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1.0 INTRODUCTION

1.1 Objectives of this Report

e

Pacific Exploration is engaged in a program to determine
the economic viability and engineering tractability of proces-
sing ore from the Sunlight Mining Property near Fallon, Nevada
for precious metals. The objectives of this report are to:

(a) Present a concise summary of the historical
aspects and previous assays.

(b) Present and compare results of recent assays

after pre-treatment of the ore to enhance re-
covery. :

(c) Discuss possible scenarios for commercial gold

recovery processes with respect to bench-scale
extraction techniques.

(d) Provide working estimates for pilot and commer-
’ cial plant capital and operating costs.

From this information a business plan can be generated

which, to a first approximation, will allow cash flows to be
estimated.

1.2 Sunlight Mining Co. Property

The property consists of 5 unpatented Placer claims
comprising. 160 acres each. It is located 28 mi north of Fallon,
Nevada on U.S. Highway 95. The Southern Pacific Co. has raijil-
road tracks accompanied by power lines which are parallel to
Highway 95, approximately 500 yards from the property.

There is more than adaquate water for processing purposes
located on the property in as much as the water table is located
12 to 15 ft from the surface. The water is not potable; how-
ever, potable water can be found near the edge of the property.

The claims were located by John Peterson of Fallon, but are

presently held under a lease-purchase contract by E. Anderson of
Pacific Exploration.

1.3 Geology

The property is located in the "Carson Sink" area of

Nevada. It is a dry lake bed dating from the late Pleistocene

era (3-5,000 years ago). The entire area is underlain by
alluvial deposits of material eroded from the higher mountain
ranges of tertiary times. The overburden varies in depth from

2-20 ft and consists of a tough, semi-concreted conglomerate.

1-1
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The water table is located 5 to 14 ft below the surface of the
lake bed. As a result, the majority of the ore in the lake bed
contains 40% water and can be mined by pumping it as a slurry.
Because the ore is finely divided alluvial material it requires
no crushing or grinding before treatment. The" extent of the ore
body has been estimated by core drilling at 40 million tons
proven with an additional 20 million for reserve.

1.4 History of Claims and Previous Assays

The ore body has been core drilled in at least eighteen
places and over 50 assay samples have been tested for gold and
silver values. These early tests showed that gold was present

in the range between about 0.4 and 30 oz/ton. Silver values
were obtained up to 19 oz/ton.

These early tests summarized in table 1-1, were made by
fire assays (F.A.), "Controlled and corrected" (C&C) fire
assays, and cyanide methods (c) performed by the Nevada Assay
office in Fallon, Nevada. (Copies of assays are in Appendix).

The higher values were initially regarded "hot spots”,

but later work suggests these values may be more representative
than the lower ones.

The feasibility of an extraction process developed by John
Peterson was studied during August and early September, 1978.
The ore. presented two impediments to successful recovery:

(1) The absorptive guality of the clay prevents

satisfactory separation of the pregnant cyanide
solution, and

(2) The gold appears to be very finely divided and
‘ encapsulated in alkali metal salts passivating
them from direct attack by cyanide.

These problems were addressed during the study, with at
least moderate success. The cyanide and amalgamation recovery
tests used and the results obtained are shown in table 1-2.

From these tests it was concluded that at least commercial
quantities of gold could be consistently extracted. Further
work was curtailed in favor of methods proposed by R. Beyer and
J. Hendersen of Provo, Utah which employ pretreatment to
agglomerate the gold into larger particles which can then be
recovered reliably by conventional methods.

It is interesting to note that this pretreatment technique
was developed simultaneously by the two men working entirely
independently and unknown to each other. S
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Mr. Jerry Hendersen was the first chemist to work on
this ore. His report of August 10, 1978, (a copy of which
is shown as Exhibit 1-1 indicated approximately 8 and 35
oz./ton (gold and silver) on two different samples. This
report was greeted by most profound skeptieism. The values
seemed far too high, even though similar results had occa-
sionally been - obtained, they were not included in previous
reports and were dismissed as a "hot spot". The dore beads
extracted by Mr. Hendersen were sent to C.N. Parker & Sons,
Denver, for assaying. Their assay confirmed that sample 1

had 6 oz/ton Au and 2 oz/ton Ag and sample #2 assayed 100%
Ag. ‘

Mr. Andersen of Pacific Exploration then contacted Mr.
Rod Beyer,a chemical engineer at Ford, Bacon & Davis Utah,
Inc. (FBDU) in Salt Lake City who had considerable experi-~
ence in dealing with difficult ores. Mr. Beyer suggested
that the ore be treated by a new technigque he had been working

on. At the same time a similar sample was to be given to Mr.
Hendersen to evaluate. '

A second set of samples were then delivered to R. Beyer and
J. Hendersen. Four samples were taken from the same test hole
from two different depths. The samples were then split and four
samples then sent to each 1lab. The purpose of this series of
tests was to determine whether the testing procedures were
reliable and consistent. Work done by E. Andersen and J.
Peterson ‘indicated that values were distributed in a reasonably
homogenous manner throughout all four ‘samples. Also, a "hot

spot" was deliberately chosen to give the lab every opportunity
to pick up the values.

, The "hot spot" turned out to be quite hot indeed. As per
Exhibits 1-2 and 1-3 , both direct and indirect average values
reported by R. Beyer and Rogers Research utilizing a pretreat-

ment process and subsequent analysis by X-Ray were 6.53 ounces

gold/ ton and 10.65 ounces silver per ton of ore. A subsequent

report by Rogers Research dated 9-7-78 also indicated .075

ounces Platinum/ton, which may or may not be recoverable.

To confirm his initial test, Mr. Hendersen then performed

a far more exhaustive test on another composite sample and

recovered 11.553 oz Au and 55.765 Ag/ton of ore as shown in

Exhibit 1-4. These results were indicative that further devel-

opment of these recovery methods on this ore is definitely
warranted. ¢




" Table 1-1
Assays from Nevada Assay Office
Fallon, Nevada

Sample No. Method Au, oz/ton
6550 (concentrates) F.A. .069
6550 (concentrates) C&C .565
6550 (tails) C 5.22
3653 F.A. .034
3653 Cs&C 197
3653 C 2.62
3842 F.A, 22.72
6867 F.A. .534
6869 F.A. .462
6550 Cs&C .768
6551 C&C . .405
6071 F.A - 29.89
Avg. 5.29

" Note: Copies of the actual reports are shown in
the Appendix
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TABLE 1-2

) Results of Cyanidation Assays by J. Peterson, Fallon, Nevada

i Test No. Type Result, oz/ton of An
’ 4-12-40-(2) Cyanide 0.145
. 4-12-40-(3) Cyanide/Charcoal 0.251
; 4-12-40-(4) Cyanide/NaBr 0.227
; 4-12-40~(5) Cyanide/Dow 0.235
-“; 4-12-40- (6) Cyanide/Calgonite 0.287
: 4-12-40 Hg Amalgamation . . 1.17
‘ 4-15 Mill Feed Hg Amalgamation 0.312
Avg. 0.375

1-5
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ENGINEERS — CONSTRUCTORS

A BUBSBIDIARY OF
378 Chipeta Waoy

. . . PO, bon 8009
Ford, Bacon & Davis Salt Loke City, Utoh 84108
e ke d ‘ 501-383-3773

SUNLIGHT MINE ORE

Assay Report from Clare Rogers
" (Rogers Research Inc, SLC)

7 September 1978

- e

PROCEDURE FOR ASSAY

Sample is ground first in a steel crucible to 75-100 mesh
(if required). '

Sample is further reduced in size to +375 -200 by motorized
agate pestle and mortar.

A 1-2 gram sample is placed in a cup 1" dia. x 1/8" deep
snd subjected to X-Ray beam from Molybdeneum target.

Flourescence pattern from NaCl crygtal is obtained. (NaCl
is known crystal structure with known delta spacing)

Equation used to obtain NA (wavelength):
NA = 2d sin &
‘Al,’h%,’13,:etc. compared to known values of elements. Peak
g

height of signal compared to known standard in same range of
concentration to get quantitate amount.

PROCEDURE FOR TREATMENT OF ORE

Ore ground, if required, to 75-100 mesh.

THESE ITEMS DELETED TO SAFEGUARD PROPRIETARY TECHNQLOGY

Soudere -

Ore mix removed and ground to powder if necessary.




sord, Racon & Qavie 1tah 3nc.

ALY LoNE CIYY, UTan

7 September 1978

TEST RESULTS

'™

Results of tests on Ore supplied by Jack Jutzy, Geologist,.

Sample Number Cold Silver
1. wuntreated 0.811 4.23
l. treated - . 2.89 8.11
4. (Sunlight) untreated 2.13 5.13
4. (Sunlight) treated - we— 9,52 12.52
4. (Sunlight) treated 12+ 204+

5. untreated 2.02 5.06
5. treated (;Lb&xiéé - 5.12 8.12
5. supertreated ) 7.18 11.32

2 hours)

DISCUSSION OF RESULTS

Two samples gave nearly the sgme results, one was lower,

;
Samples . Au Ciaze%iJ . : Au (untreated)
1,4,5 2.89, 9.52, 7.18 0.811, 2.13, 2.02
a ,
The sample treated \(j€L€+?J:> .« substaptially higher values

in both gold and silver, indicating that | cleleted
gd lﬁfyj for these sample pretreatments. This sample will be
redone to obtain a more definitive assay.

It is of interest that the values of the untreated ore are not
unsimilar to values reported previously for these same materials :
using other techniques. It is believed that the values reported
represent conservative figures. (Data reported by J. Henderson, 8-30
values from Sunlight Mine of 11.5 oz Au and 55.7 oz Ag. from physical
extraction.) Sample #1 was obtained near the surface, the other two
were from the ore taken at a greater depth.

K. 8. Beyer, Metaylurgist

Note: All of the above values, except for the last "#4‘63wmiiqht)“' L
treated", are low by a factor of 2.50 due to a weight L
correction not included in the calculation at the time
of assay. T

RBB
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ROGERSI~IRESEARCH & ANALYSIS [NC,  SUSiae it

CLAIR W. ROGERS, President

September 7, 1978

-

Ford Bacon & Davis
C/0 Rod Byer
Salt Lake City, Utah

Customers Identification: Quantitative Analysis of Gold & Silver

Sunlite Mine Gold Silver
1. ¢5 Supsrtreatsd 7.18 o/T 11.32 o/T
2, #5 Untreated 2,02 o/t 5.06 o/T
3. #5 Treat&d 5.12 O/T | 8.12 0/T
4, §4 Untreated | 2.13 0/T 5.13 0/T
S. #4 Treated 9.52 0/T - 12,12 of/T
6. #1 Untreated 811 o/T b.23 ofT
7. $1 Treated 2.89 o/T 8.11 o/T

QQ@\L\\%WNL

Clair Rogers

Note: These values are low by a factor of 2.50 because a weight

correction was not made.

