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Kappes, Gassiday & Associates
2845 Glendale Avenue , Spanks, .\'elsda 8543
02-356-710 - Telex 1'0049 - Fax ; 02 S56 5609

18 June 1987

Dear Sir :

This letter comprises a bid for one 200 US gpm carbon
Adsorption-Desorption-Recovery plant (ADR plant) for a
project located in Nevada or nearby states . .

The plant price is $178,000 .00 FOB Sparks, Nevada . Nevada
sales taxes (approximately 6 percent) are not included, and
will be charged if applicable .

Installation

Installation costs include shipping to site, complete setup
and startup costs . It is assumed that the operator will
have two semi -skilled personnel (the future plant operators)
available for two weeks during setup to assist with setup,
and to learn pre-startup procedures . (If these personnel are
not available, the costs shown below will increase $150 .00
per man-shift not furnished) . Startup assistance and
training will be furnished one shift per day for two weeks
following setup (Training may be delayed until sufficient
process solution is available) .
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Total cost of Installation, Startup
and Training: $ 26,500.00

Our rate for startup assistance beyond the above
"installation" cost, for a KCA engineer familiar with carbon
ADR plant practice, is $8,800 .00/ month, plus expenses, for
time planned and committed on long-term basis, or $440 .00 to
$580 .00 per Say for daily services, plus expenses .

Optional extras are discussed in a later section .

General Plant Description

The proposed plant is a complete system for adsorbing gold
and silver from cyanide solutions through upflow, fluidized
carbon beds, followed by non-pressurized desorption using
caustic, caustic-alcohol (preferred method) or
caustic-glycol strip systems . The Plant is built
conservatively oversize to permit operation in excess of
design capacity .

Gold and silver are recovered onto steel wool cathodes .
Cathodes are direct-smelted in a 225-pound propane-fired
tilting crucible furnace, which is mounted on an external
concrete slab (slab and enclosure not furnished),

Piping and pump systems are included for pumping solution
from the pregnant pond through the columns and discharging
to the barren pond ; and for pumping from the barren pond to
an adjacent point leading to the heaps . The pumps will be
"Tsurumi" submersible pumps mounted in floats or on slides
on the pond berm . Pumps will be furnished complete with
motor controllers and dual controls inside the plant and at
the pond edge .

The plant is designed to permit loading of carbon to 150
ounces gold per ton or better (depending on the system
chemistry ; similar plants KCA has built achieve loading
approaching 1000 ounces per ton), and stripping of two
column loads simultaneously . When utilizing a 48-hour strip
cycle (and 150 oz/ton loading) the plant is capable of
recovering 3700 ounces gold per month . A 24-hour strip
cycle can often be attained, which doubles gold production
capacity .
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Descript ion of Included Items, Alternative 1 .

The plant consists of the following items of equipment :

one - column module container consisting of a 45-ft .
semi-trailer with high quality floor, ceiling and
wall insulation, internal fluorescent lighting,
forced air (propane) heating/ventilation, good
tires and brakes, external paint with client logo,
internal fire extinguishers, one window, one
window/escapeway

one - recovery module container consisting of a 28-ft .
semi-trailer with high quality floor, ceiling and
wall insulation, internal fluorescent lighting,
forced air (propane) heating/ventilation, good
tires and brakes, external paint

two - steel stairs for plant access when mounted at
trailer height above ground

six - adsorption/desorption/acid wash columns, 10 sq . ft .
cross-sectional area, 5 .5 ft . settled carbon bed
depth (8 ft . overall height), arranged as three
sets of two columns each ; mild steel columns with
epoxy lining

one - DSM-type screen and sump for catching and recycling
floating carbon

one - pregnant solution pump

one - barren solution pump

one - shedding vortex flowmeter with totalizer

two - floating pond intakes

one - storage tank for strip solution

one - 30 kW electric immersion heater system for heating
of strip solution (propane heating may be
optionally furnished)

one - sink and countertop

one - work table for cathode manufacture

one - electrolytic cell and variable-output power supply,
including cell hood and exhaust fan

one - propane-fired tilting pot furnace with 225-pound
crucible
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one - main electrical switchbox for external electrical
connection (only one connection is required, with
other voltages derived internally)

- valves : butterfly and ball valves, steel body with
stainless steel working parts

- piping : PVC and CPVC, some steel, depending on
duty requirements

- connections : flanged fitting will be used
preferentially (if appropriate)

- heat tracing and insulation : all external
pipelines

freeze protection : complete drain capabilities .

Options and Additions

The plant as quoted above is a complete plant capable of
producing dore bullion . However, the following options and
additions may be desired or required in specific instances .
Prices quoted below are installed prices unless otherwise
indicated ; they do not include Nevada Sales Tax,
approximately 6 percent additional .

Concrete Slab Below Trailer Modules . It is normally a good
idea to mount the trailer modules on a 6-inch thick concrete
slab with a curb and central drain to the pregnant pond .

This slab should have dimensions 32 by 60 feet . KCA will
install this slab as part of the plant setup for a cost of
$7200 .00 .

Pressure Strip option . The quoted plants are designed for
non-pressurized stripping of carbon, at an operating
temperature of 83°C . Most KCA plants are run using an
ethanol strip system, although they can be operated using
ethylene glycol or non-organic strips .

We San provide the plants with the capability to strip using
260 F, 25 psi pressurized strip circuit for an additional
cost of $120,000 .00 .
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Strip Solution Heating Using Propane . The quoted plants
required 30 kW of electric power for heating of strip
solution during the preliminary phase of the strip cycle .
If this power is not readily available, it is possible to
heat the solution using a propane-fired heater . The
additional cost to substitute propane heating for electric
heating is $5000 .00 .

Carbon Regeneration Furnace . For an operation using a 200
gpm plant (approximately 1200 tons ore per day), we do not
recommend the installation of a carbon regeneration furnace .

Normally, the activated carbon used in the system will
maintain its activity sufficient to meet design conditions
for slightly in excess of one year . The- Sterling, Nevada,
plant, which is a similar design to the plant proposed here,
has been running since 1981 with average carbon replacement
every 14 months . Other KCA plants have similar operating
experience .

Once activity is diminished, the carbon can then be sent for
custom regeneration in batches, or sold to a large
operator . The cost to regenerate carbon will be
approximately $12,000 .00 per regeneration cycle (probably,
$12,000 .00 per year) .

KCA will furnish an Allis-Chalmers rotary kiln designed for
50 pounds carbon per hour regeneration capacity, complete
with screens, tanks, propane hookup, and carbon transfer
facilities, all installed and operable, at a cost of
$105,000 .00 in client's building or $160,000 .00 in a
concrete-slab, steel-frame building .

Smelting Furnace Slab, Building and Scrubber . The smelting
furnace which is furnished with the plant may be operated by
placing it on a gravel base or, preferably, a concrete slab
measuring 10 x 20 feet . Open air installation and operation
is sufficient, although a simple open-walled structure with
corrugated steel roof is preferred .

The quoted price for the plant does not include a slab or
housing for the furnace . The installed price includes
installation of the furnace in client's housing .

if mercury is present in the ore, or if the furnace is to be
housed inside a building, it may also be desirable to
install a furnace hood, exhaust fan, and wet exhaust
scrubber .
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KCA will provide a simple slab for a cost of $900 .00 .

KCA will provide a complete installation including steel
pre-fab building, exhaust system and wet scrubber (designed
for low-efficiency particulate removal) at an additional
cost of $55,000 .00 .

Mercury Retort . If sufficient mercury is present in the
ore, a retort should be installed prior to smelting . KCA
can provide a retort sufficient to retort a complete set of
electrolytic cell cathodes at a cost of $55,000 .00 . This
retort could be housed within the same building as the
smelting furnace at an additional cost for that building of
$16,000 .00 .

Activated Carbon . The quoted prices do not include
operating supplies or activated carbon . We currently
recommend Pica G210AS carbon, but suitable carbon may be
available from Westates Carbon Corporation or Calgon (Calgon
type GRC-22 may be acceptable, but lot samples should be
examined) . Price of carbon is approximately $1 .50 per
pound .

The plant will require an initial carbon purchase of
approximately 12,000 pounds (sufficient for startup plus
makeup required during first six months of operation) .

Schedule of Construction and Installation .

The plant can be ready for shipping 13 weeks after bid
confirmation and receipt of down payment . Shipping will
take one week . The plant can be ready to pump and accept
process solution within two weeks after arrival on site .
The desorption cycle of the plant will be ready one week
thereafter .

Operating Manual .

The bid price includes a Basic Operating Manual which
includes a valve list, layout drawing, flowsheet and a
general discussion of operating procedures .

One section of the operating manual contains all purchase
order information and maintenance literature which applies
to the commercially-supplied components of the plant .
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This Basic Manual has been sufficient for other plants which
we have furnished . A Detailed Manual can be prepared, which
lists operating plant philosophy and step-by-step operations
for all logical operating conditions, at a cost of
approximately $8,000 .00 .

Terms and Conditions .

We will require a payment of 30 percent of the total plant
price with bid confirmation ($53,400 .00), a 20 percent
progress payment six weeks thereafter ($35,600 .00), a
payment of 25 percent upon shipping ($44,500 .00), and the
balance of 25 percent ($44,500 .00) six weeks thereafter .

With the execution of suitable documents giving KCA the
right to repossess on demand and sell the plant, extended
payment terms will be provided by KCA at an additional cost
calculated at 18 percent annual interest compounded daily on
the net balance "overdue" based on the payment schedule
outlined above . Late payments will be charged at the same
interest rate .

For suitable projects, lease terms are possible .

General Technical Parameters .

1 . Other than carbon, basic reagents and supplies needed
for plant operation include those shown below . The
consumption figures are approximately monthly levels at a
full production rate of ten strip cycles per month :

muriatic acid (acid washing of carbon) 100 gal/mo .
steel wool and misc . cathode supplies $150 .00/mo .
ethanol 1000 gal/mo .
sodium hydroxide 800 lbs/mo .
sodium carbonate 800 lbs/mo .
furnace fluxes 400 lbs/mo .
furnace crucibles 2/mo .

2 . The electrical loads for the plant consist of the
following items (the power shown is installed power) .

process pumps, two @ 15 hp :
misc pumps

25 kW
3 kW
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strip solution heaters 30 kW
electrolytic cell power supply 12 kW
lights, ventilation, instruments 5 kW

Maximum expected power draw 75 kW
Average expected power draw 30 kW

3 . Major categories of spare parts consist of :

rupture discs
pump seals and impellers
spare diode for electrolytic cell rectifier
minor stock of replacement pipe fittings
miscellaneous supplies and hardware items

For a plant operating in Nevada, we recommend a minimum
amount of spare parts . Spare parts investment will be less
than $3000 .00 .

4 . The plant will be built to withstand operation and
periodic shutdowns during freezing weather . One advantage
of this type of plant is that it can be shut down and
started up relatively easily, several times a shift if
necessary, or at nights or on weekends . (Shutdown during
freezing conditions requires that correct drain procedures
be followed .)

5 . The barren solution process pump shall be furnished to
provide a pressure at the pump of 100 feet of head at the
design flowrate, unless otherwise agreed to in writing .

We appreciate the chance to make this bid, and look forward
to working with you on the project .

Sincerely,

Daniel W . Kappes
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Kapp es, Cassi dy & Asso ciates
1845 Glendzle Avenue, Sparks , Nevada 89;31
1702-35 6-710" - Telex . 700'9 - Fax -02 -356-5609

1 OCTOBER 1986

SMALL AND LARGE HEAP LEACHES - DIFFERENCES IN APPROACH

by

Randall A . Pyper and Daniel W . Kappes

for presentation at

CIM District 6 Meeting
Victoria, B .C .
3 October 1986

Heap leaching has had a reputation as a bit of an underdog -
a low-cost, low-technology approach to properties that
couldn't be treated any other way . The recent spate of very
large heap leaches, however, has served to dispel that
concept .

For example, the Mesquite operation of Consolidated
Goldfields in Southern California is a $70 million dollar
investment with a production rate of 12,500 tons per day .

The reasons to use heap leaching instead of conventional
milling are illustrated by two recent installations in
Nevada - Paradise Peak in central Nevada (FMC) and Hog Ranch
in the northwest corner of Nevada (Western Goldfields/Ferret
Exploration) .

As Figure 1 shows, the capital costs of a conventional mill
are very significant . Paradise Peak cost $20,000 .00 per
daily ton of capacity, whereas Hog Ranch - a low-key heap
leach installation - cost less than $2,500 .00 per daily ton .
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At a gold price of $400 .00 per ounce and an 11 percent cost
of capital, an orebody with a gold content of 0 .08 ounces
per ton would have to show a very high recovery differential
- 40 percent - to justify the mill . This assumes that
milling and heap leach operating costs are identical, but of
course the mill operating cost is significantly higher than
the heap leach .

In the case of Paradise Peak, the mill could be justified
because the ore is high grade and contains a large amount of
silver which is not readily heap leachable . But for many
large orebodies, heap leaching is the choice from a
financial standpoint .

Thus the choice of treatment - conventional mill or heap
leach - is between two equally valid methods that have both
"come of age" .

Technology is like the U .S . auto industry, however . As the
technology matures, it tends to get larger and to develop a
lot of complications .

Has heap leaching grown out of its original role as a "Model
T" method for treating small deposits?

The answer should be "no" - Large and small deposits may
require technically different approaches, but each should be
valid in the appropriate situation .

Why is it that properties show this reverse economy of
scale? i .e ., why do they get more expensive per ton of
throughput as they get larger? There are at least three
reasons -

1) Small operations are more closely controlled by people
who care - sophistication in design can easily give way to
personal "hands-on" involvement in daily operations .

For instance, Litt
near Placer's Bald
successfully run a
leach pads because
conveyor movement ;
cover .

le Bald Mountain in northeastern Nevada,
Mountain operation, was able to
conveyor stacking system directly on
the managers are there to supervise each
Hog Ranch requires an 18 inch gravel

2) Small operations can afford to be more labor intensive -
they generally have a shorter life and are higher grade than
the large ones .
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FIGURE 1 . CAPITAL COST COMPARISONS -
MILL AND HEAP LEACH

DAILY ORE TONNAGE

TYPE OF MINING

TYPE OF PROCESSING

CAPITAL COST

CAPITAL + FINANCE COST/TON

CAPITAL COST, OZ GOLD/TON

PERCENT ADDED RECOVERY
NEEDED TO JUSTIFY THE MILL -
ORE GRADE 0 .08 OZ GOLD/TON

PARADISE PEAK

4000

OPEN PIT

CYANIDE MILL

$ 80 MILLION

$ 15 .00

0 .0375

41 %

HOG RANCH

4000

OPEN PIT

HEAP LEACH

< $10 MILLION

$ 1 .90

0 .005

FIGURE 2 . CAPITAL COST COMPARISON -
LARGE AND SMALL HEAP LEACHES

DAILY TONNAGE

CAPITAL COST -
(INSTALLATIONS)

(TOTAL)

INSTALLATIONS,
$/DAILY TON

MESQUITE HOG RANCH LITTLE BALD MTN

12,500 4,000 400

$ 50 MM $ 7 .0 MM $ 0 .5 MM

$ 70 MM $ 10 .0 MM $ 1 .0 MM

$ 4,000 $ 1,700 $ 1,000
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3) It's easier to modify a small operation to correct or
work around initial design difficulties . LBM avoided any
agglomeration in the first year even though the ore had a
relatively high clay content ; by selective mining and
careful stacking, production losses were minor .
Agglomeration was installed in year two, where it did not
affect the initial capital requirement .

Another example of the "reverse economics" of size involves
the amount of money spent initially on orebody development
prior to the decision to proceed with production .

At what point should a company suspend exploration drilling
and begin operations? Should it design operations only for
proven tonnage, or for "expected" tonnage?

The small company might stop when it has enough tonnage to
breakeven, particularly if it has good chances for
developing additional tonnage later on . Usually, the
sources of capital available to the small company are very
expensive - stock offerings may appear to provide "free"
money, but in terms of management time and future
flexibility, this is very costly capital . Generally, the
sooner a small company can begin developing a cash flow the
better .

The large company, .on the other hand, has more resources
available to it - especially in the critical area of
management talent needed to development or "massage"
investment capital - its cost of capital is lower . At the
same time, it generally places more importance on long-term
stability and on financial measures of performance (i .e .
return on investment becomes more important in relation to
promotional value) .

To accomplish its goals, the large company will need to show
a decent return on investment and a decent life - and to do
this, it will have to prove up at least one and a half times
the amount needed for simple recovery of investment . In
fact, to meet long-term stability goals, it may find it
desirable to develop two or three times as much reserves as
it needs .

The goals of a company do and should change . We have dealt
with companies that - correctly - placed very small
properties into production . Within a year or so, their
minimum target for new properties often becomes much larger
than the property they just developed . The first property
was quite successful in both return on investment, and in
allowing the company to out-grow it .
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FIGURE 3 . APPROACH TO ORE RESERVE DEVELOPMENT

LARGE COMPANY GOAL : TO CREATE LONG-TERM STABILITY
(DRILL FOR PLANNING PURPOSES)

.SMALL COMPANY GOAL : TO DECREASE COST OF FUTURE CAPITAL
(DRILL ONLY ENOUGH TO JUSTIFY DEVELOPMENT)

RECOVERABLE TYPICAL
GOLD CONTENT HEAP GRADE BREAK-EVEN 20% DCFROI
(OZ/TON) (OZ/TON) TONNAGE TONNAGE

0 .03 0 .045 3,000,000 5,000,000
0 .05 0 .077 1,000,000 2,000,000
0 .06 0 .092 460,000 800,000
0 .08 0 .12 100,000 160,000
0 .10 0 .15 50,000 85,000
0 .15 0 .23 20,000 35,000

GOLD PRICE US $ 400/oz
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CONCLUSION

Orebodies aren't usually flexible . The small orebodies need
the small-company approach . This aspect of the business is
generally acknowledged though not always appreciated .

If both approaches are valid, can they both be done by the
same company? Probably not .

The concept of a small-company is not very well understood
in business . A "small-company approach" is not created
merely by lowering the financial goals of the big company .
Small companies have more personal involvement by the
managers . For a big company to get small successfully, it
has to find a way to shift personal involvement from upper
management to lower management .

A recent article in one of the business magazines made the
point that - fortunately - companies aren't biological
organisms . They don't merely grow up, grow old, wither away
and die . Good companies may go through many cycles of being
large or small, but it's probably difficult to be both sizes
at once .

In conclusion, it should be said that most companies which
have built expensive "Cadillac" operations - the Mesquite
heap leach, the Paradise Peak mill - seem to have made valid
decisions . These companies have relatively low costs of
capital and very long-term goals of maintaining corporate
stability .

The other end of the spectrum - low-cost, rapid development
- is equally valid and important . It can be the road to
success for small companies with big future plans .
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ASARCO Southwestern Exploration Division

July 2, 1985

F . T . Graybeal
New York Office

Copper Basin, CA
Padre-Madre, CA
Mineral Hill-Planet, AZ

I had asked A .E . Giesecke and M .A . Miller, near the end of their second
month out on the Mohave Project, to get together and visit the Copper
Basin and Padre-Madre areas in California . Both areas were believed to
have the detachment-type structural mode and mineralization which has
attracted a large number of drill holes . They were to take the areas
apart and relate the mineralization to what they saw, and put them back
into a possible usable model for further exploration for a viable deposit .

Mr . Giesecke has submitted reports on Copper Basin (May 30, 1985) and
Padre-Madre (Au) (June 11, 1985) and these are being distributed . Mr .
Miller is preparing his reports with samples collected .

Z3iYt t 64
Mr . Kurtz and I met both of them in a t-e4 after they had visited both
properties . From their verbal comments , it was suggestive that a critical
evaluation was not possible with the time spent .

I attach the Wilkins-Heidrick report from the Mesozoic-Cenozoic Tectonic
Evolution volume, noted by A .E . Giesecke, to contain information on the
Copper Basin area along with a cross-section . The article is mainly on
the Copper Penny property and aptly describes the features which character-
ize the detachment-type terrain and mineralization features applicable
throughout this part of the world, including Padre-Madre .

Note also on pages 198-199 the part of the Mineral Hill-Planet area . This
is covered by the AMAX group which wishes to joint venture it after drilling
several holes and finding ore grade gold only in the high-angled fracture
zones . See my letter to you on AMAX Confidentiality Agreement, Buckskin
Project, La Paz County, AZ, dated June 28, 1985 .

To emphasize that the detachment terrain is not without difficulties of
interpretation, I also submit Rehrig's paper from the same M-C Tectonic
volume .

JDS :mek
Att .

C-),Q
'Jamesmes

L '
D . sell

cc : W. L . Kurtz
Mohave File



CHARACTERISTICS OF GOLD AND'SILVER HEAP LEACH OPERATIONS

CAPITAL COST PRODUCTION
TER

WASTE/OR6,

CUTOFF RECOVERY

OPERATING

COST ( 1983 )
COMMENTS

MINE GNNE:R RESERVE STARTUP A

~- 0l'eillion)

GOLD MINING OPERATIONS

ALLIGATOR RIDGE 50% Amselco 14M tons - 530H; permitting 2200 tpd W/0.3/1(
45°

70-75% NA Disseminated gold in zone of strong
jasper°id alteration of silty lime -

Crushing and agglomeration requiredt car-
bonaceous ore is stockpiled ; more ore in

Nevada 50% idee6ek- 0.12 oz Au and construction
th

60,00D °z Au/yr 40-
pit slope stone ; deeper ore is carbonacous . 2 other zones , pad made from compacted

took 15 mon s ; clay mined locally ; 140 employees .
startup Oct . 1980 .

t 750 000 tpy Cutoff = 74% $225-275/°z Similar to Gilt Edge ( 7), dissem- Wharf holds 50% interest in adjacent
A1B;IE CR£N Wharf Resources 6 .5H tons - up$4H ; star ,

02 oz ;0 mated gold in pyritic (oxidized ) Bald Htn . property (Honestake 50%) with
A . Dakota 0 .043 oz Au Sum,er 1983 . .

450 pit slope latite and trachyte porphyry in reserves of 9 .9 million tons averaging
0.16 oz A9 breccia and shear zones . 0 .041 oz Au, 0 .17 oz Ag .

BOREALIS Houston Int . Minerals 2 .111 tons - Startup Nov . 1981 . 2300 tpd 1R NA 7A Disseminated gold and Silver halides
silicified and argil-in oxidized

40 employees .

Nevada (Tenneco) 0 .08 oz Au 30,000 oz Au/yr ,
lined tuff and volcanic breccia

0 .50 oz Ag 30 , 000 oz Ag/yr .

CArm Placer Development 2 .211 tons - Startup 1971 ; NA (not available) Cutoff = 50% from clayey NA Largely Carlin - type with f ine-grained No crushing , 170,000 ton heaps .

Nevada 0.041 oz Au part of a mill- 0 .015 or Gold Acres orel disseminated gold in Silty limestone,

at Gold Acres ing operation. 65% from blocky variably carbonaceous .

2.811 tons Cortez ore,

at Cortez .

RAVELUFF Whim Creek 1.414 tons - $ 211 ; startup 1000 tpd
ff -

70% ; 30% in
30 da s

$250/oz 6L
$270/oz CIP

Disseminated gold in strongly
weathered and talc-altered mafic

Began as 100% heap leach ; excessive
fines required conversion to 50% heap

W . Australia 0 .054 °z Au June 1980 ; 10
on-f

14,500 oz
Au/yr

cuto
018 oz0

y
volcanic rock, leach , 50% CIP ; mining by contractor ;

heap leach . or cSo . .
total reserve is 4 .5N tons at 0 .066 02 Au,struction .

HUMBE LBSD lsA Mi 1014 tons - $17M; startup 3000 tpd W/0=1 .8/1 60% from jas- $402 /oz excluding Carlin-type with disseminated gold Crushing required ; 10 mile haul pit to
NC_RT R moco nera

0 052 oz An April 1981 ; 8 30,000 oz Au/yr cutoff - peroid, 70% deprec . /depl . ; in jasperoidized limestone and in heaps ; plastic liner under heaps ; addi-
Nevada .

mo . for con- 30,000 oz Ag/yr 0 .020 oz from shaley haulage is $68/oz . decalcified silty limestone, tional 611 tons averaging 0 .034 oz A° at

strurtion . limestone W/0=6 .9/1 ; 110 employees .

ldfieldsG 814 tons -6 $ 14 .9M; startup 3000 tpd N/-1 .2 /1 ; 78% £n 56 $261/oz excluding Disseminated gold in fractures and _, Additional IBM tons are below water
ORTIE o .

053 oz An0 1980 ; 12Feb 60,000 oz Au/yr cutoff - days ; 60% in deprec ./depl . mugs in oxidized breccia pipe cut- table ; mining done by contractor; crush-
New Mexico . .

mo . for con- 0 .02 oz . 23 days . tang quartzite and associated with ing required ; asphalt-lined heaps ere

struction . latite dikes . cycles, 48 employees .

ROUND MCUNTAIN Smokey Valley Mining Started at 11 .6)1 $IBM ; startup 8000 tpd W/0=1/1 ; 67% in 26
d s

$190/oz (est . by
FTG based on cur-

Disseminated gold in iron-stained
joints cutting dense weakly altered

First large heap leach gold operation;
crushing required ; asphalt-lined heaps ;

Nevada Co . ( 50% Louisiana tons - 0 .061 oz Au ;
043

Jan . 1977 ; 15
con-f

75,000 oz Au/yr
30 000 oz Ag/yr

cutoff -
0 .02 oz ; 56°

,ay
rent ore grade of ash flow tolls . heaps are cycled every 28 days ; 240

Land) now 195W tons - 0 .
Oz An, 0 .08 oz Ag

mo. or
struction .

,
pit slope 0 .045 oz Au) . employees .

06 startup$3M 1000 tpd NA Close to $160/oz Au ; 400 ft . diameter breccia pipe . Cripple Creek District ; 75% of ore is mined
VICTOR Silver State

CMi i
3 .511 tons - 0 .

potentialoz Au
;

March 1982 ; con- 20,000 oz Au/yr 90% in 4 days . mining cost by ripping ; ore crushed to minus 1/2 in . and
Colorado orp.n ng . ,

t is $ .20/ton agglomerated with 90% of Au in solution by
for am cons . ookstruction time cement cures; leaching in concrete "vats"9 no

covered for year-round leaching, 4-day cycle .

WEST END Canadian Superior 3M tons - Estimate $ 10M ; 3000 tpd W/0=2/1 75% NA Oxidized gold -bearing ersenopyrite 5-month operating season ; 2 years to do
S 60

Idaho 0 .085 oz Au . startup July 1982; in shear zones in argillized schist, :EI employees .

11 mo . for con- quartzite, and cargonate cut by

struction . trachyte dikes .

,- SM t - Startup July 1975 . 1500 tpd W/0 - low ; NA PA . Profitable in Disseminated gold in jasperoidized No crushing ; mining reduces sanded dolomite
WINDFALL fdaho Wining-eorp ons

cutoff = 1975 when gold was and sanded dolomite . to 35% minus 200 mesh, ponds instead of
Nevada /So(,d I f 7P21,~,/ 0 .035 ox Au

01 oz Au0 $160/°z ( equal to sprinklers .
- , 0 .01 oz Ag .

