) using the preselected channel
in the cassette and a PURE single element standard for that
channel. Complete the alignment with the same element in the
multi-element standard mixture.

The instrument was calibrated using high 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 turning 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 high
standard was pumped into the plasma and the computer activated.
After the "Autorange" 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 12-50 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., twe (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 were set as follows:

Sleeve Pressure 50 psi Argon
Nebulizer Pressure 30 psi Argon
Anode Spacing 5/32"

Sample Volume .80ml/min

. CP (LEE 8 BPE L g

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 using sequential mode as outlined. Press
Sequential A for the A program. Input Nickel 3 (231.60nm) to the
program. 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 wavelength 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, Aul, .... 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-
axis. 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

unaligned, do a Pe Wavele

that is unalijgned. Then repeat the scan, profile and print
sequence above on the mixed standard. Repeat until all the
elements in the high standard are aligned. NOT IGN ANY

WAVELENGTH WITH THE MIXED STANDARD.
B.1 OTANDARDIZATION

Press "std" [1] and "Enter" [1] [Enter] when the data is complete,
it will print. Then press "Std" (1) Enter [2] Enter and finally
"std" (1] Enter [3] Enter. This means that for standard #1, 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. W¥hen this sequence is finished, repeat for the 1low
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:

0z/T = (PPM from ICP) (Dilution/wt. sample) (.029167)

Standard addition was used and the values corrected for matrix
effects.

DIBCUSSION 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),”’ (AgCl +
icl’ = Ag(Cl)‘q) were repeated with a smaller 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 format 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‘®.
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 300
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. "E" is a well known
government laboratory and "D" 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 spectroﬁeters. A study conducted in our
laboratory recently with iron from 1,000ppm to 10,000ppm (0.25 to
2.5 gm/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 Rhodium
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 preciocus 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.

SUMMARY

The data here and the USGS Bulletin #285% and others®7’’ shows the
presence of 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 for 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.
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— BAHAMIAN REFINING SERVICES & MINING EQUIFMENT COMPANY
A Division of Buhamian Rofiring Corporation )
E 9222 N. 14th AVE., PHOENIX, ARIZONA 85021 ® TELEPHONE (502) XOXOCHMEXXX

NEW NUMBER 602-944.6577 FAX 944.1893

DATE: OCTOBER 7, 1997
NAME: RONALD OWENS, YUKALTA RESOURCES INC.
ADDRESS: 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-Leachent,
reported in ozs. per ton. '

BASIC Au Ay
Formula # 1 .38 , .02
Formula # 2 1.20 .14
Formula # 3 1.07 .13
I' Formula # 4 .02 .00
Formula # 5 -1.38 .14
Formula # 6 .91 .03
I Formula # 7 .10 .00
Formula # 8 .31 ' ' .01
I ACID
Formula # 1 .30 .00
Formula # 2 1.20 .12
I Formula # 3 1.27 .12
Formula # 4 .14 .00
Formula # § 1.34 .14
I Formula # € .78 .02
Formula # 7 .10 .00
I Formula # 8 16 - ,01
l Fred Finell, Jr<President

BNC OI0 NOT SELECT THE SAMPLE(S) TESTED, AND NO REFRESENTATIVE OF BAC HAS VISITED THE PROPERTY ANLY/DA PLANT AND/OR LATIORATORY FHOM WIHENE THE
SAMPLELS) WENE TAKEN, BNC HAS NO WAY OF KNOWING IF THE SAMPLE(S) TESTED ARE REPAESENTATIVE OF THE PROPEATY, AND/CR YHE METHODS OF TESTING AND/OR
PAQCEESING USED, AND ORC DOES NQT KNQW THE EXTENT THE SAMPLE(S) RCANESENT OF ANY VOLUME OF ORE(S) ON THE PAOPEATY OR THE COMMENCIAL FEASIOILITY OF
THE FAQPLATY, BRC VENIFIES AND ATTESTS THE VALUES NEPORTED WEME ACTUALLY NECOVERED FROM THE SAMI'LL(S) FROVIOED TO AND TEHTEQ Y BRG. NQ WANNANTIES
OMYHEREFRODUCIBILITY OF THE SAMPLE ARE GIVEN, EXCEPY FORIDENTICAL SAMPLE AND TESY REAEAYEN 1IN HONISE BIE MAKES NOWARRANTY EXPRESS OR IMPLIED, AND
ASSUMES NO LEGAL UADILITY WHATSOEVEN AS TO THE USEFULNESS OF ANY INFORMATION CONTAINED it THIS REMONRT

Ann mutust protoction te clionts, tho public and this earporation. this topartia submitiod und neaupton Loy hisaciutve he of 1o Gliedt Lo whons s addiessind and
upén the condition that It ls not to Bo usnd, in wholo of in part, In any ndvortising or publicity Matter without grrr wiiling puthars gahon e thin corpomtion



BAHAMIAN REFINING SERVICES & MINING EQUIPMENT COMPANY

A Division of Bahamian Refining Corporation

9222 N. 14th AVE., PHOENIX, ARIZONA 85021 ¢ TELEPHONE (602) XFHIILXXX
NEW NUMBER 602-944-6577 FAX 944-1893

DATE: JANUARY 28, 1998

NAME: RONALD OWENS

COMPANY: YUKALTA RESOURCES INC.

ADDRESS: 201 - 5201 - 52 AVENUE
PONOKA, ALB T4J-1Hé6

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 .Acid

Formula # 5 Formula # 5
I. Platinum .10 ' 2.15
| Palladium 1.89 | 2.81
Rhodium .18 .15
Iridium | .63 .84
Osmium - .43 | .51
Ruthenium 2.08 | 1.47

Fred Finell, Jr., President

FF:kt

DID NOT SELECT THE SAMPLE(S) TESTED, AND NO REPRESENTATIVE OF BRC HAS VISITED THE PROPERTY AND/CR PLANT ANC/OR LABORATORY FROM WHERE THE
AMPLE(S) WERE TAKEN. BRC HAS NO WAY OF KNOWING IF THE SAMPLE(S) TESTED ARE REPRESENTATIVE OF THE PRCPERTY, AND/OR THE METHODS OF TESTING AND/OR
PROCESSING USED, AND BRC DOES NOT KNOW THE EXTENT THE SAMPLE(S) REPRESENT OF ANY VOLUME OF ORE(S) ON THE PROPERTY OR THE COMMERC!AL FEASIBILITY OF
THE PROPERTY. BAC VERIFIES AND ATTESTS THE VALUES REPORTED WERE ACTUALLY RECOVERED FROM THE SAMPLE(S) PROVIDED TO AND TESTED BY BRC. NO WARRANTIES
ONTHEREPRODUCIBILITY OF THE SAMPLE ARE GIVEN. EXCEPT FOR IDENTICAL SAMPLE AND TEST REPEATED IN HOUSE. BRC MAKES NOWARRANTY, EXPRESS GR 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 corporatlon 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 authorlzatlon from this corporation.



ONTHE REPRODUCIBILITY OF THE SAMPLE A
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BAHAMIAN REFINING SERVICES & MINING EQUIPMENT COMPANY

A Division of Bahamian Refining Corporation

9222 N. 14th AVE., PHOENIX, ARIZONA 85021 ¢ TELEPHONE (602) X7/A¥HEXXX
NEW NUMBER 602-944-6577 FAX 944-1892

DATE: DECEMBER 26, 1997
SAMPLE NAME: # 1

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

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 PREPARATTON

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.

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.

GOLD SILVER
FORMULA Au Ag
Basic # 5 1.38 .14
Acid # 5 1.34 .14

DID NOT SELECT THE SAMPLE(S) TESTED, AND NO REPRESENTATIVE OF BRC HAS VISITED THE PROPERTY AND/OR PLANT AND/OR LABURATORY FROM WHERE THE
MPLE(S) WERE TAKEN. BRC HAS NO WAY OF KNOWING IF THE SAMPLE(S) TESTED ARE REPRESENTATIVE OF THE PROPERTY, ANL/OR THE METHODS OF TESTING AND/OR
PROCESSING USED, AND BRC DOES NOT KNOW THE EXTENT THE SAMPLE(S) REPRESENT OF ANY VOLUME OF ORE(S) OM THE PROPERTY OR THE COMMERCIAL FEASIBILITY OF
THE PROPERTY. BRC VERIFIES AND ATTESTS THE VALUES REPORTED WERE ACTUALLY RECOVERED FROM THE SAMPLE(S) PROVIDEL: TO AND TESTED BY BRC. NO WARRANTIES
RE GIVEN, EXCEPT FORIDENTICAL SAMPLE AMND TESTREPEATED INHOUSE. BRC MAKES NOWARRANTY, EXPRESS OR IMPLIEQ, 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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Page 2
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 nml
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 ferometallurgical 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, increasing 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 & CONCILUSIONS

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, Jr., Pres.

FF:kt
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A PrECIOUS METALS RECOVERY SYSTEMS

Devclopers of the Specializing in the
"MC CLOSKEY" PROCESS for Econonical Recovery of
fhe Recovery of Gold, Precious Metals Values
. Silver & Platinum Group ' from Ores

Metals from Ores
FAX FROM: John P. Mc Closkey - FAX: (909) 369-7430

FAX T0: Ron Owens -~ FaX: (403) 783-6487

Dear Roni

Following are the results of a process test performcd on one
sample of ore for Gold only recovery:

Sample Description Eiements Ounces/ton recovered
Sample No.l of 3 Gold 0.15
Pulverized

Remarks:

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.

John P. Mc Closkey
Chemical Consultant

t Box 948, Riverside, CA 9.‘215_02

S W A e A e PRSP _— - = .



I"‘jvclopcrs of the

s CLOSKEY" PROCESS for
the Recovery of Gold, ¢
Silver & Platinum Group
Melals from Ores

PRECIOUS METALS RECOVERY SYSTEMS

Specializing in the
Ecottemical Recovery of
Precious Mctals Valucs

from Orcs

FAX FROM: John P. Mc Closkey - FAX: (909) 369-7430

FAX T0: Ron Owens - FAX (403)- 783-6487

for tamting:
Elements: Qunceg/ton recovered

Gold 5.4

Platinum Group 1.2

emar
The sample was not pulverized further but was run AS-1S

{dered as assays but are

ts should not be cons .
hoe y size operation desired.

That above test re
B n be scaled up to an

Dear Ron:

Following are the results of a process test parformed on onc szample
of ore as one of 3 samples raecently forwarded to the laboratory

-

process Lesls which ca

,
E Box 948, Riverside, CA 92502

Tel & FAX (909) 923-9598
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PRECIOUS METALS RECOVERY SYSTEMS

evelopers of the Non-Cyanide Specializing in the
Non-Toxic “CIANQD’ Leach,, ‘Economical Recovery of
for the Recovery of Platinum, Precious Metals Values
Gold & Silver from Ores from Ores

BACKGROUND INFORMATION
JOHN P. McCLOSKEY

Classification: Chemical Consultant

EXPERIENCE:

1975 to Present Technical Director: PRECIOUS METALS RECOVERY SYSTEMS INC.,
\ " Riverside, California.
Develop an economical PROCESS SYSTEM for the recovery of Gold, Silver and
the Platinum group metals from ores containing these values. Aiso, develop an
economical non-cyanide, non-toxic process for the recovery of Gold and Siiver
from ores, using ion exchange technology.

!
'
!
I

1961101975 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 exotlic materials related to basic space technology research.

© 195810 19861 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.

1948 t0 1958 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.

1846 to 1948 Research Chemist: Union Starch & Refining Co., Granite City, lllinois.
Conduct research investigations, and perform chemical analyses of corn
products, such as corn syrup, candies, corn sugars, such as maitose, dextrose,
sucrose, etc.

1843 to 1846 Chief Chomist: Atomic Bomb Piant 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 probiems related to con-
tamination of some of the return condensate being contamingated with Uranium
Hexafiuoride from secret atomic bomb plant processes for the separation of the
isotopes of Uranium.