RBB
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[URPIRY

Pacific Exploration
1143 Marivosa
€an Francisco, CA 94107

SUBJECT: Ore Sample From Sunlight Mine - Sec. 8, Hole #
#illfeed 35" to MO’

Assay Results of One-Pound Test: (Total metals recovery after
in-quart taken out)

Silver (Ag) - 55.765 oz. per ton € ﬁACﬁIJ#L; N
Gold (Au) - 11.553 oz. per ton '-J ¢ \V\E’?’AL-

BUTTaNS
Ag AU

RN, Lcad was

’k
-(

Smelting at- gHBE
used as a collec or.

Slag ground and leached.

'Re-smelted at 2100°F. with lead as collector. Inquart 2 grams

511ver.

1st and 2nd smelt of lead collector remelted, poured into bar.

Electrolytic process was used for breaking down lead bar.

Anode and cathode, plus solution, was re- worked through electro~
lytic three (3) times.

Total metals recovery after inquart was taken out shown above in

"Assay Results".
: &mﬁw
K%’

J Henderson
Research Chemist

NOTE: Silver and gold recovered in this test is enclosed.

Brokers of New and Uscd,Equipnunn For AklhlhdngJNecds
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2.0 RECENT ASSAYS AND RECOVERY METHODS

2.1 Gold Assay Techniques and Limitations (Monograph by R.

Beyer) -

2.1.1 Introduction

A.sample of ore from the Sunlight Mine was recently
submitted for analysis, and we found our experiences with this
material worthy of extended comment. The ore is unusual in that
it is actually a pleistocene lake bottom mud, which according to
present -theory and past experience is a most unlikely place to
find high gold values. It is challenging in that heretofore it
has been extremely difficult to assay.

Methods for the analysis for gold (and other precious
metals) basically fall into two categqgories - direct and indi-
rect. The direct approach is to physically, or chemically,
remove the gold from the sample of ore by one of several well-
known techniqgues, such as fire assay. The indirect method is to
ascertain the amount of gold instrumentally, using primary
standards for comparison. In these methods a measure of the
amount of gold is determined from.a spectrograph or crystalo-

graph, such as "AA" (atomic absorption) and X-Ray fluorescence
or diffraction.

The fire assay, because of 1its incontrovertable result,
namely a piece of metal that can be felt, weighed, tested, etc.
has been the favorite method for years of many metallurgists and
prospectors. However, the fire assay technique, in which gold
is first "inguarted" into a base metal, usually lead, and then
"purified” by absorbing the lead into a bone-ash cupel, is not
reliable for many ores now being processed commercially. '

Much controversy has arisen over the various methods now
employed - priqcipally because they don't all agree with each
other. Which method, if any, is right? Or are they all wrong?
These are basic questions which must be resolved. The author
has spent many hours assaying gold and silver ores himself, and
has enlisted Drs. Lynn Kimball and Jack Ruckman of Provo and
Clair W. Rogers of Salt Lake City to assist in the evaluation
of the various techniques. Kimball and Ruckman are inorganic
chemists well versed in AA spectroscopy and similar "wet chemi-
cal" assay methods. Rogers has specialized for over 20 years in
X-Ray spectroscopy both diffraction and fluorescence. This
paper is a first attempt at trying to explain some of the

observations and inconsistencies that we are finding among the
several assay technigues.

2.1.2 Case Histories

1. A sample of clay ore was analyzed by Dr. Ruckman using
a standard atomic absorption method; i.e., dissolve in agua
regia, partition with MIBK and run in the spectrograph. The
results were negative. Similar samples were run by Dr. Kimball

2-1
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by a fire assay method. He .also showed nothing. Mr. Rogers
found 5 oz/ton with his X-Ray analysis. Kimball turned to a
chemical method and eventually showed gold to be present,
Ruckman was experimenting with his aqua regia - MIBK sample, and
after mixing with some additional organic ligquids to see if he
could get a phase separation, he observed that gold precipitated
as a black colloidal solid at the interface. He pipetted off
the gold as it formed, redissolved it in aqua regia and treated
it again with fresh MIBK. This time he measured about 2.5
oz/ton of gold by atomic absorption. He doesn't know why this
happened, but there was actually gold there, either in the acid
or organic fraction, that he could not detect initially with the
AA. He doesn't yet know why the gold precipitated but suspects

it reduced from an organic complex of some type by reaction with
one of the chemicals present.

2. A second sample of ore was assayed by Kimball, Ruckman,
and Rogers. This time the sample was separated into five
fractions: original (as-mined); concentrates from a table;
heads, tails, and middlings. Rogers obtained high values of
gold in all samples. Kimball and Ruckman, on the other hand,
found only good values in the concentrates, small quantities in
the heads, and near zero values in the middlings and tails. No
one could explain why this occurred.

3. Ruckman was boiling an ore sample in aqua regia in the
hood on a hot plate. He observed gold being plated out on the
side of an aluminum pan nearby. He became concerned as to
how much gold was being lost from the solution in this manner.

He collected the gold from the aluminum and weighed it. There
was a substantial amount.

4. T. K. Rose, in his book "Metallurgy of Gold" (1894),"
states that many an assayer's hood and chimney have been cleaned
and found to contain much gold among the soot.

5. Rogers reports that a group of mining people hired him
to analyze some ore they were investigating. Others were also
enlisted to give comparable assays. After a comprehensive
series of assays and about $3,000 of work by Rogers, the miners
decided not to pay Rogers for his work stating that his analyses
had to be "way too high" compared with the other analyses that
wele made. Rogers told them that he wouldn't sue for his
charges, but put them on their honor to pay him, if in retro-
spect, they found out he was correct. A year and a half later
he received a.check from them for $3,000. When Rogers inguired
as to why they paid him, he was told that the amount of gold
recovered from the commercial process exceeded even the value
Rogers had reported. 1In fact, Rogers' value had been conserva-
tive, just as he had predicted earlier. :

6. Rogers observed some interesting phenomena while

roasting a sample of ore at modetate temperatures (up to
15000F). Samples withdrawn from the furnmace were broken into

2-2
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small fragments and examined' under a m)CFOSCOpe Whereas no
visible evidence of gold could be found prior to roasting,
afterward, small rivulets or beads of the yellow metal appeared
agglomerated into visible proof that gold was present. Much
care had to be taken not to heat the ore too rapidly to a high
temperature or the gold would be lost by vaporization.

7- Although the mechanism is unclear, some assayers,
including Mr. Jerry Henderson, claim that in the presence of
certain metallic elements such as selenium, gold is absorbed
into the bone-ash cupel during a fire assay. It can be re-
covered to some extent with difficulty by the so-called "con-
trolled and corrected" method wherein ‘the cupel itself is
subjected to assay.

Other examples similar to those above could be cited, but
the point is clear: Fire assays and chemical.assays don't
always give the correct amount of gold in the sample. Whether
all of the gold assayed by X-Ray technigues can be recovered
economically in a commercial plant is another question. We will
examine that aspect in a section 4.

2.1.3 The Occurrence of Gold in Nature

Clues to the assay mystery may be found by examining how
gold is dispersed in its natural state. We know that gold
occurs in several forms: as free metal, as alloys with other
metals, as compounds such as telurides, and as so-called "com~
plex"” ores which are thought to be compounds with organic
substances. A chelate may be one possibility.

Free gold has been observed to occur over a wide range of
sizes from large masses weighing a number of pounds to exceed~
ingly fine particles. The amount occuring in each size fraction
cannot be accurately determined, of course, but it supposed that

it occurs somewhat like the dlstrlbutlon curve shown in Figure
2-1.

This curve represents that small amounts occur naturally as
large nuggets and the guantity at progressively smaller sizes
increases. Obv:ously, the size cannot decrease below the size
of the atom (10' m) . Although the subject needs more re-~
search, it is thought that very finely divided gold may have
been depos:ted in some ores from solution or from the vapor
state, and in many instances has combined with organic matter to
form single-atom (chelated) compounds. Unreacted or free gold
is believed to occur as ultra-thin colloidal films. In many

deposits micro-sized gold has been found encapsulated in alka-
line salts.

2.1.4 Hypothesis

After reviewing the experjiences of Kimb@ll, Ruckman. . and
Rogers, the following hypothesis is put f@%m&rd* ne s
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1. Gold in relatively large sizes, as alloys, and
as compounds with high melting points are readily assayed
by standard fire assays and most chemical methods. 1In
these cases, both the chemical and physical assays agree
with the X-Ray method: Gold in this fdrm, can be separ-
ated and recovered commercially by most of the standard
methods, i.e., tabling, flotation, cyanidation, amalgama-
tion, etc.

2. Gold in smaller sizes, i.e., colloidal particles
of 20-1000 microns, for example, is sufficiently small
that it is easily vaporized. Rogers reports that he has
observed thermal loss of gold at temperatures as low as
300°C. It may go lower. Whén contained as part of an
organic molecule the oxidizing condition of a fire assay
treatment would enhance the vaporization. Most of the
very finely divided gold is not picked up in a fire assay,
because within seconds after an ore sample is introduced
into the 2000+OF furnace, the gold flash vaporizes
before the inquarting agent has an opportunity to alloy
with it. Chemical analyses appear to be more accurate if
the ore is first ground or milled sufficiently fine, to
free the gold and make it available to acid dissolution.

3. As gold becomes even more finely divided (i.e., as
colloidal films, encapsulated colloidal particles, or-
organic chelates) it more easily vaporizes, even from
solution (as an organic specie with high vapor pressure).
In the encapsulated form it may even have a tendency to
combine with the slag. The X-Ray method cannot detect
gold in this finely divided form. Rogers reports that
colloidal films are too thin to reflect the X-Rays for
reliable guantitative treatment.

4, If the gold in the finely divided-state is
agglomerated by a suitable process then the gold can
apparently be detected by X-Ray methods first, chemical
methods second, finally by fire assay as the agglomerates
become larger. Thus far, only a limited number of compari-
sons between methods have been obtained after agglomera-
tion. These look very encouraging. Even after agglomera-

, tion there may still be chemical interferences that mask

- the presence of gold in the fire and chemical assays of
some ores.

2.1.5 Conclusions

It can certairly be stated that much research is required
for a complete understanding causing the differences between
the gold assay methods. However, in reviewing in detail the
X~-Ray spectroscopy method, there are a number of advantages of
this method over the others: —




(a) Sample 1is used without treatment other than
sizing ( -200+300 mesh).

(b) Good separation between elemehts are obtained.

Even isotopes can be detected and identified
accurately. :

(c) No interfering species mask read out.

(d)y Can accurately read-out to very small concentra-
‘tions (0.002% or 0.6 oz/ton).

(e} Can read accurately even with very fine particle
sizes (above 10 microns).