$264/°z . Au in 1983) .

eZORTMAN-LANWSICL sources Ltd .Wharf R Zortman is 2014 Startup July 1979; 12,000 tpd each ; W/O--0 .7/1 70% Au $ 250/oz Au exclusive Disseminated gold and silver in Mining by contract or ; heaps sealed with 2 ft .

Montana Pegasus Explorations , tons - 0 .032 °s An, construction took 67,000 o z Au and 351, Ag of Ag ; equivalent to weakly pyritic ( now oxidized) shear compacted bentonite ; no crushing ; 500K-IM

Argo Gold Mining 0 .4 oz Ag ; Landuskp less than 12 me, 146 ,000 oz Ag is $4,50/ton ore includ- zones cutting sysnite . Zo rtman is ton heaps are permanent; early Zortmn grades

Corp ., and others . is A 9s - 0.027tons total for both . ing adminis ., exclud- old gold district, Landusky is old were 0 .06 oz Au ; additional Zortman reserves

oz Ag
.

; 0 . 9oz Au ;
ing deprec ., depl., tax, silver district ; 8 miles apart . 30-40M tons, possibly 190M tons at Landusky;

65 employees ; 1983 production began Feb. 21, 19B3 .

SILVER MINING OPERATIONS

CA;DELAAID 60% Occidental ; will 1314 tons - $30M; startup 8000 tpd NA 40% in NA Argentiferous Fe and Mn oxides in Only full -scale heap leach silver mine in

Nevada sell to NERCO . 3 .15 oz Ag September 1980 . 1,700,000 oz 60 days formerly pyritic chert , sandstone , world ; crushing and agglomerating required ;
0 .002 oz An . Ag/yr . 9,200 and shale cut by quartz veins and closed Spring 1982 due to low Ag prices,

oz Au/yr . chalcedonic zones . 140 employees .

TOMBSTONE Tombstone Exploration D:mps contain Startup of dump 1500 tpd from NA Lab tests in- Lode is profitable Silver halides , sulfates in quartz- Lode ore is mined by ripping ; dump material

Arizona Company IM tons - 2 .26 oz material January dumps ; 2000 tpd dicate 75% for at Ag price of $10/oz, veined and silicified volcanics crushed to minus 1/2' and agglomerated; leads
Ag and 0 .037 oz 1981 . tpd from Con- Au, 60% A9 both and siliceous limestone conglom- pad is compacted mill tailings ; agglomera-
Au. Lode averages tention zone . in 16 days . orates, variable manganese . tion increased recoveries by 5x .
1 oz Ag .

7T :5?,A .̂ NA Tuacarora Assoc . 500,000 in dumps $ 700,000 ; startup NA [A NA $6 .90/ton of ore . Silver halides and gold in dumps Plastic-lined leach pads ; plant treats 1400

NevadaF 2 .5 oz Ag, October 1979 ; cost in an old epitherral quartz- tats solution /dsy, mining by contractor
0 .02 oz Au, includes moving adularia vein camp . 6 employees .

first 200 , 000 tons .

FTG - 5/26/83
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ASARCO Southwestern Exploration Division

June 8, 1983

To : JHCourtright
FRKoutz
HGKreis
WLKurtz
GJStathis
JRStringham

From : J . D . Sell

Heap Leaching Gold

Attached is a copy of the cover letter by R . L . Brown and the article by
F . T . Graybeal on the heap leaching of gold .

Please note the final paragraph on page 2 of the cover letter .

Although field work and a vast number of drill holes with ore is the pre-
requisite for an operating mine, the ASARCO Library also has a number of
publications which have pertinent thoughts on gold . These include :

a) Principal Gold-Producing Districts of the United States, by
A . H . Koschmann and M . N . Bergendahl : USGS Prof . Paper 610 (1968) .

b) The Geochemistry of Gold and Its Deposits, by R . W . Boyles :
Geol . Survey of Canada Bulletin 280 (1979) .

c) Precious Metals in the Northern Cordilleran, edited by A . A .
Levinson : The Assoc . of Exploration Geochemists (1982) .

d) The Geology of Gold in Ontario, edited by A . C . Colvine : Ontario
Geological Survey, Miscellaneous Paper 110 (1983) .

James Q . Sellr

JDS/cg

Attachments



J . D . Sell

New York, May 31, 1983

MEMORANDUM FOR : Exploration Managers

Heap Leaching - Gold

Five years ago most of us considered that heap leaching oper-
ations in gold camps were mainly conducted by underfinanced, fly-
by-night groups attempting to salvage remnants of surface oxidized
surface material and old dumps around some of the various abandoned
gold mining localities in the west . The view was that there was
no real money to be made from this activity, but that these junior
companies might make something promoting their operations on various
over-the-pounter and regional stock exchanges . Since that time,
recognition that such organizations as Selection Trust, Goldfields,
Canadian Superior, and Placer Development among the experienced
mining companies ; and Louisiana Land, Amoco Minerals, and Occidental
as examples of very-well financed groups had made investments in
heap leach operations, and were deriving, from them handsome profits
and cash flows, obviously necessitate a re-evaluation of that view .

Mr . Graybeal has put together a compilation of data concerning
the heap leach operations and it, together with his observations
concerning the state of the "heap leaching" art, is in my opinion
a valuable piece of background information which I am herewith dis-
tributing to you .

The advent of heap leaching as a viable metallurgical recovery
technique quite obviously has added a new class of mineral deposit -
the class of deposits containing pervasively distributed free gold
grading say from .04 gold to those deposits grading say' .15 Au
(which might be more economic under conventional milling techniques -
to our list of legitimate exploration targets . There are of course,
limitations - not all .04 gold .deposits are heap leachable, one
reason being that in some of these deposits the gold is caught up
in pyrite or in some other sulfide, and the development of this
technique obviously does not constitute a basis for the assumption
that all areas in which there is presumptive very low grade mineral-
ization of these grades should be drilled . Nevertheless, new tech-
nology has opened up a new group of mineral deposits which can earn
attractive rates of return, and mining operations on these deposits
are in operation and are now continuing to be constructed in the
Western United States and in Australia, and operations of this type
are either under construction or being contemplated in the Philip-
pines, and in South Africa .

RECEIVEXJ

JUN - 6 1983
S. W . U . S. EXPL 4A.
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In summary I think you will find the information Mr . Graybeal
has compiled very useful to you, and I ask that you circulate it
among your staff and make sure they understand both the possi-
bilities and the limitations inherent in heap leaching .

R . L . Brown

Attachment

cc w/attachment

RLHennebach
RdeJOsborne
TCOsborne
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New York, May 25, 1983

MEMORANDUM FOR : Mr . R . L . Brown

Review of Gold and Silver
Heap Leach Operations

Heap leaching is a simple process in which a cyanide solution
is percolated through heap's of gold-bearing rock dissolving gold
which is usually recovered on activated carbon . Geological factors
of importance include distribution and grain size of gold in the
ore, supergene oxidation which liberates sulfide-bound gold and
reduces consumption of cyanide, and physical nature of the ore
which governs permeability in the leach heaps .

The first significant operation to recover gold by heap leach-
ing began at Cortez in 1971 as an addition to a conventional mill-
ing operation . The first significant independent heap leach operation
began at Windfall in 1975 and there are presently 12 independent
heap leach gold mines . I estimate that 320,000 oz . Au, or roughly
20% of the total USA gold production, was recovered by heap leaching
in 1982 equivalent to about half of the primary open pit gold pro-
duced in the USA .

The attached fold-out chart summarizes information on 15 signi-
ficant precious metal heap leach operations . Data are incomplete,
change almost daily, and come from many sources of variable quality .
Twelve of the 15 deposits are gold mines of which 6 are in Nevada
and only 1 is outside the USA . Seven of the 15 are run by junior
mining companies . Five additional operations for which only incom-
plete data are available are described briefly below . The following
discussion will focus on the gold operations .

Reserve data in Table 1 suggest that at a gold price of $400/oz .
a minimum exploration target size would be about 1 million tons
averaging 0 .08 oz . Au . Minimum ore grade for a large and low cost
operation with recoverable gold and silver might be about 0 .040
oz . Au equivalent . The mineralization in heap leach ores is usually
disseminated with assay boundaries so reserves may change substan-
tially with the price of gold . Exceptional care is required to mea-
sure the gold content of heap leach material which is near the lower
limit of acceptable fire assay precision . Increased confidence
in reserve estimates is obtained by running duplicate assays, assay-
ing large samples (10-20 lbs .), drilling large diameter holes, and
drilling a large number of holes .
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TABLE 1, Summary of Heap Leach Reserves

Mine Tons . oz . Au oz . A
(millions)

Haveluck(1) 2 0 .054 -

Borealis 2 0 .08 0 .5

West End 3 0 .085 -

Windfall 5 0 .035 -

Alligator (2) 5 0 .12 -

Annie Creek 7 0 .043 0 .16

Ortiz 7-16 0 .053 -

Northumberland 10-16 0 .052 -

Round Mountain 12-230 0 .043 -

Zortman-
Landusky 40-190 0 .030 0 .7

(1) Additional carbon-in-pulp ore was included `in
overall reserve which justified development .

(2) Highest grade heap leach operation ; considering
that carbonaceous ore must be stockpiled and
additional reserves are present, this might have
been better suited to conventional milling .

Major capital cost variables are the need for a crushing plant
and whether mining is done by contractor . Capital costs in 1983
dollars for heap leach operations including Candelaria (Ag) ranged
from $2300-6600/daily ton of ore for 6 of the operations where good
data are available (see Table 2) . Alligator Ridge was $15,000/daily
ton and may be in error . Capital cost for the Zortman-Landusky com-
plex are not known accurately, but if estimates of $1 million (1983
dollars) are close the cost would be $200/daily ton . This remarkably
low cost resulted from contract mining of ore which did not require
crushing . Table 2 shows that heap leach capital costs are substan-
tially less than those for more conventional milling operations due
to a relatively simple flowsheet . Capital costs per ounce of recover-
able gold for heap leaching are equivalent to or less than costs
for conventional milling as shown on Table 3 .
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TABLE 2 . Capital Cost/Daily Ton of Ore Mined (1983 dollars)

Heap Leach

Haveluck - $2,300

Santa Clara(1) - 2,700

Annie Creek - 2,900

Round Mountain - 3,500

Candelaria - 4',300

Ortiz - 6,300

Northumberland - 6,600

Alligator Ridge- 15,000

Conventional Millin

Golden Sunlight -$10,000

Pinson - 22,000

Mercur - 27 ,000
Jerritt Canyon - 44,000

McLaughlin - 66,000

Average -$34,000

Average $ 5,400

(1) Not on fold outtable ; see text

TABLE 3 . Capital Cost ./oz . of Recoverable Gold in Reserve (1983 dollars

Heap Leach

Haveluck(l) - $16/oz .

Annie Creek - 18

Santa Clara - 23

Northumberland - 58

Round Mountain - 59

Ortiz - 67

Alligator Ridge - 83

Conventional Millin

Golden Sunlight - $43/oz .

Jerritt Canyon - 49

Pinson - 63

McLaughlin - 69

Mercur - 99

(1) Heap leach and CIP reserve and plant .
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Capital cost per ounce of. recoverable gold in the original reserve
for the Zortman-Landusky complex would be less than $1 .00 .

Construction intervals vary from 8-15 months . Six of the oper-
ations began production in the interval 1979-1981 . Mining rates
(ore) for 8 operations cluster between 1000-3000 tpd . The two largest
operations are Round Mountain at 8000 tpd and Zortman-Landusky at
25,000 tpd . Round Mountain produces more gold than Zortman due
to a longer operating season and higher grades . Although cold weather
is a problem for plumbing systems and reduces the rate of dissolution
of gold Zortman-Landusky, which is located in northern Montana,
resumed mining-on February 21, 1983, indicating cold weather is
not a complete deterrent . The Victor Mine leaches heaps in enclosed
vats at Cripple Creek and Round Mountain recently installed a heater
to keep circulating fluids warmer . Because of the low ore grades
stripping ratios are low and pit slopes are kept steep where possible .
Cutoff grades are about 0 .02 oz . Au .

Gold recoveries are in the range 60-70% for a 30-day interval .
The most important and unpredictable variable in heap leaching is
the movement of solution through the heaps . In order to obtain
any recovery a cyanide solution must be brought in contact with
the gold . Where the gold occurs on natural fractures crushing may
not be required . If crushing is required or if the or-e- is unusually
soft, excessive fines may reduce permeability and cut the flow of
solution below that required to maintain production . Fines have
been a problem at Alligator Ridge, Haveluck, and Candelaria . Agglom-
eration techniques have been developed by the U .S . Bureau of Mines
to handle fines, but they increase capital and operating costs .
Proper bedding of material on the leach heaps has been extensively
researched to avoid compacting the ore with haulage equipment and
to reduce sorting of fine and coarse material as individual loads
of ore are added to the heaps . Careful selection of samples for
metallurgical work is necessary as a single orebody may have several
distinct ore types . Recognition of different ore types is difficult
because most low grade deposits are explored using air hammer drilling
methods Which pulverize the sample, but careful logging can provide
useful data . Most companies construct one or several 1000-5000
ton test heaps before final operating procedures are selected . The ,'
importance of accurate measurements of ore grades and recoveries
cannot be overstated ; for a 3000 tpd operation with $270/oz Au oper-
ating costs at a gold price of $430/oz ., a change in recovered gold
of six thousandths of an ounce per ton of ore (0 .006 oz . Au) will
change the annual. net profit before taxes by $1 million .

Operating costs per ounce of gold produced seem to cluster
at $250-270/oz . The Round Mountain estimate of $190/oz . Au is the
1983 GNP adjusted equivalent of estimates made in 1977 by Copper
Range and Mountain States using a head grade of 0 .045 oz.Au and
is probably too low . Costs at Northumberland are unusually high
at $402/oz ., even when $68/oz . haulage costs are deducted .
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Heap leach operations for which less data are available in-
clude :

1) Carlin Mining Co . Heap leaching is now in progress
at Carlin . Major reserves at Maggie Creek and Gold
Quarry of at least 150 million tons averaging 0 .036 oz .
Au will be agglomerated and heap leached . The Boot-
strap dumps were previously leached as they lay after
mining without prior sealing of the base . By 1984 it
is estimated that 30% of the gold production at the Carlin
complex (Carlin, Maggie ., Gold Quarry, Rain, Blue Star)
will be by heap leaching .

2) Picacho District, Cal i f . Chemgold, Inc . (Glamis Gold,

Inc .) is leaching 300,000 tons and producing 600 oz .

Au/mo. Agglomeration techniques are being studied .
Recent drilling expanded reserve to 10 million tons
averaging 0 .05 oz . Au . Mineralization rumored to occur
in mid-Tertiary detachment fault zones .

3 . Santa Clara, Costa Rica . Located 40 miles from San
Jose and owned 60% by United Hearne and 40% by Canadian
Barranca . Reserves are 4 .1 million tons averaging 0 .063
oz . Au and recent drilling indicates substantial in-
creases are probable . Came on stream September 1981 at
1500 tpd for $4 million . Operating costs are estimated
at $6 .00/ton .

4) Darwin Mine, Calif . Anaconda is drum agglomerating
and heap leaching flotation tails averaging 1 .6 oz . Ag

and 0 .01 oz . Au . Leach pads are compacted tailings .

5) Grubstake Mine, Montana . Resources America, Inc . is
drum agglomerating and heap leaching 20,000 tons of
dump material averaging 0 .07-0 .15 oz . Au. The Merrill-
Crowe recovery plant is highly automated

Serious feasibility studies or pilot heap leach test work is ongoing
at :

1) Pinson mine, Nev . A test pad is being built to study
heap leach characteristics of 5 million tons of low
grade material involving two ore types .

2) Bell Mtn . mine, Fairview Dist ., Nev . American Pyramid
is developing a combined milling and heap leach oper-
ation. -

3) Dayton mill tailings, Comstock Lode, Nev . Tailings aver-

age 2 .5 oz . Ag and are 65% minus 200 mesh . A 40-ton
experimental heap was agglomerated and yielded 78% re-
covery in Ag in 5 days .
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4) Packard mine, Nev . This property is located 3 miles
southwest of the Rochester deposit . Reserve is esti-
mated at 2 million tons averaging 1 oz . Ag. An initial
unagglomerated 30,000 ton test was unsuccessful, but
subsequent 300 ton pilot heaps with ore crushed to 80%
minus 9/16 in . and agglomerated gave 65% Ag recovery in
6 days . Follow-up work on a 1000 ton heap gave similar
results and work is continuing .

5) Goldfield, Nev . Initial 8000 ton test heap failed due
to low permeability . Column leach tests on agglomerated
rock crushed to minus 1 in . gave 80% recovery of gold in
14 days . Existing heaps will be recrushed and agglomer-
ated as a pilot test .

6) El Plomo, Colo . E&B Explorations (German money) is eval-
uating 1 million tons of 0 .057 oz . Au . Large test heap
program was completed in 1982 .

7) Gold Stripe, Plumas County, Calif . Test production by
NCA Minerals will begin June 1983 from 10,000 ton test
pad . Deposit has reserves 1 .2 million tons averaging
0 .063 oz . Au .

8) Zaca Mine, Alpine County, Calif_ California Silver has
operating permits for a 3000 tpd/heap leach mine . Re-
serves are 4 .1 million tons of 0 .036 oz . Au and 0 .61
oz . Ag at 0 .01 oz . Au cutoff . Column leach test of com-
bined oxide and sulfide ore crushed to minus 3/8" re-
covered 76% Au and 38% Ag in 19 days .

9) German Gulch, Montana . Reserve is 11 million tons of
0 .048 oz . Au. Heap leach recoveries on two 4500 ton
heaps are reportedly 850 .

10) La Ronge Dist ., Saskatchewan . Waddy Lake Resources has
conducted tests said to be successful on low grade rock
containing coarse gold. J

11) Hedley, British Columbia . Banbury Gold Mines has ap-
plied for permit to begin heap leach production on
gold-silver property .

12) Telfer mine, W . Australia . Newmont has completed a 1000
ton test heap leach pad and will crush ore to minus 1"
and agglomerate . They say there is considerable heap
leach ore, .my guess is at least 5 million tons .

13) Masbate mine, Philippines Is . Atlas is building an
asphalt heap leach test pad to evaluate characteristics
of an eventual 4 million ton stockpile grading 0 .030-
0 .045 oz . Au .
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14) Gabiet Mine, Sudan . Robertson Research
complex ownership package is conducting
leach tests on mine tailings . Ultimate
might be 3000/oz . Au/yr .

15) Witwatersrand S . Africa . Feasibilities
underway to evaluate heap leaching on o
tailings .

(U .K .) in
pilot heap
production

are reportedly
Id dumps and

Heap leach operations are attractive because capital costs are
low, technology is simple, and development intervals are rapid .
These features permit the development of deposits otherwise too
small or too low grade to justify a conventional milling operation .
A substantial body of literature is available on the technology,
but less information is available on existing operations, partic-
ularly operating costs . Operating costs per ounce of gold recovered
may exceed costs at open pit milling operations, but are less than
costs at the Homestake mine (1982 costs about $400/oz .) . Although
heap leach operating costs/oz . Au may be somewhat more than con-
ventional milling operations, the capital investment may be somewhat
less, and heap leaching therefore represents a valid and competitive
mining investment . A 3000 tpd heap leach plant mining 0 .07 oz .
Au with 65% recovery at a gold price of $430/oz . and operating cost
of $270/oz . would net $8 million before tax, clearly of sufficient
size to be of interest to Asarco .

The many low grade gold prospects in various stages of expl .or-
ation now known in the western US substantially outnumber known
prospects of higher grade mineralization which might become conven-
tional milling operations . This ratio may also apply to future
discoveries and a significant effort is currently underway in low
grade environments where the odds for discovery would appear to
be more attractive .

At
F . T. Graybeal
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Exploration Department

Frederick T. Graybeal
Chief Geologist

November 18, 1983

Mr . D . R . Crowell, Director
Mineral Beneficiation Dept .
Tucson Office

Western Australia
Heap Leach Operations

Dear Mr . Crowell :

Attached is a memorandum with tables prepared by Mr .
Williamson which summarize certain aspects of heap leach

operations in Western Australia . This information is for

your general background although it might be of interest

to both Mr . Kurtz and Mr . Anzalone .

Very truly yours,

F . T . Graybeal

Attachment

cc: HCWilliamson

`101

ASARCO Incorporated 120 Broadway New York, N .Y. 10271 (212) 669-1000
Telex: ITT 420585 RCA 232378 WUI 62522 Cables : MINEIJEPART Telegrams : WU 1-25991



t F.T. Graybeal , :,'1 ,i. 0
..nief Geologist
NEW YORK OFFICE a Tom : FV N.0 e{ .''

1983 Au Heap Leach and CIP Plants
Western Australia

Dear Mr . Graybeal,

Attached please find a copy of an article by Mr . Geldard, Manager of
the Whim Creek operation at Meekatharra , from the AIMM Bulletin of
July-August 1983 ( No . 476-477) .

I have used Mr . Geldard ' s figures in his table, plus other data I
have obtained from the Annual Reports of various companies together with
press reports and notes on discussions with various company people, to
build up Tables 1 to 3 . I have used the latest company published results
in Tables 1 to 3 if Geldard ' s figures are different from reported statis-
tics .

For comparison , statistics for the conventional Telfer (Newmont 70%,
BHP 30%) and Kalgoorlie operations .of Kalgoorlie Mining Associates, N .
Kalgurli and CSR ' s Paringa operations, are included . These data will sup-
plement your data on heap leach plants dated May 25, 1983 , and may be
useful background for our discussion with Western Alluvial Directors .

The recently published annual report of WMC confirms that its 100%
owned subsidiary , Great Boulder Holdings Ltd ., is operating at close to '
2,000 tonnes/day at its Kambalda plant . The head grade improved from 2 .44 .
g/t to 4 .09 g/t for the year ending June 30, 1983 . The open cut reserves
at Victory are nearly exhausted and ore reserves decreased slightly to 4 .1
Mt with open cut ore of 0 .3 Mt at 6 g/t on the Great Boulder leases on the,
Golden Mile, and 0 .2 Mt at 5 .0 g/t at the Sand King about 75 km northwest'
of Kalgoorlie .

Also at WMC's 100% owned Lancefield operation ( near the Windarra Ni
mine ) throughput has improved to 700 tons /day at an average head grade of
3 .66 g/t . Of this , about 52% came from the Lancefield open cut but this
ore source is nearing exhaustion . Lancefield reserves stand at 0 .4 Mt
grading 7 .0 g/t .

i{{ WMC has a '19.6% interest in Kalgoorlie Lake View Pty Ltd (KLV) which,
'~ in turn, has a 52% interest in Kalgoorlie Mining Associates (KMA) . Home-

stake has a 48% interest in 'KMA . KMA are the operators of gold mines at
Mt Charlotte and on the Golden Mile .

WMC reports that at 30 June the Cassidy Shaft on the Mt Charlotte
orebody operated by KMA had reached a vertical depth of 2800 ft . The
planned depth of the Cassidy Shaft is 3500 ft . it will be completed and
equipped by 1987 at a cost of A$36 M (1983 $) . This shaft is reported by
the Chairman of KMA to give access to about 40 M tons of ore grading 0 .147
oz/ton below the Flanagan Fault . It is designed to produce 1 .5 Mt per
annum (present rate 0 .9 Mt/annum) . Mt Charlotte ore is non refractory and
KMA is believe to be considering a new CPI plant to treat the ore .

The annual reports of the various companies contain much useful statis-
tical and background data but I think they are summarized in the table .
However, if you need further information, please advise .

) Y rs sincerely,
i Encs. `

it BE SER HF TM H.C. Williamson
ASARCO ARCO (AUSTRALIA) PTY. LTD . P.O. Box 6010 , Hay Street East, PERTH , Western Australia 6000

' ' "+-t Fast, PERTH. Telex: AA93955 . Cables : Asarco . Telephone : (09) 325 9533
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TABLE 1

` SUMMARY OF RECENT ORE DISCOVERIES

Head
Tons Grade 3

Plant Owner Mine Million OZ/ C . Comment

Small heap
Callion Centamin 0 .045 0 .11 leach .

Golden Mile N . Kalgurli oxide ore 0 .23 0 .154

Big Bell A .C .M . Golden Crown 0 .35 0 .67 Shaft sinking
starts Jan .84

Laverton W .M .C . Lancefield 0 .40 0 .23 1982/83

Marvel Loch Jingellic Nevoria 0 .6 0 .131 Start up July
1984 .

Sir Samuel Spargos Bellevue 0 .75 0 .45

Lake Grace Otter Griffin 0 .8 0 .12 Pilot Plant
125 tons/day .

Leonora C .R .A. Tower Hill 1 .0 ? Start up Dec .
1983 .

Horseshoe Nolex 45 % Horseshoe
i

Eastern 35 .6% Lights
1 .0 0 .19

Samantha 19 .4%
I

Reedy's Metana Rand 1 .6 0 .131 Start up July
1984 .

Gwalia Sons of Gwalia Gwalia 1 .7 0 .121 Start up ?

Porphyry Pioneer 75% Porphyry 2 .4 0 .18 Start up June
Poseidon 25% 1984 .

Kalgoorlie Occidental 55% 3 Lodes 3 .0 0 .131 Press Report .
Black Hill 45%

Leonora Esso 55%
Carr Boyd 40% Harbour Lights 3 .0 0 .163 Estimates .

Aztec 5%

Kalgoorlie C .S .R . 80% Paringa 4 .0 0 .19
Purchase +

ellHampton 20% construction
costs .

Meekatharra Whim Creek Paddy's Flat 4 .3 0 .082

Kambalda W .M .C . Victory
Great Boulder
Sand King
Total Kambalda 4 .61 0 .17

Paddington Pancontinental No . 1
7 .8 0 .105

No . 2

Big Bell A .C .M . Big Bell 18 .0 0 .10

Kalgoorlie K .M .A . Mt Charlotte 40 .0 0 .147



TABLE 1A

SUMMARY OF TAILINGS RETREATMENT PLANTS

i

Tons Recovered

Plant at Owner Mine Million Grade oz/t I.
i

Mt Morgan Peko/Anglo Mt. Morgan, Q . 40 .0 0 .035

Wiluna Western Alluvials/ Wiluna 6 .5 0 .015
Nolex

Leonora Sons of Gwalia Gwalia 6 .0 . 0 .033

Sir Samuel Spargos Lawlers 0 .86 0 .054



F, TABLE 2

CAPITAL COST/DAILY TON OF ORE MILLED
(A$1983) US$1 .0 = A$0 .9

Plant Capital Throughput Capital,Cost/ Comments
$M t p d Daily Ton A$

Mt Morgan

Australis

Haveluck

Kambalda

Reedy's

N . Kalgurli

Lancefield

Horseshoe

Paddington

Porphyry

Telf er

Paringa

Big Bell

Tower Hill

17 .0 10000 1700 Actual cost of plant .
28 .0 10000 2800 Incl . purchase price

+ mine development .

1 .0 500 2000 Presently being
expanded .

1 .8 640 2812 Presently being
expanded .

6 .0 1900 3157

(1)3 .0 5000 Cost of plant .
5 .0(2) 600 8300 Start upJune 1984 .