Box 948, Riverside, CA 92502




LILBRAT MINING

ﬁ

DATE: July 28, 1997

DIRECTED TO: Ronald T. Owen
I
|

PROJECT: Spirit River Project

SAMPLE NAME: SR. 1

SAMPLE WEIGHT: 80 lbs

GOLD RECOVERED: 0.2 grams

EXTRAPOLATE VALUES: 0.2 gms = 5.0gm + 31.104 = .16 oz'ton
80 lbs 2000 1bs

Gold at $323 USD per ounce = $51.92 USD per ton

METHOD EMPLOYED:  Crushed, ground to 60 minus,
scrub, table concentration, chemical scrub of concentrate

amalgamation recovery, nitric reduction.
COMMENTS:
INVOICE: Crushing, milling, recovery $300.00 Cdn. Paid.

Trusting this is of service to you.

Yours truly,

John Savege

| 311 spruce Street, Gultus Lake, BG, Canada V2R 4Y7 Telephone: Plant (604)8584289 Res. (604)858.9585




DATE:

DIRECTED TO:

PROJECT:

SAMPLE NAME:
SAMPLE WEIGHT:
GOLD RECOVERED:

EXTRAPOLATE VALUES:

METHOD EMPLOYED:

COMMENTS:

INVOICE:

Aug. 1,, 1997

Ronald T Owen

Spirit River

SR.2

74 lbs

0.17 grams

0.17 gms = 4.59¢m + 31.104 = .148 oz'ton

74 lbs 2000 Ibs
Gold at $323 USD per ounce = $47.71 USD per ton

Crushed, ground to 50 minus, Amalgam added chemical
scrub, table concentration, chemical scrub of concentrate
amalgamation recovery, nitric reduction.

present.

Crushing, milling, recovery ~ $300.00 Cdn. Paid.

Trusting this 1s of service to you.

Yours truly,

John Savege




COMPLEX METALS RESEARCH & DEVELOPMENT, INC.
P. 0. Box 1137
LaVerkin, Utah 84745
Telephone: 435-635-2088
435-877-1059

June 11, 1998 ~

Ron Owens

CANADA  T4J1H6

SUBJECT: 93 1hs. of ground yellow iron oxide ore:

Placed in air tight Teaching 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; Redox 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 toc Ph 2.80, Grp. 1120.
Ran 14 hours overnight. Ph 4.60, Orp. 450. £ gallons Redecx added to Ph .60,
Orp. 1130. 2 hrs. Ph 4.10, Orp. 688; leach stopped. vessel cleaned. Leach
flocked and filteredd Total solution from leach 28 gallons.

2000 M1. 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.
' #2 Au: 2.62 Milligrams (Had 200 mg. loss of silver)
Pt. Group - 1.4 milligrams

2 1bs. of ore was dried and ground with impact grinder. Sample was put in water
with a wetting agent. Run on concentrating table. Results:
Concentrate - 7.26 grms - 11.8 mg Au
HS  Middles 636.64 grams- 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 tabie
' will give you a commercial yield.

Slimes for leaching: I am sure the Redox will work. You must first adjust the
Ph 7?7 before Redox.

Jettinn

CHARGE: $800.00
PAID IN FULL.
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l BAMPLE TYPE: ~ SAMPLE BIZE: Approx.
[Jauantz ore [ Jeuack sano [ Joone
| 1l SAMPLE 8128 ASSAYED IN GRAMS OR 'RATIO'
[Janooe muo [_Jcore orituinas [ 13 1
[ Jeanaon [_Jaswes [__Jemcieivatas We reserve the right to aseay
' any size of sample bassd on metal
SAMPLE TYPE OTHER content and difficulty (Complex).
e
LABORATORY:

[Jwer cHemicac (acioy [ Jwer cuemicar sasic [ Jacio v son [_JaLkaur rusion
[Jserective oror [ Jsecective eacw [ Jsuik omor [ Hvomoxioe omor [_Jarot tast

LABORATORY OTHER| |

FURNACE:

[ Jrime assay [ Jwon remeanature smecr [ Jieao cotiecton [ REDUCTIVE LEAD COLLECTOR
[Jewven cotuscron [ Jeorren coriecron [ Jaolo cotiecton Dnsoucnou BMELT

[Jeureren  rumnace atwen[" ]

NoTES:

ASSAYER ' v Aanv paTe  10/14/96

GRAMS RATIO 12 [ LEACH ML RATIO 28 ] QAAMS TO LEACH RATIO 2.009

. . ) BEAD WAS TO
COMPLETE UN-PARTRD BEAD —(T) UN-PARTED BIAD WHIGHT| 1 [0 o netom
READINGS SHOW TOTAL METAL CONTAINED IN TwE SUBMITTED SAMPLE. CHEM.TAON DOES NOT OPPFER BACK CALCULATIONS,

0z PT PPM oM PPM QL PY PPM 02 PT PPV
PO 0.018 0.3 AGQ 0.000 0.0 AU 0.042 1.4 PT 0.020 0.7

OL PY PRM 02, PT PPM 02 pY PPM 02 P71 PPM
AM _ 0.008 0.2 AU 0.031 1.1 o8 ¢.007 0.2 1) 0.024 0.9

O2 Y ALADINGS ARE MOAL ACCURATE BINCE THEY AAL THALE DI0IT  PPM FIUUALS ARG QIYEN N ONE D QIT 80 SOME OF THE PPM FIQUAES MLy RL ACUNDED 1O THE NEXT PROBABLE DHIT.

PO $1.02 AQ 00.00 AU §18.17 PT 88.42 AH  $3.30 RU $2.49 08 §0.48 IR $4.22
{34.286 PPM a1 02, PT) FIGURES ABOVE ARF. DOLLARS PEA TON OF SAMPLE SUBIAITTED TOTAL YALUE PER TON L?S? o7
*SAMPLE PAEPARATION. $85.00 For micro wave AR dig#slion o! $25.00 for etandard type AR ¢ Halox. (For PT group, microwave racommsendad).

. +IPECTRAL ANALYSIS ON D; CORAECTING ELECTRIC NSTRUMENT. Motal delection - «Goid $19.00 +Pallacium §18.00 +Piatinum $25.00

*Rhodium $28.00 +Ruthenium $30.00 «Qsmium $45.00 +dalum $32.00 sAll 7 metate for anly $99.00 (For Sinver Arsays call for apecial quots)
5 ASSAY TON METAL IN HAND ASSAYS  INCLUDING RETURN CF DORE BEADN - -LEAGH ASSAYS $175.00 *SMELT ASSAYS §175.00

CHEMTRON LABS 14300 DAVENPORT RD. 38 SAUGUS, CA 913450 PH. 905-298.6432 FAX 308-208-7180
' 5
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SAMPLE TYPE:

[Jovartz ore [ Jeuack sano [ Joone

MPLE ! ’
DANODE MUD DCORE DRILLINGS SAI PLE SIZE ASBAYE;)OIN GRAMS OR HAT,IO

[ Jeanson [ _Jasues [ Jemecipivares We reserve the right to assay

any size of sample based on metal
SAMPLE TYPE OTHER ‘ content and difficulty (Complex).

SAMPLE SIZE: Approx.

LABORATORY:
[ Jwer chemicat (acioy  [_Jwer cremicaL Basic [ acio Fusion [ __JaLkaLl Fusion

[_lsetecrive orop [__|seiective Leac [ |suk brop [ ] wvoroxioe oror [ |srot TEsT

LABORATORY OTHER| ]

'FURNACE:

[_JpRe assav [ Jwian temperature seLt [ JLEAD coLLecTom [ |REDUCTIVE LEAD COLLECTOR

I [Jsver coitecton [ Jcopren cottector [ Jaowo coitector [ |repucTion smELT
[Jevrerep  runnace otHea[ ]
‘ I NOTES:
: l ASSAYER ASSAY DATE 10/28/98 .
GRAMS RATIO 10 LEACH ML RATIO 22 GRAMS TO LEACH RATIO 2.200
\ - BEAD WAS TO
l COMPLETE UN-PARTED BEAD —) () UN-PARTED BEAD WEIGHT] ] [©] st ronetonn L
READINGS SHOW TOTAL METAL CONTAINED IN THE SUBMITTED SAMPLE. CHEM-TRON DOES NOT OFFER BACK CALCULATIONS,
oLPT PPM 0Z.PT PPM 0z PT PPM 0L PT PPM
l PD  0.02) 0.8 AG 0,000 0.0 { AU 0,047 1.6 . |PT 0.018 0.8
“OLPT PPM oL PT PPM oz PT PPM 02 PT PPM
RH  0.007 0.2 RU 0.029 1.0 08 0.010 0.4 IR 0.048 1.7
‘ Q2.PT AEADINGS ARE MORE ACCURATE SINCE THEY ARE THREE DIGIT.  PPM "1, 0SS &3S (W EN 1N CNE DIQIT §7 308 OF THE PPM FIGURES WILL BE AOUNDED TC THE NEXT PROBABLE CIGHT
l PD $2.76 AG $0.00 AU $18.10 PT $7.58 RH $3.85 RU $2.32 0S8 $0.65 IR §3.84
(34.286 PPM = 1 OZ. PT) FIGURES ABOVE ARE DOLLARYS PER TON OF SAMPLE SUBMITTED TOTAL VALUE PER TON G:’m
+SAMPLE PREPARATION. $65.00 For micio wave AR digestion or $25.00 for standard typs AR ofr Halox.  (For PT group, microwave recommended).
I *SPECTRAL ANALYS!S ON Dz CORRECTING ELECTRIC INSTRUMENT. Melal detection - «Oold $19.00 +Palladium $15.00 <Plalnur $25.00
*Rhodlum $28.00 +Ruthenium $30.00 +Osmium $45.00 «lridium $32.00 +AN 7 metale lor only $88.00 (For Silver assays call for special quote)

*5 ASSAY TON METAL INHAND ASSAYS. INCLUDING RETURN OF DORE BEADS . 'LEACH ASSAYS $175.00 *SMELT ASSAYS $175.00




140

10.

11.

12.

13.

14.

15,

BIBLIQGRAFHY

, pPart 9, pp. 353-437, translated from the
Latin by H. Hoover and L. Hoover (1950).

Davis, Joe, Personal Communication from J.G. Scott (1973-
1974).

Beemish, F.E. and Van Loon, J.C., o e s
Acadenic Press (1977), pp. 236-258.

Ammen, C.W., Recovery apnd Refining of Precious Metals, D. Van
Nostrand; New York, (1984) pp. 140-148.

Liddell, D.M.:; Handbook of Non~Ferrous Metalluray, McGraw-Hill
Book Co., Inc., New York, 2nd Edition, (1945), pp. 701-70S.

Emmons, S.F. & Eckel, E.C., USGS Bulletin #285, contributions
to Economic Geology, (1905), Government Printing Office (1906)

Seventeenth Report of the California State Mineralologists;
Califorpia State Mining Bureau, (1920), pp. 142-143, 147, 497.

Barnes, R.M., Developments in Atomic Plasma Spectro-Chemical
Analvsis, Heyden, (1980) New York.

Leenan Labs, Inc. Qperating Manual for ICP Plasma Spec 2.5,
{(1988), Lowell, Mass.

?;;g;ick, J., Atomic Absorption Newsletter 11, pp. 53-61,

California Journal of Mines and Geology, Yol, 35 p. 169
(1939).

Logan, C.A., PRlatinum and allied Metals in california,
California State Div. of Mines, Bull, 85, pp.38, 48-50 (1918).

Averill, c.v., Gold Dredging in Shasta, Siskivou and Trinity

, California State Mineralogists Report XXXIV, pp.
100, 120-122, (1918).

Merti, J., "Economic Geology of the Platinum Metals",

Bxofessional Paper #630. , U.S. Government
Printing Office, pp. 1-101, (1969).