It does have ‘some limitations:

(a) 'Extremely small (submicroscopic) particles suéh

as colloidal films don't reflect X-Rays quanti-
tatively. : '

(b) In heavy metal ores, it is necessary to add an
"enhancer" (i.e., to lower the density) before
quantitative measurements can be made. ’

It is clear that in many cases the fire assay and the
chemical assay don't measure the gold present in a reliable
manner. Often, gold has been extracted from the bone-ash
cupels, which after firing has shown no results. The gold was
absorbed into the cupel along with the lesd. Sometimes over

100 mg has been recovered per assay ton after successive
extraction from ten or more cupels.

In summary, the X-Ray fluorescence and diffraction tech-
nigue appears to be significantly more reliable and not subject
to chemical interferences, as are both wet chemical and fire
assay methods. For micro-sized particles (below 10 microns)
even X-Ray techniques are limited. The best approach is to
agglomerate the fine particles by a thermal treatment to obtain
sizes which the X~Ray method can detect. It is believed that
economical commercial methods may also take the same. approach.




2.2 Sample Preparation

Three samples of Sunlight ore were submitted for testing

and analysis on August 28, 1978. On September 6, 1978 thirteen
additional samples were submitted for evaluation.

These samples were first ground, when necessary to approx-
imately 100 mesh. Many of the samples were gquite damp when
received. They were reported to have had up to 40% moisture.
No attempt was made to dry them before analysis. Eight ounces
of the ore was weighed out and mixed thoroughly with 12 ounces
of pre-treatment mix. The samples were then roasted at various
temperatures for various lengths of time between 1 and 3
hours. The samples were then submitted for assays by X-ray

fluorescence X-ray diffraction, atomic absorption, acid leach,”

and cyanide extraction.

2.3 X-ray Fluorescence

Samples of both treated and untreated ore were submitted
to Rogers Research in Salt Lake City. Other than sizing the
sample in a pestle and morter to +300 - 200 mesh, no further
treatment was required. The samples were placed in a shallow
metal container and subjected to a beam of X-ray from a molyb-
denum target diffracted through salt (NaCl). The characteris~
tic wave lengths of the elements in the unknown sample ore
calculated from the Bragg eguation viz: = 2d sir ' where d is
the lattice spacing distance of the salt crystal, and
represents the angle of diffraction.” The harmonics of the
major frequency are mutiples of ¢+ Or n .  Excellent separa-
tion between the characteristic frequencies of the elements are
obtained. Even isotopes can be easily identified and there are
no interfering elements to mask anothers presence.

'The results of the analyses are presented in Table 2.1.

At first glance, the analyses of the treated samples
appear to vary from 1.28 oz/ton up to a high of 25 oz/ton.
However, the temperature for the last 13 samples never reached
the maximum that the first batch did, and apparently incomplete
conversion occurred. Some of these will be selected to undergo
further thermal treatment and be reassayed.

On the other hand, even the untreated samples show remark-
ably high gold values. The results indicate that the thermal
reaction enhances the assay results by a factor of between 3

and 5 times. This is not surprising on the basis of similar
assays on other ore bodies.

2.4 Atomic Absorption

These tests were conducted by Dr. Jack Ruckman of Provo,

Utah. After first dissolving duplicate 1 gm samples of ore in

concentrated aqua regia and digesting them at near boiling for
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24 or more hours, the solutijon was treated with MIBK to strip
off the resulting gold chloride and tested on the AA specto-
graph. Results of these tests are shown in Table 2-2.

While these results are not at all sifilar to the X~ray
assays, other samples of a similar type ore, gave nearly
identical results to the values shown in Table 2-2 on all but
one of the tests. This one sample gave a reading of zero on
one replicate and its' duplicate was 22.8 oz/ton. An X-ray
analysis of the same sample previously showed gold at 21.3
oz/ton. While Dr. Ruckman. has no explanation for this discrep=-
ancy at the moment, it is possible that gold forms an insoluble
complex that prevents it from reliably transferring to the
organic solvent phase, as discussed in Section 2.1. Further
analysis is continuing with these samples.

2.5 Fire Assays

Several of the 13 semi-treated and untreated samples were
submitted to Union Assay Office in Salt Lake City for a stand-

ard fire assay. The results of these tests are presented in
Exhibit 2-1.

- The negative results obtained from these fire assays are
not at all surprising. First of all, the gold in this ore,
according to J. Henderson,,exhibits definite complexing gquali-
ties and therefore reports principally in the vapor and slag.

Mr. Henderson ran both a standard and a special fire assay
on samples No. C-2, C-3, C-4, and C-5. He reported, as shown
in Exhibit 2-2, that the standard assay yielded nothing, but
the special assay,.in which he used silver instead of lead as
an inguartering agent, yielded 2.2 oz/ton of gold ~-- a decided
improvement, but far from the total amount shown to be present
by his other analysis and by X-ray analysis.

2.6 X~ray Diffaction

Rogers Research conducted crystalographic examination by
X-ray diffraction of Sample R #1 (SM #5). Results of the X-ray
diffraction pattern, in which the d-spacing of the lattices
experimentally found are compared to a known standard, are
shown in Exhibit 2-3 for the untreated ore and in Exhibit 2-4
for the treated ore. Several items are noted: first, water of
~hydration is lost from the three minerals originally present;
second, the carbonate is decomposed (to CO3): the Calcium
Silicate hydrate decomposed to alpha quartz (Si05); and
lastly, the percentage of noble metals detected increased
markedly, particularly the gold. This material is typical lake

bed clay except for the exceptionally high values of noble
metals.
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2.7 ACTUAL RECOVERY METHODS

Assays, at best, are but a crude indication of the values
that are recoverable fron any given ore. An. ore can assay 25
oz/ton or 1000 oz/ton in any given element, but if it is
economically or physically possible to recover only 0.25 oz/ton

then that is the basis on which financial and engineering
considerations must be made.

On the other hand, when the precious metals are actually
recovered by a process similar to that contemplated for commer-
cial extraction, then there can no longer be a question as to
how much can be recovered. This is the reason for performing
the chemical leach analyses at this point in time. It is a
potential candidate as an extraction method. The results
from a dilute agua regia leach are presented in Exhibit 2-2.

Although results from samples 42 and #3 are lower than the
X~ray values obtained from these samples, results from #4 and #5
are closer to the average X~-ray values obtained from these
samples. (8.7 oz/ton.) Even though the acid leach method is a
substantially more expensive process than a cyanide 1leach, it

certainly emerges as an acceptable alternative to the cyanide.
method.

2.8 SUMMARY OF ASSAYS

There have been several sets of assays reported for the

Sunlight Mines. Early assays for gold, as reported in Chapter
1, are summarize as follows:

1. Fire assays and cyanidation, 12 tests 5.29
(Nevada Assay Office)
{ .
2. Cyanidation and Amalgamation, 7 tests 0.375
(J. Peterson and E. Anderson)
3. Caustic Fusion - Acid leach, 1 test 6.0
(J. Henderson)
4. Reductive Roast -~ silver inguart, electroplate, 11.55%
1 test (J. Henderson) :
5. Thermal pretreatment, X-ray fluorescence, 3 tests 17.13
(Rogers Research, Inc.) _
Straight Average of previous tests 8.07
Weighted Average 5.62

The values of silver in the ore varied from a low of 3 to a
high of 55 oz per ton with the average being slightly higher
than that for the gold. Platinum is also present at values
between about 0.1 and 0.3 oz/ton. Some of the above pample
were deliberately selected from known "hot spots" to obtajn

ke
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best showing possible.

The latest set of assays reported in this chapter were
obtained to determine an over-all assessment of the entire ore
body and the values that .could be reasonably expected from

actual operation of the mine. Care was taken to not single
out any "hot spot".

The sampling procedure included taking a core sample from
the center of each of the 13 mill feegd ponds on the property.
The weight of each core sample was about 10 pounds Each ore
sample was well mixed and great care was taken to obtain a
representative sample. Mr. Jack Jutzy, the geologist who took
the samples, reports that he is "confident that the samples were

correct and give a good approximation of the overall values
present." (1)

The average of the assays reported for thé 13 millfeed
samples are summarized as follows:

Method Au, oz/ton Ag, oz/ton Pt, oz/ton
Pretreatment - X-ray 5.12+3.6 : 5.03 0.067
fluorescence

Atomic Absorption 0-0.1 - -
Fire Assay trace - 0.2 -
Ag inquart - fire 2.12+0.07 ~- -~
assay

Aqua Regia leach 4.35+3.1 - -
X-ray diffraction ‘ 11401 7.5 0.5 +
{treated) '

X-ray florescence 1.240.7 1.64 0.015
(untreated)

Disregarding the fire assays and AA results due to their
inh'erent inability to pick up fine gold as per previous discus-|
sions, the overall average of the other results is 5.65 oz/ton
for gold for the thermally pretreated samples. The silver
values are about the same. It is interesting to note that this
average is almost exactly identical to the weighted average

shown above for all of the previous assays (5.62 oz/ton) (which
minimizes the effect of "hot spots").

—

(1) gack J. Jutzy - Personal communication to Eric Anderson,
September 25, 1978.
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‘ It should also be pointed out that many of the samples
thermally pretreated did not reach the maximum treatment tem-

perature and may not have converted completely. Therefore,

the above assay results for X-ray fluorescenge should be con-
servative.

Inasmuch as both the silver inquart fire assay and the
agua regia leach ended up with a button of bullion gold at the
end of the test, we feel confident that values in this magnitude
should be recoverable by a commercial process. Methods to prove
this recovery are discussed .in the next chapter.
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- : TARLE 2-1
X-RAY FLUORESCENCE RESULTS (1)

RRA#82178 - 1 - 17; 1700 ©F, 2 Hrs.