4 .0 750 5300

4 .0 700 5714

(3)9 .0 1000 9000 Throughput increasing .
14 .0(4) 14000 "

40 .0(5) 2500 16000 Press Report

10 .5(1) 600 17500 Start up June 1984 .

47 .0(6) 1300 36000 Isolated open cut con-
ventional plant .

27 .6 600 46000 Incl . purchase price
+ mine development .

190 .0(1) 3000 63300 Press report includes

N .A .

underground develop-
ment .

Start up Dec . 1983 .

(1) Estimated treatment plant and service costs only .

(2) Includes exploration and acquisition costs .

(3) Based on purchase price of Zamu 45% interest by Nolex .

(4) Based on Nolex offer of $5 .2M for AMI's 35 .6% interest .

(5) Paddington's final feasibility being prepared prepared by Davey McKee
will be ready in December 1983. •

(6) Start up capital cost in 1977 was $27M .

(7) Estimate

It must be noted that the Kambalda and Lancefield CIP plants were built
alongside existing nickel concentrators ; hence their capital costs were
considerably below the cost of new independent plant constructed away from
services .



TABLE 3

' CAPITAL COST/OZ OF RECOVERABLE GOLD IN RESERVES

Plant Reserves Capital Cost Comment
oz of Au $/oz

Kambalda 780,000 7 .7

Reedyts 500,000 6 Plant cost. only
10 Total cost

Metana 208,000 14 .4

Porphyry 432,000 24

Telfer* 1,064,000 25 .4

Paringa 735,000 ' 37

Lancefield 92,000 43 Plant only

Horseshoe 190,000 47 Jan . 1983 Purchase
73 Oct . 1983 Purchase

Paddington 830,000 48

Big Bell 2,800,000 68

N . Kalgurli 35,500 113

Meekatharra 328,000 ? Plant expansion .

f

*Reserves 7 capital $27M at start up . Capital cost 1983 A$ and using

present day ore reserves .
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BAR RESOURCES LIMITED ( BSL-V)

NO.127(1984)
JULY 2, 1984

INCUMBENT DIRECTORS CONFIRMED - DIRECTORS OPTIONS - The proxies at the Bar Resources Limited meeting on June 28,1984
CONFIRMED - MERGER TO BE FURTHER STUDIED were finally counted in the early evening. After a number of

disputed ballots were disallowed it was determined that incumbent
directors were reelected by a substantial margin : W. Clarke Campbell , Steven Kent, Evan A . Koblanski , D.W .J. Specht and
Robert A . White. The meeting approved options to directors and employees covering 245,000 shares at $1 .25 each
exerciseable until 28Sep88 .

Mr . Specht stated that the acquisition of Eros Resources Inc . by Bar has been suspended pending a further
evaluation of the properties of Eros which will be submitted to a further shareholders meeting prior to completion
(See GCNL 126(84), Page One, 29Jun84 for some detail)

PEGASUS GOLD LTD . (PGU-V,T) KONTORO GOLD INC . (NNT-V)
MINE PROGRESS REVIEWED - Ore reserves at the Zortman/Landusky heap leach mines of Pegasus Gold Ltd . located in
AMALGAMATION PROPOSAL MAILED the Little Rocky Mountains of Montana have recently been recalculated as 28 ,000,000 tons

grading 0.021 oz.gold per ton and 0.25 oz .silver per ton using a 0 .006 oz .gold/t cut-off 1
grade . The reserves include only oxide ore . Research is underway on gold recovery from the sulphide ores on the
properties. This work has indicated that total recovery is about 10% less from the sulphide ore than from the oxide
ore . As a result it is suggested that a higher cut-off grade will have to be used in calculating sulphide ore
reserves . Research work is continuing .

For 1985 operations, construction has started on two pads , each to have capacity of 6,000 ,000 tons . It is hoped
that some ore will be dumped on these pads before the end of the 1984 season .

To 26Jun84, there have been a total of 3,345,000 tons of ore grading 0.023 oz.gold/t, 0 .126 oz.silver/t with a
stripping ratio of 0 .45 waste to each ton of ore added to the heap leach. Gold recovery to date has been 28,000 oz .,
some 3 ,000 oz . ahead of this date last year, plus 60,057 oz .silver, the same as last year. Costs are $250 per oz. of
recovered gold, about $3 .00 per ounce less than in 1983 .

The meeting was told that the 25May84 proposed amalgamation of Pegasus and Montoro is proceeding with the formal
offer being mailed 29Jun84 . The amalgamated company will be named New Pegasus and the share exchange , one for one for
Pegasus and one share of New Pegasus for each 2 2/3 shares of Montoro .

Montoro holds the Beal property near Butte, Montana which is expected to have a final feasibility report by the
end of 1984 . Montoro also holds 50% of the Florida Canyon property, Pershing county , Nevada which has reserves of
20,000,000 tons grading 0 .022 oz .gold/t, plus a new zone with higher grade .

SULPETRO LIMITED ( SUL-T,Alberta)

6 MONTHS ENDED 30 APRIL 1984 1983 In presenting comparative results for their fiscal year's
Gross Revenue $111,300,000 $106,400,000 first half ended 30Apr84 , management of Sulpetro Limited
Oil/Gas Sales, Net 69,700,000 68,000,000 attribute the higher revenues mainly to increased North Sea net
Cash Flow 10,600,000 11,900,000 oil sales . Management expect the loss for the full fiscal year
Net Loss $ 19,000,000 $ 13,500,000 will not exceed that reported in 1983, even though reduced
Loss Per Share $1 .26 90 capitalization of interest and increased amortization of foreign

A nn A1 $450000--------------------------------------------------- exchange resu te ni additional expense in the
first half of fiscal 1984 .

Cash flow in the first fiscal half declined due to a decrease in recoveries of current taxes. Additional funds in
the amount of $29,300,000 were generated from property sales and were used mainly for Canadian exploration and
development projects with potential for early cash flow . Capital expenditures were $29,000 ,000, up from $24,400,000 in
the first half of the previous fiscal year . Long-term debt was reduced by $21,300, 000 during the first half of fiscal



Exploration Department
Frederick T. Graybeal
Chief Geologist

January 12, 1984

Mr . David F . Skidmore
Assistant to General Manager
Southwestern Mining Department
P . O. Box 5747
Tucson, Arizona 85703

Wiluna Project, W . A .

Dear Mr . Skidmore :

The following comments cover certain aspects of the
mineralization at Wiluna which might be of importance during
your evaluation. The mineralization that we have drilled
adjacent to both the East Lode and West Lode pits is-underlain
by stopes along the vein structures . We have a fair amount
of information on the location and size of these stopes,
but as the mine was a major underground producer (9,000,000
tons), some of these stopes may be large and a troublesome
factor during open pit mining.

The majority of the mineralization is linear, following
shear zones, and some of the ore zones may be 10-30' wide .
They are often of high grade, but because of their narrow
width, they may suffer significant dilution during open pit
mining which must be recognized during your reserve -calculations .

Some of the ore grade gold intersections are of relatively
uniform grade . Others show significant grade variations
with local zones in excess of 0 .5 oz .Au, surrounded by lower
grade envelopes . The vein structures which contain the higher
grade central zones now appear to contribute a significant
portion of the total grade of the deposit and I am inclined
to worry that in a heap leach operation that the smaller
volumes of higher grade rock might not be washed as consistently
and thoroughly as the low grade rock and significantly reduced
recoveries over those indicated by recent column leach work
might result . Therefore, although a great deal of talk and
metallurgical work has centered around the possibilities
of a heap leach operation at Wiluna, we (I) have in no way
ruled out the possibility of a CIP or agitation leach flow
sheet .

JAN 17 1984

EXPLORATION DEPARIMER
ASARCO Incorporated 120 Broadway New York, N .Y. 10271 (212) 669-1000

Telex: ITT 420585 RCA 232378 WUI 62522 Cables : MINEDEPART Telegrams: WU 1-25991
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Some of the mineralization, and we don't know how much,
contains relatively abundant sulphate and chloride minerals .
These minerals appear to be water soluble, but I understand
that soluble salts in solution might interfere with carbon
recovery of gold and, therefore, the distribution of sulphate
and chloride in the ore may be of significance . I don't
think we would want to reject this material to waste, because
the sulphate or chloride minerals contain a certain amount
of water-soluble gold .. Dr . El Tawil at Central Research
is currently studying the mineralogy of these soluble salts .
You may want to discuss with Mr . Crowell the extent which
we should run water soluble salt assays of composite drill
samples .

Mr . Williamson can provide information on the distribution
of ground water which would be available for a mining operation
-in the Wiluna region. My understanding is that both fresh
and saline aquifers are present. I have also been told that
Western Alluvials permit for their tailings-.operation is
quite specific for that operation and could not be transferred
to another operation without revising the terms with the
W . A . .government .

I haven't discussed any aspects of the geology at Wiluna
which you can obtain from . Mr . Williamson and El-Raghy . The
only recent finding which differs in a minor way from infor-
mation you obtained in Denver and which is currently in the
files that I will be sending you, is that the oxide-sulfide
boundary is locally shallower (100-125' rather than 140-
150') .than we had originally thought . It is likely that
it may also be locally deeper than we originally thought .

Background information on the project is contained in
the information package which accompanies this letter . Please
return all of this information to the New York office with
the exception of the environmental studies which relate to r
the Lake Way uranium deposit . I think that it would be useful
to circulate this information, which is almost entirely geological
in nature, to both Mr . Kurtz and Mr . Anzalone, so that they
could provide additional comments before you leave for Perth .
In addition to this information, we have several feet of
file data which is also available in Perth, and which might
better be reviewed there . Mr . Crowell has a column leach-
test report by Mr . Apland, which you will also find useful .
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Our plans for 1984 involve drilling the entire East and
West lode structures along east-west sections 50 meters apart
with drill hole spacing along each section of roughly 30
meters . Any ore grade intersections on a particular section
will be followed up by drilling interspaced drill holes at
a 15 meter spacing and by drilling the intervening sections
(25 meters spacing) . This work will be starting sometime
in March . In addition, we have some drill core which was
obtained for metallurgical purposes which will be sent to
Mr. Crowell early in February for further column leach testing .
Included in our 1984 budget for Wiluna is a $250,000
expenditure for a pilot heap leach test which might begin
around September . Plans for this test might be deferred
if alternate metallurgical flow sheets look more attractive,
but in any case, we must spend a minimum of $2,040,000 prior
to August 31, 1985 to vest with a 51% interest in the property .
Failure to reach that expenditure level would result in loss
of the property. Following your review of the accompanying
data, you might discuss with Mr . Williamson*-the type of
information required to begin reserve studies and the form
in which you would like that information presented .

Very truly yours,

F. T. Graybeal

encl .

cc: R . J . Kupsch
W . L . Kurtz
S . A . Anzalone
D . R . Crowell
R . . A . Raihl
H . C . Williamson



AGARCO, Mineral Beneficiation Department

xc : WLKurtz, 9/28/83 ab

L ' - ~-1A-V

Mr . R . J . Kupsch, Vice President
Mining Department - New York Office

Dear Mr . Kupsch :

August 10, 1983

Enclosed are individual reports on the Nevada precious
metal operations which we recently toured . These are
written by Mr . Raihl and myself . We have on file here
a large number of photographs of these operations taken
by Mr . Skidmore and myself which you might want to review
on your next trip to Tucson or we could send. the photo
album to New York if you prefer .

I feel that the entire group obtained a considerable
amount of information on the tour some of which has
already been useful during the planning of the Rochester
heap leach test work .

D . E, owell

DEC/ab
Attachments

cc : TEScartaccini
DEHolt
MEl Tawil
File/DF G6b

R.J. C.

SEP 2 11983

A.R.R.

SEP 20 1983

TUCSON

MEP 9 1983



Nevada Heap Leach Operations

General comments will be made concerning the heap leach
operations that were visited in Nevada .

One item of note is that the extremely rough cost estimate
made for the Florida Canyon Project early in 1981 was
not too much different than the capital costs of the
present operating plants . The Florida Canyon estimate .
not including mining equipment or premine costs was as
follows :

2000 TPD Plant $10,300,000 $5000/ton day
8000 TPD Plant $25,900,000 $3250/ton day

The total cost at Candelaria was 40 million for a 50 -
60,000 TPW plant (7,000 - 8,600 TPD) . Probably 10 million
of this cost was for mine equipment and premine development .
Alligator Ridge cost about 25 million not including the
mine equipment for a 2500 .TPD plant .

After the recent visit of the Nevada operations, many of
the design aspects used for the Florida Canyon study
would be changed . However with these changes, especially
with the leach pad sealing system, the overall costs
would not be greatly modified .

Dump Leach Solution Distribution

The operations have fairly well standardized on "Wobbler"
sprayheads obtained from Conley Company, Salt Lake City .
Sprayheads are manufactured by Senninger Irrigation,
Inc ., Orlando, Florida . These heads are on approximately
40 ft . centers, and flow to each head is controlled at 8
gpm with a Dole flow control . Solution flow rate is
therefore 0 .006 gpm per square foot .

"Yellow Mite" plastic pipe has become standard for
distributing solutions . It is assumed that this is a
HDPE pipe .

Ditch ant-'_ Pond Liners

HDPF sheeting with matting is becoming standard . This
type of lining is much better than Hypalon .

Leach Pad Seal

The leach pad seal for most of the Nevada operations
consists of 18 inches of compacted clay and silt obtained
from local dry lake beds . This seal though satisfactory
in Nevada may not be satisfactory in other states .

Some but not all operations place a 12 inch layer of minus
2 inch plus 3/4 inch gravel over the clay layer to help
with drainage .
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Also some operations place a perforated piping system
on about 15 ft . centers between the clay and the gravel
to help with solution drainage . The gravel and the
perforated pipe help reduce the hydrostatic head on
the clay seal .

Height of Leach Dumps

More and more operations are going to multiple lifts
on the leach dumps with projected ultimate heights of
60 ft . Good possibility that higher dumps will be
planned in the future .

Building of Individual Lifts on Dumps

There is no standard method of building ore lifts as
there appeared to be several years ago . Height of
lifts has been lessened from 20 to 25 ft . to 8 to 15
ft . in general . Apparently methods of building lifts
presently is dependent on how finely crushed, fines
content, mode of operation, etc . Lift building is
undergoing a considerable amount of experimentation .

Leach Pad Slopes

The leach pads we saw are being built on alluvial fans
and utilize a slope in two directions of between 3-1/2
and 5 percent . The area is cleared of all organic
material and then the slopes are evened out with high
spots cut off and low spots filled in . I would assume
that the fill is compacted . After this ground pre-
paration the clay seal is placed . It must be remembered
that once the clay seal is placed, it must be kept
continually moist .

Agglomeration

All the heap leach operations visited that crushed in
two or more stages agglomerated the ore with cyanide
solution, and the pH regulator was normally NaOH . Only
the Borealis operation used cement in their agglomeration
procedure and only Alligator Ridge used. lime . The
reason for their use of lime is probably due to the
large amounts required, between 5 and 15 lbs . per ton .

Agqloineration methods varied from using a drum
agglomeration at Alligator Ridge to using several
belt conveyor transfers to just dumping the moistened
ore cnto a stockpile .

Winter Operation

Several operations installed submersed burner boilers
to heat the solutions going to the leach dumps so that
winter operation was possible . Comments concerning
this are as follows :
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1 . Submersed burner boilers, though thermally
efficient, destroy all the cyanide and
acidify the solution . For this application
standard indirect fired boilers are best .

2 . It may only work during mild winters because
the leach solutions freeze in the dumps and
not in the pipe lines .

3 . One Nevada operator stated that winter
operation was not economically justifiable .

Laboratory and Pilot Plant Testing

There is not much concensus of opinion concerning column
leach testing of ore . Most agreed ; however, that actual
optimum leach time in a dump was considerably longer
than the optimum time as determined in leach columns .
Tests columns varied from the size of a 5 gallon can to
columns 4 to 5 ft . in diameter by 12 to 15 ft . high . In
general columns were 8 to 10 inches in diameter by 4 to
6 ft . high . Some of the literature talks of modeling
the leach column test results to determine what an actual
dump will do ; however, no detailed information is avail-
able . The procedure at some plants for column leach
tests is to run only fresh solution over the ore instead
of circulating solution. `

Most of the heap leach operations have conducted--a small
heap pilot plant . Most of these test heaps have been
10,000 tons but some have been as little as 5,000 tons .
Consensus of opinion is that if a pilot program is con-
ducted using a test heap, the heap should contain a
minimum of 1.0,000 tons . if the test heap is to be 15
ft . high, the minimum pad dimensions should be 150 ft .
by 150 ft .
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STERLING MINE - BEATTY, NEVADA

Heap Leach - 6 inch ore
Open Pit, future underground
5000 tons per month
Feed Grade - 0 .25 opt gold
Recovery - unknown
Carbon Absorption
Capital Costs - unknown

BOREALIS PROPERTY

1500 TPD, 450,000 TPY
Feed Grade - 0 .15 opt Au, 0 .4 opt Ag
Recovery - 75-80% Au, 15-30% Ag
Merrill Crowe
Capital Costs - unknown

Heao Leach - 80% minus 1 inch
Open Pit

CANDELARIA

Heap Leach - minus 1-1/2 inch
Onen Pit
10,000 TPD, 50-60,000 TPW
Feed Grade - + 3 .0 opt Ag
Recovery - less than 50%
Merrill Crowe
Capital Costs - 40 million total incl .

PINSON MINING COMPANY

mining equipment

Heap Leach - Mine Run
Open Pit
2500 TPD L
Feed Grade - 0 .01-0 .04 opt Au, estimated avg . 0 .025 opt
Recovery - unknown
Carbon Absorption
Capital Costs - unknown

Note : Heap leach is in addition to existing fine grind
agitation leach that .has an ore cut off grade of
0 .04 opt Au .

ALLIGATOR RIDGE

Capital Costs - 24 million, not incl . mine equipment

Heap Leach - minus 3/4 inch
Open Pit
2500 TPD, 750,000 TPY
Feed Grade - 0 .1 opt, NaCN soluable gold.
Recovery - 65-70% to date
Carbon Absorption



Silver Peak Mine - Sunshine Mining Company

The Silver Peak or 16 to 1 overation of the Sunshine
Mining Company was visited in the p .m . of June 8th,
1983 . Mr . Allen Young gave us a tour of the milling
operation .

The operation is fine grind silver leach plant . Ore
reserves contain 6 to 7 opt silver and 0 .04 opt gold .
Leach recoveries (metal in feed and dore bars) is
about 88 percent for the silver and about 95 percent
for the gold . Reserves are 1 .2 million tons .

The plant was designed by Industrial Engineers, Salt
Lake City . Surface plant including crusher, mill,
office, shop, warehouse, changehouse, tailing dam
and water supply cost about $11 .0 million . Construc-
tion period was about'10 months and went into operation
in 1982 . Total plant cost including premine develop-
ment and some employee housing facilities was about
$24 .0 million .

Desired mill capacity was 450 TPD so was designed for
550 TPD . With minor modifications the plant is pre-
sently operating at about 625 TPD and may be c-apable-
of close to 750 TPD . They are planning to treat up
to 100 TPD of custom ore . Presently are negotiaE-ing
with Eagle Pitcher on some gold ore from California .
Mill operates 24 hours per day, 7 days per week . °•

Mine - Underground basically single vein up to 22 ft .
wide . The underground ore is hoisted and passes over
a grizzly about 22 x 22 inches . Oversize is broken
with a rock breaker . The ore is then hauled with
25 - 30 ton trucks approximately 3 miles to the
crushing plant . The ore is dumped into an + 50 ton
ore hopper and is fed with a Nico hydrostroke feeder
to a 30 x 42 inch Kue Ken jaw crusher . Ore is
crushed in closed circuit to about minus 1/2 inch
with a 4-1/4 ft . Nordberg cone crusher . The screen
is an AC horizontal which is located over the fine
ore bin .

The ore is ground to 80 percent minus 200 mesh in a
single stage 10 x 14 ft ., 800 hp ball mill . The ball
mill has a trommel on the discharge and the oversize
.s fed back into the feed end using conveyors . The
cyclone overflow is screened to remove any tramp .
Preliminary work index was determined to be about
19 .0 but ore is considerably softer than initially
thought . This is the reason for the above design
capacity . Ball consumption is 3 .4 lb/ton .
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The cyclone overflow is thickened and then leached in
5 agitators in series . Approximately 80 scfm of air
is blown into each 26 x 28 ft . agitator . The pulp is
washed with a four stage CCD circuit . Approximately
0 .36 lb/ton of flocculant is used . Cyanide concentration
in the lst leach tank is 16 lb/ton and consumption is
about 7 .5 lb/ton . The pH is controlled at about 11 .2
with approximately 2 .4 lb/ton of lime .

Silver and gold is recovered using the standard Merrill
Crowe process . Cartridge filters were initially used
to polish the pregnant solution but they were not
satisfactory . This part of the circuit had to be
changed to U .S . leaf filters . Perrin plate and frame
filters recover the precipitate . A precipitate acid
leach circuit was installed but its not being used .
Precipitate is smelted .

The total employment at the operation is 85 men, 70
hourly and 15 staff . There are a total of 20 hourly
men in the mill for a 7 day per week operation .

The plant was designed by Industrial Design Corporation
in Salt Lake City which did a relatively good job .
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Sterling Mine - Saga Exploration

The Sterling Mine was visited on the morning of June 8 .
The trip was set up by Greg Austin of Saga Exploration .
The metallurgical end' of the operation. was designed by
D . W . Kaopes of Miller-Kappes, a Sparks, Nevada consult-

group . A very detailed paper on the Sterling
Property by Messrs . Austin, Kappes, and Parrish is
attached so I will only give some very general comments
here .

1 . The capacity of the plant was given as 5,000
tons per month but this varies greatly and can be as
high as 10,000 tpm . Since the ore heaps are left in
place there is no particular timed cycle or schedule
that must be met . Heaps continue to be leached until
they are judged uneconomical .

2 . The ore grade was given as .25 opt Au with a
30 :1 Au :Ag ratio . Ore from the mine is passed over a
stationary 4-inch grizzly and only grizzly undersize
goes to the leach pads . The plus 4-inch material_is
stockpiled and they plan to crush this material and
leach it someday .

3 . Recovery was given as 80% or better in about
90 days of leaching . This is a very high figure` for
minus 4-inch ore but then the .25 opt heads are far
higher than other heap leach operations. '

4 . The pads are constructed of 30 mil pvc laid
over a thin gravel sub-base with the pvc then covered
with 6 inches of sand and 12 inches of minus 3/4 inch
gravel . 4-inch diameter perforated pvc pipe is laid
in the gravel on 10 foot centers . The side and bottom
berms of the pads are very simply constructed by rolling
the pvc liner uo over a row of empty cyanide drums laid
end to end . Sunlight will eventually destroy the ex-
posed pvc but probably not until the leaching process
is well completed . Solution ponds are constructed of
hyoalon for sunlight resistance .

5 . Low grade pregnant solution from older heaps
is recycled to newly placed heaps in order to build
higher grade solutions for the gold recovery circuit .
Sterling is the only operation that does this to my
knowledge . It is normally not considered good practice
to return a pregnant solution to a heap leach but this
may be feasible at Sterling with their very amenable
ore . Also Sterling has a very small carbon absorption
plant and solution recycle would be one way of increas-
ing their gold recovery capacity .
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6 . Mr . Austin commented that even with the "ideal"
Sterling ore, the most important single factor in the
operation was careful control during heap construction
to avoid segregation . Heaps are constructed in three
5-foot lifts with trucks-dumping on top of the lift and
bulldozers pushing the ore over the leading edge of the
lift . After a lift is completed, it is ripped before
the next lift is started .
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In Introduction

e S :_riirc mi^_ is cai _re
many s,-,aii _ap •c_ .: ., .,c_ ._ :ices acti,e in
'1evaca . "-e ore is :cm::-__c_ 7.4c n-sized'

1d :art'._ _s -r_renIy c ; _c __, 41 naceO in ircn-
s :ainao sec .,me^__r, rocks ove ,ring a ca or
_nrusz plate . T :-.e gold is, . ., . :• ecf fro.., a
neec leacr.ec by a canoe solution onic, is
tchen pass_ :hrc acoi ._ :eo carton . The
car•on is later s_riocea cy a caustic mecium .
The Sterlir. Mine merits stucy as its nistory
it usoracesJ .hat _mall _cnnece, moderate
grade unceryrcunc mines can to . roritaDiy
wor<ed .

S itu st on -lo ur=_ I, ere Sterling
m . . . is Ivy ced . . . n resoe n ive _cur'

.

. _cre IC

'h.'si cra--n. ;c9 .1J` ._ one e .5 . . r an :C
of Bare . .

: J

._; In _3 _-r ___ . = ._= no
_n_ 1evaca Test IC_CCrs :ny of _ . ._
mcuntsin is lion of as . . . ..c ., as

1 JY. r bier : . va : .- s
ie_ hc arc is -he c r2 code!

1s ait.~ln ne .mountain, -Icwi _ access via

main

The Ci~ a-e lIS and 3^c summer terceracures
eXc6_ . .

i stor,,

teat y as oe=n an active miring area
s i .•c_ _hc = rn c- _ . . century . yost prcc on
.has come - Cm the oist .ic: west or
czatoy .' . . 5 eo : rs o' one _oroec tne
3are Yo un_ :Iin area anc _ne sc-cal led . _, ._-ma
sna' ~n _cc S`_ . • ire pr,-_• :sates from t;
:IU-jBSC ce ico . ?roo'JC".'.cn~ ._re -was . neal .-

Cible. Score ore oas found in siliceous
fillings o' lives-one cav=erns an .c in rrcw
G a r t z veins ion _ .,icmite . Solo has also been
re-or-en from ;tn_r mires on Sare ,-!ounocin,
such as on, e Gold ace and the Teilurice .

C` more econcnic i :ncer_ance was the
fluerscar ;;rod .,,_icn from the 3amonc Queen,
or Gelds ;ar pi*_ __ cent to _ . . .. Ster iirtc mine .
Xost of re orcduction ne _ occurred cecween
i9 .̀ : and 1907 .

In earl/ 197 :, ,, .,ran '., _•mcrc anc -__er
Car :e.c r ;ics i ordi ._ . 3n

Cxolcr ion' s_ .e he S_irlicg claims to
c0Ver _ne an_ma Snaft a ..̂3 _ I . . . _ lark,. cx-
._ ..1irC it north _c ;e Go,oscar cup .

initial . . ar ~cneriis*_ ^ey
12? rolac r'_ . .,ere7 I tnrou some o

The
CIa1 .ms Wore _ .,. .c7 ``• ere of o . . es"lt

nor ;, • _ ~LiI, r,I ,, S .; GA EYpior ons .
:s_in _r i le^_ -ore roles ___aciis ,'rq an

__ :i _ . ._ ore arc ,.e o.ve a snort . . . , _ to
e, 73

S-re. rv, ?!i . .ene Scot . , .cc .
:nc . c`

n c rrcvi-_
Fork ..^c7 _ ono .c_nn1C31Jassis-.a ,._ via one
= ._ri i .3 . .'r.Es Dial 'le"our_ 'cr eve :~ tee .^.
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of the possible ore zone .
The ac i t was . _ . iii ated and .nde our•'

adv nce _ -=can in ncril of 1950 . Ore was
stacked o n a ai ;oc -,ac _r.d __can on
July .3C. The `irs : goic as recoverec
in or i350. ne ..:I or
1951, .aycack of all cso _al =_xcerses was
achieved. Drilling r.as ext>_nc_ : the ore
zone so that several years of adci ;ional

ant:ci atec .Yrocuction and prorits are
,he success or the _rl ing Joint Venture
, in part, due to the division or resoonsi-

bilities amongst qualified proiessicnais .
the mining nd every day oo°_ration of the

Sterling is the res :Cnsioiiity of SAGA

cxolorsticrs or •~innemuc„ Nevaca . They

maintain a work crew -of coo-at 3G unoar

the cirec_ion of Jim Scsley, .in1 '•ta^3cer .