, April pp. 3, 25-26; May, pp. 9, 10,
16; (1974).



| . (ADDITION TO - DONALD E. JORDON PAPER-PAGE 131)
. oM
TARE | ’l‘”
l PRECIOUS METALS wid . Py

Troy O1/short Ton

I SM!&BII LAT! TDENTIFICATION Ay Ag Pt Rh 1) LI"] pd 14
€P-156 (1) /T8 Anode Siises 90,31 &% 0.45 '
€P=1-8 (1) 10/6/78 Anade $iimes 30.48  5243.% 0.37 1.69
l LH-1-2 (1) 10/30/78 Anode $iimes 75.87 5475.9 oM 1.9
A LH-7-8 (!)\ 1/29/7T9  Anode Slimes 104.88 5079.7 9.82 2.04
l 2224 1/28/88  Desert Ore 0.34 0.34 0.2 5.48 0.3 1.78 .34 0.0
R4 1/28/88  Voleanic Cinders 24 3T 156 645 .85 16483 181 1.8
. #2516 3/83/88  ATAT 518558 510.43 1.97 4,73 9.99 .27 0.9 1.9 3.8
l ”ns2 3/23/88  Magma Geothermsi 8.47 0.7 2,39 X9 2L.Th 4.3 32 20,86
(2331 471788 Conc 2. 8.0 88.51 94,38 204,49 471,02 643.06 03,14
l 540 3/29/88 Unroasted Fines 271.12 2.62 6,14 55.13 5.42 16.09 19.96 .9
12554 3730788  Nead Ore 0.99 0.64 1.86 26,34 0.87 .11 1.3 ]
2125370 $/5/38 slag .49 1.9 413 l.‘N 1.7 0.67 1.2% 1.13
I FI174CH 3/26/88 Yoleanic Cinders 5.66 0.53 &N 411 5.07 ) 8.37 .43 16.13
#35300K 173709 Cane 4,26 0.52 0 3.06 1.17 247 1.68 6.38
' A nisesus 117789 Ore 1093 0.7 5.3 488 8.3 609 481 3.8
. 3713IA 3/25/89 Dore’ 0.1 21.8 0.01 ] 0.004 [} 0.004 0.009
375547 &/7/89 Head Cons 10.43 10.71 8.4 11.09 12,18 22,9 21.57 35.55

nrseT 4/7/89 Pulp Cona 3.4 81,7 9.67 T.4h 21,58 13.84 6.4 37.05

3767 4/10/89  Mag Conm 1.57 0.1 N 0 2.8 1.46 11,08
13771 4/10/89  Mag Cons 02 Roastad 438 .26 3.06 9.77 4.08 9.55 4.5

1-Values By pcp (8)

THESE RESULTS ARE BASED CF WELL KNOWN ACCEPTED ANALYTICAL PROCEDURES AMD SOLELY OM THE SAMPLES
SUGHITTED BY CUSTLMER. THIS REPORT (8 PREPARED FOR THE EXCLUSIVE USE OF TME CUSTOHER CHLY. NO

I VARRANTIES AS TO REPRCOUCIBILITY OR EXTRACTABILITY OF THE ORE IS GIVEN, OONALD E. JORDAN AND/OR

ALPRA RESEARCH CORPORATION MAKE O REPRESENTATION OR WARRANTY, EXPRESS OR IMPLIED, AMS ASSUKE MO
LEGAL LIABILITY WKATSOEVER AS TO THE ACCURACY OR USEFULNESS OF ANY INFOAMATION COMTAINED IN THIS
REPORT,




I
1

.w—-’-—..._A - s

ABLE 2

COWAR{SON RESULTI K- TROY QX./S.TOM of MECIUS neTALS Y DIFFERENT LABORATORIES
SOM ASSOCIATES SLIAE FROM 1RON BAR

USING DIFFERENT FRACTIONS OF JOuN

LABORATORY® SAMPLE Ay Aq Pt AN 08 LAT] pd ir nothed
Alphs 1Y) 9.3 1143.3 FAA IR 100 7.2 ns 260.6 82.8 dioh fesolution 1CP
A ks WT-a F a4 437 xrf
] 39.4 1163 513 0.004 tr A {3 %8 2.3 XRf
¢ 0.58 0.18 437.6 8.2 165.9 (=4
b () ] & e F ] ' Fire, M
3 0.16 29 00 Ve.b 2 <« 3 «1 e, 3EM, FA/ICP
CTHE UNNAKED LABORATORIES viLL o {DENTIFIED WOt WRITTEN fEUEST.
(1) pretininary results by XRF. gusntitation by 0CP and others will follow.
(2) Stiow Fire Assayed snd the peitl dissalved,

Tr = Trace
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AU (%)

FIRE ASSAY

1)

2)

3)

4)

5
‘ (4)
3
(2) (3)
2
(1)
1
| | |
AU (%) PLASMA
FIRE PLASMA
1.5*' 1'5* N
2.65% 2.5%
3.05% 3.43%
3.6% 3.6%
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FACSIMILE
PROCESS RESEARCH ASSOCIATES LTD.

9145 Shaughnessy Street

Vancouver, B.C. TEL. (604) 322-0118
Canada, V6P 6R9 FAX. (604) 322-0181
Company: Date: May 28, 1996
Attention: Ron Owens Project No.: 96-041
FAX Number: (403) 783-6487

From: Bryan Tatterson

No. of pages (including this page): 3

Message: re: Metallurgical Test Work

The resuits 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
gitonne.

The final leach solution has been stored. Please advise if you want us to proceed
through the ion exchange and eiution stages.

If you have any questions, please contact me.

Sincerely,

Ltd.

Bryan S. Tafterson, P.Eng.,
Senior Metallurgical Engineer.
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HEWLETT LEACH TEST DATA

Sample Knelson Concentrate

Test Date:
Project No:

April 28, 1996

Praocedure 56-041

The cone crushed sample, at 85% solids, was milled to 80% minus 100 mesn.

The milled siurry was Passed through the 3" Kneison centrifugal Concentrator.

The concentrate was collected 10 times to accumulate sufficient sample for teaching.
The accumulated concentrate was screened at 100 and 200 mesh. :

The minus 200 mesh concentrate was dilu
An ozone/sir mixture was bubbled through
Concentrated RCl and salt (NaCl) were ad

85% Ca(OCl), was addad stagawise to increase the ORP fq 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

ted to 20% solids for leaching with overhead agitation.
the siurry throughout both stages of the leach.
ded to each give a solution strength of 10%.

Sampie Wt

174

leach were analysed for Au & Ag by direct AAS,

g Residue Wt, 1379 g
Time | Slurry Solution™ T0% HUT |~ NaCT T85% Ca{oTh; | GesB/om T —ORP
Hrs weight Volume Added Addsd Added Added
@ {mL) (g) (q) @ (9) (mv)
0.00 869 685 695 403
0.25 526
0.25 69.6 535
0.58 554
0.58 5.0 1102
24.25 372 1060
24.25 10.6 1076
24.75 1066
25.75 1062
28.25 918 687 10862
J
Notes ‘ . _
Addition of the solid Ca(OCI), was carried out in stages. The ORP increased and then dropped.
GeoBrom was only added when the ORP stabilized above 1000 mV.
Thae first solution sample was taken 15 minutes after adding the GeoBrom
The leach was ended when the AAS results showad a lavelling off.
The dirsct AAS Au readings on the samples are subjact to interference from Fe.
Time Assay Solution Assays (mg/L)
min Method Au Ag Pd Pt Rh
Sample 1 60 _ AAS 8.1 1.0
Sample 2 90 AAS 8.2 0.8
Sample 2 120 FA/AAS 0.239 2.1 < 0.008 < 0.015 < 0.025
Calculated g/tonne
AU Ag Pd Pt Rh
Calculated Head (- 200# Knelson Conc)
basad on Laach solutioh assay 0.945 8.31 < 0.020 < 0.060 < Q.1
Calculated Head (Knaison Feed)
based on Leach solution assay 0.015 0.13 < 0.0003 < 0.0009 < 0.002

F.02
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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.
The milled siurry was fed to a 3" Knelson Centrifugal Concentrator.
Jacket water pressure was maintained at 1.5 psig
Concentrates were removed ten times guring the process.
The accumulated concentrates were screened at 100 & 200 mesh
The minus 200 mesh fraction was leached for precious metals.
Knelson Total
Sample Size Fraction Concentrates ___Sample
(Tyler mesh) Individua! Cumulative lndivilldual Cumulative
Percentage Percentage Percentage Percentage
Restained Passing Retained Passing
Knelson Conc. 100 29.9 70.1 2.1 97.9
200 47.9 77.8 34 94.5
.200 222 18 93.0
Knelson Tail $3.0
TOTAL 100.0 100.0

DRAFT

T M

P.a3

facSa]



#2 - LIVETIME(spec.)= 300
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=%% *x*

ELMT APP.CONC ERROR (WT%)
Agl. : 1 23.308 .138
Pbl. : 1 31.819 .607
Aul. @1 3.623 . 293

7ZAF CALCULATIONS

.l 2 iterations]

1.00 kv TILT = .00 ELEV = 35.00 AZIM = .00 COSINE = 1.000
Spectrum: #2 CHEM.&MATERTALS ENG.

All elmts analysed,NORMALISED

B BN R AR R Bl B R Rad

EIMY ZAF Ratio %ELMT Error ATOM. %

Agl. : 1 .800  42.954 +- .253 58.994

Phl, : 1 .914  51.309 +- .979 36.689

Aul. @ 1,930 5.740 +- 464 4.317 ]
TOTAL 100.002 100.000 b

. T S T T T e T T T T R et

(
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#2 (Cut Surtace) LI1VETVIME{spec.)= 300
ENERGY RES AREA

- 7.4 72.25 158195

TOTAL AREA= 1303169

Péak at .40 keV omitted?
reak at 1.24 Kev omitted?
Peak at 1.78 keV omitted? "\
Peak at 2.14 keV omitted? -

Peak at 5.40 keV omitted?
Peak at 19.54 keV omitted?
FIT INDEX= 9.11

ELMT APP.CONC ERROR(WT%)
AgL : 1 44.553 .182
Pbi. : 1 1.656 .466
anl, @1 9.869 .374
Hil. 1 1.079 .495

/AT CALCULATIONS

1 2 iterations]

20.00 kv TILT = .00 ELEV = 35.00 AZIM = .00 COSINE = 1.000
Spectrum: #2 {(Cut Surface) CHEM. &MATERTALS ENG.

All elmts analvsed, NORMALISED

D Rl Rl NG el Rl R hd R

FIMT 7ZAF Ratio %ELMT Error ATOM. %
Aagl, - 1 .891  77.544 +- .317 86.450
P, ;1 .85T 2.995 +- .813 1.739 ‘_:]
Aul 1 .874 17.506 +- .664 10.688
Bil @ 1 .857 952 +- 898 <3 sd 1.123
TOTAL 997 100.000



#3

ENERGY RES AREA

~ 7.5 72.46 146023
TOTAL AREA= 1198843

Peak at .38 keV omitted?
Peak at 1.58 kev omitted?
Peak at 1.76 keV omitted?
Peak at 2.06 keV omitted?
Peak at 6.40 keV omitted?
Peak at 7.10 keV omitted?
Peak at 19.54 keV omitted?

FIT INDEX=40.16

ELMT

Agl. ¢+ )
PhL : 1
Aul, 1
Pt |

APP.CONC

26.511
9.372
3.081

16.372

AT CALCULATIONS

.. 2 iterations]

20.00 kV

Spectrum:

Al elmts analysed, NORMALISED

HIMT
Agl |
Phl, 1
Aul, @1
Ptl. 1
TOTAL

TILT =

#3

.811 50.
.8908 16.
.914 5.
L9112 27.

100.

ERROR (WT%)

. 145
L4672
.317
415

.00 ELEV =

/AF Ratio %ELMT

742 +~
200 +-
227 +-
842 +-
011

35.00 AZIM

Error
27T
.799
.538
.707

© e me e am e e m mi am nh e m e am mm s hm o e mm v ew e e e e e e e e e e e e e e s A v P e me e e e we e Ee e e

LIVETIME({s8pec.)= 300

= .00 COSINE = 1.000
CHEM. &MATERIALS ENG.

B G Redl Bl Rl Rl B R Rl

ATOM. %
65.530
10.892

3.697
19.881
100.000
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LIVETIME= 100  I/P= 3601 cps

ENERGY RES AREA
- 7.5 72.32 44045
8040.9 160.48 127702

TOTAL AREA= 360140 GF= 50.045

Spectrum file : TALI1

#1 LIVETIME(spec. )= 300
ENERGY RES AREFA

- 7.6 72.16 158310

TOTAL AREA= 1303005

Peak at 40 keV omitted?
Peak at 1.26 keV omitted?
FIT INDEX= 5.36

FIMT APP.CONC ERROR (WT%)
Agl, @] 55.013 .201
Phi, o 1 1.586 375
A, 1 LTS5 . 245
=1k ] I .018

AAF CALCULAT LONS

]2 iterations)

0000 kYo TILT = .00 ELEV = 35.00 AZIM = .00 COSINE = 1.000
Spectrum: #1 CHEM . &MATERIALS ENG.