. Au, oz/ton Ag, oz/ton Pt, oz/ton
Sample No. (t) () (t) () (t) (u
: R#1 (SM#5) 18.84. 5.30  29.72 13.28  .283 -
R#4 (SM#1) 7.58 2.12 21.28 11.10 .060  —-
R#5 (SM#4) 24.99 5.59 31.82 13.47 .294 -
) RRA #9978 - 1 - 13; 1000 OF
C#2, 1 hr 50 min 7.62 - 6.85 - 097  --
J C#3, 1 hr 50 min 8.95 - 7.65  -- 105 --
i C#4, 1 hr 50 min 12.13 - 5.42 — 125 --
C#5, 1 hr 50 min 6.15  -- 4.12  -- .095  --
C#6, 1 hr 45 min 4.25 - 3.25 -- .084  —=
- C#9, 1 hr 40 min 5,12  -- 6.14  -- 065  --
C4#10, 1 hr 35 min 1.28  —- 5.11 -- .021 --
C#11, 1 hr 30 min 2.18  —- 4.03 -- 030 -
C#12, 1 hr 20 min 1.66  —- 4.42 - .022 --
C#13, 1 hr 10 min 1.8 -- 3,31 - .024 =
! Unreacted (low heat)
’ C#14, 2 hr 15 min  --.  2.03 _— 2.11 - .025
C#15, 2 hr 15 min - .855 - 1.89 - ,010
\ C#l6, 2 hr 15 min - L7158 - .912 - . 009
t = treated
u = untreated
T (1)

Copies of assay reports are in the Apvendix.
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TABLE 2-2
ATOMIC ABSORPTION RESULTS

(treated samples only)

Sample No. Au, oz/ton
(a) (h)

————

R#L  (SM#5) 0o 0
RE4  (SM#1)  0.009 0.099

R#5  (SM#4) 0 0
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, g wv@ 2-1 ~
§ MRy L= » ASSAY REPORT
Telephone 343.3302 Hand Sample Serial..... 13436=13442 UNION ASSAY OFFICE InC
{
W, C. WANLASS, President
.".Mino' ............... Beyercorp ................................................................. G. P. WILUAMS Vice President
1824 Pine Lane A.S. JOLLIFFE, Treasurer
G Rrova, . UT......... ... GERALDINE A. WANLASS, Secretary
: RESULTS PER TON OF 2000 POUNDS
: Sept 15, 1978 P. O. Box 1528 Salt Lake City, Utah 84110
NUMBER GOLD SILVER LEAD COPPER INSOL. ZINC | SULPHUR | 1RON UME o ot I porc
Oxs. per Ton || Os. Por Ton|| Por Cent Per Cant Per Cent Per Cent Per Cent i Per Cent || Per Cont
'
14 Trace none
- 15 Trace 0.3
) r 16 none none ‘
S Trace 0.1
' l
c-3 Trace none !
7/
- C-4 Trace 0.1
: Cc-5 Trace none
‘ | .
|
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PO Bay 361« Awierican Fork, Ulah 1110023

P

eptember 21, 1978

Pacific ixploration
1143 Mariposa
San Frauclisco, CA 94107

SUBJECT: Ure Samples Nos. 2, 3, 4, & S
Millfeed Delivered by R. B. Beyer

Assay resulis ar ¢cllows:

Filre Ascay Ag, A,
#2 Millfeed 0.20 Trace
#3 Millfend Tre.co Nil
#4 Millfeed 2.C5 Traca
#5 M111feed J.15 Trace

Same samples run fire assay with silver inquart of two (2) grams:
(Gold anly) AU

42 #illfeed 2.2C oz./ton
42 Hillfeed 2,10 oz./ton
4 Millfeed 2.03/o%. /ton
#5 Millfeed 2.15 oz./ten

Four (4) 30-gram sanples run with 3-to-1 aqua regis for 24 houra. Filtered
and washed. Dilute colution to 1300 ml, to Ph 1.00 ta 2.50. Run through
selectlve resin for 3C minutes, Dried resin and burned in assay furnace.

Results: (Gold only) Au, .
#2 Millfeed 1.65 oz./ton
#3 Hillfeed 1.80 oz./ton
#4 ¥illfeed 6.50 oz./ton
#5 Mlllfeod 7.45 oz. /ton
Talls and filtrate of this series were dried and assayed., Results total metal:
M‘ [ AU.
Tails 4.35 oz,/ton Trace
Filtrate 2.70 oz./ton 0,08 oz./ton
Fee - W0,00. o

darty €, Henderson
Research Chemist

cct Mr, R, B, Beyer (hand delivered)

Brokers of New and Used Equhmnvnllﬂn’ﬁ$fwﬁﬁﬂmg,erds




68 SOUTH MAIN STREET
SALT CAXKE C!T'r UTmm B2t
PHONE (BCY) Sxzrree = 1013 |

(3 HOME QF FICE

‘ -.-D [ SHOINDRTH 1100 AT
‘-' ROGERS:/‘\RESEARCH & ANALYS[S INC BOURTIFUL UY 2wt ka1

PHHONL 1BOY) 299 44:)

CLAIR W. ROGERS, President

- - September 19, 1978
§
: Mr. Rod -Byer
, Salt Lake City, Utah.
3
f ~
RRA$ 82178

i Diffrattion Analysis of #5 Untreated Ore :
- I. Alpha Quartz or Silicon Dioxide
‘~ S10, 28,23 ¢

I1. Afwillite or Calcium Silicate Hydrate
. Caqy (S130H)p * 2H,0 42,16 ¢
¢ III. High Temperature Calcium Silicats

- Cay Si0y * .3Hy0 10.12 €

. v v, Hydrate of Calcium Aluminum Silicate

V. ., Calcite or Calcium Carbonate
" Ca COqy 4,10 ¢
i

vI. Noble Mstals:
H Gold 1.0 - 2.5 0/T
‘ Silver 5.0 - 7,0 0/T

Flatinum Grp= .5 - 1.5 o/T

i

Clair W, Rogers M.S,




68 SOUTH MAIN STREET
SALT LAKE CITY, UTAM 84111
PHONE 1801) 5214244

' : é;g\ HOME QFFICE

- ROGERSE’~RESEARCH & ANALYSIS [NC, RO o

PHONE (801} 2954402

= CLAIR W. ROGERS, President . Septembsr 19, 1978

Mr. Rod Byer
Salt lake City, Utah,

Diffraction Amalysis of #5 Treated: (RRA# 82178)

= .

: 1. Alpha Quartg or Silicon Dioxide )
Si0, , 92,41 %
: ix. High Temperature Calcium Silicate

I11. Hematite or Iron Oxide (Alpha)

Iv. High Tempsrature Aluminum Silicate
. A1,5i0g 2.06 %
’ V. Noble Mstals:
, . Gold 10.~ 12.0/T
. Silver 5.~ 10.0/T
’ ) Platinum Grp=s+5.- 5,5 0/T
; .
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CHAPTER 3

PRETREATMENT OF ORE




-

g te

‘new processes and new equipment le

3.0 PRETREATMENT OF ORE

3.1 Historical Gold Recovery Processes(1,2)

In the mid-sixteenth century, Agricola comprehensively
described man's early methods for recovery of gold from its
ores. He first cited handsorting, then went on to describe
size reduction by hand, by hammer, by fire, by stamps, and by
millstones. He collected the gold with the help of gravity
by pan, sluice, table, launder, basket, or tub, with riffles,
cloth, or fleece to catch.the fines, all aided or not, as the
case may be, by amalgamation. Skills in using amalgamation for
both gold and silver were developed when gold was first recoyv-
ered from the quartz veins of California. High losses in the
tails were reduced to some extent when chlorination was intro-
duced, but this process with its incovenient reagent has a very
limited success. The next great advance in gold metallurgqy
came with the milling of gold ores in cyanide solution. This
was first used in Africa in 1892, though success was not com-
plete, for then there was no method for recovering -gold from the

slimes. Cyanidation was introduced commercially in New Zealand
in 1897, and in South Dakota in 1899.

Starting 1877, gold metallurgy in the Black Hills of South
Dakota and at the Homestake Mine followed Agricola's precepts
and traditions. After crushing, the ore was pulverized by
stamps and the gold recovered by gravity and amalgamation.
However, it was not long before the Black Hills became a center
for the next great leap in the technology of gold recovery. The
genius of Charles W. Merrill and inventiveness of J.V.N. Door
took the original English cyanide process as a start and im-
proved it tremendously by inventing and perfecting ancillary
processes and equipment for separating sand from slimes, for
dewatering, aerating, separate cyanide leaching of sands, and
pressure leaching of slimes, for removing the treated filter
press, and for zinc dust precipitating of the gold from the
cyanide solution. The simplicity of design and operation of the
d to great improvement in
recovery, and permitted substantial expansion in the size of
egquipment. Taken together, these changes sharply reduced the
operating costs per ounce of gold recovery. More recently,
investigations by H. B. Salisbury and G. M. Potter have greatly
intreased the understanding of carbon loading and stripping.

The operation of roasting as a preliminary to chlorination
expells sulphur, arsenic, antimony, and other volatile sub-
stances existing in the ore. Nothing but metallic gold is left
behind to combine with the chlorine to form gold chloride when

(1)Benshaw, P.C. Dec 26, 1974
Rose, T.K., "The Metallurgy of Gold" 1896, London
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treated in an agueous solution. For this purpose, the ore was
heated in a furnace through which a current of alr was passed,
salt (NaCl) being added if copper, calcium,.or magnesium oxides

etc. were present. When large gquantities of iron pyrites were
present in the ore, dust chambers were added to collect the gold
vaporized in the oxidizing roast. At one California chlorina-

tion mill in 1882 it was found that nearly 50 percent of the
gold was being lost by volatilization.

3.2 Recent Technoloqical Developments

It has been amply illustrated in Section 2.1 that many high
guality ore bodies have undoubtedly been passed up because of
erratic or poor assays values obtained from fire or chemical
assays. Colloidal gold films and organically held gold are
subject to rapid volatilization upon oxidative heating.

Gold particles encapsulated in alkali metal salts are
refractory to most commonly used solvents. Crushing and grind-
ing to the size of colloidal gold particles (10 microns or less)
to expose the metal is not economically feasible in commercial
practice. Although large quantities of gold are suspected as
being present in many types of ores, no reliable, cost effective
method has been available to recover it. A promising new method
came to light serendipitously in the course of testing a thermal
process to recover oil from a Utah shale. A chance testing of
the residual sands showed the presence of a quantity of gold.
Investigations were started which led to the discovery that the
presence of gold in otherwise undetectable form, could be
detected in copious quantities by first pre-treating the ore in
a carefully controlled thermal roasting process. Instead of
volatilizing, the gold agglomerates into larger particle
sizes, lending itself more readily to common recovery methods.
Commercially proven eguipment is available which can be used

with only minimum modifications in carrying out this pretreat-
ment of the ore.

Only a relatively crude approximation of the commercial
process has been achieved at the laboratory scale thus far, in
quantities of 10 pounds of ore or less, by batch processing.
Further development is now required which will undoubtedly be a
function of the composition of each ore, at least to some
extent. This development work must be conducted under precisely
controlled environmental conditions to obtain reaction rates,
retention times and conversion levels (size enlargement) and
optimum operating conditions. The procedures for obtaining this
data are discussed in the following three sections. '

3.2.1 Tube Furnace Testing

The most convenient laboratory apparatus to investigate
the basic aspects of the Pretreatment reaction is the tube
furnace. This is essentially a cydindrical oven capable of .
achieving and maintaining temperatures up to 2000° F with
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good control. An Inconel tubular reactor with inlet and outlet
parts located at opposite ends is vertically suspended in the
furnace from a triple-bean balance or other suijtable load
detector. Gas of appropriate composition i% passed through the
reactor, in which a weighed guantity of ore has been previously
placed. The temperature is gradually increased ang the reaction

is monitored by weight changes, if such occurs in the particular
sample being evaluated.