The ger'ioC% and eKciora*_;cn is `y
. -'%, , . one " =oo- r:c . _r So ; ten,

Colorado . .. .•'.a hay one full-time e is ist
at one site and crovices eadi ionai __o, .,-
gi_tS on an as °A_e_ as is . '3 _iso

pr4'J ides one range en;-.r__• ing uncut . :'Mi i ler-

'.•.acces . . . .. . or . ._no, Nevada _=s-_ ed and

carries_ resocnsibi :Ity -or :lie recovery

system . n r°_orese^ 2!:i.ve spends a out one
•Nee :K n north or, =he Foocr:y and is on call
at 311 _ .-_5. Crac;ons, :rc . of
,anccuve in s_~ --cn to orovicinc :ne bulk
of the lanes overall direction
to the Join= Venture.

Geoloc

;General
,

Bare Y.cuntain is underlain, by sedimentary
rocks that range in c-i _ate ?recocorian
to Upper Mississ i fan . ?aia0001C ano later
Cretaceous deformations nave 7cided -and
faulted -he se_uer _ so that s:ra - ;nic
correlation is difficult . in addition
Tertiary volcanic activity and associated
faulting _-id sucsiaence complicate ne geology .

The Bare Mountain area lies wit . the
Walker "lane" or lineament wnicn is C0 miles
(43 kin) wide and strikes northwest across
estern Nevada ( ; igture 2) .
The ceolcay of the area is test escribed

by Cornwall and <leinhampi (1,961) on the 15
minute Bare Mountain Quacrangle mao and in
the Nevada Bureau of Mines S Geology Bulletin
No . 77, on Geology and Mineral Deocsits of
Southern `I e County (Cornwall, 1972) .

Local

The roc'< s in the area of the Sterling mine
are a s'_.ues of iiCn : colorco (oral, _3n,
orange) dolomites, sllcatones and+ uar'_- rtes .
one ors occurs incically in red sii .stones
of the .,coo Canon formation o' iO C' Cambrian

Overlying Cray colomite of _cc Bonanza

C :nc i,r:"at .on . Earlier acs iroIca :_ One

Ost un t _o be *_^e .,_-..nni°_ o rma .*on, ,n cwevar,
_,•_ most recent scuc ;es iCornwsil i372) anew
the unit as ', .ooc Cllr ; on . . .

It srcuid :e rote= __ very small, but
polo c ;,ncan_ . _ ; cn s are .,.,, . .,, in

tne Bonanza K nc d eform : _, nd also _nat narrow

colomit,.._ ~ ecs are:;resent in the ~c :C Canon
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to rmation . Also, aithoucn ore is preocminant1y
found in red siitstcnes, __old nas been mined
from _an, a i, green coo even :in i e silts =ones
The ore lies above the concocts taic••oess
o ; uc to _" fact (13 .5 ,m) . Locally, gold
mi- li7at on extends 5 - . :c7 a5 I0 r"CCt
( 1J below _he con__--: into toe CC10^Ii=c of
the foocs~al i . In ,-,Any instances a maze ,ve
CUc. Zl °_ tea is present .z meter r so active
the ore .

The Word Canyon/3ona^.__ King contact is
thouco tG te a thrust c ntac c use of the
straticr-_Chic relation of .he younC . So^,g a
King unit cene_r , toe oicer Wccd Canyon . The
thrust relation is not at all certain as toe
stratiCrac~IiC correlation is tenuous arc
alt :",, .;yn in so...- :~1aces = . ._ c0n0a__ ltse„
acpeers s^'_'_rc_ _nc Dro.ao, in otters it is
normal ant, ur,ci star e' .

In _. e v . ,ni=v of the . . .^e toe .cc--s 2r e
.o _ ._ into a s•.^ciine . iris '3i_ can -
trao2c in toe mine arc 7r-r, _ ., : noie
daze . . .as a nor . .,_ . . . .^,d _ ., plun__s

: .re SOU-n .

Or= Se^1^_v

n :znou- _ cc ._ .ai ore __c<ecs . . .. .,e aces
lccac__ only two hale 2-en ~ ono, the
ma ; n acne, has teen toe r_cus o f. __oivi
tie `_ ccnz near -sur"_C°_ _ . . . 1cr m -.c, has only
recci :ea cursory a_Cancion uO :_ =h i5 C'me .

Toe ::air, cone is a sn„_s_rinc ccc_, (Fic_ure 3)
that re __s croci _„ ;___ ., . ., .a) to 150 a__
(2m) in 'iiota, Jo t_o 33 set in) in= -
he'.~^- a^ .-i iS :<r ,,n to ix-2-1c at least Z 300

in le^ -,, . :n lonc4tuainai
sec : cn, _. _ _-one pi s ;shay (10G) . . _ .he
scu : ., . _ ., .t calls arc ci es so .,sac the
develoo.mieot __cl ne is ._ - in daces and
locally risesz in cross section :he ore ccdy
is , v , iy cony _ . . keel _ c ed ..Cln; thickest.7 a
rear or -_ _s mic_le art . - . nn. ioa to to to
sides (= :c_', -) . The ___ of toe+aocv is
gen-eraI iy fiat . iic:_ hcwa er = . .a : toe cross
sec_ : ;n in any _„_ area r'ay tie _aaular, tiltea
or nave aa•ruCt 'iaault_^i(?i

i e ace 0 7 . e ore rances ua to several
ounces ever f :ve `eel (1 .5 m), b ut averaces
0 .25 cc . .'u, t .:n . Sil•,cr content is neciicibie
wit .^w a coin :5ilier ratio o' about 30 :1 . There
is lit_l_ :r no :e .' lead or Zinc . A very
minor a :-.:c int Jt s=itn4 :e -1nc calen .3 hate been

r,d . T^_ 31 :_,cn mio_ra1s or volumetric
030se'_ . .C_ _ . _ :h°_ iris secondaries (h,'. . tic' .
1' . . ., . . .__ _ .e= . . clays ..n ; setae- : .
ryr+. :_ ;s _,s ., ; ._ . ._ is _„all amour _ and it
is as _ -ir ; __ is source o" . .,e
irc

.',n cresent ?s `lakes and par_Icles
in S,_ 7 :Ur,d ',411 .'1 rema_ : __ and

art as `e--n dcne cn old
- tote -'a '.n one occur . etces

C=a• --' :n

=rs, 1 s .:rv,eyc .
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5 laborers, 2 samplers, 2 shift bosses and
__hani cs_
the sur-aca piano, exciudira the recovery

plant wnicn w ill doe discusse^_ In detail latsr
on, consists of an office trailer, an assay
~,- i 1 er, rearencuse and :machine sncc era i 1 ers ,
a Deut: SC VIA ~_ene, ato and a 500 '71 CGm-
pressor. Ro p ing stack, exol,dinc p c ups,
includes a 22 ton dumb truck, a 7,230 -allQn
(27,250 liter) was talker, t o as yd (3 m')
front-end loaders (a Cat and a Terex), a
Case 1 1/8 crawler loader and a small 2 foot
(2 .4 m) Basic grader .

Water is a major concern . The Sterlina at
present guys its water `ram the town : .y .
tin averace of 9,000 caI l d~dl ( 34,065 liters/-0c.

. day) in - '.4 in= .. . and i ,000 =al/day X56,775
__rs%G?yj in he su.her 15 ,. . 1C`.2 .̂ the

mine sire . About 2J' is stores in a tank
e ':icrx ; es for use and zrc ;rr and

tie -eraircer is . :sec at ..e oovery _=no.
The mine is 'eror'<2^_ on a 2-snict -asis .

, j^ ercrrunc o., ., . . . incly-es 2. Sec_ma
h'. au iic dri 1'l AT=_ 12 2Sima c
.. ~,_ac tru='.<s (~,io 01'CS end one 35 .), .neu- -
matic _riils, etc The Seoc-1 ., :s an entire y
,'1vcrau iC un : . rI :7:dC units . ._ . _ Coosen
because 07 treir parts standard :a 7z-,.,;n (ln a -
c:rznceabi _ ene'nes, transmiss tins and rive-
trains). SPiit-se: rocs Jolts ins:alica on
Scot (1 .2 m) canters nave arov2n to be

most suit .. . . i _ 701' round sJCGor : escec al i f
wren eucmen-,=_d ty wire screening . The rock

instal ie0 using i„-

:on is prc'iloed ^,ro!1cn _'NG vent raises .
Trio fans, one 5 toot (1 .3 .x) d is :me__r : ' nP
and one _ inch ( .9 m) diameter 50 np, have
been installed .

The general iinlnc iie=ocd has b`=-en moaifieo

rooms and-Pillar with an occasionalso inkace
5 oat Toe mine was deve oced via . ., foot
(_ .4 m) x 10 foot (3 n) decline . This drive
was positioned so as to lie in the lo'.ver
central part of the ore tocy . As -'rill cat-
was sparse the drive has not always been
ideally located, nonetheless, it is essentially
a central root rail drip; . From this '4r? ft
crosscuts were driven to the e^ces of the
ore body at approximately 75 foot (23 m)
it ervals . The crosscuts leave the main
drift at nearly right. ancles and were ariven
so as to keep the foot'wsll ore contact in the
lowest par : of the face .

Direction and control of :he Readings was
suopiied by visual and samoie -'at-'., by cre-
vious cri i pole data and in some cases, by
iecanoie in .ormaticn . Samples were _a :en of
ever, face . Vertical rib samoles were also

of -oz'-I ''421s at 5 font (i . . '1) inter-
v31s .

The som :le_ were -oaiv_ed on site _ : a
cc:loan, C'•,ned and operate.' atomic atsorr : on
unit .

_ ore Zone alunc's s;__,'-,"." a
point ml :•n3f elcn,' ICs 12^y_, . At tolspcoin :
ne central Crlf_ Was ha,_ed ono east ark

wrest 7r-.- .e cr'. ;-s were : iv= . . __ n_ _ es
o ; toe _ tcc, T :Mesa crists _ rocecoe

1C; _5 cress oars" .t.J slam :, _- cc ?c_- . .
,e first soot- . a_-ver__ _ 1 : _r ace

sacs .cn DC:CC_O cr:ssc'.:s 3 arc .yes=
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(= cure 5 ) . A 25 no icy siusher a a s re uir_d
to cr ;nc_ tre ore down t3 ..,_ central ra'aiage
drift .

arc 11 east i n low grace ore :icurm 51" .
S ias :ninc rare has crown _r :._ the ,,all scc:<5 can
be :Uoc r ta o Jv rock 0.0 i _s and scr een i _ Sad
`hat _03 oo er e ore can t o retrieved on a
firs : Pass with ruober tired L10 cuicment .
FJrtn_r $to ir. c is 'Jr,cer'a .i •vitn .resent plans
calling for ma inc the western mince drift
the :main haulecce . i1ininc will croceco 7rem
soutn _ north and from east to Nest . Future
work will include o rivina S low the ore pillars
and eventual recovery or the pillars through
' ince . raises .

.ne broken and snea r-_d silts :cr.e ore drills
and urea<s Pas ; y : The Seccma trill can com-
pl=t_ l .5 ,runes o_r _cc ;at _ holes

ar inc . The bro<en ore s . . . an s err°_'? iffy

an ~ . ma _r•uc'k for r.au lac e =c 3 ..r-ac °_ Durin'=

__ .=ient ona Se ct_ o' cot tier. ~a
130' eons/ca v . T s .iii : m_ incraoseo to _=u
_ d . fin the s t .. inc onase .

?n surface :re ere is cru ,red :o 3' ( i .6 cm)
s ee n
crusher pr o - to ..ein_ _, . . .. red to =h e pats for

He _ec `-esi ;n

'al test wor k on 'ine-crus ..-ea ore

in ica :e_ of _ . _ 'pour me no r rc .o ,on
or c ;e.micai ^biems . Ore ore :;as compe==_nt
er Cn _r. _ :r ._ .rests could Je ori'en on by

cs . ,t _ndloacers •Nnii- mama constructed,
wi :n only ,ding, effects on solution flow .
Very soft unsi1ic4'i__ ore yieics 90 percent
re= ry in _ .o •nec.s o. ia0ora :cry le__cn
?s_ . wInii? _1_ CulK - the ore is .occerate-

y slI c_ _ .1d yields~,0-7~ ` .cent of its

Iire-asocya.i_ col . in 5la weeks - field

i eat^ ; .^., wren zrusreo 7 0 two inches (5 cm) .

To con; irm the lab test data, and to pro-
v'ce early reassurance _o one investors, a
ini-•cr ducticn neap o-. .,_ first 3,000 tons

of ore was st-c :ke^_ ten f___ (3 m) high in two
Iive foot (i .5 lifts, and leached using a
.--3rsrv cordon column recovery circuit .

Recover'.es from tnls heats verified lab tests
ant neat se has _r_cual i'J been increases to

. ._ .. . _sent 15 foot (4 .6 ,) to 17 root (l .5 m)

ice current prcc'jo:ion heaps are located on
a tar, -b three-'our- :~sout
{i ._ ..) t . •,i'1e __icN the mine . To prepare

c . . _rce, ve': cn s r°coa :_d and con-
_ . . _ . _ s- nt ..ei y .. . .,tin .: and miccr
iii ; . us . _ a b111 uo :=_r .. A thin layer of

s" 3C .. . . =over rougn areas of he
s .:ra.,a 3 30 PVC

ns .3my crc fine cr='.a .
,, ._red six incr_s (15 cm);a~s _ s

o .r .!_1 sc __ ,__ .3 3,' incr (2 c.m) Nnic :~

iJ iris .:re .. -,rain .12,
o aciutc r ce ror_teayoolyatnyi_n_

=_ s ins__ „ _ . carol) i :o cremate ;n „
cancers 'wit .in t^e grave cove`'

.is ;-. :e .s -.a .^uf_ : : .. r -_ in c U1 foot (61 in)

. .. ;is, ra i^g instillation /e'y s1mpie .

Heap Construction

The ore peaos are built on the cads in
mccuies o- aoo'jc 12,330 cons __='l, end are
,.̂ernanentiy lei : Cn ere p -ua . w w ._ --'~

cut ci . _co1y °galn$t miter necos so as to

,cc',er ore old neap s ceslo.ces . :v en tua11 Y
e leaching ar'_a w ill a-Dear t o be one

farce continuous neap .
The ore is stacked on the 15 foot (4 .5 m)

hign heaps in three five foot (1 . .71) :'lion

layers, to minimize se?reca :ion . A ramp of
waste rock is built 5eninc t*he he ;-;,D up -to
the neicr : of the layer to be constructed .
Trucks drive up onto the top of the layer
and dumo their l oads ana a bulldozer pushes
ere ate '.al ove r the leading ec;e of the

. ea When a layer

is tnorcu.g ;^1• fin .r and the_re_afte r no track

: ri-' ._ is aa o„_c 'J :.^_n it . Once r.e _nira
aver ;s corcie .ed, ieacning is be;-in

Lescn ?esicn
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Solut,ons are srrayec onto the heaps _n
:3 sixteen yours oer ray (curing _aisni ;:

_^ .'., e'/eni±.CS) at a race Jr 70 c . (-55
or aoprcxlmyto y 3 .003 gallons per

.m-.nute -per square --cot
Sec-muse o' one hign assay grace or

the ore arr . :.,_ no`, sunny cii maze,e care 45
taken to insure goon ssdesioae irr cation .
Solution is acoi ic'c us inc 'rkcaac 'aiogiers
with 3/16 inch (5 coo) 1 .D . tygcn cooing,
s ace on 9 root (2 .7 -n) centers . Sennineer
wccoier No . 8 strintlers, s•caced on 27 foot
(3 .2 .) centers, are now oeing .triad suc-
cessfully On the too surfaces, thouan Sagcad
wigclers will be maintained on :re sideslo .ces .
Acoiticn o, -00 ml per day or 3arocnem S-35
to re barren pond has almost el ccinated
scaling of the sorinkier heads .

The ',each solution contains u . : to 1 .0
grams sodium cyanide per liter . Sodium
hycraxida is available for OH control, but
t n e rock apcears naturally alkaline and it
is seldom added .

'Mater for the ooeration is hauled 23 piles
(37 xn) in a 7,200 gallon (27,250 liter)
tank truck from the town of Beatty . Evapora-
tion rate on hot summer days is 30 percent of
solution sprayed, or about 10,000 gallons
(37,330 liters) . An additional 5,300 gallons
(18,925 liters) per day is recuirea to
saturate new ore. The water is hicn in
fluorides ant chlorides . These are not

acting the leaching or ,a rtcn adsoroticn
behavior, but they are the apparent cause or
very nigh corrosion rates on ancoes within
the stripping al-nt .

Pre_nant solutions exiting a new 'neap run
60 me per liter (opts) gold or his er, end
remain _cave 3 per urine most c era tine
it t . ::es to reach 70 percent recovery . Each
of one iU, ..30 :.n ream moosles trains to a
s? : r3_e cOno and counter-urren ; iaac.nirg of
oiacr ."rests is oIdnned to begin in late ljq-l .
This will mire very nign ,__o erv 'while
maintaining low _`e , _-
caaery Plant .

Gold Recovery
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The gold recovery plant enccroasses severai
unicue features, including one following:

utfiow, ncn-`iuz_c columns
er .-a . . . . . residence •o ; to_ .._, bcn
columns -^rouc .out adscr . .on, decor,-ion,

and acid %,iashino
plastic (C='1C) pipe construction in one
cola stri^cina circuit
priming of all centr{ uga1 puns with a
Hoyno ccsitive discia_anent .:um :,

The complete plant is housed in a 10 foot
(12 .1 r) semi-trailer . Included within toe
trailer are `our 36 inca ( .3 ^}. diameter
suia=ao carton columns, a . power sucmiy and
electroivt ;c call, two orecnant solution rumps
(one nor .or-al „cer3tcrl, and a sec ' for
occasional fiuici :ation of one carton), a
totally enclosed ;c'.c -.,iasn system, and a sink
wito councc-• 0oo 'or name ; •ng he e ._c_ . _ tic
rz .2

trailer is a. 300 zallon`, .J 23-li- srj in-

suIa .a_ =nK 'or st/ _ s•oi .. .vcn stcras_,
hea :_- ai :n 21 .a s o ; ei___ ., r rs' •
neata . s . The cost of toe 5;5=_m :,as 5Z ,100 .00

between the cathode and _he anoda .
The call is run at ,gnu - 600 arms, and up

to 9 volts (with no ancte corres ;on . voltage
is 'usua I'v aoout 4) Current ef-ic en"
. one first several hours o' the strip is

. - 0 e Cent, and g^ln recovery per pass

, : /0 percent .
. . ass of the car . _. density, ;nocaR=car l

corrosion is severe . This is attriout_l to
builcup of chlorides and fluorides on the
carton rorn the field 'neap solutions, and
could possibly `'e aiieviat°d by a deionized
water 'gash prior o stripping, liiid _t-_l
ancces are unusable after one strip cycle .
toe 315 stainless anodes have to oe cleaned

each cycle and, replaced every rcur
c•/cies . A titanium anode is being tri_- .

lid : ing

_,•c ei__trolv .icThe -tie_ ca_ncdas 7r=
cell are imne_ia-_ely trans =_r,e_ to a
Oe^'/_r - :i tin nearto fur .,a .- . T e
iron is xe .. „r' us : soeiur ni- .ate .
The "'rocuc: of onis s'nole stage m ma : .. ,c. .. is

a Core but on assaying .=v fine or

-ac .n̂ f toe `ou r columns is 3 6 ir.ones ( .9 in)
in _me-e "r , 7 i/ 2 fe _ tii) n i^ ;t, and

contains 1 "'00 C) Oi 7 x . _ .Iear

Ca con .̀7ce ?r3 car t on . ice four columns are
arranc .d in two parallel sets of two columns
each . _,xoy to 2i : _/ cr': (276-365 iitcrsl^t)
fic'NS Uc' arc L rc n •rst cola :1 in the
s=- at the rat a per scu_ re foot
(3 3J liters/min per scuare m, ) . A s'e=ial
Fluidi<3i :cn . . ^o is 'Jsc o _o raise he ficw-
rare to 17 cm par scar=_ - cot (367 i :ters,',^
Per sc:uare once _• _r few days . In. r ;ow
Soiu .lons c : ."tcniv in excess of 20 pG1
cc)!,, ant -exi t .n_ sect ., . .c column to the barren
;onz -,IiZn levels of J .2 - 0 .3 ppm gold .

Gold Stripping

Once -;old levels in barren solution climb
coo-!a 0 .5 ocri a column set is taken off-line
by s'wi : .,n nr, Valves and ~ . _ alter . .t_ Set is

pieced on-line . Gold' is tnen str pad from
the carbon in '•e off-line set using riot
ai%ailne 31oonol soi'u icn ('3CC, 20 percent
et ..noi 1 perC-n . '42C',) aC a flowr_t_ of 3

gallons perYminut_ (3C liters/n) . Acciticn or

sod :_ . ., car.̂oni_a to t .`.'_ s'.r iD solution 3Crears

to :pert- sceec ;D _• ._ process and to s'cniTi-

csr.: zr.osion . IL is also i7. :;orrant

to Cai•:7iat_ecoitlons on the assum ..-

. .or : - . .a- will _ sorb 12 pet 0_^t

C' CI. Tne sorb cycle is
12 -A 2-7c-,x

carton n : '.erict in 'Hni0a solution is
.,, .,._ .. .ne then back in :o One

oxcart ._ . :< . __ . ._ .alu_ .on, s .et ._ ._ . a c in

3C".e c ._ . : . .' _ is 3 r'_ .. .._ =Jl~r

_oi .le^e nK - nr in-
ir _.. ,ias on 3 . : .ncn
( .' ., dcol .._ .._ s

sc _~s, e .5 . . _ to orzv :Oe
.nc-iy(0 .6 c-,-or `re-. solut .On

Ac ;d 'Washing

Folicwino st• ding, the carton in he

columns is iluicized with hea3 solutio
en acid-,asned in a obese-pumping cycle

until tot ;p; stao .iic_s
ce :c•,r 2 .'J . The ac' wash sol,_ion is en
nel__rai ; :_•d with `Ia0 prior to being cis-
cha _ d to the barren pond . .The columns
are as-in l uidicad until _ne er=luent is
c :ear,and -hen they are ready to be piac>__Y

cn line . After _icnt ,Tontns of con-
tinuous operation during wnicn one carton
has nev_- been • e cvec from the columns,
t . ._y are snowing only minor si=ns of
cnanneiin; and activity loss .

Conclusion

The Sterling ore body was not expose on
surface . It is zoo small and linear to ive
amenable to open cast mining . Yet as a-

r2sult of prudent exoloration, efficient
underground develotment and the cooli'_cion
of low cost heap leachinG _cnnciocv,~the
ore body has becun to yield a profit to its

carers . The Sterling story is a testimony
to the .act that small scale mining . : alcove
and well ,n these Unite .. States .

Referencas

dl', i . R , lc7? oeolcg ;y and
..-n4 ne ai

deposits of soutnern ;1• . _ C'~un= , 'each :
?;ev,ca .. :r . Mines and 3ull .

C-rr,,ia ;i, ri . R . and <leinn_7. 19Ai,
: the Sane Ycun._ .n ra^ _,

ev ::_ .. . U . S . -Oeol . Surrey ,i . Quad . ?'.3J
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Borealis Plant

The Borealis Plant of Houston International Minerals Co .
was visited on the afternoon of June 9 . This plant is
located southwest of Hawthorne on the Lucky Boy pass road .
The plant superintendent is Mike Hall and we were taken
on a tour of the operations by Eric Daniels, operations
superintendent .

Borealis heap leaches 2,000 tpd of gold ore from 3 small
open pits . The heads from the main Borealis pit run .l5
opt Au and 0 .2 opt Ag and ore from the Jaime's Ridge pit
which they were running during our visit was somewhat
higher in grade .

Ore is crushed to 80% minus one inch in an open circuit
"gravel plant" type portable crusher operating five days
per week . Ore is placed in 20,000 ton pads, leached for
30 days and then removed to a tailing dump . The total
cycle takes 40 days and consists of : load - 3 .5 days,
leach - 30 days, drain & dry - 3 days, unload - 3 .5 days .

Borealis agglomerates the ore with 10 lb/ton of cement
and a 20% NaCN solution . Agglomeration is done at four
conveyor transfer points and ore is then stacked with a
radial stacker . The stack holds 20,000 tons and the ore
"cures" in the stack for at least a week before being
transferred to the leach pad . Overall gold recovery is
75% and 67 .5% is recovered in the first week of leaching .
They feel that most of the gold is dissolved during the
curing phase . Silver recovery is only 15-30% .

There are four leach pads holding 20,000 tons each . Pad
construction consists of a plastic membrane on the bottom
covered with 2 ft . of clay, 7 inches rubberized asphalt
and 18 inches of gravel . The initial asphalt decomposed
because it was the "fast cure" type using sterates which
reacted with the caustic in the leach solution . The pads
are sloped 4% in two directions with berms between pads
to control solution flow . When a pad is excavated, earth
ramps are built over the berms to allow front end loaders
and trucks to work on two sides of the heap to speed up
excavation and ore drying .

Solution ponds are constructed of 80 mil high density poly
ethylene (HDPE) laid over two feet of clay .

Gold is recovered in a conventional Merrill-Crowe system .
Soluble oxygen is reduced from 8 ppm to less than one ppm
and solids are reduced to less than two ppm before preci-
oitation . A "light" slurry of diatomaceous earth is fed
into the filter Dress to aid filtration .
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All assaying is done by fire assaying (Chiddy method for
solutions) except low grade silver solutions .

The Borealis ore contains mercury and this is removed in
two retorts . Conditions are 24 hours at 1,400 degrees
F with a 3 cfm draft to each retort .
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Nevada Molybdenum Operation - Anaconda Comuany

The Nevada molybdenum operation was toured on June 9,
1983 . We talked with Mr . Tom Parker, Plant Manager
and Mr . Paul Valenti, the Mill Superintendent . Primary
purpose of the visit was to review the difficulties
the plant is having with the SAG and ball mills supplied
by Koppers Company .