AL elmts analysed, NORMALISED

cdMT ZAT Ratio %ELMT Error ATOM. %
Agl 1 .975 95.117 +- . 347 96.529
Pbl, 1 .834 3,210 +- . 7158 - 1.696
Aul. @ 1 .83D 1.418 +- .486 <3 sd .788
SiK 1 .760 L2453 +- . 039 987
TOTAL 99,998 100.000
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Spectrum file : TAL2

#2 . LIVETIME(spec.)= 300
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=%%* *x

ELMT APP.CONC ERROR (WT%)
AgL : 1 23.308 .138
PbL : 1 31.819 .607
Aul. : 1 3.623 .293

ZAF CALCULATIONS

..[ 2 iterations]
20.00 kv TILT = .00 ELEV = 35.00 AZIM = .00 COSINE = 1.000

Spectrum: #2 CHEM. &MATERIALS ENG.

All elmts analysed, NORMALISED

ELMT ZAF Ratio %ELMT Error ATOM. %
AgL. 1 .800 42.954 +- .253 - 58.994
PbL : 1 .914 51.309 +- .979 36.689
AuL : 1 .930 5.740 +- .464 4.317

TOTAL 100.002 100.000
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Spectrum file : GC1 Spectrum : Gain Calibration (Cu)
LIVETIME= 100 I1/P= 3601 cps ,
ENERGY RES AREA

- 7.5 72.32 44045
8040.9 160.48 127702

TOTAL AREA= 360140 GF= 50.045

- m T e ew am ey e e e Mm m w wm e e MR T e e e e Gm e Mm e e T e v m W e W e G M e M W S e m EE b e e e M e e W M em e e v me @ e

Spectrum file : 0OCO1l '
Silver Bead LIVETIME(spec. )= 100
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 APP.CONC ERROR (WT%)
PbL : 1 13.278 .823
PtL : 1 7.922 .583
AgL : 1 23.505 . 235

ZAF CALCULATIONS

..[ 2 iterations]
20.00 kV TILT = .00 ELEV = 35.00 AZIM = .00 COSINE = 1.000
Spectrum: Silver Bead CHEM. &MATERIALS ENG.

All elmts analysed,NORMALISED

ELMT ZAF Ratio %ELMT Error ATOM. %
PbL : 1 .893 28.594 +- 1.772 18.893
PtL : 1 ,908 16.785 +- 1.236 11.778
AgL : 1 .828 54.629 +- .547 69.329

TOTAL 100.007 100.000

e e e em e e e A e e A e e e A e M M e he e e Em S m . R e e e W MM MR M ME dm ke e A e e M e MR e ke e e M R R e e e e - s e mm w — w— —- — — — = — -
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~ Assaying in Resource Evaluatlon.

The Need for a Clear and Open Mmd

by J.B.P. Sawyer
Consulting Geologist, West Sussex, England

Reprinted from Special Publication No. 63,
Geologlcal Soclety Publishing House, England

: . Abstract
This article Is concerned mainly with
assaying of preclous and noble met-
als, gold, silver, and platinum group
metals. .
The determination of the amount of

saleable metals (orothermlneral prod-

ucts), In an ore is the most important
step in svaluation of a mineral deposit.
Mostassays, even if well done, will not
tell you how the matarial 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 eflicioncy of a recovery system.
This may notbe importantbecauseifa

recovery can be made which will pro--

vide a large profit, that which ls not

recovared will not sariously affect the -

economics of tha operation, However,
whare the grade, and thus the opera-

tion Is marginal, this Is a different mat-

ter.
Fire assaying, 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 alotof misconceptions about
the universal applicability of fire assay
methods and the more recent combl-
nation of traditional fire assay collec.
tlon techniques with laboratory instru-
mentation has glven fise 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 de-

termined by instrumental techniques if-

their chemistry is understood.
Even the most sophisticated instru-
ments in the world will not yleld the

correct answars jf the chemlstry of thc
ores being tested Is:not taken into
consideration in designing the sample-
preparation and instrumental proce- -
dures to be used. Such considerations
can only be made if the chemistry is
understood, and such proper under-
standing requires the availabllity of &
mind open 1o the fact that there may
indeed be somsthing new (to man)
under tha sun, itis important to appre-
ciate the. Impilcations of the fact tha!
naturally accurring materials may bein
an unusual form; hence the need for
clear as well as an open mind.

The evaluation of procious mete!
deposits of a cartaln type Involves an
appreciation of their setting in terms of
plate tactonics models,

Case historina of assaying prob-
lems with oras {rom the southwastem
United States are presented which il-
lustrate all of the abova points, Alinn-
tion is drawn to the possible impiica-
tions of the phenomena described for
mineral exploration in the UK as we!!
as worldwide,

Assaying Is probably the most criti-
cal step In evaiua:ing amineral deposit
but it is ohe which apaears 1o get less
than its fair share 2! erious atteniion

—
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n ganeral discusslon and review. One
has only 1o scan the calendars of the

. manytechnicaland professional meal-
Ings to ses the vast numbers of meet-

'=~g, symposia, short courses, elc.,
oted to mineral exploration and

mlnlng projects worldwide and d ong
takes the time to browse through the
abstracts, it becomes clear-that the
papers are broadly of three maintypes:

) descriptive case histories blthpr of

< Y A L

<.

exploration pw;aot:. OV TEW ninb w
velopments;

2) theoretical or academic papers
which, all too frequently, present a
variety of facts to fit a chosen model or

- concept foraparticular type of deposit;

3)papers on gaostatustidal ore raserve
eslimation and/or financial investment

_ analysis.

Occasionally, mineral evaluation is
the main topic of a particular short
course or.symposium and in these,
most often, less than 10%, probably
closerto 5%, of the meeting is devoted
to basic geological or other sclentlflc
information. .

As anexample,ashortcourse gwen
In London in 1990 on Mineral Evalua-
tion contained a total of 26.5 hours of
presentations including a one-hour
workshop on the use of spread sheets.

. Ofthat, only 1.5 hours, less than 6% of

the total, was devoted to "Geological
and Processing Variables Determin-
ing Economi¢ Capacity* whichincluded
such things as average grade and re-
serves; cut-off grades; average grades
and reserves above cut-off; dilution
and mill recovery; and the economic
capaclty decision, whatever that is.

One would not wish to give the im-
pression that any, or ali, of these exer-
clses 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-
phisticated decision making processes
are conslderad to-be either: (a) unim-
portant, or. (b) so easily and readily
obtained as notto pose any preblem in
thelr determination,

it Is, howaver, pertinent to inquire
whether either of these two supposi-
tions is corract and It is Important to
racognize a distinction between the
two kinds of information with which we
are daaling.

It 1s doubtful that anyone would dis-
pute the fact that there are a number of
different ways of crunching the num-
bers in order to reach the all impertant

_dacislon of whether to invest or not to

linvest; or whether a particular project

will "fly* or not. The fact that some

‘companies will *pass” on a particular

project, while others will jJump in with
both feet, testifies 10 this. The partlcu-
lar circumstances or objectives of one
group ara often qulle diffarant from
those of another and so the numbers
on which decislon making Is based are
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to some degree subjective, This is not

the case when it comes to assaying, or
at least It should not be the case, The
amount of a particular commodity in a
qiven body of rock Is not variable, it is
Jinite, a!though one would acknowl-

" adge that thls Is not always apparent

from the assay cerificates produced
by different laboratories, and it is rec-
ognized all too well that the only time

- onereally knows how much metal s, or

rather was, in an orebody Is afler it has
been mined out. To raturn to our two
suppositions then:

H
\

(a) Covlously they cannot be unim-
portant, the content of metal or other
valuable commodity and the amount
that can be recovered are the critical
factors in determining whether a natu-
rally occurring material is' ore, There
are, of course, other factors to be taken
Into consideration; the cost of extrac-
tlon, which involves the cost of power,
of Iabor, of capital aquipment, eta.; the
costs of transportation and marketing;
the cost of money; and the cost of
safeguarding the .environment. It is
essential that the grade of the material

is known, L.e., how much copper. zing,
gold, or platlnum is In the rock.

(b) The second supposition, that

- thls vital Information’ is s0 easily and

readily obtalned as not to pose any
problem nils determination, is the real
crux of the problam. In many situations
this is, In fact, the case; generally
speaklng. there |8 no problem In deter-
mining the amount of zino or lead in a
Misslesippi Valley type ore, or of cop-
perinmostofthe minesin the Zamibian
Copperbelt and in porphyry copper

0w



ors or of uranium at Key Lake, Blind

" Riverand Rossﬁng, or of gold in many

of the world's great mines. There are,

“ however, some.precious metal depos-

its which do present considerable prob-
lems In their accurate determination,
1itis on !hese that this anicle ! is

.Jsed.

The term some precious metal de-
posits” refers to gold, or gold plus PGM
(platinum group metals) occurrences,
which do not respond in the normal
way lo standard assay procedures. In
fact, in our present state of knowledge,
they cannot be satistactorlly deter-

~ mined by standard assay laboratory

precedures; spacifically fire assay will
nol produce the correct result, Now, in
many jurisdictions, and indeed inmany
corporate offices “them's fighting
words,” and If one Is rash enough to
utter them In audible tones one runs
the serlous 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 willing 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 praclical hands oh, expiumuun

geolog!st

The Nature of Qha Problem

The sub-title of this article Indicates
the problems are only panly to do with
geology, chemistry and physics. Waolly
thinking and closed: minds, some of
them very tightly closed, are also slgm(l-
cant playars.

If we run through the practical, scl-
entific aspects of these problems, the
other less tangible aspects will be-
come apparent, Fire assaying is not
the only problem area; indeed, it may
be the least imporiant in terms of the
real problem, but it is the one which
attracts the most attention, and causes
the biggest controvarsy.

Two important things happened in
the yearsimmediately priortothe 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 of gold fixed
for so long at $35 an ouncs, 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
bacame something of alost skill, Many
of the old time assayers waere more

|

amsts than sclentisis and ok a yisiial

deal of trouble to get the flux right; they

- could tall very often Just by sight, orby -

the application of some simple prepa-
ratory procedurs, whether the ore was
acidic or basic and would adapt the
{lux accordingly, and it 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
gome of the old texts on assaying. How
many laboralories these days have
people like that, and If they do, how
many of them could affordto repeatan
assay?
- The modern assay Iaboratory is
designed to handle sevaral hundred,
or saveral thousand samples a»day
and thelr price struclure is based on
volumea. One has only to review the
current laboratory price lists to see the
problem. In Vancouver, as an example,
most laboratories will charge aboul
$11 for a gold-plus-silver fire assay
with an extra $3.75 or so for sample
preparation. When the poverty-iine
salary level in Canada is $26,000 pa,
whet kind of an agsay are you going to
get for $157 Cerainly not one that
Continued pg. 64
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Assaying-

" conlinved lrom pg. 10

_requires mora than a cursory Inspac-
" lionofthe ore, or tha slag, or of the lsad

butten. One sample Iis going to be
i« ~ted axactly the same as the next

ole even though the character of
ths two samples may be quite differ-
enl. Anyone who thinks that a $15
precious metal assay on a complex
ore is going to be accurate on any but
an accidental basis'is not fiving in the
real world. Even worse these days,
some laboratories are offering instru-
mental precious. metal assays, acid
digestion/ICP or similar procedure for
$3.75, and they would have you be-
lieve that they have a foolproof com-
puter program that will correct for all
the matrix effects and interferences!
For a straightiorward simple gold in
quartz ors this may be accurate
enough, but who is going to decide
whetheryou goforthe $3.75 ortha $15
assay, and if you have a complex ore
Is it really going to matter? You are
probably not going to get the right
answerinelthercase. Thisis notto say
that it cannot be done; perhaps it can

if you have the right equipmant and .

have taken the troubla to prepare
proper standards, and have an ICP
instrument with a 0.02 Angstrom

“elle grating to siretch the line spec-
.. 80 that you can be sure that the
lines you are reading are the ones you

want and are {rae of Interferences, but

* there ara not many commercial labora-

tories that have this equipment, or who
canafford 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
about what you are paying for and to
be able to make the distinction be-
tween what you think you are getting
for a specific price and what you are
really getting. Such.declsions need 10
be made by geologists, not by accoun-
tants and budgat managers. ; -

The second important factor was

tha replacement of fira assayers with.