By selecting heating rates, gas compositions, maximum
exposure temperatures, and residence times, basic information
of the process can be determined from the resulting weight
and analysis measurements. It is estimated that approximately
three tube furnace tests will be required to define the essen-
tial properties of each ore. Naturally, more resolution would
be obtained by further testing, but initial characterization of
the ore should require only three tests. :

3.2.2 Kiln Similator Testing

Allis-Chalmers has developed a research and development
facility on a scale between bench-type experimentation ang a
continuous pilot plant operation.

Their Controllegd Atmosphere Furnace (CAF) embodies the

principles of grate-rotary kiln techrology while retaining the
ported kiln design aspects.

Figure 3-1 shows the CAF schematically. Figure 3-2 is a
photograph of " the unit. In the vertical position drying and
preheating of the charge.takes place, simulating a static bed or

traveling grate condition. The pot section is removable and
contains a slotted grate in its bottom which supports the charge
while allowing the bPassage of down-drafted hot gases. The
furnace pivots about the exhaust trunnion to the horizontal

position. The material charge spills into the central section
which is rotated to simulate a kiln operation.

Approximately 350 experiments were conducted between 1965-
1968 for the purpose of testing various mixtures of gases,
process retention times ang temperatures,

' A major breakthrough was achieved during the third quarter
of 1967. A specific gas was used for the first time as the

reactant. This fuel subsequently replaced other mixtures
previously used.

At least one test of each type of ore to be evaluated
should be conducted in the CAF. EFach test requires 200 pounds

of ore and takes about a2 day to complete. Samples are removed
periodically throughout the roast for evaluation. A plot of
reaction as a function of time indicates the progress of the
test as shown in Figure 3-3. After completion of the roast,
the treated ore will be shipped to a laboratory set up at BYU to
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recover the precious metals through Cyanide leaching. The
samples will also be sent to an assay lab in a sealed container
for X-Ray fluorescence analysis. Laboratory recovery of gold
and silver will be compared to results of the X-Ray analysis to
obtain the degree of recovery of the process.

The data from the samples taken out during the roast will
give additional information on roast temperatures, reaction
rates”and retention times required. 1In addition, the data will

permit evaluation of the size of the equipment needed for the
commercjal plant.

3.2.3 Pilot Plant Testing

Prior to constructing a full-size Plant, it is highly
recommended to identify process flaws on a smaller, less expen-
sive scale. The pilot plant, or process development unit (PDU) ,
is an ideal way to do this. Sometimes it is desireable to

construct the pilot plant sufficiently large to break even after
operating costs are included.

There are a couple of avenues open to obtain the necessary
process design data via a PDU route. One route would utilize
equipment already set up and operating, another requires that
the plant be constructed on-site. Advantages of the former
include: less time to get processing data, no capital cost,
experienced personnel and, hence, shorter learning time.
Advantages of the latter include: captive facility, longer-term
operation, long-term profitability potential, customized facili-~
ty, etc. The more complex the equipment is, the more alternate
one is favored especially if time is a crucial factor.

At the present time, there are two different types of
commercially available units to perform the thermal pretreatment
of the ore. One method is based on the use of a rotary kiln,
such as are available from Allis~Chalmers; the other jis based
upon the fixed-bed gasifier principle. Foster Wheelers' Stoic
gasifier is an example of this type of unit. These units are
described in the sections that follow. The final recovery
stages of ‘the pilot plant, the cyanidation/electrowinning/refin~
ing steps are all expected to be standard methods. Of course,
the lab work in the next few weeks will prove this assumption

beyond doubt, but it is anticipated that these steps will not be
a problem.

1. Rotary Kiln Reactor

At this writing, this approach is favored due to
the inherent simplicity of the treatment, including minimal
ore preparation. Although the AC rotary kilns used in
iron ore reduction and gasification processes are very
complex and expensive, we believe that a basic kiln can
be fabricated relatively inexpensively. '
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" plant. The ore and coal are top loaded through a

While it would be highly desireable to use the pilot
Plant already in operation at AC, we have been informed
that scheduling an extended run on this plant would be very
difficult in less than a year. The best approach would seem
to be to purchase an .available second-hand kiln if one can

be found of the right size, or to fabricate one, however
simple it may be.

-

The basic concept of the rotary kiln reactor

is
shown in Figure 3-4.

2. Fixed-Bed Reactor

Fixed-bed reactors have been around for 20 or 30 years
and their technology is well developed. Because of the
relatively complicated design of even the simplest of
these, it would be preferable to purchase a commercial unit
sized for the throughput needed. Pilot~scale units are
also available, but it would probably be less expensive to
use one already in operation at Foster Wheelers' New Jersey
plant. Their unit can be used within a few weeks of
notification and their charges would run about $1000 per
ton of ore. The principle disadvantage of this approach
is shipment of the ore back and forth across the country.
On the other hand, this may be preferable to the delay 1in

time and additional expense in setting up a captive plant
that may only be used for a short time.

Another disadvantage of the fixed-bed reactor
from the fact that the ore and fuel must be carefully
sized, or improper gas flow through the bed will result.
Channeling or blockage have been principle problems.
Figure 3-5 shows the basic Stoic design and Figure 3-§

rotary
valve. As the mass travels down through the bed it is

gradually brought Up In temperature to the combustion
point of the coal. The oils and tars distill off first
and are collected in the cyclones and electrostatic
Precipitator. Gasification occures in the next zone and
finally oxidation occurs in the burning zone. The

spent coal and ore are ejected out the bottom as a wet
ash/ore mug.

In both of the two Process methods described, the
ratio of fuel to ore will need to be determined empirically
and will depend on both the fuel and ore properties.
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4.0 METALLIC EXTRACTION

The second part of the recovery process, after the thermal
pretreatment step, is the extraction of the*metal from the ore.
There are several technigues that coulg be used, including:

cyanidation, acid leach, flotation, jigging, amalgamation, and
others.

The heavier or coarser metal particles are often extracted
by Jjigs or shaking tables, where the heavies are concentrated in
riffles or launder traps and subsequently removed by amalgama-
tion. Flotation is often used to separate the gangue from
metallics for smaller particle sizes. Flotation or wetting
agents are added to the slurry and frothed in a battery of
cells. Depending upon the ore and the reagents used the golgd
and silver may be in either the overflow or the underflow. The
pregnant solutions are thickened in settling tanks, filtered,
and then refined by smelting. The final stage recovery usually
for the very smallest free gold particles or sulfides, is
carried out in oxidizing cyanide solutions which complex the
gold as the Au(CN); ion. Gold is then either precipitated by
metallic replacement or electroplated from solution. A brief
description of various ore treatments are provided in the
following sections by McQuiston and Showmaker. (

The properties of gold in ores from the standpoint of
recovery are its extremely high specific gravity (15.5 to 19.3
depending upon amount of alloying metal admixed); the fact that
mercury wets it readily in the presence of water (amalgamation);
its solubility in dilute aqueous solutions of alkaline cyanides
to form relatively stable compounds of the form NaAu(CN)Z; and

its response, particularly as naturally alloyed, to flotation
collectors. '

1. ‘Native Gold Ores

Free milling lode ores are those in which the gold is
relatively coa%tse and amalgamable, the sulfide content is low
and nonarsenical, oxidizeg compounds of bismuth angd antimony are
absent, and the gangue is substantially free from talc, clay and
graphitic constituents. With these ares, there are advantages
in, extracting as much free gold as possible in the grinding cir-
cuit by gravity concentration. Concentration of free gold by
gravity is a relatively simple method of recovery and when used
in cyanide plants is applied ahead of cyanidation. On lode gold
ores, launder traps, hydraulic traps or pulsating jigs are
sometimes used in the grinding circuits for recovery of as much
as 60 percent of the total gold in the mill feed. The jig hutch
product may be continuously discharged onto a shaking riffled
table with the concentrate fed in batches to barrel amalgama-
tion. Homestake recovers 20 to 25 percent of the gold in
launder traps. Other recovery methods have not been successful
because of cable splinters, blasting wire, etc., in the ore.
Woolen blankets have long been used for trapping fine gold
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particles and particularly for tellurides. Blankets are gener-
ally laid overlapping on wide inclined tables. From this
practice of using blankets came the development of corduroy to
entrap gold and a South African version af corduroy is sheet
rubber having "V" shaped riffles molded into its surface. The
Johnson concentrator, as inclined rotating cylinder, the plane
tables, and belt concentrators are lined with this material.

Amalgamation depends .upon the wetting and alloying of
metallic gold with mercury. Direct amalgamation in which the
entire ore stream flows over mercury-covered copper plates has
now been generally abandoned to prevent stream pollution. It
has been replaced by a concentration step which subjects only a
relatively small quantity of high grade concentrate to barrel
amalgamation. This method eliminates the tedious cleaning andg
recoating of the copper plates and reduces the chances for loss
through theft. The gravity concentrate is ground for several
hours in a small mill or barreil with steel balls or rods before
the mercury is added. This form of amalgamation is the simplest
and most common method of treating an enriched gold-bearing
concentrate. Examples of free gold concentration and amalgama-—-
tion are shown in the flowsheets of Dome, Homestake, Itogon-

Suyoc Palidan, Kalgoorlie, Campbell Red Lake, Blyvooruitzicht,
and Vaal Reefs.

Following the recovery of the coarser free fold particles
by gravity and barrel amalgamation, the grinding of the ore in
cyanide solution with ball or- pebble mills is generally prac-
ticed. Separate cyanidation of sand and slimes has diminished
with the .development of closed-circuit fine grinding for "a3ll-

2. Other Free Milling Ores

Gold mineralization in these ores may occur in a limey
siltstone containing intermittent shale beds. Sulfides are
seldom seen, but pyrite, galena, sphalerite, chalcopyrite,
antimony, mercury and arsenic occur in minute amounts. Gold
occuring in micron size is readily amenable to cyanidation as at

Carlin and Cortez. Other free milling ores are Benguet, Camflo,
Kinross, Kloof, and the new Pueblo Viejo.

3.* Gold with Pyrite, and Marcasite

In this ore classification, the gold occurs both in the

free state and disseminated in the sulfides. (Pyrite is found
to some degree in most of the world's gold deposits). Sulfides
tend to decompose in cyanide solutions. Pyrite is the most

stable but when pyrrhotite is present trouble is usually experi-
enced both in regard to cyanide consumption and gold extrac-
tion. Pyritic flotation concentrates are often reground for
gold liberation before cyanidation as at Itogon-Suyoc Itogon,
and Pamour. After fine grinding, long periods of agitatfon are
often required to dissolve the gold. Goldbearing pyrijte
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concentrates are sometimes .roasted and cyanided in separate
circuits as at Kerr Addison. Also, high grade gold-pyrite
flotation concentrates can be shipped tq the smelter as is

Knob Hill practice. Pyrite and pyrrhotite often occur together
creating an overlap in treatment methods.