The plant was engineered and constructed by Bechtel
Corporation at a total cost of about $240 million
dollars . Engineering was started in 1979, construction
began in 1980 and was completed in 18 months . This
cost included housing in Tonopah, 18 miles of paved
road, etc . The plant has design capacity of 20,000
MTPDC (22040 STPD) . Molybdenum orebody reserves are
about 200,000,000 tons containing about 0 .091 percent
Mo and about 0 .1 percent Cu . In addition to the moly-
bdenum reserves there is a co-oper orebody containing
about 100,000,000 tons of between 0 .35 and 0 .40 percent
total copper . The amounts of sulfide and non-sulfide
copper has not been determined . My overall concept of
the plant is that a great deal of money was spent at
least partially needlessly . The-office building is
almost palatial . The computer area was a showcase of
ecruinment even though they are tied into a central
computing system in Denver . The computer eauioment
that we saw had been downgraded as a money saving
step (mostly rented) . Apparently Anaconda had a
considerable amount of money to spend and Bechtel
did their best to spend it . Even with the money
spent there are and were areas of poor design and
performance excluding problems with eauionent . Some
of these items are as follows :

a . Process design was apparently based
on averages and not ranges . SAG mill
circuits are noted for the wide vari-
ations in capacity and apparently
this was not considered . Also
flotation circuit was designed for
0 .1 percent copper and not for the
range of up to 0 .5 percent . Flotation
capacity was undersigned .

b . SAG and ball mill feed and discharge
systems were poorly designed includ-
ing cyclone underflow manifolds,
screen installation, etc . Plant was
shutdown for three months to rectify
some of these problems along with
others .
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c . Highly automated molybdenum concen-
trate load out system designed by
E&M Systems in Tucson was unworkable .
It has to be used as a highly labor
intensive manual system .

Some equipment Problems that were experienced as follows :

a . Bearing problems with the Koppers' SAG
and ball mills .

b . A infrared moly concentrate dryer was
installed that did not work . This
had to be replaced by a hollow-flight
screw conveyor .

c . Severe problems have been experienced
with the traction type 400 ft . diameter
Eimcc thickeners . This could have
been operating problems and not
necessarily equipment problems .

The major equipment problem in the plant has been
bearing problems with both the SAG mills and the
ball mills, i .e . losing bearing clearance . The
reason for the problem is still unclear whether
it is a manufacturers design problem or whether
it is a construction installation problem . A
million dollars worth of instrumentation was added
to monitor the bearing clearance of the 4 mills ;
the 2 SAG mills and the two ball mills . Mr . Valenti
feels that the mills can be operated ; however, only
running time will resolve the question .

The SAG mills discharge onto double-deck Tyler
screens . The screen incline had to be changed from
20 degrees to 11 degrees in order to improve screening
efficiency and to wash the oversize . The oversize
(+ 3/° material) is recirculated by conveyors . The
screen undersize along with the ball mill discharge
is pumped to cyclones with Warman pumps . Initially
GI7 pumps were installed but because of maintenance
costs and other problems were replaced with the
Warman Pumps . Cyclone underflow goes to the ball
mills with the cyclone overflow going to flotation .

The ccooer molvbdenite bulk flotation circuit con-
sists of a rougher and two stages of cleaner flotation .
Bulk cleaner flotation is greatly undersized when the
coooer in the feed exceeds the average by very much .
The bulk concentrate contains about 15 percent copper
and 15 Percent Mo . Reason for the low grade copper is
chalcocite coated pyrite .
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Copper and molybdenum is separated using Na2S in excess
of 100 lbs/ton . Molybdenite cleaning circuit is standard .
Initially infrared molybdenite dryers were installed
but did not work . Replaced these with hollow-flight
type dryers .

A ferric chloride molybdenite leach circuit was installed
in order to produce a premium grade concentrate contain-
ing less than 0 .15 percent copper . Presently moly con-
centrate from Butte is being leached . This concentrate

contains between 1 .0 and 2 .0 percent copper and no
problem is experienced reducing this amount to less than
0 .15 percent . Apparently no problems are experienced
with putting MoS2 into solution as was experienced with
test work at Mission .

Leached molybdenite concentrate is washed using two stages
of drum filtration . Considerable corrosion is experienced
with the filters along with other aspects of the plant .
The product is dried and placed in fabric bags containing
about 5500 pounds . According to Anaconda the use of
these bags is considerably less expensive than using
55 gal . barrels .

The plant personnel are installing a cyclone system
in order to cyclone the tailing . The cyclone underflow
will be pumped directly to the dam to be used to build
the tailing dam berm . Cyclone overflow will go to-build the
thickener and the thickener underflow will go to the
dam separately . Primary purpose of the installation
is due to the difficulties that have been experienced
with the thickeners . These difficulties may have been
due to the dispersed nature of the tailing because of
not using lime in the flotation circuit . Flocculants
and some lime have reduced some of the thickener
problems .

Many of the problems seen at the Nevada molybdenum project
were similar to the problems previously seen at new Chino
concentrator also designed and built by Bechtel .
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Candelaria Operation

The Candelaria operation was visited on June 10, 1983
'and we talked with Messrs . Keith Roach, General Manager,
Bill Jacabs, Operation Manager and Ralph Van Arsdale,
Process Superintendent .

Candelaria is an open pit, heap leach operation .
Reserves and grade vary with the price of silver but
it has been indicated that there is about 13 million
tons at 3 .15 opt silver and 0 .002 opt gold . Stripping
ratio is about 2 .6 to 1 .

The ore is crushed in open circuit to about minus 1 inch
at the rate of 10,000 TPD, 5 days per week or between
50,000 and 60,000 TPW . The crushed ore is agglomerated
with a caustic cyanide solution using two short belts .
Agglomerating solution contains about 15 lb/ton of
NaCN and 1 .0 lb/ton NaCN .

The crushed agglomerated ore is conveyed to a truck
load out bin and trucked to the leach pad area .

The leach pad seal was designed by Dames and Moore .
The pad is approximately 18 inches of local compacted
clay and silt from dry lake beds . They stated that
the clay was compacted to 100 percent . Stated solution
loss was 0 .07 gpm per acre or 100 gallons per day per
acre . They do not have a gravel layer between the clay
seal and the ore . Overall projected height of the
leach dumps is 60 ft .

The leach pads have been constructed on terrain that
slopes an average of 3 .5 percent in 2 directions with
a maximum slope of 5 percent . Slope of the top of each
lift is approximately 1-1/2 and 2-1/2 percent in each
direction .

A lift of ore is approximately 10 ft . high . Each lift
is leached for between 30 and 60 days even though
optimum leach time is about 90 days . Leach solution
contains about 3 .5 lb . NaCN per ton of solution with a
p,H of about 11 .0 using NaOH . Leach recovery of silver
is somewhat less than 50 percent . Leach solutions are
distributed "Wobbler" sprayheads on 40 ft . centers .

Leach solution distribution lines are buried during
winter to allow for wintertime operation . However
t}-.e s,.-stem does not work well . Solutions are heated
using a high efficiency submerged burner . However the
C02 from tine burner consumes all the NaCN and lowers
the oil . A large amount of NaO:H i s required to raise
the n :i to a suitable level .
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Pregnant solution collection ditches and ponds are lined
with HDPE which is considerably better and cheaper than
Hypalon . HDPE is much more abrasion resistant than
Hypalon and thus surface preparation is much less .
Average year around water consumption is about 350 to
400 gpm . They estimate evaporation loss of about 10
percent .

The plant was engineered and constructed by Bechtel
Corporation at a total cost of $40 million . It was
indicated that construction was good but engineering
was poor . Plant began operation in October, 1990 .

The pregnant solution pond has a capacity of 18 million
gallons . Pond was designed to hold NaCN bearing solutions
in case of a flood .

Silver is recovered using the standard Merrill-Crowe
process . The pregnant solution is filtered using U .S .
pressure filters and then goes to a polished pregnant
solution storage tank . From this tank the pregnant
solution goes to the vacuum tower and to zinc precipi-
tation .

The precipitate is smelted once per week and with single
stage smelting produces a 980 dore . Prior to -smelting,
the precipitate is dried in pans using weed burners to
2 5 to 30 percent moisture . Smelting furnace is propane
fired and is rated at 55 million btu .

Slag is crushed and tabled to remove the silver shot .
However the table tailing contain between 1 and 600 opt
silver with the average of 50 opt . Slag is stored
awaiting a good smelter schedule . Weekly silver pro-
duction is about 85,000 oz .

Y~nextensive pilot plant program was run prior to start-up .
Columns 4 to 5 ft . in diameter by 12 to 15 ft . high were
run. In addition a heap leach test of 10,000 tons of
ore was run . Cost OIL pilot plant was $300,000 . Cost
of 115 ft . x 115 ft . asphalt pad was about $35,000 .
They recommended using a 150 ft . x 150 ft . pad in order
to contain wind blown sprays . Also stated that you
shouldn't go much less than a 10,000 ton leach test
because of side effects .
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The TW-MNR plant was visited on the afternoon of June 10 .
The manager is Dave Hamilton and Irv Crist is the
metallurgist . The Dlant is located about 15 miles west
of Tonopah just off the Tonopah-Reno highway . The full
name of the operation is Tonopah West - Metalgeselschaft
Natural Resources .

The primary reason for visiting this plant was to observe
a flowsheet using S02 to leach a manganiferous silver ore .
This is one of the flow sheets proposed for the Hardshell
project . The TW-MNR ore contains much less manganese
(and less silver) than Hardshell so a manganese filtration
step is not required, but the basic process of an S02
leach followed by pH adjustment and cyanide leach would
be similar .

The TW-MNR plant treats La._ _l.i-n-g from the early Tonopah
ores containing 2 opt Ag about 1 opt of which is tied up
with manganese and not directly leachable with cyanide .
The ore contains about 0 .2% manganese . Straight cyanidation
without using the S02 preleach recovers approximately 50%
of the silver . With the S02 preleach,,recovery is increased
to 75% .

The plant treats 1,300 tod and operates seven days per
week . The flowsheet consists of the following steps :

1 . Flash grind in 9 x 14 ball mill to 75% minus
200 mesh .

2 . Screen ball mill discharge at 10 mesh and reject
oversize .

3 . Minus 10 mesh is leached for one hour at 60%
solids with S02 gas sparged into the leach tank . S02 is
produced by a sulfur burner and 11 pounds of sulfur are _
consumed per ton of ore . The pr of pulp is 4 .5 . They
have had much trouble with the sulfur burner used to pro-
duce S02 and are installing a liquid S02 system for back up .

4 . Following the S02 leach, air is sparged through
the pulp for 30 minutes to remove all S02 and add oxygen
to the puln for subsequent cyanidation . Eleven pounds per
ton of lime is added to raise the pH to 11 .0 .

5 . The ore is then leached for seven hours with
cyanide at 4596 solids, Cyanide consumption is 3 .5 pounds
per ton ore .

6 . Dissolved silver values are recovered by a carbon-
in-pulp circuit using 6 x 12 mesh coconut shell carbon in
4 stages of pachuca tanks . They carry a 50 ton carbon
inventory and carbon loss is 0 .6 lb/ton ore .
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7 . Loaded carbon is washed with 10% nitric acid
and then the carbon is stripped in a batch process .
Strip conditions are : seven hour retention time, 260°F
at 40 psi, strip solution consists of 0 .1% NaCN and 1%
caustic . Eight bed volumes are circulated through the
strip tank to achieve 95% strip recovery . The electrolyte
from the strip tank will assay approximately 10% of the
carbon loading and runs as high as 24 opt .

8 . The electrolyte from the strip tank is cooled
to 170°F and then passes through a standard electrolytic
cell using steel wool as cathodes . It is necessary to
bleed some spent electrolyte each day to control build up
of impurities .

9 . Loaded steel wool cathodes are fire refined each
day to produce 2,000 oz/day of 99 .7% silver dore .
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Jerritt Cannon - Freenort Gold Co .

The Jerritt Canyon plant was visited on the morning
of June 13 . The plant is located some 45 miles north
of Elko on Highway 51 . The Mill Manager is Dave
Collins and he conducted our tour . we also met Joe
Murray, Vice President - Operations .

The attached write up on Jerritt Canyon gives an overall
description of the plant so only items of particular
interest will be commented on here .

1 . About one-half of the ore reserves are carbon-
aceous and must be oxidized with chlorine before
cyanidation to prevent the carbon in the ore from
absorbing the soluble gold-cyanide complex and thereby
preventing recovery of the gold . In practice it has
been found that even the oxide ore (non-carbonaceous)
benefits from chlorination (increases recovery from 80%
to 85%) so all ore is now chlorinated . Recovery on
carbonaceous ore is 90 % . Feed grades were given as .25
opt Au for carbonaceous and .20 Au opt for oxide ores .

2 . Chlorine is received in trailers and these
are parked and hooked up to the distribution system . .
directly so there is normally no transfer to storage
tanks. _,

3 . The grinding mills were initially set up. as
semi-autogenous mills with a steel ball charge . This
arrangement caused a critical size build up at around
three inches with consequent very low capacity . Grind-
ing was very inefficient as evidenced by a high ball
mill discharge pulp temperature . The grinding circuit
was converted to ABC by the addition of four and a quarter
foot short head crushers and the capacity returned to
design or higher (3,300 tpd at present) . The crushers
effectively removed the critical size rock so the mills
now run without a ball charge .

4 . The grind is fairly fine at 75% minus 200-mesh
with 5% plus 65 mesh .

5 . A oreoxidati on_ step was originally used where
the pulp temperature was raised to 180°F and air was
sparged into the pulp . This is no longer done .

6 . The chlorination step involves the following
co: aitions :

a - 12-hour retention time . Pulp is at
50% solids .

b - Puln temperature of 100°F .

c - Initial poi of 9 .5-10 with soda ash .
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d - Chlorine gas is sparged into agitation
tanks . Consumption is 45 lbs . chlorine
per ton of ore . The pH drops to 5 .6 .

e - Before the cyanide leach, the pH is
raised to 11 with 5-6 lbs/ton lime .

7 . The cyanidation step is conventional CIP except
that the external vibrating screens initially used to
separate carbon from the pulp stream during counter
current carbon advance have been replaced because of
carbon attrition . They now use "V" shaped troughs made
of screen material which sit in the pulp at the top of
the agitated tank . This keeps the carbon in a given tank
while the pulp overflows from tank to tank in the normal
manner . Air jets on the outside of the screen troughs
keep the carbon or trash from blinding the screen .

Periodically (once each day?) carbon and pulp are advanced
one tank upstream by pump with barren carbon added to
the last tank and loaded carbon withdrawn from the first
tank by a conventional external vibrating screen .
Cvanidation consumption is rather high at 1 .5 - 2 .0
lb/ton . The pulp density is carefully controlled at
about 45% to prevent carbon from settling with low
densities (-40%) or floating at high densities (+500) .

8 . Loaded carbon (100-120 opt Au) is stripped in
lots of six tons by passing six bed volumes of hot (290°F)
caustic cyanide solution through for six hours . Stripped
carbon assays 2 opt Au . Pregnant strip solution assays
600-800 npm Au and this is cooled to below boiling (less
than 196°F) and then filtered in a candle filter .

9 . In a major departure from conventional practice
the pregnant strip solution is then treated in the
Merrill-Crowe zinc precipitation process rather than
by electrowinning . Precipitate is then leached with
acid to remove zinc, filtered, and retorted to remove
mercury which is sold as a by-product . The precipitate
assays 40% Au before acid leaching, 55% Au after acid
leaching and 75o Au after mercury retorting . The reason
given for choosing Merrill-Crowe over electrowinning was
the quicker recovery of gold .

10 . They mentioned that the mercury contains 12 opt
Au and no buyers will nay for it so they may retreat the
mercury to recover this gold .

11 . The tailing area has a natural clay base so no
seal was necessary . The dam itself has a clay core .
Tailing going to the dam has a cyanide content of 0 .1
gp1 NaC`1 but tailing water contains only .03- .04 gpl .
Tailing water is not recycled because of the hiqh chloride
content .
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12 . The plant cost was given as 65 million dollars
for the surface plant including maintenance shops and
100 million for the entire plant .

13 . The total work force is 240 with 80 in the mill
and 70 in mine and mill maintenance .
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Pinson

The Pinson operation was visited on the afternoon of
June 13 . The Manager of Pinson is Dan Harner and the
Mill Superintendent is R . Bruce Thorndycraft . We were
taken on a tour of the operations by the metallurgist,
T•7 . B . (Rusty) Craft . The two attached papers by Messrs .
Thorndvcraft and Craft give a very complete and up-to-date
description of the Pinson plant so this report will give
only general comments plus discussing their new heap
leach operations .

1 . Pinson currently treats 1,500 tpd through the
leach plant . Published ore reserve grade is .12 opt Au .
They are presently using a 0 .04 opt cut off . The 1,500
tpd capacity is 50% higher than the design tonnage of
1,000 tood . This is due to both overdesign and the fact
that the ore proved to be somewhat softer than expected :
Although the grinding section handles the added tonnage
without problems, rentention time in the leach and CIP
circuits are shortened significantly . However, they have
managed to modify the circuit and maintain the designed
recovery of 85% .

2 . Pinson design incorporated the in-pulp carbon
screen (transverse launder) which was developed in South
Africa . This will probably become standard CIP design
since it is simple, effective and should greatly reduce
carbon attrition and therefore carbon and gold loss in
fine carbon .

3 . Ore grading between .01 and .04 opt Au is now
trucked to new heap leach pads . These pads are constructed
with a bottom layer of 12 - 16 inches clay with eight
inches of two-inch gravel laid on top . They are experi-
menting with truck built and front-end loader built heaps
to see if there is a difference . The ore is run-of-mine
(minus 24-inch) with no crushing . Each pad holds approxi-
mately 90,000 tons stacked 20 feet high . Leach time is
90 days with a planned once yearly releach of 45 days .

4 . Senninger Wobblers are used for solution dis-
tribution instead of r.ainbircds or Eagdad wigglers since
they feel that the Senninger units give better solution
distribution .

5 . Heap leach tests gave up to 70% recovery in a
45-50 day leach period . They are using a figure of 60%
recovery for design purposes . Leach solution is 1 lb/ton
NaC 1 and pH is maintained at 11 .0 .

6 . Tests indicated that scaling would be a big
problem and they use a Drew Chemical Co . antiscalent
called Milsoerse 802 .
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7 . Heap leach pads are sloped to collection
ditches at the sides and in these is laid perforated
pipe covered with gravel for solution flow . Hypalon
is used to line the ditches . 40 mil HDPE is used for
solution pond lining .

8 . Pinson ran a fairly comprehensive heap leach
test using a 115 ft . square asphalt pad . Approximately
4,100 tons of ore could be placed on this pad stacked
up to 15 ft . high. Senninger Wobblers were used for
distribution on'top of the heap and Bagdad wigglers were
used on the side slopes . They stressed that with small
test heaps you must pay special attention to the side
slopes because they will contain a significant proportion
of the values .

9 . Pregnant solution from the test pad was passed
through three 14-inch diameter by six-foot high carbon
columns each containing 75 lbs . of 6 x 11. carbon . Barren
solution flowed by gravity to a collection pond from
which it was pumped back to the test pad . The optimum
solution application rate was 0 .0025 gpm/ft2 .

10 . Wind and evaporation loss of solution are
significant, particularly at the test heap . Wind loss
represents an actual, unaccountable gold loss-if the
barren solution contains significant amounts of gold .
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A well-oxidized hydra thermal deposit forms the Pi nson orebody . Gold
values are finely disseminated as micron-sized particles in a silicified
matrix (locally called a jasperoid) . Higher gold values are usually
associated with a redder jasperoid . This jasperoid is extremely hard
with a Bond Index approaching 20 ; overall, the orebody has a Bond index
of 17 . Silver values are minimal and sulfides are absent . There is a
variable amount of mercury in the Pinson deposit with some values being
10 tier?s the gold content . There is virtually no preg-robbing carbonaceous
material in Pinson ore .

The Pinson Mine is located in the Osgood Mountains at an elevation of
4900 ft . above sea level . By road, Golconda is 22 miles to the southwest
and Winnemucca is 38 miles to the southwest of the Mine . The Pinson property
is 4 miles south of the historic Getcheil Mine .

Three ore zones (A, B, and C) have been identified and drilled out at
Pinson . The A Zone consists of 1,466,000 tons at an average grade of 0 .144
oz ./ton ; B-Zone contains 1,660,000 tons averaging 0 .068 oz ./ton ; and the
C Zone has 139,000 tons averaging 0 .133 oz/ton . An additional 5,500,000
tons of heap leach grade material will be mined with the ore . Metallurgical
tests are still Laing conducted to determine the most profitable way to
treat the heap leach ore .

Mining at Pinson started in May, 1930 . Around 2,400,000 tons of waste
and 100,000 tons of ore were mined before mill startup . A high grade section
of the A Zone was mined the first year to pay off a 15 .75 Million dollar bank
loan as qui ckly as possible . The bank loan with 2 .5 million dollars in
interest was payed in full 15 months later .

The A and B Zone pits are mined in two stages . Overall pit slopes
are 550 in the hanging wall limestone and 45 0 in the foothall shale . The
hanging wall has 33 ft . safety berms every 80 vertical feet while the
footwall safety f-e is are 25 ft . bide and are left every 60 feet . Width
of the present pushhack i s about 250 ft . This will narrow as i t gees down
from the 5340 ft . elevation to the 4833 ft . level which i s the pit bottom .

P r ii .:ary drilling at Pi nson is done with Reed equi pp,ent . Two truck
i ; ;_,;i rr Lee SK-35's and a Crawler mounted SK-40 dri I I K/515 inch diameter holes
21 ft . daep i n a pa ttern that Tangos from 12 x 12 ft . to 16 x 16 ft .
ncperdr r'n co the hardness o f the ore . Cuttings from the holes are assayed
for grade control . Blasting is done with AN FO to shake up the ore to
i ;'pro'':e _• ;hsequ G nt are loading operations .

are i S loaded by a Caterpillar 992 front-end loader equipped with a
1? c• .Ki c yard `:octet or a Liebherr by draul i c shovel employing a 5'Q cubic
:rd di : cur . The haulage fleet consists of four Wabco 50 ton trucks and

t .•.o 50 ton Catorpiliar u ni ts . The ore is hauled nearly one mile to a
stockpile at the mill and waste is hauled two-thirds of a mile to durps
`, i _r_., d south and east of the pit . leach grade material is stored in
' cpar l .^ _ Lnchp i ;as for future treat "it .



MILL

Industrial Design Corporation was contracted for detailed design of
the mill complex with the conceptual f l owshee t provided by Pi nson . Design
criteria was supplied by consultants, laboratory metallurgical data, and
Pinson management after the review of other operating CIP and carbon
absorption circuits in the United States and South Africa . The mill circuit
consists of two stage ball mill grinding with carbon absorption columns for
pregnant thickener overflow solution and a CIP circuit following the agitated
leach of the thickener underfiow pulp . Pinson was the first gold operation
to use carbon columns and CIPs to recover values from solution . The Pinson
mill was operational fourteen months after the beginning of design engineer-
ing .

Ore from the coarse ore stockpile is fed to the crushing plant hopper
by a Cat 980 or 966 loader . A hydrostroke feeder moves the rock to a
42" x 48" Allis-Chalmers jaw crusher which discharees to a 36" primary belt .
The material is passed on a 7' x 16' double deck vibrating screen with the
over size going to the 5i' Symonds cone crusher and the under size going
to the 1700 ton capacity fine ore bin . The mill feed is minus 1/2" .

Mill feed i s withdrawn from the fine ore bin by two long slot belt
feeders . Dry cyanide and pebble lime are fed on the mill feed belt with
the ore to the primary Kennedy Van Saun (KVS) 9' x 13' ball mill with 500
connected horsepower . An Allis-Chalmers (AC) 12' x 14' ball mill with 1000
connected horsepower provides the finishing grind . Both mills discharge
into a common sum p feeding a bank of four Krebs 15 " cyclones for classification ;
cyclone underflow is returned to the AC mill and the overf To•V passes through
a DSM screen before going to the thickener . The grind at P i nson i s held
around 10?, plus 200 Tyler mesh as coarse r gr i rid s =o riot o_;;vi de sut_ , ci en t
I ii ;.cn foi cc. pt bl leach ex~t~=,_ct gns ._ - --

The cyclone overflow is thickened in a 100' diameter uncovered flat
bottomed thickener with a conventional Einco mechanism . Flocculent is added
to the pulp in the center well . The pulp i s thickened from 15 1 to 40t solids .
The thickener overflow i s pumped to a headbox feeding five 4' x 12' upfl ow
carbon absorption columns . The columns each contain 1 ton of 6 x 12 mesh
activated coconut shell carbon which absorb the gold cyanide complex from
solution . The barren solution from the ,columns goes to the grinding sump .
The carbon in the columns is advanced counter-current every other day by
water eduction .

The thickener u nderflcw is leached in four steel tanks located outdoors .
The loch tanks are equipped with 60 horsepower Lightnin agitator drives and
lc';: , re`isu re air is injected below the lower agitator blades . From the
1e•ach 'Ws the pul p i s fed into the mi11 where the gold is recovered i n
five 11' x 23' carbon-in-pulp (L IP) tanks . The CIP tanks are fitted with
20 ;_ sh air awept sc reens and 7 .5 horsepower Li htni n agitator drives with
draft L J os . Each CIP tank contains 1 to 1 0 tons of 6 x 12 mesh carbon .
The c rnan is advanced counter-cu r e nt every other day using a recessed
im'el for centrifugal pump . Discharge from the CIP circuit i S screened on

! :crick. with} a PS m c ii k
, to recover r carbon and spills,ill s ,~ a ~ : .~~ fine ~ , and than

a'! . . ;cJ f cam _ . .o tails box to a clay lined tailings dam .



The advanced carbon assays approximately 175 oz/T . Stripping is done
hatchwise on 3 ton charges of carbon in 42" x 24' insulated steel tanks .
The strip solution is 1 .5'" „aOH -0 .15`: NaCN heated to 195 F . The solution
circulates from the electrolyte heating tank to the strip tank . It is then
pumped through the electrolytic cell and back to the electrolyte heating
tank . The strip is perfonned at atmospheric pressure and takes about 3 days
to complete . Recovery of gold from the strip solution is accomplished in
an 80 cubic foot electrowinning cell . The cell contains 13 stainless steel
wire Rash anodes and 12 steel wool cathodes supported i n plastic holders .
The gold, silver, and mercury are plated from solution using 3h volts and
550 amps .

The stripped carbon assays a ;proximately 6 oz ./T . and is water educted
to the kiln hopper at the end of the strip . After dewatering in the hopper,
the carbon is run through a 3' x 20' propane fired rotary kiln at 650° C
for reactivation . The reactivated carton is used as make-up for either the
columns or CIPs .

Reagent consumptions at Pinson are very reasonable . The following
table shows reagent consumption through October 1982 :

Peac ent Cons um ption (lbs ./ton milled )

Cyanide 0 .36
Lime 2 .7
Carson 0 .08
Caustic 0 .08
Fioccuiant 0 .02
Balls 2 .6



HEAP LEACH

A significant amount of gold is contained in mined material that is
too low grade for the mill circuit and yet too high for waste dump disposal .
Pi nson has run a series of test heap leaches to determine i f any of the gold
value in this material may be recovered economically! Results from the tests
run to date range from 65% to 80% recovery o f the total gold i n the heaps .

The heap leach test ore i s stacked with a Cat 992 loader on a 113' x 115'
asphalt pad . An asphalt pad is used so that more than one test may be done '
in an area ; a clay pad or plastic lined pad would be destroyed by the
unloading process . To date, all of the test ore has been run-of-mine (ROM) ;
this means material ranging in size from 24" to clay . The test heaps contain
approximately 4100 tons of ore stacked 13 to 15 feet high by the loader . A
Cat Do is used to level the top of the heap to aid the subsequent laying of
pipes and sprinklers .