instrumenttechnicians who are trained
to know which buttons to push and
which digital read-outs to record but
who, for the most part, have no cheml-
cal background. They have a solution
prepared by dissolving the button from
a fire assay, or by digesting an ore
sample In acid, or ¢cyanids, and they
know that i they aspirate this Into the
instrument It Is supposed to give you
the reading of what s in the ore, They

-are always going to get a reading of

something but how much does the
techniclan who pushes the buttons on
the ICP instrument, for example, know
about how well the fire assay has col-
lacted the gold, or the silver, or the
platinum, or the rhodium, or whether
the elemeant they think they have gotin
solution Is In fact soluble in the form In

am

| whlchthey think it has been colivcicu

in that particular solvent. Without a
solid background in practical- bench
chemistry, as well as In theoretical

" chemistry, probably very few of the

technlclans in the modern cogmmercial

assay laboratory are qualifiedto certity

any but the most routine rasults on
straightforward materials, What hap-
pens if they get an ore that contains
gold plus five or six of the platinum
group elements? Do they know snough
about the chemistry and the physics of
PGE to be sure that they have, in fact,
determined them all? Our experience
is that very few are sufficiently wells
qualified or experlenced in:handling
these materlals to be able to glve a
reliable cerlified assay result. o

One of the biggest problems with
regard to fire assaying is the wide-
spread bellsf that it is possible accu-
rately to fire agsay any precious matal
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-
geteffect.' Of course, tha nuggetefiect
can be a problem and it Is assential
that sampling procedures be carrled
outwiththe utmostcare. Inthe author's
experience it is not the universal prob-
lem some think it to ba and lack of
reproducibliity can be, and frequently

3



is, the result of much more fundamen-
tal facts of physics and chemistry,

. Table | lists the various collectors
usaed in fire assaying, and the gravi-
metric and |instrumental procedures
which are used to quantify the pre-
cious metals collected by the firing part
of the assav Lead has been used as a
collector since medieval times and Is
still, somewhat surprisingly, the!most

commonlyusedtoday Evenmore sur-
. prising, parhaps, i3 the fact that In

1991 some assayers stlll belleve that
lead s the best collector for precious
metals. Soma make an enormous con-
cesslonto modemknowledge and state
that nickel sulphide works better for
PGMs, as though all six of the platinum
group elements behave the same way.

Would that they did!

Table 1
Fire assay collectors and
analytical mathods for pracious metals

Eira assay. collectors:
Lead, nicke! sulphids, tin oxide/tin, copper sulphide
Analylical mathads;
F-AAS  Flame atomic absorplion speciromatry
GF-AAS  Graphite lurnace atomie absorption spec
\rometry

icp Inductively coupled plasma

. DCp Diract eurront plasma:
ES . Emisson spectromealry

‘S Mass Spsctrometry
..AF8§ Atomic flucrssconce spectromstry

NAA Neutron activation analysis
INAA

Instrutnental neutron activation analysis

The facts regarding each of these
collectors ara summarized below:

(a) Suitable for gold and sliverin the
absence of interfering substances;

(b) Less uselul for platinum and
palladium becauss their high melting
point requires substantial amounts of
alloying constituants such as gold or
(especlally) silver;

(c) Even lass useful for’ rhodlum
ruthenlum and iridium since these do
not alloy with silver,

Iren-copper-nickel &

High temperature fusion methods
were developed by Beamish in the
1960s to collect precious metals into
these alloys in response 1o demands
for better collecting systems but this
system is now only used to a very
‘nited extent.

"Tin oxlde/tin

This mathod was developedby Faye
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& Inman (1961) and has been shown
10 produce more consistent results with
some of the more difflcult gold/PGE
ores but is not widely used,

i

oped in South Africain the early 1970s
for platinum group metals but its great
drawback Is its inability quantltaﬂvely
to collect gold which usually is lost to
tha slag. Gold collactioninto nickel sul-
phide-is Improved.by the addition of
copper {o the syatem,

lohl
"The method of collecting all eight

The use of this colle'ctorwas deval--

preclous metals into copper sulphide,
formed by use of copper oxide and
sulphur, was daveloped by Kallman &
Blumberg (1986) at Ledoux and Co.
and has been shown to have a number
of advantages over other methods.’

Tha situation regarding the status of
fire assaying in the industry is, per-
haps, best summed up by areply made
at a hearing hsld by one of the Cana-
dian Provincial Professional Enginears
Assoclations in 1989. Counsel put the
question as to whothor thoro Is any
controversy regarding the use and
applicability of the fire assay tech-
nique. The reply, from the sole advisor’




to the Regulatory Authorily In that par-
ticular jurisdiction was, “No, sir, there
. lsnocontroversy,” Well, it is submitted
thatthere Is a controversy; witness tha
~llowing statements: _

The pyromatallurgical techniques of
fire assaying whether used for the
gravimetric analyses of fotal gold
and sllver valuas or . for
preconcentratlon prior to Instrumen-
. lal analyse;s remaln the mostire-
specled procedure for analysis of
procious motal values (Bacon ef al,

1989), |

The chem/bal-zrepenoire availafble
{in the late 1960s and early 1970s)

conslsted chlefly of fire assay tech--

nlques Involving the lead collecting

system. This system, however,

falled to be adequate as a support

basis for Instrumental technlques

(Kallman & Blumberg, 1986).

If these exparts cannot agree is it
not possible that the industry has a

serious problem on its hands?

Time does not permit one to go into
the Inconsistencies presentin the world
of precious metal anaiysis today but
maybae It would not be impertinant to
enquire why, if these well known and
welltried traditional techniques are the
best, did Beamish keep publishing re-
visions of his classic texts, and why did
Beamish & Van Loon (1877) develop
thelr well-known wet chemical proce-
dure for the determination of the Noble
Metals? Is it possible, perhaps, that
there is, in lact, a! problem with the
universal applicatlon of the fire assay
teohniqua? It this:is the case, then
perhaps there is also a professional
problem, noiawysay a legal problem as
well, with all the administrativa deci-
sions that have been rendered In a
number of Jurisdictions based on the
inability of assayers appointed by vari-
ous non-technical regulatory bodies to
reproduce, by fire assay, results pro-
duced by others through the appli-
calion ofthe principles and procedures

of classical chemistry and hydromaetal-
lurgy? :

Thara are problems also in deter-
mining some of these types of ores by
instrumental techniques. The problems
are netinsurmountable butif oneis not
aware that they exist, how can steps
be taken to ensure that they are over-
come? Optical emission spectroscopy
Is a casa in point, This technique came
Into its own about 40 years ago and it
is a sign of the rapid advances made in -
instrumentaltechniques thattoday itis
becoming quite difficult to find a com-
marolal laboratory that still has optical -
emisslon spectrographic equipmentin
working order and regular use. Often it

‘I8 even more difficult to find experi-

enced operalors for such equipment
excapt, perhaps, in the laboratories of
certain procious metal refiners. For
those laboratories who do still provide
this analytical technique, the standard
procedure seems to be a fairly shont

urn time: 30 seconds commonly but,
at most, two minutes. Attempts by the

r - - A0 At A MACHETES
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"':.- author to get a commarclal laboratory

. 1o use a five minute burn were met by
responses which varled from "we'll
havs no electrodes laft if we burn it for

. thatlong“to *we dothis ail the time and

we know how tfo read platinum group
elements.‘

Table 2istaken frarmn Twyman (1951)
and is based on a method developed
by Peters (1933), for the detection and
estimation of platinum metals in oras.

Peters produced a lead button by
blowpipe fusion of the ore with a lead
acetate fusion mixture and fluxes and
cupelled/thess to produce a lead prill
which‘was then spactroscopically ex-
amined by arcing in a crater of a car-
bon elactrode using a current of 10-13

amps. Bv taking a serles of exposures,

Tab’le-z

each of 20 seconds duration with a
time lag of § seconds between photo-

-graphs, he demonstrated that the se-

quence of volatilization was as shown
In Table 2. This work, undentaken nearly
siXty years ago appears to have been
largely ignored. Why? Perhaps be-

cause many assayers are not even

aware of it,

If a twa-minute burn is used, only
part of the platinum metals will be
volatilized and any quantification based
on spectra 0 obtained will be inaccu-
rate. If the burn lasts only 30 seconds,
none will be volatilized and none will
be detected. Could this be why so
many assay cediflcates for spectro-
scopic analyses for :platinum group
elements show non-detectad“ even

|

The order of volatilization of p/atinum melals

Seconds
0-20 Pb Ag

when other methods have shownthese
elements to be present? itis important
to have a clear mind about the capa-
blhtles of the techniques being used.

Case History:
Gold & Platinum
Group Elements
Some of the points raised above
canbe illustrated by a study with which

the author has been involved sincethe - -

early 1980s when asked by a cllent to
sample a csrtain area in the western
United States andtoassaythesamples -
for gold. The rocks are phyllites and - -.

schists which have been regionally .

metamorphosedto greenschistfacies,
Initial scepticism about the likelihood
of hndmg any significant amounts of
gold in these particular rocks, brought
an assurance that gold was present, a
factproven by amalgamation, This was
confirmed by the author who also re-
covered free goid by amalgamation
from the crushed rock, Funher sam-
pling was carried out which confirmed
that gold values were prasent in these
rocks over a large area. More detailed
work involved geological mappingand -
additional sampling to try to establish
the grade of this surface mineraliza-
tion and it was this which led to recog-
nitlon of an assaying problem. In an- -

25-45 Pb Ag Au
50-70 Ag Au Pd _
75.95 Pd Ru Rh Pt
100-120 Pd Ru Rh Pt Ir
125-145 Ru Rh Pt Ie Os
160-170 Rh Pt Ir Os
Atgr Twyman (1951) .

.
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attemnpt 10 solve this problam; a com-

A posite sample was prepared from over
@ 200 large samples, The control on the

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

‘en to ansure thorough mixing so as
. produce an homogeneous sample.
It was found that one could alwsys
assay very low gold values, in the
range up to 0,008 ouncesg per ton, and
that reproducibliity in this range was
good and within acceptabla limits.
Occaslonally, however, values ten
times (ormore) greater were obtained,
Even using multiple replicates under
the most carefully controlled condi-
tlons, reproducibility of these higher
valugs could not be achieved within
acceptable limiis, Aresearch program,

‘initiated to develop a reproducible as-

say technique and to establish a con-
sistant grade for gold in ths rocks un-
der study, qu unsuccessful. Several
hundred analyaes were performed us-
lng all the st ndard fluxes and tech-
niques, as well As many innovative
procedures, Without being ablg to
achieve satisfactory reproductbllny it
was always possibletoproduce a bead
from fire ascay procedures but ithe
beads frequantly exhibited character-
istics which indicated the probable
nresence of other elemenis. Amongst
8 experiments carried out were a
number of "spiking" procedures in
which gold Inquarts were added to the
sample. Aiso, varying amounts of a
gold ore, which had been assayed
successfully with good reproducibility
many times In the past, wera added to
the sample. The results wera interest-
ing and informative. They showed that
often not all, and sometimes none, of
the inquarted gold was recovered and,
in the case of the known gold ore,

results ware Inconsistent with calcu-

lated chemlical balance equations.
Strikingly, as the amount of the com-.
posite sample was Increased, the
amount of gold recoverad diminished
untll & point was reachad at which no
gold was recovered, Clearly the com-

.posite sample contalned materials

which were preventing the recovery of
the gold, The mechanism causing this
was, at that time, a subject only for
speculatlon

Table 3 illustrates this phenom'e-
non. It shows that the results, obtained

- by adding varylng amounts of aknown

Jold bearing sulphide ora into the com-
posite sample ("Sawyer Master

Blend"), are arratic and that, as mora
of the composite sampie 1s adUud the

68

Table 3
The effacts of the addition of spiked suiphide ore Inlo the *Sawyar Mas!er Bland®

% Master

Measured

Theoretical

-Bland % Sulphida Qold” (mg) Ditlerenca
100 0 0.0 0.0

98.7 3.3 0.007 0.002 -0.008
97.6 6.4 0.001 0.002 +0.001
90.7 8.3 0.002 0.003 +0.001
87.9 12.1 0.003 0.002 -0.001
85.4 . 146 0.004 0.004 i 0
80.7 . 194 . 0.005 0.002 +0.003
744 25.8 0.007 0.002 0,005
0 100 0.021 0,021

“Theoretical gnld is 1hat which resuls from analysis only In the ¢asa where the ors Is 100%. All other rasuits are oslcutated,

greater the discrepancy between the
expectad value of gold In the sample
and that actually achieved.