4, Gold with Pyrrhotite

Pyrrhotite readily reacts with cyanide to form cyanates and
thiocyanates and it readily consumes oxygen. Aeration with
lime ahead of cyanidation is usually used on ores in this

classification. Aeration for preconditioning is used at Dome,
Homestake, Kerr-~Addison, and Pamour.

5. Gold with Arsenopyrite - Arsenic Minerals

Gold is occasionally associated with arsenic minerals as
well as pyrite, stibnite, chalcopyrite, etc. Direct cyanidation
in these cases is seldom possible. Additionally, when gold is
associated with readily soluble arsenic compounds, there is the
hazard, in precipitation, of forming arsine, AsHj. In plants

where this extremely toxic gas is evolved, special ventilation
technigues are reguired.

Giant Yellowknife produces a refractory flotation concen-
trate carrying gold in association with arsenopyrite, stibnite,
and sulphantimonides of copper, lead and iron. Roasting liber-
ates the sulfide-enclosed gold allowing the calcine to undergo

conventional cyanidation. Campbell Red Lake roasts a flotation
concentrate ahead of cyanidation.

6. Gold Tellurides

.Following the native metal, the tellurides are the most
important gold minerals. The tellurides include calaverite and
krennerite which contain about 40 percent gold, and sylvanite
and hessite with about 25 percent. The Kalgoorlie, Australian,
ores contain free gold and tellurides which occur in Pre-Cam-
brian rock consisting essentially of schists and quartz-dolerite
greenstones. Auriferous pyrite is also Present and the gold is
occasionally associated with chalcopyrite, tetragedrite and
arsenopyrite. The gold in the pyrite is finely divided and .
requires grinding to about 75 percent passing 200 mesh. The
ground product is floated and the concentrate, after cyanidation

and filtration, is roasted and recyanided. Flotation tailings
are also cyanided. "

The ores of the Emperor Mine in Fiji contain gold associ-
ated with the telluride minerals sylvanite and hessite. 2

chemical oxidation step is used in place of roasting to liberate
the gold for cyanidation. '



7. Gold with Copper Minerals

Gold is often associated with chalcopyrite in porphyry
deposits. When recovered into the .copfer concentrate, jt
travels through the smelter and to the refinery where it reports

- with the anode slimes fron electrolytic refining and is subse~
quently recovered as gold bullion. Gold losses in copper
concentrating are about the same as for copper, but are neglij-
gible "in smelting and refining. Golgd occuring in pyrite asso-
ciated with chalcopyrite can sometimes be separated by flotation
into an auriferous pyrite concentrate for cyanidation as at
Benguet Exploration. At the Itogon Suyoc, Palidan Mill, the
auriferous pyrite and chalcopyrite are recovered into a bulk
flotation concentrate which is then separated into two flotation
products; a pyrite concentrate for cyanidation of the gold and
a copper concentrate for shipment to a smelter.

i At San Manuel, Arizona, the gold follows the molybdenite

and this concentrate is treated by a standard type of cyanida-
tion flow-sheet.

8. Gold with Lead and Zinc Minerals

R Gold occurring with lead-zinc sulfide ores or copper~-lead-

i zinc ores usually is recovered into the flotation concentrates

and shipped to a smelter where gold recovery is high, particu-
] larly at lead smelters. Occasionally, free gold may be recov-
, ered by amalgamating the concentrate from a jig in the grinding

circuit, Gold contained in the flotatijon tailing is recovered

by cyanidation as any residual galena Or sphalerite is not
harmfull to cyanidation.

g. Refractory, Carbonaceous, and Graphitic Ores

gold to adsorb on the carbon thus causing premature precipita-

tion. The gold adsorbed on the carbon is lost with the tail- :

ings. Refractory carbonaceous material in gold ores has

presented metallurgical problems since cyanidation was adopted

in the late 1800's. Some carbonaceous material (unactivated)

’ may not be an adsorbant for gold. Many schemes have been tried
such as blanking the carbon with kerosene or fuel oil thereby

inhibiting adsorption of gold from solution. Kerr-Addison
. employs this practice.

R Carbonaceous gold ores in the State of Nevada are essen-

i tially hydrothermally altered silty dolomitic limestones.

. The carbonaceous materials are graphitic or activated carbon
and long chain organic compounds similar to humic acids,
Oxidation by roasting at 500 to 5000C ig effective, but

. costly. Another treatment is chlorine oxidation in pulp ﬁa
used at Carlin. . ‘ S s
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Table 4~1 presents an overview of the many treatments
used in commercial practice today.

It is premature to try to select the optimum extraction
method until more is known about the ore under investigation.
For this reason several laboratory-scale test series are under-
way. These are briefly discussed below.

4.1 C}anidation

This method is the most likely candidate for the extractijon
process and will receive greatest initial attention. A labora-
tory program has been initiated at Brigham Young University in
Provo, Utah to investigate this extraction technique.

The approach that is being taken initially is to prepare an
oxidizing alkaline cyanide solution. An air lift bath (pachuca
tank) is used to thoroughly agitate the slurry during the
leaching period. The concentrations of reagents and leach times
will be principle parameters to evaluate. Zinc dust and lead

4.2 Acid Leach

If direct cyanidation methods refuse to completely recover
the gold, more stringent methods may be required. One of these
employs the use of a dilute agua-region solution which dissolves
all gold, silver, and platinum. The reaction is very fast
compared to the cyanide leach, but is much more costly.

Silver is first separated by dropping out as the insoluble
chloride by addition of salt, and the remaining metallic ions
(Au and Pt) are abosrbed on a special resin, which can contain
0.78 lbs metal per pound of resin. The loaded resin is subse-

‘quently burned and the metals are recovered as a gold-platinum
nugget which can then be conveniently assayed.

4.3 Other

If either of the above approaches are not entirely satis-~
factory, other methods may be used to accelerate dissolution of
the gold. As mentioned earlier; natural gold is occasionally
found encapsulated in alkaline or alkaline earth salts,. Al-
though the thermal Pretreatment step should remove this barrier
completely we should prepare for the eventuality of few prob~
lems. Many of these difficulties are easily overcome by incor-
porating cyanide or solvent ball milling, or by treatment to
increase leach rates. The dissolution reaction rate can normal-
ly be increased many fold by several physical or thermal Proceg-

ses. These are not expensive  steps and may find application
with this ore. ‘ 5 ‘ - : Col
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TREATMENT METHOD BY ORE CLASSIFICATION

Ore Classification Mine Where Used Treatment Method
Free Milling Lode Blyvooruitzicht Gravity concentration and
Ores w/Native Gold  Homestake!l amalgamation followed by
Dome , direct cyanidation,
Vaal Reefs
Other Ores Campbell Red Lake Gravity concentration and
w/Native Gold Itogon-Suyoc, Palidan amalgamation, flotation-
’ Kalgoorlie cyanidation.
Knob Hill
Free Milling Ores Benguet Direct cyanidation--all slime
Camflo circuit,
Carlin
Cortez
Kinross
Kloof

Pueblo Viejo

Gold w/Tellurides Emperor Bulk flotation of Te and Cu.
Chemical oxidation of float
concentrate, cyanidation;

float tails to cyanidation,

Kalgoorlie 2 Bulk flotation, cyanidation,

roasting, re-cyanidation.

Gold in Pyrite Knob Hill Bulk flotation concentrate to
smelter, cyanidation of tailing,

Kerr-Addison2 Cyanidafion, flotation, roast-
ing of concentrate and re-

cyanidation.

Itogon Suyoc - Itogon Flotation, concentrate re-
, : ground, cyanidation.

Pamour Flotation, concentrate to

cyanidation.

1 Carbon-In-Pulp
2 Plants using roasting
3 Both Carbon-In-Pulp and Roasting



Y IR RIS,

Ore Classification Mine Where Used Treatment Method
Gold w/Pyrrohotite Dome Aeration with lime,
Homestake. direct cyanidation,
Kerr Addison
Pamour

Gold w/Arsenopyrite Campbell Red Lake 3 Flotation with roasting of
concentrate, separate

cyanidation of calcine and
: tailing.

. Giant Yellowknife 3 Flotation with roasting of
concentrat.e, calcines
reground and cyanided
with float tailings.

Gold w/Copper-- Magma, San Manuel  Flotation separation of moly
complex ore : concentrate from copper
concentrate, cyanidation of
moly concentrate,

Benguet Exploration Flotation of copper with
p concentrate to smelter--
' tailings to cyanidation.

) Itogon Suyoc - Palidan Bulk flotation--amalgamation
' of copper concentrate before
smelting; tailings to
cyanidation.

Geold in Carbonaceous Carlin Chemical oxidation followed

‘ Ore by direct cyanidation

Kerr-Addison Kerosene used to blank out
graphite ahead of cyanidation.

1 Carbon-In-Pulp
2 Plants using roasting
3 Both Carbon-In-Pulp and Roasting
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5.0 PILOT PLANT DEVELOPMENT

Before constructing a commercial scale pPlant it is prudent
to first de-bug the process by a pilot plamt operation. Norm-
ally, this phase of pProcess development should take no longer
than a few months of operation - long enough to obtain operating
parameters and economic data.

5.1 Basic Design

Assuming that much of the equipment to be used can be
obtained "second-hand", a simple cyanide circuit can be set up
in a matter of several weeks. Commercially available refining
and electrolytic equipment can be readily obtained at reasonable
cost. Certain foundry equipment, now idle, can be secured. The
principle effort will go into the design and construction of the
thermal reactor, the heart of the process.

The most desirable scenario is to design the unit to
process 200 1lb/hr ( 1 ton/day). Since operating data are not
available, a firm cost estimate is difficult to make. Starting
with the assumption that a rotating kiln reactor of 2°' by 20!
nominal dimensions will give the desired throughput of ore, the
other basic equipment required are listed below:

5.1.1 Reactor and Associated Equipment

1. Reactor body, 2' x 20' steel or refractory tube
2. AP Green castable refractory, 2000_1bs

3. Two sets of bearing supports and drive rollers
4. Roller drive motor, 15 H.P.

5. Plenum housing, 2 ends

6. Fans, 4 ea

7. Burner system

8. Flare

9. Feed bin, 1 yd capacity
10. Rotary feeder and motor
11. Screens, vibrating, 2 ea 2 level

12, Belt conveyor, 2 ea, 25 ft - 5 H.P.

13. Ball mill, 25 H.P., 3' x 4°
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§.1.2 Leaching Circuit

1. 50 gallon drums, with mixers, 5 ea
2. Sweco vibrating .screens, 3 ea )
3. Air lift columns, 4 ea

4. Circulation pump, 20 gpm
5. Slurry pump, 10 gpm
6. Miscellaneous pumps, 10 pgm 3 ea
7. Laval separator
8. Settling pond
9. Cyclone or sonic classifier
5.1.3 Refining System
1. Electroplating equipment
2. Fitters, 2 ea cartridge type
3. Spare cathodes, 2 ea
4. Crucible furnace and accessories
5. Ingot molds
6. Scales
5.1.4 ﬁiscellaneous Support Equipment

1. Hoist
2. Lab equipment for assays, etc.
3. Wiring and Plumbing

. 4. Structural Material
5. Wilfley Table, or equivalent

This estimate can be refined as additional test data

becomes available. When a flow scheme is fully worked out on

the laboratory scale, we will then have some definitive fig-
ures.