Pi nson uses 3enni ncer wobbl ers to distribute the spray solution over
the test heap and plans to use them on the production heaps which will be
around 90,000 tons of ore . The wobblers give a more complete coverage and
require less maintenance than rainbirds or wigglers . Spray solution is
applied at a rate of 0 .0025 g m/ft .2 Higher flow rates cause ponding and
runoff ; lower flow rates do not adequately cover the heap .

The pregnant solution from the heap flows by gravity to a collection
pipe and then to the preg pond . The pregnant leach liquor is pumped through
three 14" x 6' upf lo'ri carbon absorption columns . Each column contains 75 lbs .
of 6 x 16 mesh activated carbon . The barren solution from--the columns flows
by Qrtvi tv to the barren Dond and then is Dumoed back on the heao for the

cycle to start again . 00H, N CH, and an antiscalant solut ;on are added to
the barren solution at specific times throughout the test . Both ponds for
the test facility are lined with 30 mil CPE .

The ponds for the production heaps will be lined with 40 mil HOPE .
The pre solution ,,ill be pumped to the mill where i t will pass through five
5' x 12' up f l ow carbon absorption columns . Each column will contain 1 ton
of 6 x 12 mesh activated carbon . Reagents for the production heaps will be
added in the mill to the column barren solution before it is returned to the
barren pond .

The production heaps will be built on clay pads since they will-not he
removed at the end of leaching . Present plans for the production heaps call
for 03 ,'_ 2', tons of ore per heap . Each heap will initially be leached for
90 days . C;ic year after the initial leach a 45 day releach will occur .
Those re i ea r cycles will continue as long as econoni cs permit . At peak
pr-r .J :_rcticri 2 naw heaps and 1 old heap will be leached at a time .

Ther•a are also plans to run one old heap counter-current i n addition
to the? other Naps . I the pregnant off solution from the heap is too low
grade 1<0 .05 oz . /ton) to send to the will circuit for absorption the

counter-currant system will he used . The preg solution is returned to the
`a ran pond to enhance the barren solution that is sprayed on the heaps .
; . ;i•_ way the pro grant solution fed to tie col :s ins is higher than it would be
i f he f _c l a en f- m- p r . :i the counter-cur•r•_nt h•~ap went directly to the e preg
pond .



The type of ore that is to be leached and the way the ore is loaded onn
the leach pad are important i n gold heap leaching . Crushing, agglomerating,
or a combination of both clay be required to prepare the ore i f i t has a low
permeability or a high clay content . The ore should be stacked on the pad
i n a way which will minimize compacti on . Loader or conveyor stacking are
preferential to truck dumping, but they are more expensive .

The heap leach tests completed at Pinson have indicated several problems
which will occur in operating a gold heap leach . The most serious of the
problems is the formation of scale in the system . The scale build-up causes
sprinklers to stick, flowm :ters to give inaccurate readings, carbon to foul,
and the leaching process will slow or stop completely . Acid washing will
fix the sprinklers, carbon, and flowmeters . Blasting i s the only economical
way to break up scale in a large gold heap . At Pinson we use reclaimed mill
water and an antiscalant compound to overcome the scaling problem ; acid
washing of sprinklers and flo ;;meters is usually only required at the end of
the test .

Wind and evaporation losses o f the leach solution are problems that
have not been economically solved, Wind losses at the test heap were
magnified due to the high amount of side slope area to the total area . The
wind losses in our test heaps were actually gold losses since the columns
at the test site would never take all the gold out of solution ; this is
probably true for most small gold heap leach operations . Larger heaps will
most likely have more efficient gold absorption circuits . Evaporation losses
in the test heaps at Pinson were not a major problem since make-up water was
readily available . Some heap leach operations must truck in the water for
leaching which adds significantly to their operating costs :Q The wind and
evaporation losses experienced i n the test heaps at Pi nson ran as high as
15 S of the solution sprayed .

Cold weather is the latest operation's setback experienced at Pinson .
The leach solution freezes on the heap causing an effect like scaling, i .e .
the cyanide solution is kept from reaching the gold by a layer of ice in the
heap . Post heap leach operations close down during the winter because of
this problem. I have heard of three ways that heap leach operations have
run through the winter . Sons operations heat the solution before it is
spray d to the pile ; this causes a tremendous scaling problem . One operation
added ethylene glycol to the leach solution . The solution didn't freeze
and the gold leached well, but the carbon i n the columns would not absorb
the cold from solution ; the ethylene glycol fouled the carbon . The best
method buries perforated lengths of pipe in the top of the heap . A hose
i s run from the sprinkler connection down into the pipe which i s buried
deep onough not to freeze . The drawbacks of this method are channeling and the
en portion of the heap is not being leached, but this seems to be the best way

if an operation must operate in the winter months .
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REFINERY

The cathodes for the electrolytic cell are 12 to 2 pounds of steel
wool sandwiching a three prong stainless steel bayonet enclosed in a
plastic holder which measures 22" x 28" x 2" . The average cathode
loading is 100 oz . of gold, 1 oz . of silver, and 2 lbs . of mercury .
Freshly pulled cathodes are removed from the plastic holder and placed
inmadiately into the stainless steel retort pot or a,piastic holding
tank . The retort pot is surrounded by a coil which heats the pot by
induction to a 7000 C wall temperature . The retort i s run under vacuum
conditions to prevent stray emissions from leaking into the working area due
to faulty seals . All of the vaporized water and mercury is pulled over into
a stainless steel spiral condensor where plant grater cools the vapors . The
condensed water and mercury are held in a holding pot fitted with a drain
valve . The recovered mercury is +99 .95% pure . At the end of the heating
period, an air valve is opened to permit oxidation of the steel wool which
aids in the subsequent induction refining ; this is done while retaining
vacuum conditions . An oiiless vacuum pump is used to keep the entire
system under negative pressure . The vacuum pump discharge is fitted to

a scruLber suction line .

The flux used at Pinson for refining is a mixture of borax, niter, and
silica for steel wool cathodes ; borax and niter for electrolytic cell sludge .
A 500 l b . brass capacity tilting induction furnace i s used to smelt the
cathodes and sludge . A 100 lb . brass capacity tilting induction furnace
is used to pour the final bar . The final product typically runs 970 gold
fine and 10 silver fine . The remaining 20 parts are mostly nickel , copper,
and iron .

The first charge i n the big furnace consists of tw o ritorted cathodes
withh fluxing cC_Il t s . The supply i s set at 35 KW, 300 VAC, and 2700 zpower
In one hour the charge i s melted End a single retorted cathode with flux i s
added ; thirty minutes later the first rough slab i s ready to be poured . The
pc`er supply i s turn ad down, the hydraulic pump system i s activated, and most
of the slag is poured off into a conical mold . The conical gold is wheeled
out and a bar mold is used for the gold and remaining slag . The above process
is repeated until all of the cathodes are refined, but it only takes
45 minutes to smelt a two cathode charge . The most gold refined i n one
shift at Pinson was 17 cathodes containing over 2450 troy ounces .

The rough slabs poured from the big furnace are cleaned, weighed, and
stored in the vault until there is enough gold to pour a bar . It only takes
20 minutes to milt 1000 to 1200 oz . of gold and 5 lbs . of borax in the small
furnace at 30 K';1 .



rZ ~

ORE
FIOPPER

\ JAW
y CRUS

C2

-

F--t.-TO GRINDING i

HER

{

COQ

ao
I ~ 1I

CYANIDE
17'5,' . '

AUXI (~ IARY (j' FINE FEEDER I
ORE

0 IN
~1700 \ I

4 LEACH TANKS I " .
2 - 27'x 32' CARi30r.-IN-PULP TANKS
i " I Ilex?;;,

CONE SCREEN
CRUSHERV ,

- DSN
TRASH
SOREEN .,-)

100' DIAMETER THICKENER

5 CARBON COLUMNS I i LIQUATEX
4'x 1?_' I I CARDON

ADVANCE
SCREEN

I r I ~yF

~'I~ ~I~ - ~~ I i I I tI I

3
STRIP
TANKS

42"x 24'

r-

C t SC tE EN
I .

1 f TAILS SUMP
L-_

REC`_A11'

',VATER

TAILS
~-27x27-6 I I

7~, -L -FE,% T
TANK --r" IELEC~T~ROLYUC ~C RETURN

I 4' ~, I

^I I
l 1 ~'~ I SOLUTlC/l FLOW

2 3 ©O(LERI I -___-_-- C,40,• Or/ FLOW
BULLION

PI NS0N M,INL\'' G
~J~I + SCHE'1ATIC FLn ti!

T- f I A CID V/AS H TA NK

CO MPANlY
r1IAC) fAY,



PINSON MINING CO IPANY - MILL DESIGN

R . Bruce Thorndycraft

Mill Superintendent
Pinson Mining Company

Winnernucca, Nevada

Preprint for

111th AIME Annual Meeting, Dallas, Texas

February 14-18, 1982



. •a

v .

PINSO:; MINING COMPANY MILL DESIGN

Pinson dining Company was formed to develop a gold orebody
located in northern Nevada near Winnemucca . A feasibility study was
undertaken in 1979 by a consortium of three Toronto-based mining
companies and a Reno-based exploration company . The study indicated
a viable project with gold priced above $225 per ounce .

A project manager, and mine and mill superintendents, were
hired in late 1979 to expedite the development of a 1000 ton per day
mine-mill complex . Plant design engineering was contracted with
Industrial Design Corporation in Salt Lake City. Three experienced
plant metallurgists representing Pinson were stationed in Salt Lake
to guide the worek of Industrial Design . Among the many design criteria
spelled out by Pinson, foremost were bringing the mill on line as
quickly as possible at minimum capital cost . Fourteen months after the
beginning of design engineering, the completed Pinson mill became
operational . Total capital cost, including mine development, was
$18 million . The Pinson project has proved to be far more than viable ;
the entire capital cost will be recovered within 18 months of the mill
start-up .

The Pinson plant has been described in some detail by
Mcquiston and Shoemaker in the AIM•IE's Gold and Silver Cyanidation Plant
Practices . I will review the flowsheet only briefly, highlighting
significant features . The emphasis of this presentation will .,. be on

specifics o the design .
The Pinson ore is a well-oxidized hydrothermal deposit, with

gold finely disseminated as micron-sized particles . The limestone-
siltstone host rock has been silicified to a jasperoid, which has
weathered in part to clay . The remaining jasperoid is extremely hard .,
Overall, the orebody has indicated a Bond work index of about 17 to date .

The crushing plant flowsheet is illustrated . It is a conven-
tional two-stage plant, producing a minus 5/8 inch product . The most
significant feature of the design, from a mill superintendent's view-
point, ~-.as the provision of a belt plow and outdoor crushed-ore stock-

pile . This stockpile of about 20,000 tons is used to maintain steady
mill feed during crushing plant maintenance shutdowns . The crushed
ore can be loader-fed to the mill through an auxiliary Kolberg feeder '
which bypasses the crushing plant and fine ore bin . This system has

provided tremendous availability of mill feed, holding downtime- due to
lack of ore to insil-nificant amounts, in fact to 0 .01'0 of available

time for the 13 months since start-up .
The grindi ;:g circuit is illustrated schematically also . The

Pi :asonn ore is extremely clean from a leaching standpoint . There are
no sulfides or carbonaceous materials to consume reagents or rob dis-

solved'. -old . This _fact allows the leaching reagents to be fed dry

or.-,o the mill feed 'Colt wit`. : the crushed ore, eliminating the capital

and operating cost of a reagent mix system . Cyanide briquettes are



added just outside the fine ore bin, at 0 .25 pounds per ton . Bulk
pebble lime is added at 2 .5 pounds per ton . The Kolberg auxiliary
feeder is also located above the mill feed belt .

The 500 hp Kennedy Van Saun primary mill uses 4" balls at
0 .7 pounds per ton . It discharges through a 1/4 inch trommel screen
into a sump common to both mills . Primary tro m:el oversize at 2 to 3
tons per hour is recycled via a cleated belt . Mill discharge slurry
is pumped to four Krebs 15 inch cyclones . Cyclone underflow feeds ,
the 1000 hp Allis Chalmers secondary ball mill with a 200% circula-
ting load . The AC mill uses 111" balls at 2 .2 pounds per ton .

The cyclones are set to yield a 90% minus 200 mesh overflow .

This fine grind is necessary to leach the micron-size disseminated
gold particles to 85% recovery . Cyclone overflow at 15% solids passes
through a Denver slurry sampler and then through a DS M screen to remove

tramp oversize . DS. :̀ screen undersize flows by gravity to a 100 foot
diameter Eimco thickener . The thickener was sized by bench testing
samples from development drill-holes . The testwork indicated an 80

foot thickener would be adequate . As the cost difference between an
80 foot and 100 foot thickener was small, in view of the high clay
content and the potential for difficult thickening, a 100 foot thick-
ener was purchased .

Cyanide leaching is rapid in the grinding circuit . Following
the six hours retention in the thickener, about 80 of the gold is in
solution .

Beyond the thickener, the circuit splits . Pinson was the
first carbon-in-pulp operation to adopt a split-circuit approach in
the absorption section . The thickener . overflow is pumped to a headbox
feeding a series of five fluidized-bed carbon columns . The design of
these columns will be discussed later . The activated carbon in the
columns absorbs the cold from solution . The barren solution then
recycles to the grinding sump .

Thickener underflow, held at 40% solids due to highly viscous
clays, is leached for 22 hours in four steel tanks equipped with

Lightnin agitators . Low pressure air is injected below the lower
agitator blades .

The pulp then flows by gravity to a five-stage carbon-in-
pulp circuit . The CIP tanks are unique inNorth America . They
contain Lightnin-designed draft tube agitators and were selected for
their low horsepo .,,er requirements . They provide very gentle agitation
which nevertheless is adequate for suspending the slurry particles .
In the carbon-in-pulp circuit, we sought to minimize power input in
order to minimize carbon attrition . Although carbon fines lost to
attrition have a small replacement cost, such carbon fines carry
absorbed gold to tails with them, and are therefore of great concern .

T,,c pulp flows through the five CIP tanks by gravity, but
the carbon must be held back in the appropriate tank . Many CIP
circuits achieve this by air-lifting the pulp onto mechanical
vibrating screens between each sty e . This inter-stage air lifting



and screening was frequently identified as a serious source of
carbon attrition losses . To avoid these losses, the Pinson design
team adopted a new approach that utilizes a transverse launder for
pulp flow through the five CIP tanks . The side walls of the launders
are fitted with 20 mesh static screens which prevent the carbon from
flowing- into the launder with the pulp . Air bubblers beneath the
static screens sweep the carbon away from the screen surface .
Details on the static screen launder design will follow .

Before dropping into the tails pumpbox, the pulp discharging
from No . 5 CID tank is screened on a Derrick screen at 28 mesh . This
last step in the continuous-flow part of the mill is designed to catch
carbon fines which may have escaped the launder screens .

The tailings pond has no discharge . Solution is reclaimed
and pumped to the grinding circuit . The contained cyanide and lime
contribute greatly to our very low reagent consumption .

The remaining operations in the Pinson mill are done on a
batch basis . The carbon in both of the absorption circuits is loaded
to about 200 ounces gold per ton of carbon . When so loaded, the carbon
is moved by eductor or pump into a stripping vessel .

Loaded carbon is stripped in 3 ton batches using 1 .5% caustic
and 0 .15% cyanide at 195°r under ambient pressure . At completion,
after approximately 72 hours, the carbon has been stripped to 5 ounces
per ton .

The pregnant strip solution flows by gravity to the refinery
where gold is electroplated on 14 cathodes . Two pounds of mil,'_ steel
wool contained in a plastic basket male up the cathode . Stainless
steel wire mesh is used for the anode . The cathodes are normally
loaded to about 80 ounces per pound of wool before they are pulled
for refining . The barren strip solution is reheated and recirculated
to strip more loaded carbon .

The loaded cathodes are retorted in an induction-heated
vessel at 650°C under a 15 inch Hg vacuum to recover mercury that has
plated with the gold . Approximately 2 pounds of mercury are recovered
per cathode . The retorted cathodes are then charged into a 125 kw
induction furnace with appropriate fluxing agents for fire refining .
Graphite-bonded silicon carbide crucibles are used as seceptors .
Normally 14 cathodes containing about 2000 ounces dore can be refined
in one shift . A smaller induction furnace is used to remelt buttons t
into 1000 ounce bars for shipment . The dor4 typically runs 965 Au
fineness and 10 Ag fineness .
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DESIGN CRITERIA

Carbon Columns

Empirical data was available to us from columns built and
operated at Cortez Gold Mine . However, our design flowrates were
significantly different and we intended to use carbon of a larger
mesh size than Cortez . For this reason, bench testwork was done at
Dawson Metallurgical Lab in Salt Lake to quantify the required upflow
rate with the size carbon we intended to use .

The critical parameter in designing fluidized bed carbon
columns is gallons per minute per square foot of cross-sectional area .
Bench tests indicated the following :

50`; bed exuansicn 100° bed expansion

6 X 16 mesh carbon 33 .0 gpm!sq .ft . 45 .5 gpm/sq .ft .

This testwerh data was combined with empirical data from
Cortez . Using 12 X 30 mesh carbon , their columns, with 19 .6 square
feet of cross- section , would handle a maximum of 37,5 gallons per
minute . This data relates to the 100% expa n sion values and calculates
to 19 gpr•I per square foot .

The cross - sectio nal area of the Pinson colu mn s was -sized for
50 ; bed e :•:ea sioP., to allc?i for future trlrouohout increases . The height

of t--- column was selected for 100 % bed expansion plus two feet of free-
board, again to allow for throughput increases .

Empirical data is now available from Pinson also , indicating

the ma ::imum through p ut rate manageable to be 460 gp :, or 36 .6 gpm per

square foot . Obviously , the bench testwo rk can provide a useful design
guide, but must be interpreted with some caution . It is apparent that
the carbon size must be selected and accurately known before columns
can be designed .

Recent experience at a neighboring Nevada gold mine has
highlighted the danger in over-sizing carbon columns . For gold
recovery iron solution, one of the greatest merits of the columns
versus zinc precipitation is the fact that the solution need not be

clarified for columns . In fact, up to 3% solids slurries have been

successfull y run through carbon columns . However, if designers,
hed in_; Their bets , over- size the cross - sectional area of a carbon

column, the bed of carbon will not be fluidized by the available

up 1ow., rate . If this happens , the bed will act more like a sand
filter a . ._ b ecome pi ug e d Off with cetr a ined solids or slimes, or

with cc l e fc •• . :'d from the high lime content common in gold cyanide

1 each nobULlO . ._ . .

1•cc practical opera t ing efficie n cy, the solution flowrate

to the co ? :u. as si:cul d be nept within the range for 50 to 100' bed
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CIP Static Screen Launders

At the time of the Pinson design effort, there were no
commercial-scale static screens in carbon-in-pulp circuits to turn
to for empirical design data . The concept was being developed by
Dr . Peter Laxen at the National Institute of Mining in South Africa .
He had tested a pilot scale carbon-in-pulp tank with a static screen,
using a submerged air lance to sweep the screen clear of carbon . A
brief trip to South Africa provided rough design guidelines .

It appeared that the critical parameter was not square
feet of screen area, but rather linear feet of screen, measured
parallel to the pulp surface ., Observations of the system at Pinson
have since confirmed this, although we had some misgivings about it
in the design phase . The rational is illustrated in this sketch .

On average, only about 3/4 inch of the screen's height is
active . The upper portion is obviously not in use, being above the
pulp level . The lower portion is blinded off, with carbon particles
primarily, but also with wood chips, truck tire bits, and lime scale .
The air bubblers continually sweep this build-up, however near-size
particles gradually blind off the screen from the bottom up . Typi-
cally, our screens need thorough cleaning every two weeks .

The value we arrived at in the design phase was 16 gpm per
lineal foot of screen . Actual plant experience has indicated this
flow is achieveable . However, more screen length will make the system
easier to overate, being less sensitive to the natural blinding-off
tendency . I would reccnmend designing for only 13 gpm per lineal
foot of screen, assuming the use of 6 X 16 mesh carbon .

As al,,ays, the greater the size difference between the
desired oversize and the desired undersize, the easier will be the
screening operation . Therefore, we favor the use of 6 X 16 mesh
carbon or thereabouts. Its absorption capacity is not as great as
smaller carbon due to its smaller surface area, but it is much easier
to operate with the larger carbon . At Pinson, we are particularly
fortunate in the CIP launder screen operation, in having a pulp
ground to 90% minus 200 mesh . The size difference between ore
particles and carbon is great, and the screen split is easy .



Mill Layout and Operational Control

The Pinson mill was laid out with two main objectives ;
to minimize manpower required to operate it, and to provide for
future expansions in throughput . This sketch illustrates the
plan view layout of the mill . A five ton overhead crane runs
throughout the length of the mill . The entire milling operation,
from fine ore bin through to tailings pond and reclaim water system,
was designed to be operated by two men per shift . Control and
monitoring of the operation is centralized at the control panel .
The operators can tour the plant quite efficiently, following the
three routes illustrated . During these tours, process variable
measurements are taken, to be recorded on a shift log back at
the control panel . i,nenever both operators are needed at one location,
the control panel will continue to monitor the operation . If a
process variable ranges beyond specified limits, an audible alarm
sounds, alerting the operator to return to the panel .

The front of the control panel is illustrated here . The
graphic displays the entire flowsheet . Green lights indicate opera-

ting equipment motors . When an alarm sounds, a red light will flash
on the graphic identifying the source of the trouble . The operator
pushes the acknowledge button to silence the alarm horn, and the
red light changes from flashing to steady red_ The red light will
stay on until the problem has been corrected .

The control panel also contains process monitoring-end

control equipment . Digital displays on the upper right side monitor

critical variables continuously . These are mainly flowmeter signals,

assisting the operator in maximizing throughput . On the left side,
five digital displays are each connected to ten-position selector

switches . The operator can select variables to monitor as he chooses .

Three of the displays are for motor amperages, one is for levels,
and one is for temperatures and pressures . On the lower right side

of the panel are two three-pen recorders . These recorders will accept
any six signals from among the fifty selector-switch process variables
or the five flows displayed above the recorders .

Tike Pinson mill is not automated . All decisions remain with

the operator . The four existing controllers simply assist him in
continuously maintaining four critical flows at the set-point he
selects . The control panel alarm system permits him to .roam freely

t roughout the plant watching for developing mechanical or process
flow problems, while providing continuous overall monitoring of the
operation . ';o "control room operator" is required with this system .

l ;` Pin,-011 mill was built on the basis of ten years proven

reset ; . ; . Tt,c ,potential for expanding these reserves is good however .

Careful a t tea r ion was given to making; the plant easily expandable in

future to higher tonnage rates with mi nimal disruption of production .

Previsions ire also isado for future toil- .pilling of ores .



At the crushing plant, cost analyses indicated little capital
cost sensitivity to design throughput rate . Consequently, future
tonnage increases were allowed `or by sizing the crushing plant to
supply the initial Pinson mill requirements on a one shift per day
basis . Simply adding operators to crush three shifts per day will
increase crushed ore production to 2000 tons per day, allowing for
maintenance downtime .

Unlike the crushing plant, the milling circuit was very
cost-sensitive to tonnage rate . In view of prevailing 21 interest
financing rates for the project, our guidelines were very clear to
construct only for the proven ten years reserves . However, without
adding to initial capital cost, provisions were made in the design
layout and equipment selection stages for future tonnage increases

to 2000 tons per day . Additional equipment expenditures would be
needed of course, but the plant layout would permit installation of
this equipment with little disruption of ongoing production .

The addition of a third ball mill of about 1000 hp was
anticipated on scale drawings in the space between the No . 2 ball

mill and the thickener . Anticipating an imbalance of primary versus
secondary milling capacity at 2000 tons per day, two scenarios were
provided for increasing primary mill throughput .

The first would convert the 500 hp KVS primary ball mill to

a rod mill . Structural steel in this area was oversized sufficiently
to support a rod charger and rod storage racks . Conversion to a rod
mill would increase the particle size of material leaving the primary
mill, shifting horsepower requirements to an expanded secondaiy milling

stage .
The second scenario for balancing primary /secondary --mill ing

capacity would shift the primary mill feed to the 1000 hp AC ball mill,
by extending No . 4 conveyor 20 feet . After addition of the third mill,
this second apo_-oach would provide 1000 hp for primary milling and
1500 hp for secondary milling .

Beyond the grinding circuit, higher throughput requirements
were less predictable, since no testwork was available to identify
which unit processes would become bottlenecks on future ores . Again,
potential expansions were layed out on scale drawings . Additional
thickener capacity was anticipated just east of the existing thickener .
Additional leaching capacity was provided for by extending the leach,
section Outlets for these future tanks were inserted during
initial construction .

Inside the plant, all equipment in the carbon stripping/
re onera L1 : : ; s'ect.ion was placed on break- aiway pads, withou t pinning to

the uncer! .;i . ; : `; ; : :ill floor . This large passageway , although
dust' fied ii :ltinlly as truck access into the mill for construction,

in ri'.a1 i! is cur space provided for future CIP system expansion .

C1.1 retest ion L-'* : :'.e could be doubled by addition of a second train of

five Lanr:s . .

Alt.ho;i lI allowances for expansion were made in the design

phase, .n,. 2(u1,::ent additions are yet scheduled . When word comes from

L ::t e :: r rat. ion geologists that reserves have Leon expanded, the Pinson

mill .;i'_1 ~e pre pare d to react posit_vel~y .
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Alligator Ridge

The Alligator Ridge operation of Amselco Minerals,
Inc . was visited on Tuesday, June 14, 1983 . Mr .
Ralph Maes, Process Foreman conducted our tour and
we talked with Mr . Rich Womack, Process Superintendent .

The ore, a silicified siltstone, comes from three
major pits and in the future, several minor areas .
Ore contains about 0 .1 opt leachable gold . Overall
stripping ratio is about 3 to 1 . A high proportion
of the ore contains a considerable amount of carbon-
aceous material .

The plant was engineered by Bechtel Corp . Construction
was started in May of 1980, and the first gold was
poured in October of 1980 . Full production was obtained
early in 1981 . Since the designed crushing equipment
required considerable lead time, a portable crushing
plant was installed to hasten start-up .

The ore is delivered from the mine in 30 ton rear dump
Wabco trucks and dumped directly into a hopper ahead
of a 36" x 48" jaw crusher . Ore is crushed to minus
3/4 inch in closed circuit at about 400 TPH . Pro-
duction is about 4000 TPD, 4 days per week or apDroxi-
mately 80,000 tons per month . Because of winter `
shutdown annual production is about 750,000 . The mine
and crushing plant operate two 10-hour shifts per`
day, 4 days per week .

The minus 3/4 inch crushed rock is agglomerated using
an agglomeration drum with lime (5-6 lb/ton normal
ore, up to 10 or more lb/ton with carbonaceous ore)
and cyanide solution . Agglomeration moisture is
between 6 and 8 percent and is controlled by the
operator according to the looks of the material .

The agglomerated material can either be placed in a
truck load out bin or into -a stockpile . The truck
bin did not work very well ; so it is dumped into a
stockpile . Each morning the material from the stockpile
is loaded into trucks using a front end loader and
placed on the leach pads .