Further work, using classical wet
chemistry and subsequent confirma-
tion of products of chemical separa-
tions by glow discharge mass spec-
trometry and other methods, contirmed
that tha comiposite sample carried slg-
nificant amounts of platinum group el-
ements. There is no doubt that the
difficulty in determining the gold in this
material is directly related to the pres-
ence of the PGEs.

A second composite sample was
prepared in 1989 using material from
six separate dril holes in another area
of similar geology. This composite
samplo was than analyzed by fire as-
say, wat chemical separations, and
various instrumerital techniques. The
results wera essentlally similarto thosa
from the earlier research program,
Some of this material was also givento
a cormmerclal laboratory In the UK
which was asked to perform various
procedures to determine Its constitu-
enis, Fire assay procedures showed
very minor amount of gold and essen-
tially no platinum group elements. To

.convince themseives, and us, that their

work was accurate, they also carried
out spiking experiments which involved
adding known amounts of a previously
determined gold ora to the composite
sampla. The results are reproduced in
Table 4,

These results wera accompanied
by the comment that "t Is evident that
there Is reasonable agreement be-
tween the actual assay results and
those expacted from the dilution ratlos

used.” This is a very signlficant state-
et which neodo elocor oxaminatinn

Cam

Table 4.
Results pblalnad from splking a composite
sample with known amounts of gold orm

Loldinga
Wi % L .
Sampls koo iale, Rapened
Al 100.9 16.6 16,8
A2 5.2 12.5 14.2
A3 4.0 8.10 8.81
Ad 240 XN 320
Table 5

Discerapanctes In gold contant of gpiknd
gamples listed in Table 4

Sample A2 (14.2.12,8)/0.752 » 2.28 gt MORE
[or (14.2/0,762) - 18.8 » 2,28 pN MORE]

(8.81 - 6.401%0.480 » 1,458 g/t MORE
[of (B.81/0.488) - 10.8 = 1.453 pt MORE]

Sample 3

(3,29 - 3.06)/0.24 » -2,00 pA LESS

Sample 4
for (3.28/0.24) - 18.8 = 2,09 p LESS)

Table 5 shows calculations using
the data from Table 4, Itis evidentthat,
not only are the two sets of figures (the
actual assay results and those ex.
pscted from the dilution ratios used)
not in reasonable agreement but that,
it Indsed the assayer really thought
that they were, one should have serl-
ous reservatlons about using such a
laboratory again whan their control is
poor and they have such low expecta-
tions of their accuracy. One suspects
that the presence of platinum group.
elements in these rocks had already
been ruled out and the Interpretation of
results was entirely subjective. '

These results confirm those of tha
earlier workandclearly show thatthere
{s some interaction between the gold
andthe PGE which interferes with their
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_ - accurate determination. As more of
“’the ore sample is added to the known °
“*sample, the amount of gold recovered

diminishes. A point, ‘therelore, could

- be reached at which no gold is recov-
. ered atall, Whether thisinterference is

chemical, or physical, or both, Is not

clear, The sclentiic approach is to

observe and record the facts and then
to try to understand what mechanism
might be causing them.

Although it is clearly not possible to
go-into a detailed description of the
geology and mineralogy of these de-
positsInthis articlaitIs interesting, and
may be Important, to look at the geo-
logical setting of the rocks in quastion.

These rocks occur as part of the

_largest iof three kiippen In an area

which has been described as a suparb
example of collislonaltectonics, Litholo-

gies present Include phyliitel mica-
ceous schiste, metasedimentary and

metavolcanic rocks. There are highly .
sheared serpentinized peridotite bod-

les which are at the base of tha thrust
sheat, probably derived from
harzburglte and dunite and which may
be dismembered parts of oceanic crust.
They clearly have an ophlolite affinity

and thus the occurrence of platinum
group elemenis within this assemblage
is not surprising. -

The genera! area is characterized
by widespread placer mining opera-
tions on most of its creeks and rivers
over the last 100 years. Numerous old
reports on these operations contain
references to the occurrence of plati-
num with the gold in the gravels and
black sands worked by the placer min-
ers, and reference to official statistics
published by the State Departmeant of
Geology and Mineral Industrles shows
that periods of highest platinum pro-
duction cerrespondto pariods of great-
ast placer mining activity.

Fisld relations indicate fairly con-
clusively that the source of the goid
and other heavy minerals in the drain-
age system'is the package of rocks
from which the samples referred to
above were collected. What was puz-
zling is why this source had not been
recognized and commervially exploited
inthe past. The inabllity to assay these
rocks by standard techniques might
have obscured the fact that they are
the source of "ggold and PGM. Also,
surace expo‘suhs of these rocks do

not suggest that they might be lik

‘candidates, It!s only when the ass:

Ing problem is recognized that the «
ology of the area begins to make sen:

Two questions remain to be
dressed: 1) Why are they so difficul:
assay? 2) Are .there any geologl
conditions which may be contributi

- to the problem?

This article does not intend o :
dress these questions In detall, |
stresses the -point that assaying
mineral resource evaluation is not
ways as stralghtforward asitmay see
Howsver, some generalizad comma:
may be appropriate.

To address the first point, they 7 - -©

ditficult to assay hecause they dor
behave in the mannar which, on
basis of normally accepted practic
we expact them to behave. There
goodindapendent evidence which cc
tirms that there is significant gold a
PGMs inthese rocks but normal ase
techniques usually detect only part -
the gold, and frequently, none of t! -
PGEs. The spiking experiments, d
scribed earller, clearly demonstrats tt
theralis aninterference effactin ane:
tlon agalnst the successful applicati
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{ ofstandardfire assay procedutos. Also,

the apparent variation In composition
ofthe same composite sample reported

‘4 by different laboratories using other

standard techniques such as X-ray

fluorescence, INAA, optical emission
i spectroscopy, and instrumental tach-
4 niquas (such as AA or ICP) on fire

assay prills, or by digestion by acid or

£ other chemicals, Is evidence enough,
“§. at least to the author, that they have
" unusual propertles, Some of these el-

ements may notoccur in normal metal-
lic torm and may not be detectable by
the standard instrursntal techniques.

The problem Is put succinctly by

~ Duncan & Rouvray (1989) as follows:

small aggregates of aloms constitule a dis-
tinct phase of mattar. Thalr chemistry, at
onca highly reactiva and selactive, has pos-
sible applications in catalysis, optics, and

alactranics,

We know thatthere is a great deal of
research being carrled out at pressnt
into the behavior of elements in small
aggregates and at least one learned
sociely, tha Faraday Division of the
Royal Soclety of Chemistry, considers
it important enough to have devoted a
three- day symposium to it in Septem-
ber 1991. Their clrcular for General
Discussion 92, announcing this sym-
posium states: -

There is growing interest, ranging from the
thueoralical to the preparative; In dispersed
rnd supponed particles of minute dimen-
slons conslsting af less than taen and up o
suversl milllon afems. These possess a
weallh of electronic, magnetic, chemical,
and elecirochemical propertles. Thay also
constilute lormidable challenges with re-
gard lo evolving fellabls methods for their
characterization and the delarmination of
thalr Internal and gurtace siructure.

* Thal matarials having these unusual

propenrties do exist, Is an accepted fact

among sclentists in other disciplines.

.15 there any reason to belleve that they

cannot, or do not, exist &s naturally

‘oceurring material in a geologlcal set-

ting, I.e., in rocks?

The detalls of the case history clted
inbroad and generalized terms above,
suggests that there are naturally oc-
curring precious metal ores which ex-
hibit some unusual characteristics.
Materials which do not Inltiaily show
detectable lavels of an elemsent on
siandard instruments have beenshown
to contain significant concentrations
alter spacific treatment,

A= 14 tha sacond question posed

COPYTIME

earlier, the evidence is far from com-
plete, or from being convincing, but
there Is a suggestion that the cond!-
tiona required forthe formation of these
unusual materials may be mora readily
found In a specific plate tectonic set-
ting such as that which has svolved as
the result of collapse of back-arc and
fore-arc basins. Within this setting, It is
the prasence of thiuet laulting that is
important for it has led 1o the juxtapo-
sition of ultrabasic rocks (ihe sourca of
the PGEs) with host metasediments. if

therels a genetic relationship between

PAGE . |}

the typs of pracious metal minsraliza-
tion, which exhibits some of the un-
usual characteristics discussed ear-
lier, and the plate tectonic getting, then
this could have a significant impact on
exploration for these metals.

Conclusion
it is Important to point oul that the
comments and opinions in this article
are intended to be viewed In the per-
spective of the constantly changing
state of our knowledge of the natural
universs.
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wy ...¥vin 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 silver¢ontent.”

_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. itis 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-
sary. To state that some types of pre-
cious metal-bearing ores cannot be
fire assayed is as misleading asiitis to
say that all precious metal-bearing
ore can befire assayed and those that
do notrespond 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

_all analytical procedures. Such steps
as comminution, oxidation of sulfides

and'sulfo-salts, distillation of mercury,
and the leaching 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, lithargeis
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 goid
and platinum-group elements are
suspected to be present, silver is used
as aninquarting media, usually in con-
junction with litharge. Depending on
the reference, from 10 to 20 times the
suspected amountofgold plus platinum-
group elements is suggested for the
amount of silver inquart. This inquart
may be added eithertothefusion or at
the cupellation stage. When the fusion
is poured, generally into a cast iron
mold, the button of coilector-metal is
recovered.

& f\ssaying—-(}omruversy and Reality

Stage 3 in the general procedure of
fireassaying 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

much ‘of the.interference by many of *
“thetransition elements inthe 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 silvercon-
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.

Inreviewing some of the basic prob-""

lems in fire assaying a particular ore
sample for its precious metal content,
it seems reasonabie that without a
prior knowledge of the ore and its con-
tents, on a one or two time trial basis
the resuits 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 theirown
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 notall, of . «
the precious elements. There are

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

for the accurate analysis of various
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types of ores. Without using the same

or similar analytical procedures, it

-should not be assumed that two dif-

ferentanalysts will arrive at the same,

or closely similar, analytical results,

especially where the precious ele-
I% ments are concerned.

3 Because of the problemsinherentin
oL analyzing certain types of ores for
! precious metal content, many mine

Ié developers have attributed the prob-

lem of conflicting results to such pos-

sible phenomena as micron-size gold,

S organic precious metal-bearing com-
plexes, volatization of gold halides,

and other such possibilities that would
preventa proper analysis of their ore.

in many cases these operators have

l peen able to perform cursory assays
. and recover enough precious metal
- content to convince them that the
l 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-
l Iytical procedure that will repeatedly

i

detect these values has not yet been
developed for this particular ore body.

i Acase in pointis the Carlin dissemi-
| _=anhated gold deposit which is located in
evada. Because of the lack of an

¢ appropriate analytical method, this

well-known gold deposit was over-
looked for many years. It was some

time after the deposit was being ex--

was developed which actually refiect-
ed the gold values present. This
i procedure was utilized for further
-4 exploration and exploitation of this
area. Such foresight should be ac-
l claimed, notcondemned justbecause

;  this ore deposit could not be located

2. with “standard" fire assay procedures
P astheythen existed.

The presence of platinum-group
elements in an ore sample can pres-
entthe 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 considerablylarger amounts
of platinum-group elements as com-
Pared to silver and/or gold content
and,inturn, the sample is fire assayed
- through the cupeliation process with-
R Out the addition of sufficient inquart-
] media, the collection of total pre-
ous metal content from the sample
~to the prill will be appreciably dimin-
ished. If the presence of significant
Platinum-group elements is suspect-

i ploited that a fire assay procedure

California Mining Journal/June 1989

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-
entin the form of a metallic-like coat-
ing on the vesicle surfaces. Spectro-
graphic analysis of this material in-
dicated the presence of precious

elément content as well as relatively .

large amounts 6f As, Hg, Ti, Se, Te, Bi,
Sb, 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
componentofthis oreitis notsurpris-
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 oreitis likely thatit would
have been rejected as being poten-
tially economic.