5.2 Schedule

Assuming that the laboratory phase of work will take three
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months to complete to obtain our basic design data, and that
much of the standard equipment can be secured or purchased
simultaneously with the lab work, very little lost time will be
incurred. Two months after the lab work is“"finished the pilot
plant should be operable. -

Naturally, this will depend upon how many people can be
effectively applied to the operation. The optimum approach will
be to start slowly and build up the personnel to a maximum of
about eight or nine by the time the plant is completed. It will
require the following technical help:

1 Chemical/Process Engineer - 5 mo.
1 Mechanical Engineer . - 4 mo.
l Welder and Senior Technician ~ 3 mo.
2 Mill men | - 3 mo.
1l Foundry man - 2 mo.
1 Electrician ~ 2 mo.
1 Plumber . - 2 mo.
1 Extra ~ 3 mo.
Total 24 man months

By starting the pilot plant design early in October, it

should be in operation by February 15 (4 1/2 months elapsed
time).

5.3 Estimated Cost

Included in the Pilot plant costs are the costs for setting
up the laboratory and performing the process evaluation tests
required. This is estimated as a three phase effort:

Phase I - Initial lab tests - tube furnace

Phase II - Simulator test and leach circuits designed

Phase III ~ Pilot Plant Design and Construction

5.3.1 Costs for Phase I

Direct Labor and Labor 0.H.
Engineering and Technical assistance .
(6 weeks) % 7,500
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Direct Material and Charges
12 tube furnace tests
Assays attendant with above
Travel and miscellaneous

Sub " Total-Phase I

Legal
Administrative

Total-Phase 1

5.3.2 Cost for Phase II

Direct labor ang labor 0.H.

Engineering and Technical Assistance
(6 weeks)

Direct Material and Charges
3 Simulator Tests (A/C)
Lab equipment and Rental (BYD)
Assays attendant with above
Travel and miscellaneous

Legal
General and Administrative
(Insurance, Accounting, and Offjice

=3

Total Phase II
5.3.3 Costs for Phase III

Direct Labor ang Labor 0.H.

Plant Design, technical assistance
(20 weeks)

Technical labor

24 man-months @ $12.00
Consulting Chemist
Engineering Assistance

Total Labor

Direct Materials andg Charges

Thermal Reactor and Assoc. equipment
Leaching Circuit -

Refining Systems

Miscellaneous Supporting Equipment

Total Mat']
sub total
Contingency
(11.66%)
Sub Total Phase III

5-4

5,500
1,200
800

$15,000

5,000
1,500
$21,500

S ——r

7,500

15,000
6,200
3,800
2,500

e Sy

$35,000

5,000
2,000

$42,000
10,000

49,536
12,000

6,000
$77,536

$26,050
8,000
17,750

5,000

56,800

$134,336

15,664

$150,000



General and Administrative 5,000

Total~-Phase 111 $155,000

o

5.3.4 Development Fund

Legal $10,000

Fund Raising Expenses

" (For Production Facility) 25,000

Contingencies : . 15,000
Project Total $268,500

5.3.5 Operating Costs

The operating costs for the pilot plant are estimated
as follows:

Monthly Cost

1. Rent - Lab and Office space,

utilities $ 300
2. Office Expenses

Business Mgr, Sec'ty 1,200

Mat'l and Phone 150
3. Transportation, van for pick-up

and delivery 250
4. Freight (30 tons of ore) 350
5. Mining cost, labor 350
6. Plant costs

labor 8,750

material 2,500
7. Travel expenses 1,000
8. Per Diem expenses _ 1,200

Total Operating costs $16,000/mo
' (for 2 mo. operation) $32,000

5.3.6 Recovered Costs

Assuming a recovery rate of 3 oz/ton of Au from the ore*
at $180/oz as a fair market price, and assuming that we can
precess 30 tons of ore over the first two months of operation,
the resulting income will be $16,200. In the third month of
operation and beyond we should process 25 tons/mo and produce an
income of $13,500, which is nearly a break even cost. The plant
would be operated as many months as required to obtain the

necessary design data for the commercial plant at very nominal
or break-even cost.

*1/3 of the lowest value assayed by Rogers Research and an
average of recovery levels obtained from chemical leach.
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6.0 COMMERCIAL PLANT .

6.1 Equipment and Machinery Needed for Mining, Refining and
__ Support Operations - 500 Ton Per Day Plant

Although the process flow sheets cannot be completely
determined until the laboratory tests are conducted and the
major unit operations are established, a representative schem-
atic, showing typical Process equipment and fiows is presented
for a commercial scale plant. The schematic, shown in two

sections as Figures 6-1 and 6-2, represents the pretreatment
stage and the chemical extractijon stage.

In the pretreatment stage, ore is pumped to the reactor (a
rotary kiln) where it is dried and pretreated at tempera-
tures up to 2000° F. As the ore emerges, it is cooled and

conveyed to a bucket elevator where it Is introduced into the
chemical extraction circuijt.

In the chemical extraction circuit ‘the ore is screened, if
required, and sent to a tank where it is mixed with a cyanide
solutions. Slurry pump introduces the ore-cyanide mixture into
a classifier stage (sonic classifier) where fine gold is quickly
dissolved. Heavier gold is collected from the slimes in a gold
trap. The fines and cyanide solution flows to aggitator tanks
where residual gold is removed. The fines pass counter current
to incoming activated carbon which collects the gold from the
solution. The carbon is .dissolved by hot cyanide to get a
concentrated gold solution from which the gold is electro-
plated. The carbon is reactivated ang recirculated. The
stripped slimes are washed and discarded. S0z columns destroy

the last vestige of cyanide before it is pumped to a tailings
pond for settling ang clarifying.

. If the cyanide recovery technique proves satisfactory for

this ore, this recovery method, or one similar, would be
designed. '

The first option presented is a plant capable of processing
up to 500 tons per day of ore. As a comparison, costs for both
75 and 1000 tons per day plant are estimated by scaling up or

down according to the 0.6 power rule common in industrial
calculations,

6.1.1 Mining, Pumping, and Pretreatment of Ore

a. 2 - 150 H.p. Slurry Pumps
b. 1 - 30' diameter holding tank
c. 1 - 24' joost drill

d. assorted pipe and casing



e. thermal reactor and associated hardware and equipment
(see fig. 6-1).

f. feed bin -

g. D-8 Class Caterpillar Tractor

h. feeders and coﬁveyors

6.1.2 Desliming and Sonic Classification Stage

This equipment will have to be fabricated to our specifi-
cations, and it will include the following:

a. 500 gallon tank with Lightnin mixer.

b. Solvent metering tank with associated metering devices
and sensors. :

c. 100 gallon per minute slurry pump.

d. 30 ft sonic classifier columns (3 each).

e. Cyanide mix tank with metering equipment and sensors.

f. 25 guorsepower air compressor with 100 gallon surge
tank.

6.1.3 Final Recovery Stage

‘Approximately 25 tons per hour of ore (dry basis) will have
to be handled in this phase of the operation. Accordingly, the
following equipment will be required:

a. Gold trap, fabricated to our specification .
b. 4 ft diameter by 5 ft ball mill with 50 horsepower
motor. _ ‘
c. Cyclone separator.
, d. 50 gallon per minute sandg pump.
e. Metering and concentration sensing equipment.

6.1.4 Absorption Stage

a. 500 gallon agitator tank with Lightin mixer (3 each).

b. ‘Sweco vibrating screens (3 each).
c. Air lift columns (4 each).
d. Sensors and metering devices.

6-2
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50 gallon hopper for feeding fresh carbon with

Miscellaneous equipment associated with smelting and

%3

Thickener, washing classifier (fabricated to our

6.1.5 Desorption and Reactivator Stage
a. 1,000 gallon batch desorber tank.
b. 250 gailon reactivator tankvfor ca?bon.A
c.
i vibrator screens.
d. 30 ft conveyor belt.
e. Wash screené witHbvibrator and deluge system.
6.1.6 Electrolytic Recovery and Refining
a. 30 gallon electrolytic cells (10 each)
b. 500 amp. regulated power supply.
c. Control circuitry and sensors for above.
d. Spare cathodes
e. 5 kilowatt electric furnace, induction type
£. No. 70 crucible furnace, gas fired (4 each).
g. Ingot molds in various sizes.
h. 2-ton hoist and trolley system.
i.
refining.
.  Electric fork-1ift (2 each).
k. Electric sander and grinders (2 each).
6.1.7 Waste and Recycle System
a.
specification)
'_'b. 150 gpm slurry pump.
c. 50 gallon per minute centrifugal pump.
d. 20 gallon per minute centrifugal pump (2 each)
e. Gas bubbler columns, 50 ft (2 each)
f. Sulfur dioxide‘supply system
g. Sensors and controls
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6.2 Support System

6.2.1 Maintenance Shop

a. Pipe threading machinery

b. 60 inch engine lathe

c Vertical mill and attachments
g. Drill press and assorted power tools
e. Arc welding, heli-arc and acetylene cutting equipment

f. Hand tools o

g. Janitorial supplies

6.2.2 Assay and Wet Chemical Laboratory

a. pPH meter

b. Recording titrator and potentiometer

Cc. Analytical balance (Mettler type)
d. Associated chemistry hardware, glassware and chemicals

e. X-Ray spectrographic analysis equipment

6.2.3 Office Supplies

a.- Desks

b. Tables and chairs

c. Filing eabinents

d. Typewriters and dictating eguipment
e. Drafting equipment

f. Other appurtenances and equipment as needed

6.3 Cost Estimates T

6.3.1 Engineering and Design

At the outset of the project, a pilot plant unit needs to
be set up and operated for between two and six months to obtain
design data to optimize the Plant operations with the ore. This
unit was discussed in Section 5. In addition, several trips
to the plant site will need to be made for measurements, and

6-4
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utility assessment. Power, water, and access roads will be
evaluated. -

A minimum of six months will be required to complete the
engineering and design of the Plant regardless of size, but
construction in several areas of the operation can begin at
once. The engineering and field supervision would be provided by
FB&DU with support by subcontract labor. The costs below

reflect overhead expenses but no profit. The profit will be
negotiated at the time of the contract. _

1. Labor Cost

Project Manager 6 mo. @ 6,000 $36,000
Process Engineer 12 mo. € 5,000 60,000
Mechanical Engineer 12 mo. @ 5,000 60,000
Electrical /Civil 12 mo. @ 5,000 60,000
Engineer

Designer/Piper 18 mo. @ 3,000 54,000
Drafting 24 mo. @ 2,000 48,000
Pilot 6 mo. @ 2,000 12,000
Reproduction, etec. 6 mo. € 1,000 6,000

Total Eng. Labor $336,000

2. Travel and Phone

Air travel , 6 R.T. @ 480.00 2,800
Auto 7,500 mi. @ 0.2 1,500
Per Diem 10 days @ 50 500
Phone | __ 1,000

Total Eng. & Design Cost $341,880

6.3.2 Construction

Construction will begin with consideration b

eing given
to utilities and access roads.