The leach pads were constructed using approximately
18 inches of compacted silt from local dry lake beds .
Four inch schedule 30 PVC pine with 1800 slots are
placed. on 14 ft . centers are buried 2 inches (1/2
diameter) into the clay seal . These pipes are con--
nected to header pipes which are on two sides of the
pad . The pad seal is then overlain with about 12
inches of minus 2 inch plus 3/4 in gravel with about
18 inches of gravel over the slotted pipe . Leach pads
are anoroximately 300 ft . by 600 ft . The pads follow
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the general contour of the land after leveling and
slope approximately 7 percent in one direction and
5 percent in the other .

Solution losses through the pad are estimated at 2
GPD through an area of approximately 60 acres . This
is far different than the stated losses at Candaleria .

The leach heaps will be permanent with an ultimate
height of 56 ft . The first lift was 14 ft . high and
was placed with truck and dozer . A 20 ft . high ramp
was built and the trucks dumped the ore on the ramp .
A dozer pushed the material out over the pad . After
the heap was built, the top 6 ft . of the ramp was
dozed off and the leach dump was ripped and cross
ripped .

After this lift was leached the dump was smoothed
using a dozer then ripped with a D-9 using a 9 or 10
ft . shank . The second lift and future lifts will be
8 ft . high . The material will be dumped by truck and
hushed up to the 8 ft . using a dozer .

Leach pads are in general about 300 by 600 ft . and are
separated by a clay berm on the pad seal . The ore in
each of the pads is separated during the first lift
but the voids are filled in during the second and sub-
sequent lifts.

Leaching is done at an average rate of 1000 gpm . `This
solution is added to a single dump using 8 gpm wobbler
sprayheads on 40 ft . centers . Leaching of a heap is
considered complete when the preg solution contains .
less than 0 .015 opt gold . A total of between 2 and
3 .5 tons of solution per ton of ore is required to
leach the gold from the dump . The pH of the leach
solutions are held between 11 .5 and 12 .0 with the use

of lime . After a pad has been leached it is drilled
and sampled on 10 ft . centers . Each one ft . increment
is assayed separately . Each 300 x 600 x 8 ft . leached
pad requires 1900 holes and 14,400 samples and assays .

Gold is recovered by the standard carbon absorption
method and using pressure stripping . Absorption tanks
are 5 8-ft . by 9-ft . tanks in series . According to
Mr . P;omack this design is bad . He would rather have
cone bottomed tanks with a cone not more than 20 to
300 . Also he feels the tanks should be much higher
than the diameter, a ratio of 2 to 3 times would be
much better .

Total employment is 151 men with 30 in the mine, 27
in process and 40 in maintenance .

Pilot plant test work orior to start-up consisted of
two test heaps, one containing 10,000 tons and the
other 5,000 .
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Ore reserves and plant performance calculations are
based on cyanide soluable gold and not on total gold
content . To date gold recovery has been between 65
and 70 percent of the cyanide soluable gold contained
in the dump has been shiroped . They expect this amount
to increase to 80 to 85 percent at the end of the
plant life .



Escalante : Ranchers Exploration & Development Co .

The Escalante overation near Enterprise, Utah was
visited on June 15, 1983 . Escalante is an underground
silver operation which treats about 800 TPD (750 TPD
design) of ore by fine grinding and cyanidation . Mr .
Dean Van Dyke, Mill Superintendent, conducted the tour .

The ore is crushed using a 25 x 40 inch jaw crusher and
is ground to 80 percent minus 325 mesh in a 500 hp
16 .5 x 5 ft . SAG mill and an 800 hp 10 .5 x 15 ft . ball
mill . Mr . Van Dyke did not like the use of the SAG
mill for this small tonnage - far too many problems
for the possible economic gains . The SAG mill consumes
approximately 1 .2 lb/ton of grinding balls and 0 .7
lb/ton of liners . They presently are experiencing 94
percent availability .

The average silver grade is about 10 .0 opt of which
they recover 81 .3 percent . Cyanide consumption is
about 2 .0 lb/ten and cyanide strength used for leaching
is about 7 .0 lb/ton .

Pregnant solutions containing about 4 .0 opt silver is
precipitated by the Merrill-Crowe process . The preci-
pitate is leached with sulfuric acid to remove most of
the copper and the excess zinc . The leach is controlled-
by pH and EPIF to minimize silver losses . The leached
residue is filtered in a separate plate and frame filter .

Mr . Van Dyke is very proud of the refinery area . Two
men and a foreman handle all aspects of the refinery
and produce about 45,000 ounces of silver per week .
Because of the oreleach, very little slag is produced
during refining . This slag is not cleaned even though
it contains silver BB's, but is put back into the
grinding circuit .

The smelting furnace is a gas fired reverbatory furnace
manufactured by U .S . Smelter . The furnace is operated
once per week .

Security in the refinery area is not as severe as some
of the other mines especially when recovering gold .
The silver is insured once it is placed in the vault .
Also it is insured during shipment .

The ore after being ground in cyanide is pumped to a
preg thic'._ener . The thickener underflow is pumped to
a series of agitators that use "Pro Chem" agitators
with 25 h~ motors . Initially 15 hti motors were specified
but these were marginal and were replaced with 25 ho
motors .
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Largely because high strength NaCN solution used for
leaching, the slurry is washed using two stages of drum
filtration instead of the more normal CCD circuit .
They had considerable difficulties with filtration
until the proper filter cloth was found .

The plant was designed by Wright Engineers . Construc-
tion of the mill and surface facilities began in
September, 1980 and were completed in August, 1981 .
Cost of the mill and surface facilities not including
power or water was 15 .6 million dollars .



Taylor Operation - Silver King Mines

The Taylor Mine owned and operated by Silver King
Mines, Co . near Ely, Nevada was visited on June 15,
1983 . We talked with Mr . Jim Kemtopp, Manager and
Dan Smith .

Taylor is an open pit silver mine containing between
2 .5 and 3 .0 opt silver . Silver recovery is reported
to be about 70 percent .- Average stripping ratio is
about 2 .5 to 1 .~

The plant design capacity is 1200 TPD, 7 days per
week . The mine run ore is crushed with a ?30x42?
Kue Ken jaw crusher and then crushed to approximately
1/2 in . in closed circuit with two stages of cone
crushers .

The ore is ground to 90 percent minus 325 using 2
stages of ball milling . old 6x8 ball mills (8 total)
were purchased and installed .

Surface plant initially cost about $12 .0 million .
During the next year an additional estimated 2 .0
million was spent so the plant would operate . -This
included items such as a truck shop, conveyor covers,
tailing dam, etc . Capital cost is estimated at
between 811,000 and $12,000 per daily ton capacity . .
Apparently the plant was engineered, designed, and
constructed by Silver King personnel . Concrete work
and building erection was contracted .

Leaching is a standard agitation leach with a CCD
circuit . Reagents are as follows :

NaCN Strength - 2 .5 lb/ton solution
NaCN Consumption - 3-3 .5 lb/ton
pH - 12.2
CaO Consumption - + 6 lb/ton

High capacity Enviroclear thickeners are used for the
pregnant (1-32 ft . diameter) and the CCD (4-28 ft .
diameter) thickeners . Underflow densities are above
50 Dercent . They had a great deal of problems with
the Enviroclear thickeners during the first year of
operation but after they learned how to operate them
there hasn't been many problems . Approximately 0 .5
lb/ton of flocculant is used among the thickeners .
Approximately 700 gum of wash water is used .

Silver is recovered from the pregnant solution con-
taining about 1 .0 gpl Ag using the Merrill-Crowe
process . The precipitate is partially dried and
sold without smelting .
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Total employment is about 80 people at an average wage
of $10 .00 per hour for the hourly people . Approxi-
mately 90 percent of the employees are ex-Kennecott
employees . It was stated that the employees are hard-
working and knowledgeable and have had no union
problems, although the plant is unionized .

Break-even silver price was stated to be about $8 .00
per ounce . This would indicate an operating cost of
between $20 .00 and $24 .00 per ton .



ASARCO Southwestern Exploration Division

June 14, 1983

TO: W. L . Kurtz

FROM : J . D . Sell

Glamis Gold Ltd .
Picacho Open-pit
Imperial County, Calif .

Mr . Robert J . Toporowski, 868 1st St . West, Yuma, AZ 85364, Phone (602)
783-4261, dropped in on 6/13/83 . He left the Glamis Gold Ltd . Interim
Report for January 31, 1982 (Attached) .

Toporowski says he was a part owner of the Picacho deposit but has
since sold his portion to Glamis, along with several others of the
group . This group has a little money and hence is looking for a
small leach situation that Asarco might not be interested in .

He had run across our name from the Portland Mine activity in Mohave
County, but Fisher-Watt had already taken up the property before they
got around .

Of course, he is quite keen on Picacho and apparently still does some
consulting for them . He said that he would be pleased to take Asarco
on a tour of the operations .

(He also said that Goldfields practically lives at Picacho, trying to
test their "Mesquite-Chief" ore via the Picacho process) .

' James D . Sell
JDS :mek
Att .

cc : F . T . Graybeal
Gold/Bulk File



`onsolulatect btatement of iource & Application of Funds
for Glamis Gold Ltd . & Chemgold Inc. id Cariadian Funds
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^or the six month period - August 1, 1982 to January 31, 1983 with
omparative figures for the same period for the previous year.

SOURCE:
Sale ofShares ., . . . . . . . .
Interest Earned . . . . , . , .

'Chemgold (Profit for
Period) . . , ,

Plus Items not requiring
Cash Outlay :

'`Depreciation . . , . . . . . . .
`Amortization , etc . . . . . . .
'Income Tax Provision . . .

TOTAL FUNDS . . .

APPLICATION:
Property - South Penn . . .
Glamis Administration . .

'-Machinery -Chemgold
Cltemgold Interest
150,000 Shares . . . . . . .

"Deferred Development
. . . . . . . . . . . . .Costs . .

'`Chemgold (Loss for
Period) . . . . . . . . . . . . .

" LESS Minority Interest in
Chemgold Inc. (Glamis
Holding 65,18%) . . . . . .
TOTAL OUTLAY . .

NET INCREASE
(DECREASE) IN
WORKING CAPITAL

WORKING CAPITAL
(DEFICIENCY) AT
THE BEGINNING OF
THE PERIOD . . . . . . .

WORKING CAPITAL
(DEFICIENCY) AT
THE END OF THE
PERIOD . . . . . . . . . . . .

k Cherngold
JNAUDITED

Director

1982 1983 3
$ 9,599.40 $ 63 , 170

.00 Company Name : Glamis Gold Ltd. F

143,270.28 130,768 .00 j Directors and Officers : Chester F. Millar, President
Adolf H. Lundin

- 1,007,611,00 H. Lutz Klingmann'~
F. W. Maycock ' `

! G. B. Finlayson , Secretary a
44,812.54 105,021.00 ' d.Offices :9,669.40 249,451 .00
- 90,318.00 Corporate: P.O. Box 34183 , Station D §4

Vancouver, B.C. V6J 4N1
$207,351.62 $1,646 ,339.00

Executive: 405 - 750 W. Pender Street
Vancouver, B.C. V6C 2T7

$ - $ 12,418.00 Telephone: (604) 689-7842 ;

20,829.67 31 ,859.00 Telex: 04-51457 > r
100>445.22 346 953 .00 Share Capital -Issued: 3,015,192 common shares at ~`

no par value
- 52,500.00

Stock Exchange Listing : Vancouver Stock Exchange
- 334,952.00 (GLG)

589 317 .05
_ Bankers: Canadian Imperial Bank of

Commerce
$710,591 .94 $ 778 ,682.00 300 West Hastings Street

Vancouver , B.C. V6B IK7'
A

221,204 .61 234, 115 .00 Legal Counsel : Lawrence & Shaw ; ,
$489,387 .33 $ 544,567.00 2500 - 595 Burrard Street : ,

Vancouver, B.C. V7X 1Ll © 26)0
Registered and Lawrence & Shaw

(282,035 .71) $ 1,101,772.00 Records Office: Vancouver, B.C . E F~-~ 9'

Auditors : Dyke and Howard'. ~/
1525 West 7th Avenue
Vancouver, B.C . V6J 1S1

(,t1) 6 A Q`~3 4770,623.89 135,256.00I (~
Registrar and Yorkshire Trust Company
Transfer Agent: 1100 Melville Street

Vancouver, B.C. V6E 4B6
$448,588.18 $1,237 ,028.00 U.S. Subsidiary: Chemgold, Inc .

Glamis Gold Ltd . owns : '
65.18% of Chemgold, Inc. d l r

51-11 R,



la1m i old Ltd. To The Shareholders
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PICACHO =- -
MINE

Glamis Gold Ltd . holds a two-thirds interest in
Cherrgold, Inc ., a California corporation. Chemgold
operates the Picacho open pit gold heap leach mine
which is located in Imperial County, California,
approximately eighteen miles north of Yuma, Arizona
and four miles south of the Colorado River .
The property consists of 31 patented and 21 unpatented
lode claims. The claims and the associated water right on
the Colorado River, are owned by the Picacho
Development Corp .

COVER: The Picacho mine of Chemgold , Inc, from the
northwest in January, 1983 .

FINANCIAL
The first six months of the current financial year showed a
significant turn-a-round in the profitability of Glamis Gold Ltd .

HIGHLIGHTS

No. of Shares Issued . . . . . . . .
Net Profit (Loss) . . . . . . . . . . .
Net Profit (Loss) Per Share . . .
Working Capital at End of

Period . . . . . . . . . . . . . . . . . .

Chemgold, Inc. Operat

Year Ended Six Months Ended
July 31, 1982 January 31, 1983

2,857,192 3,015,192
$(86,632) $929,119

(3.0)c 30.5c

$135,256 $1,237,028

Lons
PRODUCTION

Year Ended
July 31, 1982

Gold - Troy oz. 1,610
Silver - Troy oz. 55
The average price received for gold sold dun
U.S. $433 per oz .

Six Months Ended
January 31, 1983

3,995
271

ng this period was

LEACHING
A substantial upgrading program of equipment and facilities is
just being completed .

Pregnant solution is now being pumped at an average rate of
'830 tons per day.

Evaluation of the 55,000 ton initial heap has been completed .
A total of 2,220 ozs . of gold were recovered from this heap
from March, 1980 to December, 1981 .

The core of the heap was found to contain. no measurable gold
while the perimeter of the heap was found to contain gold
values ranging from .01 to .05 oz . per ton . This perimeter
material is now being releached on the new heap .

Final recovery from the initial heap is estimated at 2,730 ozs . of
gold vs . the original estimated gold content of only 1,705 ozs .
The results of this work indicate that total recovery of gold is
being obtained with the present leaching methods and that
drilling assays tend to undervalue the true gold content of the
ore .

Tests are underway to determine the affect of agglomerating
finer materials on the rate at which gold can be recovered .

ORE RESERVES
A significant increase in ore reserves was indicated by
exploration drilling done in December, 1982 and January, 1983 .
A total of fourteen holes were drilled to a depth of 500 feet to
determine the extent of the Diablo mineralized zone in the
direction of the leach pads . Drilling done in 1933 to a depth of
120 feet had indicated an erratic zone of mineralization dipping
to the north . The holes drilled recently intersected
mineralization in an area of approximately 600 feet by 900 feet
at a depth below 200 feet. The average thickness of the
intersection was 138 feet .

This drilling indicates the total ore reserves to be in the order
of 10,000,000 tons at .05 oz . per ton .

NEW PROJECTS
Glamis Gold Ltd . reached an agreement with the Crown .
Sutton Joint Venture to explore and develop the South Penn
property. This is a small but promising open pit prospect
located approximately five miles north of the town of Republic
in Washington State . The Crown-Sutton Joint Venture holds
the property under four long-term mining leases with property
owners in the area .

Nineteen rotary percussion holes were drilled to an average
depth of 73 feet as part of the Phase I exploration program itt
January, 1983 . Samples were shipped to Vancouver for analysis
by Chemex Labs Ltd. The sampling and drilling done to date
have indicated a reserve of 430,000 tons at 0.058 oz . gold per
ton and 0.003 oz . silver per ton . Preliminary metallurgical
testing is now being done on drill cuttings by Kappes, CassidaN
and Associates of Reno, Nevada . A further series of holes will
be drilled in March, 1983 to determine the extent of the
mineralization in depth and to confirm an inferred ore tonnag,
and grade .

Glamis Gold Ltd. is actively pursuing and evaluating other
open pit heap leach possibilities .

CORPORATE DEVELOPMENTS
Glamis Gold Ltd . is preparing an application for listing on the
NASDAQ trading system in the United States .

On behalf of the Board of Directors,

C, 4- G4 . _
C. F. Millar
President

March 9, 1983



U Southwestern Exploration Division

June 8, 1983

To : JHCourtright
FRKoutz
HGKreis
WLKurtz
GJStathis
JRStringham

From : J . D . Sell

Heap Leaching Gold

Attached is a copy of the cover letter by R . L . Brown and the article by
F . T . Graybeal on the heap leaching of gold .

Please note the final paragraph on page 2 of the cover letter .

Although field work and a vast number of drill holes with ore is the pre-
requisite for an operating mine, the ASARCO Library also has a number of
publications which have pertinent thoughts on gold . These include .'

a) Principal Gold-Producing Districts of the United States, by
A . H . Koschmann and M . N . Bergendahl : USGS Prof . Paper 610 (1968) .

b) The Geochemistry of Gold and Its Deposits, by R . W . Boyles :
Geol . Survey of Canada Bulletin 280 (1979) .

c) Precious Metals in the Northern Cordilleran, edited by A . A .
Levinson : The Assoc . of Exploration Geochemists (1982) .

d) The Geology of Gold in Ontario, edited by A . C . Colvine : Ontario
Geological Survey, Miscellaneous Paper 110 (1983) .

..,,,,"'James D . Sell

JDS/cg

Attachments



J . D . Sell

New York,. May 31, 1983

MEMORANDUM FOR : Exploration Managers

Heap Leaching - Gold

Five years ago most of us considered that heap leaching oper-
ations in gold camps were mainly conducted by underfinanced, fly-
by-night groups attempting to salvage remnants of surface oxidized
surface material and old dumps around some of the various abandoned
gold mining localities in the west . The view was that there was
no real money to be made from this activity, but that these junior
companies might make something promoting their operations on various
over-the-counter and regional stock exchanges . Since that time,
recognition that such organizations as Selection Trust, Goldfields,
Canadian Superior, and Placer Development among the experienced
mining companies ; and Louisiana Land, Amoco Minerals, and Occidental
as examples of very-well financed groups had made investments in
heap leach operations, and were deriving, from them handsome profits
and cash flows, obviously necessitate a re-evaluation of that view .

Mr . Graybeal has put together a compilation of data concerning
the heap leach operations and it, together with his observations
concerning the state of the "heap leaching" art, is in my opinion
a valuable piece of background information which I am herewith dis-
tributing to you .

The advent of heap leaching as a viable metallurgical recovery
technique quite obviously has added a new class of mineral deposit -
the class of deposits containing pervasively distributed free gold
grading say from .04 gold to those deposits grading say .15 Au
(which might be more economic under conventional milling techniques -
to our list of legitimate exploration targets . There are of course,
limitations - not all .04 gold deposits are heap leachable, one
reason being that in some of these deposits the gold is caught up
in pyrite or in some other sulfide, and the development of this
technique obviously does not constitute a basis for the assumption
that all areas in which there is presumptive very low grade mineral-
ization of these grades should be drilled . Nevertheless, new tech-
nology has opened up a new group of mineral deposits which can earn
attractive rates of return, and mining operations on these deposits
are in operation and are now continuing to be constructed in the
Western United States and in Australia, and operations of this type
are either under construction or being contemplated in the Philip-
pines, and in South Africa .

RECEIVED

JUN - ga3

S. W. U . S. EXPL Ui4 :
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In summary I think you will find the information Mr . Graybeal
has compiled very useful to you, and I ask that you circulate it
among your staff and make sure they understand both the possi-
bilities and the limitations inherent in heap leaching .

R . L . Brown

Attachment

cc w/attachment

RLHennebach
RdeJOsborne
TCOsborne



J ,

New York, May 25, 1983

MEMORANDUM FOR : Mr . R . L . Brown

Review of Gold and Silver
Heap Leach Operations

Heap leaching is a simple process in which a cyanide solution
is percolated through heaps of gold-bearing rock dissolving gold
which is usually recovered on activated carbon. Geological factors
of importance include distribution and grain size of gold in the
ore, supergene oxidation which liberates sulfide-bound gold and
reduces consumption of cyanide, and physical nature of the ore
which governs permeability in the leach heaps .

The first significant operation to recover gold by heap leach-
ing began at Cortez in 1971 as an addition to a conventional mill-
ing operation . The first significant independent heap leach operation
began at Windfall in 1975 and there are presently 12 independent
heap leach gold mines . I estimate that 320,000 oz . Au, or roughly
20% of the total USA gold production, was recovered by heap leaching
in 1982 equivalent to about half of the primary open pit gold pro-
duced in the USA .

The attached fold-out chart summarizes information on 15 signi-
ficant precious metal heap leach operations . Data are incomplete,
change almost daily, and come from many sources of variable quality .
Twelve of the 15 deposits are gold mines of which 6 are in Nevada
and only 1 is outside the USA . Seven of the 15 are run by junior
mining companies . Five additional operations for which only incom-
plete data are available are described briefly below . The following
discussion will focus on the gold operations .

Reserve data in Table 1 suggest that at a gold price of $400/oz .
a minimum exploration target size would be about 1 million tons
averaging 0 .08 oz . Au . Minimum ore grade for a large and low cost
operation with recoverable gold and silver might be about 0 .040
oz . Au equivalent . The mineralization in heap leach ores is usually
disseminated with assay boundaries so reserves may change substan-
tially with the price of gold . Exceptional care is required to mea-
sure the gold content of heap leach material which is near the lower
limit of acceptable fire assay precision . Increased confidence
in reserve estimates is obtained by running duplicate assays, assay-
ing large samples (10-20 lbs .), drilling large diameter holes, and
drilling a large number of holes .
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TABLE 1, Summary of Heap Leach Reserves

Mine Tons oz . Au oz . A
(millions)

Haveluck(1) 2 0 .054 -

Borealis 2 0 .08 0 .5

West End 3 0 .085 -

Windfall 5 0 .035 -

Alligator (2) 5 0 .12 -

Annie Creek 7 0 .043 0 .16

Ortiz 7-16 0 .053 -

Northumberland 10-16 0 .052 -

Round Mountain 12-230 0 .043 -

Zortman-
Landusky 40-190 0 .030 0 .7

(1) Additional carbon-in-pulp ore was included in
overall reserve which justified development .

(2) Highest grade heap leach operation ; considering
that carbonaceous ore must be stockpiled and
additional reserves are present, this might have
been better suited to conventional milling .

Major capital cost variables are the need for a crushing plant
and whether mining is done by contractor . Capital costs in 1983
dollars for heap leach operations including Candelaria (Ag) ranged
from $2300-6600/daily ton of ore for 6 of the operations where good
data are available (see Table 2) . Alligator Ridge was $15,000/daily
ton and may be in error . Capital cost for the Zortman-Landusky com-
plex are not known accurately, but if estimates of $1 million (1983
dollars) are close the cost would be $200/daily ton . This remarkably
low cost resulted from contract mining of ore which did not require
crushing . Table 2 shows that heap leach capital costs are substan-
tially less than those for more conventional milling operations dice
to a relatively simple flowsheet . Capital costs per ounce of recover-
able gold for heap leaching are equivalent to or less than costs
for conventional milling as shown on Table 3 .
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TABLE 2 . Capital Cost/Daily Ton of Ore Mined (1983 dollars

Heap Leach

Haveluck - $2,300

Santa Clara(1) - 2,700

Annie Creek - 2,900

Round Mountain - 3,500

Candelaria - 4',300

Ortiz - 6,300

Northumberland - 6,600

Alligator Ridge- 15,000

Conventional Millin

Golden Sunlight -$10,000

Pinson - 22,000

Mercur - 27,000

Jerritt Canyon - 44,000

McLaughlin - 66,000

Average -$34,000

Average 5,400

(1) Not on fold outtable ; see text

TABLE 3 . Capital Cost ./oz . of Recoverable Gold in Reserve (1983 dollars

Heap Leach

Haveluck(1) - $l6/oz .

Annie Creek - 18

Santa Clara - 23

Northumberland - 58

Round Mountain - 59

Ortiz - 67

Alligator Ridge - 83

Conventional Millin

Golden Sunlight - $43/oz .

Jerritt Canyon - 49

Pinson - 63

McLaughlin - 69

Mercur - 99

(1) Heap leach and CIP reserve and plant .
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Capital cost per ounce of recoverable gold in the original reserve
for the Zortman-Landusky complex would be less than $1 .00 .

Construction intervals vary from B-15 months, Six of the oper-
ations began production in the interval 1979-1981 . Mining rates
(ore) for 8 operations cluster between 1000-3000 tpd . The two largest
operations are Round Mountain at 8000 tpd and Zortman-Landusky at
25,000 tpd . Round Mountain produces more gold than Zortman due
to a longer operating season and higher grades . Although cold weather
is a problem for plumbing systems and reduces the rate of dissolution
of gold Zortman-Landusky, which is located in northern Montana,
resumed mining on February 21, 1983, indicating cold weather is
not a complete deterrent . The Victor Mine leaches heaps in enclosed
vats at Cripple Creek and Pound Mountain recently installed a heater
to keep circulating fluids warmer . Because of the low ore grades
stripping ratios are low and pit slopes are kept steep where possible .
Cutoff grades are about 0 .02 oz . Au .

Gold recoveries are in the range 60-70% for a 30-day interval .
The most important and unpredictable variable in heap leaching is
the movement of solution through the heaps . In order to obtain
any recovery a cyanide solution must be brought in contact with
the gold- Where the gold occurs on natural fractures crushing may
not be required . If crushing is required or if the ore is unusually
soft, excessive fines may reduce permeability and cut the flow of
solution below that required to maintain production . Fines have
been a problem at Alligator Ridge, Haveluck, and Candelaria . Agglom-
eration techniques have been developed by the U .S . Bureau of Mines
to handle fines, but they increase capital and operating costs .
Proper bedding of material on the leach heaps has been extensively
researched to avoid compacting the ore with haulage equipment and
to reduce sorting of fine and coarse material as individual loads
of ore are added to the heaps . Careful selection of samples for
metallurgical work is necessary as a single orebody may have several
distinct ore types . Recognition of different ore types is difficult
because most low grade deposits are explored using air hammer drilling
methods which pulverize the sample, but careful logging can provide
useful data . Most companies construct one or several 1000-5000
ton test heaps before final operating procedures are selected . The
importance of accurate measurements of ore grades and recoveries
cannot be overstated ; for a 3000 tpd operation with $270/oz Au oper-
ating costs at a gold price of $430/oz ., a change in recovered gold
of six thousandths of an ounce per ton of ore (0 .006 oz . Au) will
change the annual. net profit before taxes by $1 million .