. In conclusion, it should be stated
that this article is not a condemnation
ofany particular method of analysis or
ore evaluation procedure Far from it!
This presentation’is partially to remind
the mineral industry that ore analysts

are 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 and 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. v

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 1In a standard
reference book, you would find
them 1listed as "rare." 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
"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 problems encountered

vhen 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
1s a series of drawings deplcting
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 depending upon the
elements present, it follows a
rather orderly 'procedure.

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.| 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 remaln suspended
in water literally forever.

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

Epigene -- a geological processg
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 Thefore
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,
wvhich is repeated and identifiable
as a mineral, thelr 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 meteals.

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

Cleavage is the term used where
8 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; L)
fluorite; 5) apatite; 6) ortho-
clase; T7) quartz; 9) corundum;
and 10) diamonad.

Density is a mineral's mass when
compared to an equal volume of
vater,

~-iii-



CHEMICAL SYMBOLS

USED IR THIS BULLETIR

Element Symbol

Antimony Sb

Bismuth Bi

Copper Cu

Gold Au

Lead Pb

Selenium Se

Silver Ag

Sulfur S

Tellurium Te

\

Symbolic Terminology (by example)

Au means one (1) atom of gold

Au, 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 %wo atoms of gold OR
two atoms of silver comprise
this portion of the mineral
being described].



No tdentifiable crystal habit (probably isometric)

PETZITE

AgsAuTe

Description:

.the
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Petzite 1s steel grey to iron
black and quite brittle.

Even though this mineral has a
hardness of 2.5 (between gypsum
and calcite), 1t is sectile, and
this ability to be carved with a
knife without crumbling is probd-
ably the only clue to 1ts i1dentity
in the field.

A density of 9.13 (when pure)

allows 1t to collect well 1in
gravity concentration. Cleavage
is described as fair, and the

fracture 1s subchoncoidal.

Paragenetics:

Petzite 1s found in intrusive
and subvolcanlc formations where
magma never achlieved the
surface and hydrothermal acti-
vity was absent or nill,

2

Chemical Behavior:

This mineral 1s insoluble in
alkali cyanides, hydrochloric
acid, aqua regila, and potassium
hydroxide. However, 1t 1is
decomposed by nitric acid, both
dilute and concentrated. More-
over, the reaction ©progresses
with effervescence.

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



Poorly defined, cleavable, grains
MUTHMANNITE
(Ag,Au)Te
Description: Chemical Behavior:
Muthmannite has never Ybeen As the paranthetic (Ag,Au)

proven as a legitimate mineral
speclies, but 1t 1is often listed
as such,

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

The density is 5.59 which 1s
quite 1light for gold bearing
minerals, and the hardness 1is 2.5
which lies between the hardness of
gypsum and calcilte.

Paragenetics:

Unknown.

implies, the gold and/or silver
content may vary from molecule to
molecule 1n any sequence, e.g.,

(AuTe) (AgTe)_.
1t Is deco%posed by dilute
nitric acid, leaving the gold

as a true submicroscopic colloid
suspended in solution.

After leaching, muthmannite 1s
soluble in aqua regia if silver
predominates. However, as this
ratioc may change from one grain
to the next, there is no assur-
ance that recovery will Dbe
complete when using any known
leach solvent.

PLATINUM GOLD

A combination of gold and
platinum.

(AuPt)

No authoritative published
comments.

-2=-
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PORPEZITE -- PROPEZITE
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Lamellar Tadbular Equant
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. While
the second author declares that it
is metallic and cream-colored with
a8 pinkish tinge.

A combination of gold and rho-
dium (one of the platinum group
meteals).

(Au, Pd)

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

#

RHODITE
(Au,Rh)

No authoritative published

comments.
#
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No known crystal description

FISCHESERITE
Au3Au8e2

We have very limited information Generally speaking, the higher
on this mineral. It is not a true the selenium content, the higher
selenide of gold, for the selenium the gold content.
1s combined with the silver, and Hypothermal deposition occurs
the silver 1s combined with the earlier than the sulfides, for
gold. selenium 1s less mobile +than

The only comments we found on sulfur.
the deposition of this mineral As the chemistry of selenium
was the fact that when seleniunm with four common valence states
and gold are found together, ig rather complicated, we will not
tellurium is usually absent. pursue this discussion until more

- information 1s available.

Isometric

L]

L]
-.E...;/.. .

1,

.
.'---....J .o Jusasjonadecs
» e

B

Lamellar Tabdular "Equant Columnav Acicular

IRIDIC GOLD--AUROSMIRIDIUM

Iridic gold is iridium (up to Sorry, we found no other
20%) trapped in solid solution in published information on this
gold. subject other than the fact that

Aurosmiridium 1s the reverse, it 1s soluble in sodium peroxide
wvhere gold, and/or osmium, is fusion only.
entrapped in a solid solution of
iridium. #
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Monoclinic
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The name is a mouthful, the
chemical composition complex, and,
to add insult to injury, it is not
8 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 T.5.

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

Tetragonal

(0 e ovemncass?

auannudp
=
Lamellar Tabular

Lamellar 7'232" Equant Columnar Acicular
NAGYAGITE
PbgAu(Te,Sb)Sb, S, _g
Description: 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 1nsoluble 1in
alkali cyanides, alkali hydrox-
ides, ferric chloride, hydro-
chloric acid, and aqua regisa.

#

Colunnq} Acicular



Konoclinic
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Lamellar Yagglar

Columnar Acicular

PbsAu(Te,Sb)Sb,S,_g

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 & granular
form would be unusual.

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

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 T.5.

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

Tetragonal

0 v ovrmreers?
ma@
= &P
Lamellar Tadular

Paragenetics:

r
l‘hv
I NAGYAGITE

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 colloilidel solution.

This mineral 1s insoluble in
alkeall cyanides, alkali hydrox-
ides, ferric chloride, hydro-
chloric acid, and aqua regisa.

#
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Triclinic
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Lamellar Tabular Columnar Acicular
MONTBRAYITE
(Au,Sb)Tez --7-- AuzTe3
Description: Paragenetics:

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, 1s 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',
97°34', and 107°53" respec-
tlvely.

Their hardness 1s 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.

We found no specific comments
as to how and when montbrayite 1s
deposited. However, we assume the
process to be hydrothermal and
below 370°C.

This 1s based upon the fact that
gold does not lose its mobility in
aqueous solutions until the
temperature is below 370 C, and
montbrayite is found 1in the
compeny of: chelcopyrite, 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 1it,
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Monoclinic

Once again, the experts cannot
agree, In writings prior to 1966,
the chemical composition was often
given as (Au,Ag)Te,. 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.

Lamellar Tabular Columnar Acicular
SYLVANITE
(Au,Ag)Te4
Description: A hardness of 1.5 on the Mohls

scale 1s 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 {n
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
alkalil cyanides, alkall hydrox-
ides, hydrochloric acid, and
ferroc chloride.

It has very poor solubllity 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
true metallic with a valence of

are

Zero. However, they are soluble
in any nitro-chloric acid (a
combination of nitric acid and

hydrochloric acid where the nitric
acid 1s less than 1:3 with the
hydrochloric, and water comprises
at least 50% of the total solu-
tion).

#
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(Calaverite continued from Page 8)

When attempting to use cyanide
as & 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

When the accompanying minerals
do not interfere, calaverite will
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,

used. However, the potassium ASAT will publish a bulletin on
hydroxide must have time to this last method of leaching and
attack the tellurium before the the recovery from +the leach
alkali cyanide is added. liquor.
Crystal Habit Unknown
KOSTOVITE
AuCuTe4
Description: Paragenetics:
If you have gold in a copper ore Unknown.

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 has specified either =a
hardness or &a density for +this
mineral.

Chemical Behavior:

Kostovite resists attack fronm
all standard wet chemical resa-
gents and may be dissolved only
by using perchlorates and perio-
dates in combination with acids.



. llr\glll - Ew Em B M (“l E e m =Em P M

M,

tsometric . :

R .

PO S~ N W M

M s
Lamellar Tabular Equant Columnar Acfcular

MALDONITE
AuzBi

Description: Paragenetics:

In its unaltered state, maldon- As the ascending mineral laden

jte is isometric (cubic) crystal
wvhich is silver white metallic
with & 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 1s 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, meldonite's density 1s
15.46 (6L4.50% Au and 35.72% Bi),
but the density increases as the
bismuth 1is leached from the
crystal.

Using a blowpipe and charcoal
block to fuse maldonite will pro-
duce & metallic gold bead and a
bismuth oxide coating on the coal.
Fusibility is very low. In fact,
the flame of & candle 1is suffi-
client.

Bismuthic Gold is & term often
used to describe the skeletsal
remains of maldonite after the
bismuth has been thoroughly
leached (sbout 3% Bi remesins).

solutions form the hypogene and
thelr temperatures begin tg 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.

Minerologists have reported 1ts
presence in loellingite,.

Chemical Behavior:

Maldonlte 1s stable between pH
4 and 8. When these limits are
exceeded, the bismuth portion is
attacked slowly and with some
difficulty. The mineral 1is
insoluble in hydrochloric sacid
but will dissolve in aqua regisa.

We found no confirmed informa-
tion on the alkaline solubilities
nor on the reaction to cyanide.
The latter should, however, be
negative,

_11-
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CUPROAURIDE

AuCu

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 1t 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 silze is
smaller than 120 microns and/or
the shape is thin platelets.

Both cuproauride and aurilcupride
have a peculiar ability to resist
vetting which interferes with
hydrometallurgy and amalgamation.

They are probably the most over-
looked minerals of gold.

>
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Columnar Acicular

AURICUPRIDE
AuCu3

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 any form,
they may be present. The only
pathfinders are the presence of
chromite and niccolite which often
accompany these minerals.

Cﬁemical Behavior:

If the total copper content of
the ore is fractions of 1 percent,
fusion assay 1s qulite successful.

However, the higher the copper
content in the ore, the more 4if-
ficult the fusion becomes, and it
soon reaches the point where
scorrification 1s necessary.

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 1is
used to identify these minerals in
microchemical techniques, e.g., 1f
the physical description fits and
the surface of a polished section
is not attacked by nitric acid,
hydrochloric acid, s&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.

-~]10~-
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Description:

This mineral of gold is often
mistaken for galena, for its
crystal habit is isometric and
generally cublc, 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 1is a rather dense minersal
with a specific gravity of 9.91
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 1low temperature quartz
stibnite veins where it would
assoclate with stibnite, berthier-
ite, native antimony, and arseno-
pyrites.

As the hgdrothermal waters cool
below 150°C, aurostibite 1is
found in the company of stibite,
tetrahedrite~tennanite, and hidden
in pyrite, arsenopyrite, and

' I marcasite.
P
E?h—

Generally speaking, as the sul-
fide content increases {and the
antimony decreases), the gold
content decreases as well.

PRXEEIY TR ER]

Columnar Acicular

AUROSTIBITE
Aqu2

During the supergene process
where descending waters dissolve
and transport minerallzation, 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 1is usually devoid of
silver. However, when it does
occur in tertiary, polymetalllc
veins with ruby silver, 1t 1is
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 1is 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 Dbe 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
AuTez
(with Ag substituting for Au up to 1 part in 4)
Description: hydrothermal deposition process.

Once again, there 1s argument as
to the color of a mineral with one
authority giving silver white to
brass yellow and another describ-
ing 1t as silver white with a
yellow tinge. However, they all
agree that krennerite has a very

high metallic Jluster and good
crystal faces.
These crystals are usually

coarse grained and orthorhombic.
They are very brittle and have
good cleavage, with subchoncoldal
fracture.

Hardness is 2.5 by the Mohls
scale which lies between gypsum
and calcite, and thelr density 1s
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
moblle elements 1n mineraloglical
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 1is
shorter yet, which means that
krennerite 1is the first formed of
the late forming minerals in the

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-
1¥e, or chalcopyrite.

Chemical Behavior:

With silver present, this
mineral 1is 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,
hydrochloric, and 5 water).

Krennerite 1is etched by ferric
chloride and potassium hydroxide
which implies that unless other
minerals 1interfere you may be
able to use the saltwater leach
discussed under calaverite.

This mineral 1s not directly
attacked by cyanide but will
often dissolve in this medium if
the particle size is small and a
potassium hydroxide solution 1is
used to attack the mineral prior
to the introduction of alkall
cyanides.