1. Recovery and Refining

Tenatively, a plant large enough for expansion to 2,000

6-5
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tons per day would seem desirable, finances permitting. a
40 foot high building with insulated steel walls and roof
and a cement slab floor of 10,000 square feet should contain
all of the operation except large tanks .and initial sizing
and classifying operation. This would afford maximum protection
for refining. It would be sufficiently large for office and
laboratory space. At the present time, it would seem desirable

to limit the operations to basic refining, although minting may
be a desirable option later on.

2. Construction Labor
Civil (Structural) $ 400,000
Equipment and Machinery 140,000
Piping 50,000
Electrical 75,000
Instrumentation , 50,000
Insulation 25,000
Painting ' 25,000
Clean up 25,000
Total Labor $ 790,000
3. Equipment and Material
Pumping $ 30,000
Thermal Reactor and Associated Hdw. 1,250,000
Desliming 54,000
Final Recovery 106,400
Absorption 24,300
Desorption 32,000
Electrolytic Recovery, Refining 200,000
Waste and Recycle System . 125,000
JInstrumentation 100,000
Maintenance 50,000
Laboratory 350,000
Office , 25,000
Piping and Plumbing 30,000
Security Systems 85,000
Water ' 30,000
Road 10,000
Structural (steel, cement, etc.) 150,000
Miscellaneous Supplies 75,000
. Total Equipment and Materials $2,726,700
4. Indirect Field Costs
Project Manager
Supervisor
Field Engineer
Travel Costs
Material
Total $_ 300,000
5. Total Construction Cost o $3,816,700
—_
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6. Total Engineering and Construction $4,158,580

6.3.3 Operating Costs

1. Operating Labor (330 Day Annual Basis*)

Mining Labor 500 tpd @ 0.80 $132,000
Plant Labor Number of Personnel
size reduction, classification 3
extraction - 3
refining 3
chemist 1
clerical 2
security 8
helpers 6
Total personnel 26 @ $27,040=8703,040
2. Materials
Chemicals $142,000
Office 18,000
Fuel ~ Based on $20/ton 3,300,000
Water ————
Electrical 90,000
Total $3,550,000
3. Indirect at 40% of Labor $ 281,216

4. Total Annual Operating Costs  $4,666,256

%)

5. Operating Cost per Ton of Ore
Produced (500 tpd) $28.28

This is equivalent to a break-even recovery level of 0.16

oz./ton of gold at $180 per troy oz. Shipping costs must be
added.

At three (3) oz/ton of recovérable gold in'the ore, the
annual gross income, based on 330 working days and $180/0z,

would be 89.1 million. After expenses the operation would
net over 84.1 million.

6.4 Construction Time Schedule

The engineering and design phase of the commercial plant
will take six months but some construction could start almost
immediately (roads, water sources, etc.). Plant construction
could start by the end of the second month after the pilot plant
is operating and results are available to allow us to finish
process design. Plant construction may take nine to twelve
months, depending, upon contract labor availability and material
ordering. Normally, eighteen months are required for the
complete construction phase. However, we are trying to shorten
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the time schedule as much as possible. We cannot be certain
yet if we can mobilize an efficient crew that rapidly.

6.5 Cost Estimate - 75 ton per day plant

bl

Assuming that the 0.6 factor applies to this scale down,
the estimated cost for a 75 ton per day operation would be:

$4,158,580
(500/75)6
6.6 Cost Estimate - 1000 ton per day plant

= $1,332,900

Assuming that the scale up factor applies in this case
also, we obtain an estimated cost for a 1000 tpd plant of:

6
$4,158,580 Elggg; - $6,303,230
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FIGURE 6-2
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Chemical Extraction Flow Sheet
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Mr. Rod Byer

N e e e

L3 IIUTRAIISTRIET - nSTa o
R C/0 Ford Bacon & Navis . » SALT LUE T, UTA olin
. Salt Laks City, Utah, . Fhonss (C21) 521-6244
i
PSUBJECT. . Quamtitative Anslysss RRA$82178.1-17 Pt, sate _ September 7, 1978
s '
rowy <
Qustomers Jdentification; Platimin
\
; Sunlite #5 Supsrtreatsd R §1 . <108 o/T
; " #5 Trosted R 1 .80/t
i) ) . .
) “. #4 Treated R$5 = 112 o/T )
: " #1 Treated R .023 o/t
1 .
. Jadite #3 Treated R $3 .026 ofT
) "  $2A Treated R $2 109 0/1
$
: SIGNED ,
LOT # 577064
5@ :DKICIOLE‘FROJ BUSINESS ENVELDPE MANUFACTURERS, INC. » N,

PEARL RIVER, N.Y.» BRONX,N.Y. o CLINTON, TENN, « MELROSE PARK, ILL. » ANAHEIM, CALIF.
PRINTED IN U.S.A,

L.




*r. Ro<! Byer & S, Hunsaksr
1324 Mne lane

Provo, Utah 34601 RSN PR
(Continued) _
i euantitlative Analyses PRAGR21I78.1.17 ~aaptembar 7, 15973

roLo e Customers ldentification: Gold Silver

*?. R $1 Supsrtreated 7.18 ofT 11.32 ¢fT
8. R #1 Untreated 2.02 0/T 5,06 0/T

- 9. R #1 Troated 5.12 0/T 8.12 0/T
10, R #5 Untreated 2.13 o/T 5.13 ¢/T
11. R #5 Treated 9.52 ¢/T 12,12 o/T
12, R #Mi Untreated 811 ¢/T - 4,23 /T
13. R #4 Treated 2.89 o/T 8.11 o/T
14, R #3 Untrested 1,04 ofT 3.89 ¢fT —
15. R$3 Treated 2.5 ofT 6.99 o/T
16. R #2 Untreated 2.04 of1 4,89 ¢/t
17. R {2 Treated 8.11 o/T 9.81 o/T

-

A

\

L
D

L

A/{.’%/ /(T
»a ;o ‘ -
Al o

9"’—_ Y <o . . .
E t:-”:/ AVAILABLE FROM BUSINESS ENVELOPE MANUFACTURERS, INC.+ PEARL AIVER, N.Y.» BRONX, N.Y.« CLINTON, TENN. » MELROSE PARK, ILL.o» ANAHEIM, CALIF,

LOY * 37708x
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Mr. Rod Byer

C/t “ord Mcon & Navis
Salt Lake City, Ltah,

.

T
tuba T —SBIADLAtAYIYY Analysan

__BRA$G978e1.13 v 2pptember 11, 197
me¢4» Customers Jdentifioetion: Gold Silver Platinum
: 1. C#2 1-Ar.50 win 7.62 G/T 6.85 ofT -097 ofT
: 2, C#3 1 Hr. 50 Min 8.95 o/T 7.65 ¢/T .105 o/é
T 3. c31er. 50 wn 12,13 o/t 5.42 o/t .125 of1
4. C#51Er. 50 Mn 6.15 /T 4.12 /T 095 0/T
k S5 C# 1 Hr, 45 Mn L.25 o/T 3.25 /T <084 ¢fT
L 6. c#9 1 Er. 4o man 5.12 ¢/T 6.14 ofT 085 0/T
; 7. C#10 1 Br 35 Min 1.28 ofT 5.11 o/T .021 o/t
Y B, CA1 1 Ar 30 Min 2.18 o/T 4.03 ¢/T 030 0/T
9. CP12 1 Hr. 20 Min 1.656 of4 8.42 oft .022 afT
’ 10. C#L3 1 Ar. 20 Min 1.81 o/T 3.31 o/t 024 o/t
% 11. ci1u-2 ér. 15 Min Lo Heat 300-400F 2,03 ofr 2.11 o/T «025 ofT
12 C3152 Br, 15 Min v » | .855 o/t 1.89 ofT .oio o/T
13, C#16 1 Br. 15 Mn® w .71§'o(g .912 o/T .009 ofT ‘

LOT 4 877004
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Ford, $acon & Pavie Hiah JIne.

ENGINEERS - COMSTRUCTORS

A sUBEIDIARY OF -

Jord, Bacra & Davis

Jonnrpersied

Sept. 11, 1978

To. Jack Jutzey
From: R. B. Beyer ‘ _
Subject: Assay Results- Samples from Sunlight Mine

Enclosed is the assay report from Rogeys Research
for the last camples I received from you.

The pretreatment on the ore was carried out for
various j.ngths of time to help ascertain the optimum
residence time. The results suggest that there is
a pronounced reduction on conversion for exposure
times less than 1 hr 40 min. The results of the
"low temperature” sampies and samples treoted for less

than 1 hy 40 nin appear ¢o be close to the "untrecated®
samples.

Troatment is effective for all samples assayed Lo
date wlh it the temperature is above 5007 ¢ and the
residence time exceeds 2 hrs. Higher ¢unays ves.o it
the temporature is increazed o 3 maximum of 23060F
(ca 1200©.,C).
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Chomieal biagiooes
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Solt toke Ciuy Utan ge' e
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» SN SN SKYLINE LABS, INC.
¢ Hawley 8 Hawley, ALLaptrs and Chsmists Division
; - PO Box %0106+ 1700 Went Grant Roag
/ Tucson Arizona 85703
(602)622-4836

5 REPQRT oOF SPCCTROCRAPIIIC ANALYSIS
) T T Jobh No. 122132
} . Cley Feom polny o H & H o, 742129
e O oreesber i il
. * Albuquerque, New Mexi{co 87108 ’
¥ hAttontiont Mr. Jim'smid
¥

Valuos roported in parts per m{llion, exce

Pt where noted othurwiga, t
the nearest nunber in the series 1, 1.5,

. ¢ . 7, ete, ’

Ny 2

Sample Number

Elemant X 1542
g

- Fo 5%
H Ca 7 !
2 Mg 2% :
3 Ag <1

As <500

B a0n
: Ba 700

Be <2
X B2 <10

[of-] ¢S50

Co lo0

Cr 50
o Cu Jo

Ga 1s

Ga <20

La 20
3 bA . 500
F o 10

Wb <20

N{ 20
¥ Pb 10

Sb <100
L} . Sc 1o

Sn <10

134 1,00p
s : ' Ty _1_ 2 500
] : v 150
o w <50

Y 20

‘ in <200
H ic 100 -
] WillTas L Tetmabeck
Manager

¥

b
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