_12_
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I ELECTRUM -- KUSTELITE
l (Ag,Au)
There exists a complete iInter- In nature, gold and silver are
lattice substitution series of found combined in the above com-
gold and silver. binations and one other -- 1%
If the silver content is 30% to gold 99% silver -- which is the
hS%, it 1s called electrum. If normal silver ore combination,
i the silver content is 80%, the The only other comments are
name changes to kustelite. that it 1s metallic and malleable
- with a wide range of colors.
[ Crystal habit unknown ¥
EE UYTENBOGAARDITE
AnguS
E No published comments save the sulfur to silver and silver to
fact that this is not a gold sul- gold.
I rfide, bdut rather a %bonding of #
Crystal habit unknown
PALLADIUM== AUROCUPRIDE
(Cu,Pd)zAu2

No authoritative published comments.
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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 gquestion.

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 1s the near invisible tip
where orange flickers sometimes

appear —-- the deep bdlue 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 metallice
globule and a white sublimate
\
Nagyaglite -- residue of gold and
two coatings on the charcosal:
one yellow and permanent, the
other white and volatile in the
oxidizing flame

Petzite -- leaves a metallic
globule
Sylvanite -- leaves a metallic

globule and a white sublimate

A COMMENT ON
SPECTROCHEMICAL ANALYSIS

Spectrographic sensitivity for
the element tellurium is 0.5% (by
wveight) 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 &
wet chemical tellurium assay,
using sulfurous (anhydrous sul-
furic) acid.

_15_



GOLD MINERALS NOT SOLUBLE iN AQUA REGIA
THEREFORE
NOT TESTABLE BY STANDARD WET CHEMICAL, AA, ICP, OR DCP.

1. PELZITE Ag3 Au Te2. DESCRIPTION: Stcci grey to iron black & very brittle,
Hardncss 2.5 Density 9.13

2. MUTHMANNITE (Ag, Au) Te. DESCRIPTICN: Brassy yellow to grey white,
Hardness 2.5 Density 5.59

3. RHODITE (Au, Rh). DESCRIPTION: Dark brown to black. Hardness 3.0
Density 7.70

4, FISCHE " “ITE Au3 Au Sc2. DESCRIPTION: Grey white 1o roddish black.
Hardness 2.0 Dersity 8.18

5. AUROSMIRIDUM (Au, Os) 1r2. DESCRIPTION: Rust to bluck. Hardness 2.7
Density 7.07

6. NAGYAGITE Pbs Au§Te, Sb) Sb4 55-8. DESCRIPTICN. sdctallic givy wiite to
blackish lead. Hardness 1.5 Density 7.3

7. MONTBRAYITE (Au, Sb) Te2. DESCRIPTION: Metallic yellowish white
Hardness 2.5 Density 9.94

8. SYLVANITE (Au, Ag) Tc4 (}\;cry poor solubili: " HLCETPTION: Granular
metallic steel grey to silver white. Hardacss: 1.5 Densny -, bat iiats like graphite.

9. CALAVERITE Au Te2. DESCRIPTION: Mctallic silver white to brassy yellow.
Hardness 2.5 Density 9.3

10. KASTOVITE Au Cu Tc4. DESCRIPTION: Brown to reddish grey to greyisi
yellow. Hardness 2.5 Density 7.61

11. CUPROAURIDE Au Cu. DESCRIPTION: Golden ycliow with reddish tint.
Hardness 3.5 Density 11.5

12. AURICUPRIDE Au Cu3. DESCRIPTION: Copper red with golden tint.
Hardncess 3.5 Density 11.5

13. KRENNERITE Au Te2. DESCRIPTION: Silver white to light brass yellow,
Hardness 2.5 Density 8.6

14, AUROSTIBITE Au Sb2. Soluble only with high oxides present in the ore,
BESCt;!éPg’I;ION: Metallic white luster m);stakcn fgr lcad galena. Hardness 3.0
ensity 9.

13, UYTENBOGAARDITE Ag2 Au S. (Barcly soluble). DESCRIPTION: Metalli
grey to dark brown. Hardness 2. Density(6,61 y soluble) O ctallic

16. AUROCUPRIDE (Cu, Pd)2 Au2. DESCRIPTION: Rus Allic black wi
pink tint. Hardness 2.15 Densit)y 8.91 . usty to metallic black with
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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,! TETSUYA YOKOTA,? SHU HAYASHI? and ElII IZAWA?

'Department of Chemistry, Faculty of Science, Kyushu University (Ropponmatsu),
Ropponmatsu, Chuo-ku, Fukuoka 810, Japan
2Department of Mining, Faculty of Engineering, Kyushu University, Hakozaki, Higashi-ku, Fukuoka 812, Japan

(Received May 29, 1995; Accepted Januarp 16, 1996)

For the accurate determination of trace gold in rocks and 1ron mmerals by graphite furnace atomic
absorption spectrometry, a two-stage solvent extraction method (dnethyl ether and MIBK) was designed to
prevent strong interference from iron and to effectively concentrdte 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% (1 pg/l). When 0.5 ml of
MIBK was used in the second extraction, the detection limit for gold was 0.13 pg/kg (concentration in rock)
at S/N = 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 ug/kg, respectively, while the gold concentration of pyrite contained
in the above rocks was about ten times higher than that of the corresponding rocks.

mﬁluv %rdm =

M

In the formation 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-ug/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 (GFAAS) is convenient. Although

INTRODUCTION
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Shimizu et al. (1984) reported an excellent deter-
mination method of gold in ore samples using the
combination, the detection limit was | ng/g. It is
desired to enhance the sensitivity about tenfold in
order to determine 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/10 ml
of MIBK. To determine 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

v R
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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/l 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 pg/kg) in rock and mineral samples
using GFAAS,

EXPERIMENTAL 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 D;
lamp. The peak height was taken for the mea-
surements.

Reagents

The standard solutions were prepared from a
1000 mg/l Au stock solution (Katayama Kagaku)
by diluting it with 0.1 mol/l 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 (1 g)
with a mixed acid (HCIO4 1 ml + HF 10 ml) in a
PFTE beaker on a hot plate, the sclution is
evaporated nearly to dryness at around 180°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 mol/l HBr solution.

(2) Extraction of gold into diethy! ether -The
solution and the 6 ml of water used to wash the
beaker are collected into a separatory funnel. 0.5
ml of HyPOy is added, and the mixture is shaken

with 20 ml of diethyl ether for 3 minutes. After
the separation, the diethy! 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 mol/l 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 m! 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.

‘ .

L
]

RESULTS AND DISCUSSION

Effect of iron on the atomic absorption signal for
gold ; .

When | g of rock sample is dissolved, the
concentration of iron in the final MIBK solution
can reach several tens of thousands of mg/l. 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 Fe/l) containing trace gold (5 ug/l). Figure 1
represents the atomic absorption signals at 242.8
nm, the analytical wavelength for gold. The oper-
ating conditions are shown in Table 1. 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




(d) (c)

E

Table 1. Operating conditions

[ Argon flow rate (dm*/min) 2.0,
s @ Wavelength (nm) ;2428
Sample injection (cm?) 0 0.02
. Sensitivity 0 049
E Drying (°C) 150
(Ramp, s) :,30
(Hold, ) 40
Ashing I (°C) : 600
E (Ramp, s) 0 10
(Hold, s) 10
Ashing 11 (°C) : 700
(Ramp, s) 03
I (Hold, s) 213
Atomizing (°C) 2300
(Ramp, s) 10
I (Hold, s) 05

thhe determination of gold by GFAAS, MIBK is
ne of the best organic solvent because of its high
boiling point (136.1°C) and its insolubility in
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
lj ml) due to complexation with phosphoric acid,
hile gold is effectively extracted into a large

# unt of diethy! ether (20 ml). The diethyl ether,

i
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(b) (a)

Fig. 1. Atomic absorption signals at 242.8 nm. (*: Atomic absorption peak.) Au concentration: 5 pg/l. Fe con-
ceniration: (a) 0, (b) 1000, (c) 20000, (d) 30000 mg/l.

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 mi).

Effect of HBr concentration on the extraction of
gold into diethyl ether

The extraction of gold (AuClsy~ or AuBrys7) into
MIBK greatly depends on the acid concentration.
Brooks et al. (1981) reported that with an acid
concentration (HCl or HBr) above I mol/l, the
proportion of the extraction into MIBK is nearly
100%. Figure 2 shows the variation of the pro-
portion of the extraction into diethy! ether with
HBr concentration. Above 1.5 mol/l, the proportion
was more than 90%. As a result, the HBr con-

centration in the solution A was determined to be
1.5 mol/l.

The permissible concentration of iron in agueous
solution before extraction of gold with MIBK
From the results shown in Fig. I, it is con-
cluded that in the solvent extraction with MIBK,
the iron concentration in agueous solution must

-
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Fig. 2. Effect of HBr concentration on the recovery of gold.

be lowered below 500 mg Fe/l 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 m! of an iron(Ill) chloride so-

lution (30000 mg Fe/l) with various HBr concen-
trations (0 to 2 mol/l), the behaviour of iron dur-
ing the extraction with diethyl ether (20 mi) was
examined in the absence and presence of phos-
phoric acid. As shown in Fig. 3, in the absence 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 HB1/l. On the other hand, in the presence

of phosphoric acid (0.5 ml of H3PO4 was added to

the iron(Ill) chloride solution), the iron concen-
tration reached only about 300 mg/l.
In the case of pyrite (FeS,) sample, the iron

concentration in aqueous solution before solvent
extraction with diethy} ether is about 52000 mg
Fe/l. Even in such a case, a satisfactory result was
obtained by repea&ting_the extraction with diethyl
ether twice.

Figure 4 shows the effect of HCl 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 HCI solution. Moreover, since
the recovery of gold from the HBr solution was
slightly_higher{ than that from the HCI solution
when it was extracted with diethyl ether, HBr was
chosen for this work. :

Precision and 'sensitivity for determination of gold
To demon,’strate the reproducibility, a MIBK
solution contalining 1 ug Au/l was measured six-
teen times by GFAAS. The precision (coefficient
of variation,|C.V.) was 11.7%. When 2 ml of
MIBK was u‘sed in th¢ second extraction, the de-
tection limit for gold is considered to be 0.5 ug/l at
SN = 2. o '
To increase the sensitivity, the volume of
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Fig. 3. Effect of phosphoric acid on the extraction of iron into diethyl ether. (a): in the presence of H3POy,
(b). in the absence of H;POy. Fe concentration in solution A: 30000 mg/i.

[ . 1
d ’

400

350

! 300

250

200

150

Fe concentration / mg/l

100

I 50
I 0.0 0.5 1.0 1.5 2.0 2.5
HCI or HBr concentration / mol/l

Wg. 4. Effect of hydrochloric acid and hydrobromic acid on the extraction of iron with diethyl ether in the

esence of phosphoric acid. (a): HCI, (b): HBr.

i




- A v et S

T. Yokoyama et al.

Table 2. Gold concentration of rock reference samples

This study Terashima er al (1992)

Arai et al. (1988)  Sakurai eral/. (1991)

GFAAS GFAAS INAA INAA
1B-2 6.5 $.36 6.31 7.3
JB-3 3.1 2.06 2.36 —

GFAAS: Graphite furnace atomic absorption spectrophotometry.

INAA: Instirumental neutron activation 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 determination 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

In 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 (GFAAS) or neutron activation
analysis (NAA). The present results are close to
those of NAA by Arai er al. (1988). Using the
present analytical method, the trace of gold in rock
and iron mineral samples can be determined 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 determine the gold contents
in various source rocks. In this work, the present
analytical method was applied to the determination
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  Fe;05(%)  Au(ppb)

S U 1.88 1.0
S U 3.63 2.3
s U 2.82 1.9
s ¢ u 4.14 1.1
s U 0.74 12
s U 5.22 2.0
S U 3.56 1.3
S . U 3.07 2.1
s U 338 1.2
Sv U 2.74 2.5
M U 7.75 1.6
BS N 2.29 1.2
BS N 488 1.6
BS N 6.22 1.1
BS N 6.31 1.8
Qv H 6.30 23
Qv H 0.02 0.9
PY H 17

Location: U, Uwajima; N, Nobecka,; H, Hitoyoshi,

Sample: 8, 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 performed
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 ug/kg and 1.1 to 1.8
ug/kg, 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




I than that in the sedimentary rocks.
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