Operating costs per ounce of gold produced seem to cluster
at $250-270/oz . The Round Mountain estimate of $190/oz . Au is the
1983 GNP adjusted equivalent of estimates made in 1977 by Copper
Range and Mountain States using a head grade of 0 .045 oz.Au and
is probably too low . Costs at Northumberland are unusually high
at $402/oz ., even when $68/oz . haulage costs are deducted .
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Heap leach operations for which less data are available in-
clude :

1) Carlin Mining Co . Heap leaching is now in progress
at Carlin . Major reserves at Maggie Creek and Gold
Quarry of at least 150 million tons averaging 0,036 oz .
Au will be agglomerated and heap leached . The Boot-
strap dumps were previously leached as they lay after
mining without prior sealing of the base . By .1984 it
is estimated that 30% of the gold production at the Carlin
complex (Carlin, Maggie, Gold Quarry, Rain, Blue Star)
will be by heap leaching .

2) Picacho District, Cal i f . Chemgold, Inc . (Glamis Gold,
Inc.) is leaching 300,000 tons and producing 600 oz .

Au/mo. Agglomeration techniques are being studied .
Recent drilling expanded reserve to 10 million tons
averaging 0 .05 oz . Au_ Mineralization rumored to occur
in mid-Tertiary detachment fault zones .

3 . Santa Clara, Costa Rica . Located 40 miles from San
Jose and owned 60% by United Hearne and 40% by Canadian
Barranca . Reserves are 4 .1 million tons averaging 0 .063
oz . Au and recent drilling indicates substantial in-
creases are probable- Came on stream September 1981 at
1500 tpd for $4 million . Operating costs are estimated
at $6 .00/ton .

4) Darwin Mine, Calif . Anaconda is drum agglomerating
and heap leaching flotation tails averaging 1 .6 oz . Ag

and 0 .01 oz . Au. Leach pads are compacted tailings .

5) Grubstake Mine, Montana . Resources America, Inc . is
drum agglomerating and heap leaching 20,000 tons of
dump material averaging 0 .07-0 .15 oz . Au. The Merrill-
Crowe recovery plant is highly automated

Serious feasibility studies or pilot heap leach test work is ongoing
at :

1) Pinson mine, Nev . A test pad is being built to study
heap leach characteristics of 5 million tons of low
grade material involving two ore types .

2) Bell Mtn . mine, Fairview Dist ., Nev . American Pyramid
is developing a combined milling and heap leach oper-
ation . T.

3) Dayton mill tailings, Comstock Lode, Nev . Tailings aver-

age 2 .5 oz . Ag and are 65% minus 200 mesh . A 40-ton
experimental heap was agglomerated and yielded 78% re-
covery in Ag in 5 days .
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4) Packard mine, Nev . This property is located 3 miles
southwest of the Rochester deposit . Reserve is esti-
mated at 2 million tons averaging 1 oz . Ag . An initial
iinagglomerated 30,000 ton test was unsuccessful, but
subsequent 300 ton pilot heaps with ore crushed to 80%
minus 9/16 in . and agglomerated gave 65% Ag recovery in
6 days . Follow-up work on a 1000 ton heap gave similar
results and work is continuing .

5) Goldfield, Nev . Initial 8000 ton test heap failed due
to low permeability . Column leach tests on agglomerated
rock crushed to minus 1 in . gave 80% recovery of gold in
14 days . Existing heaps will be recrushed and agglomer-
ated as a pilot test .

6) El Plomo, Colo . E&B Explorations (German money) is eval-
uating 1 million tons of 0 .057 oz . Au . Large test heap
program was completed in 1982 .

7) Cold Stripe, Plumas County, Calif . Test production by
NCA Minerals will begin June 1983 from 10,000 ton test
pad . Deposit has reserves 1 .2 million tons averaging
0 .063 oz . Au .

8) Zaca Mine, Alpine County, Calif . California Silver has
operating permits for a 3000 tpd/heap leach mine . Re-
serves are 4 .1 million tons of 0 .036 oz . Au and 0 .61
oz . Ag at 0 .01 oz . Au cutoff . Column leach test of com-
bined oxide and sulfide ore crushed to minus 3/8" re-
covered 76% Au and 38% Ag in 19 days .

9) German Gulch, Montana . Reserve is 11 million tons of
0 .048 oz . Au . Heap leach recoveries on two 4500 ton
heaps are reportedly 850 .

10) La Ronqe Dist., Saskatchewan . Waddy Lake Resources has
conducted tests said to be successful on low grade rock
containing coarse gold .

11) Hedley, British Columbia . Banbury Gold Mines has ap-
plied for permit to begin heap leach production on
gold-silver property .

12) Telfer mine, W . Australia . Newmont has completed a 1000
ton test heap leach pad and will crush ore to minus 1"
and agglomerate . They say there is considerable heap
leach ore, my guess is at least 5 million tons .

13) Masbate mine, Philippines Is . Atlas is building an
asphalt heap leach test pad to evaluate characteristics
of an eventual 4 million ton stockpile grading 0 .030-
0 .045 oz . Au .
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14) Gabiet Mine, Sudan . Robertson Research (U .K .) in
complex ownership package is conducting pilot heap
leach tests on mine tailings . Ultimate production
might be 3000/oz . Au/yr .

15) Witwatersrand S . Africa . Feasibilities are reportedly
underway to evaluate heap leaching on old dumps and
tailings .

Heap leach operations are attractive because capital costs are
low, technology is simple, and development intervals are rapid .
These features permit the development of deposits otherwise too
small or too low grade to justify a conventional milling operation .
A substantial body of literature is available on the technology,
but less information is available on existing operations, partic-
ularly operating costs . Operating costs per ounce of gold recovered
may exceed costs at open pit milling operations, but are less than
costs at the Homestake mine (1982 costs about $400/oz .) . Although
heap leach operating costs/oz . Au may be somewhat more than con-
ventional milling operations, the capital investment may be somewhat
less, and heap leaching therefore represents a valid and competitive
mining investment . A 3000 tpd heap leach plant mining 0 .07 oz .
Au with 65% recovery at a gold price of $430/oz . and operating cost
of $270/oz . would net $8 million before tax, clearly of sufficient
size to be of interest to Asarco .

The many low grade gold prospects in various stages of expl .or-
ation now known in the western US substantially outnumber known
prospects of higher grade mineralization which might become conven-
tional milling operations . This ratio may also apply to future
discoveries and a significant effort is currently underway in low
grade environments where the odds for discovery would appear to
be more attractive .

F. T . Graybeal
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CHARACTERISTICS OF GOLD AND'SILVER HEAP LEACH OPERATIONS

CAPITAL COST PRODUCTION WSTE/ORI,
RECOVERY

OPERATING
COST (1983 ) GEOLOGY

COMMENTS
MINE OWNER RESERVE STARTUP RATE CUTOFF

(Million)

GOLD MINING OPERATIONS
70-75% NA Disseminated gold in s0ne of Strong Crushing and agglomeration requiredf car-

ALLIGATOR RIDGE 50% Amselco 14M tons - $30M, permitting 2200 tpd W/0-3/2 ;
0 jasperoid alteration of silty lime- bonaceoue ore is stockpiled, more ore in

Nevada 50% Occidental 0 .12 oz Au and construction 60,000 oz Au/yr 40-45 atone, deeper ore is crbonacous . 2 other zones ; pad made from compacted
took 15 months; pit slope clay mined locally ; 140 employees .
startup Oct . 1980 .

C - 74% $225-275/oz Similar to Gilt Edge 121 ; dissem- Wharf holds 50% interest in adjacent
ANNIE CREEK Wharf Resources 6 .5M tons - $4m ; startup 750,000 tpy utoff

inated gold in pyritic (Oxidized) Bald Mtn . property 8lomestake SOIL) with
B . Dakota 0 .043 02 Au Sunnier 1983. 0.02 oz ;

o it l latite and trachyte porphyry in reserves of 9 .9 million tons averaging
0 .16 oz A9 s ope45 p

breccia and shear zones, 0 .041 oz Au, 0 .17 ox Ag .

NA NA Disseminated gold and silver halides 40 employees .
BOREALIS Houston Int . Minerals 2 .1M tons - Startup Nov . 1981 . 2300 tpd NA in oxidized, silicified and argil-

Nevada (Tenneco) 0 .08 oz Au 30,000 oz Au/yr
lined tuff and volcanic breccia .

O.50 oz Ag 30,000 oz Ag/yr

NA (not available) Cutoff = 50% from clayey NA Largely Carlin-type with fine-grained No crushing, 170,000 ton heaps .
CORTEZ Placer Development 2.2M tons - Startup 1971;

0 015 oz Gold Acres ore ; disseminated gold in silty limestone,
Nevada 0.041 or Au part of a mill- .

65% from blocky variably carbonaceous .
at Gold Acres
2 .8M tons

ing operation .
Cortez ore .

et Cortez .

ERVELUCR Whim Creek 1 .4W tons - $2M; startup 1000 tpd W/0=2/11 70% ; 30% in $250/oz EL Disseminated gold in strongly
thered and talc-altered maficwe

Began as 100% heap leach ; excessive
conversion torequired r

W . Australia 0 .054 oz Au June 1980 ; 10 14,500 oz cutoff = 30 days $270/oz CIP a
volcanic rock .

fines edt
heap leach . mo . for con- Au/yr 0.018 oz

total reserve is 4 .514 tons at 0 .066 or Au .
struction .

t rt 3000 t d W/0=3. .8/1 60% from jam- $402/oz excluding Carlin-type with disseminated gold Crushing required ; 10 mile haul pit to
NCRTBUMSERLAND Amoco Minerals 1014 tons - up$1714 ; s a

il 1981 8
p

000 oz Au/yr30 cutoff - peroid, 70% depreo ./dept, ; in jasperoidized limestone and in heaps ; plastic liner under heaps ; addi-
Nevada 0 .052 oz Au ;Apr

f
,
000 oz Ag/yr30 0 020 oz from shaley haulage is $68/oz . decalcified silty limestone . tional 614 tons averaging 0 .034 oz Au at

or con-mo . , , W/0.6 .9/1 ; 110 employees .
struction . limestone

ORTIZ Goldfields 6 .814 tons - $14 .914 ; startup 3000 tpd W/0=1 .2/1 ; 78% In 56 $261/oz excluding
d ld

Disseminated gold in fractures and _
s in oxidized breccia pipe cut-vu

Additional IOM tons are below water
table ; mining done by contractar; crush-

New Mexico - 0 .053 oz Au Feb . 1980 ; 12 80,000 oz Au/yr cutoff = days ; 60% in
23 d

ep .eprec ./ g
ting quartzite and associated with ing required ; asphalt-lined heaps are

. for con- 0 .02 oz . ays .
latite dikes . cycled ; 48 employees .

struction .

6 tu$1814 st 8000 tpd W/0=1/1 ; 67% in 26 $190/oz (est . by Disseminated gold in iron-stained First large heap leach gold operation ;
ROUND MOUNTAIN Smokey Valley Mining 14Started at 11 . p; ar

1977 15 000 oz Au/yr75 cutoff = days . FIG based on cur- joints cutting dense weakly altered crushing required ; asphalt-lined heaps ;
Nevada Co . (50% Louisiana tons - 0 .061 oz Au ; Jan . ;

f
,

r30 000 oz Ag/ 02 oz ; 56°0 rent ore grade of ash flow tuffs, heaps are cycled every 28 days ; 240
Land) now 195M tons - 0 .043 or con-mo . y, .

pit slope 0 .045 oz Au) . a ployees .
oz Au, 0 .08 oz Ag stroction .

NA Close to $160/oz Au ; 400 ft . diameter breccia pipe, Cripple Creek District ; 75% of ore is mined
VICTOR Silver State 3 .514 tons - 0 .06 $314 ; startup 1000 tpd

90% in 4 days mining cost by ripping ; ore crushed to minus 1/2 in . and

Colorado Mining Corp, oz . Au ; potential March 1982 ; con- 20,000 oz Au/yr .
is $ .20/ton agglomerated with 90% of Au in solution by

for BM tons . oction took9t time cement cures ; leaching in concrete "vats"
9 s mo. covered for year-round leaching ; 4-day cycle,

3000 t d W/0=2/1 75% NA Oxidized gold-bearing arsenopyrite 5-month operating season ; 2 years to do
WEST Elm Canadian Superior 3M tons - Estimate $1014 ; p in shear zones in xrgillized schist, EIS : 60 employees .

Idaho 0 .085 oz Au . startup July 1982 ; quartzite, and cargonate cut by
11 mo . far con- trachyte dikes .
structien

1500 t d W/0 - low NA NA . Profitable in Disseminated gold in jasperoidized No crushing ; mining reduces sanded dolomite
WINDFALL Idaho Mining Corp . SM tons - Startup July 1975 . p ;

cutoff = 1975 when gold was and sanded dolomite . to 35% minus 200 mesh, ponds instead of
Nevada 0 .035 or Au

01 oz Au0 $160/oz ( equal to sprinklers .
0 .01 oz Ag .

$264/oz . Au in 1983) .

ZORTMAN-LANDOSAV Wharf Resources Ltd . Zortman is 20M Startup July 1979 ; 12,000 tpd each ; W/0=0 .7/1 70% An
5%

$250/oz Au exclusive
of Ag ; equivalent to

Disseminated gold and silver in
weakly pyritic (now idized) shear

Mining by contractor ; heaps sealed with 2 ft .
compacted bentonite ; no crushing ; 5008-1M

Montana Pegasus Explorations, tons - 0 .032 oz An, construction took
th 2l

67,000 oz Au and
is146 000 oz A

3 Ag
$4 .50/ton ore includ-

ox
zones cutting syenite . Zortman is ton heaps are permanent ; early Zortran grades

Argo Gold mining 0 .4 ax A9 ; Landusky mo .ess an 1 , g
total for both ing adminis ., exclud- old gold district, Landusky is old were 0 .06 oz Au ; additional Zortman reserves

Corp ., and others- is 19M tons - 0 .027 .
ing deprec ., depl ., tax, silver district ; 8 miles apart . 30-40M tons, possibly 190M tons at taodusky ;

oz Au ; 0 .9 oz Ag . 65 employees ; 1983 production began Feb . 21, 1983 .

SILVER MINING OPERATIONS

60% Occidental ; will 13M tons - $3014 ; startup 8000 tpd NA 40% in 6A Argentiferous Fe and Mn oxides in Only full-scale heap leach silver mine in
CANDELARIA

sell to NERCO 3 .15 oz Ag September 1980 . 1,700,000 oz 60 days ( formerly pyritic chart, sandstone, world ; crushing and agglomerating required ;
Nevada .

0 .002 oz Au . Ag/yr . 9,200 and shale cut by quartz veins and closed Spring 1982 due to low Ag prices ;

oz Au/yr . chalcedonic zones . 140 employees .

TOMBSTONE Tombstone Exploration Dumps contain Startup of dump 1500 tpd from NA Lab tests in- Lode is,profitable Silver halides, sulfates in quartz- Lode we is mined by ripping ; dump material
'

C 26 ozIM tons - 2 material January dumps ; 2000 tpd dicate 75% for at Ag price of $10/oz . veined and silicified volcanics and agglomerated ; lead :crushed to minus 1/2
Arizona ompany .

Ag and 0 .037 oz 1981, tpd from Con- Au, 60% Ag both and siliceous limestone congl°m- pad is compacted mill tailings ; agglomera-

Au . Lode averages tention zone . in 16 days . erates, variable manganese . tion increased recoveries by 5x,

1 oz Ag .

A 000 in dumps500 $700 0001 startup NA NA NA $6 .90/ton of are . Silver halides and gold in dumps Plastic-lined leach pads; plant treats 1400
TUN ARUBA ssoc .Tuscarora ,

2 .5 oz A9
,

October 1979 ; cost in an old epithetmal quartz- tons solution/day ; mining by contractor ;
Nevada .

0 .02 oz Au . includes moving adularia vein camp, 6 employees .

first 200,000 tons .

FTG - 5/26/83



W . L . Kurtz'I) ilt1ffev
New York, May 31, 1983

MEMORANDUM FOR : Exploration Managers

Heap Leaching - Gold

Five years ago most of us considered that heap leaching oper-
ations in gold camps were mainly conducted by underfinanced, fly-
by-night groups attempting to salvage remnants of surface oxidized
surface material and old dumps around some of the various abandoned
gold mining localities in the west . The view was that there was
no real money to be made from this activity, but that these junior
companies might make something promoting their operations on various
over-the-counter and regional stock exchanges . Since that time,
recognition that such organizations as Selection Trust, Goldfields,
Canadian Superior, and Placer Development among the experienced
mining companies ; and Louisiana Land, Amoco Minerals, and Occidental
as examples of very-well financed groups had made investments in
heap leach operations, and were deriving, from them handsome profits
and cash flows, obviously necessitate a re-evaluation of that view .

Mr . Graybeal has put together a compilation of data concerning
the heap leach operations and it, together with his observations
concerning the state of the "heap leaching" art, is in my opinion
a valuable piece of background information which I am herewith dis-
tributing to you .

The advent of heap leaching as a viable metallurgical recovery
technique quite obviously has added a new class of mineral deposit -
the class of deposits containing pervasively distributed free gold
grading say from .04 gold to those deposits grading say .15 Au
(which might be more economic under conventional milling techniques -
to our list of legitimate exploration targets . There are of course,
limitations - not all .04 gold deposits are heap leachable, one
reason being that in some of these deposits the gold is caught up
in pyrite or in some other sulfide, and the development of this
technique obviously does not constitute a basis for the assumption
that all areas in which there is presumptive very low grade mineral-
ization of these grades should be drilled . Nevertheless, new tech-
nology has opened up a new group of mineral deposits which can earn
attractive rates of return, and mining operations on these deposits
are in operation and are now continuing to be constructed in the
Western United States and in Australia, and operations of this type
are either under construction or being contemplated in the Philip-
pines , and in South Africa .

RECEIVED

o u 1\1 - 6 1983

EXPLURALZ'$,! 6EPAR MERI
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In summary I think you will find the information Mr . Graybeal
has compiled very useful to you, and I ask that you circulate it
among your staff and make sure they understand both the possi-
bilities and the limitations inherent in heap leaching .

R . L . Brown

Attachment

cc w/attachment

RLHennebach
RdeJOsborne
TCOsborne
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New York, May 25, 1983

MEMORANDUM FOR : Mr . R . L . Brown

Review of Gold and Silver
Heap Leach Operations

Heap leaching is a simple process in which a cyanide solution
is percolated through heaps of gold-bearing rock dissolving gold
which is usually recovered on activated carbon . Geological factors
of importance include distribution and grain size of gold in the
ore, supergene oxidation which liberates sulfide-bound gold and
reduces consumption of cyanide, and physical nature of the ore
which governs permeability in the leach heaps .

The first significant operation to recover gold by heap leach-
ing began at Cortez in 1971 as an addition to a conventional mill-
ing operation . The first significant independent heap leach operation
began at Windfall in 1975 and there are presently 12 independent
heap leach gold mines . I estimate that 320,000 oz . Au, or roughly
20% of the total USA gold production, was recovered by heap leaching
in 1982 equivalent to about half of the primary open pit gold pro-
duced in the USA .

The attached fold-out chart summarizes information on 15 signni-
ficant precious metal heap leach operations . Data are incomplete,
change almost daily, and come from many sources of variable quality .
Twelve of the 15 deposits are gold mines. of which 6 are in Nevada
and only 1 is outside the USA . Seven of the 15 are run by junior
mining companies . Five additional operations for which only incom-
plete data are available are. described briefly below . The following
discussion will focus on the gold operations .

Reserve data in Table 1 suggest that at a gold price of $400/oz . ~J
a .minimum exploration target size would be about 1 million tons
averaging 0 .08 oz . Au . Minimum ore grade for a large and low cost
operation with recoverable gold and silver might be about 0 .040
oz . Au equivalent . The mineralization in heap leach ores is usually
disseminated with assay boundaries so reserves may change substan-
tially with the price of gold . Exceptional care is required to mea-
sure the gold content of heap leach material which is near the lower
limit of acceptable fire assay precision . Increased confidence
in reserve estimates is obtained by running duplicate assays, assay-
ing large samples (10-20 lbs .), drilling large diameter holes, and
drilling a large number of holes .
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TABLE 1, Summary of Heap Leach Reserves

Mine Tons. oz . Au. oz . A
(millions)

Haveluck (1) 2 0.054 -

Borealis 2 0.08 0.5

West End 3 0.085 -

Windfall 5 0.035 -

Alligator (2) 5 0.12 -

Annie Creek 7 0.043 0 .16

Ortiz 7-16 0.053 -

Northumberland- 10-16 0.052 -

Round Mountain 12-230

Zortman-
Landusky 40-190 0.030 0 .7

(1) Additional carbon-in-pulp ore was included in
overall reserve which justified development .

(2) Highest grade heap leach operation ; considering
that carbonaceous ore must be stockpiled and
additional reserves are present, this might have
been better suited to conventional milling .

Major capital cost variables are the need for a crushing plant
and whether mining is done by contractor . Capital costs in 1983
dollars for heap leach operations including Candelaria (Ag) ranged
from $2300-6600/daily ton of ore for 6 of the operations where good
data are available (see Table 2) . Alligator Ridge was $15,000/daily
ton and may be in error . Capital cost for the Zortman-Landusky com-
plex are not known accurately, but if estimates of $1 million (1983
dollars) are close the cost would be $200/daily ton . This remarkably
low cost resulted from contract mining o:f ore which did not require
crushing . Table 2 shows that heap leach capital costs are substan-
tially less than those for more conventional milling operations date
to a relatively simple flowsheet . Capital costs per ounce of recover-
able gold for heap leaching are equivalent to or less than costs
for conventional milling as shown on Table 3 .



3 .

TABLE 2 . Capital Cost/Daily Ton of Ore Mined (1983 dollars)

Heap Leach Conventional Milling

Haveluck - $ 2,300 Golden Sunlight -$ 10,000 P)ac9/

Santa Clara ( l ) - 2,700 Pinson - 22,000

L' Annie Creek - 2,900 Mercur - 27,000 ~M

6of Round Mountain - 3,500 Jerritt Canyon - 44 , 000
Occc Candelaria - 4,300 McLaughlin - 66,000

Ortiz - 6,300

Northumberland - 6,600 Average -$34,000

c' Alligator Ridge- 15,000

Average $ 5,400

(1) Not on fold outtable ; see text

TABLE 3_ Capital Cost ./oz . of Recoverable Gold in Reserve (1983 dollars)

Heap Leach Conventional Milling.

Haveluck(l) - $16/oz . Golden Sunlight - $43/oz .

Annie Creek - 18 Jerritt Canyon - 49

Santa Clara - 23 Pinson - 63

Northumberland - 58 McLaughlin - 69

Round Mountain - 59 Mercur - 99

Ortiz - 67

Alligator Ridge - 83

(1) Heap leach and CIP reserve and plant .
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Capital cost per ounce of. recoverable. gold in the original reserve
for the Zortman-Landusky complex would be less than $1 .00 .

Construction intervals vary from 8-15 months . Six of the oper-
ations began production in the interval 1979-1981 . Mining rates
(ore) for 8 operations cluster between 1000-3000 tpd . The two largest
operations are Round Mountain at 8000 tpd and Zortman-Landusky at
25,000 tpd . Round Mountain produces more gold than Zortman due
to a longer operating season and higher grades . Although cold weather
is a problem for plumbing systems and reduces the rate of dissolution
of gold Zortman-Landusky, which is located in northern Montana,
resumed mining-on February 21, 1983, indicating cold weather is
not a complete deterrent . The Victor Mine leaches heaps in enclosed
vats at Cripple Creek and Round Mountain recently installed a heater
to keep circulating fluids warmer . Because of the low ore grades
stripping ratios are low and pit slopes are kept steep where possible .
Cutoff grades are about 0 .02 oz . Au .

Gold recoveries are in the range 60-70% for a 30-day interval .
The most important and unpredictable variable in heap leaching is
the movement of solution through the heaps . In order to obtain
any recovery a cyanide solution must be brought in contact with
the gold . Where the gold occurs on natural fractures crushing may
not be required . If crushing is required or if the ore is unusually
soft, excessive fines may reduce permeability and'cut the flow of
solution below that required to maintain production . Fines have
been a- problem at Alligator Ridge, Haveluck, and Candelaria . Agglom-
eration techniques have been developed by the U .S . Bureau of Mines
to handle fines, but they increase capital and operating costs .
Proper bedding of material on the leach heaps has been extensively
researched to avoid compacting the ore with haulage equipment and
to reduce sorting of fine and coarse material as individual loads
of ore are added to the heaps . Careful selection of samples for
metallurgical work is necessary as a single orebody may have several
distinct ore types . Recognition of different ore types is difficult
because most low grade deposits are explored using air hammer drilling
methods which pulverize the sample, but careful logging can provide
useful data . Most companies construct one or several 1000-5000
ton test heaps before final operating procedures are selected . The
importance of accurate measurements of ore grades and recoveries
cannot be overstated ; for a 3000 tpd operation with $270/oz Au oper-
ating costs at a gold price of $430/oz ., a change in recovered gold
of six thousandths of an ounce per ton of ore (0 .006 oz .'Au) will
change the annual. net profit before taxes by $1 million .

Operating costs per ounce of gold produced seem to cluster
at $250-270/oz . The Round Mountain estimate of $190/oz . Au is the

_ 1983 GNP adjusted equivalent of estimates made in 1977 by Copper
Range and Mountain States using a head grade of 0 .045 oz.Au and
is probably too low . Costs at Northumberland are unusually high

_ at $402/oz ., even when $68/oz . haulage costs are deducted .
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Heap leach operations for which less data are available in-
clude :

1) Carlin Mining Co . Heap leaching is now in progress
at Carlin . Major reserves at Maggie Creek and Gold
Quarry of at least 150 million tons averaging 0,036 oz .
Au will be agglomerated and heap leached . The Boot-
strap dumps were previously leached as they lay after
mining without prior sealing of the base . By 1984 it .
is estimated that 30% of the gold production . at the Carlin
complex (Carlin, Maggie, Gold Quarry, Rain, Blue Star)
will be by heap leaching .

2) Picacho District , C ali f . Chemgold , Inc . (Glamis Gold,
Inc .) is leaching 300,000 tons and -producing 600 oz .
Au/mo . Agglomeration techniques are being studied .
Recent drilling expanded reserve to 10 million tons
averaging 0 .05 oz . Au. Mineralization rumored to occur
in mid-Tertiary detachment fault zones .

3 . Santa Clara, Costa Rica . Located 40 miles from San
Jose and owned 60% by United Hearne and 40% by Canadian
Barranca . Reserves are 4 .1 million tons averaging 0 .063
oz . Au and recent drilling indicates substantial in-
creases are probable . Came on stream September 1981 at
1500 tpd for $4 million . Operating costs are estimated
at $6 .00/ton .

4) Darwin Mine, Calif . Anaconda is drum agglomerating
and heap leaching flotation tails averaging 1 .6 oz . Ag
and 0 .01 oz . Au . Leach pads are compacted tailings-

5) Grubstake Mine, Montana . Resources America, Inc . is
drum agglomerating and heap leaching 20,000 tons of
dump material averaging 0 .07-0 .15 oz . Au. The Merrill-
Crowe Crowe recovery plant is highly automated

Serious feasibility studies or pilot heap leach test work is ongoing r
at: r ..

1) Pinson mine, Nev . A test pad is being built to study
heap leach characteristics of 5 million tons of low
grade material involving two ore types .

2) Bell Mtn . mine, Fairview Dist ., Nev . American Pyramid
is developing a combined milling and heap leach oper-
ation . ,

3) Dayton mill tailings, Comstock Lode, Nev . Tailings aver-
age 2 .5 oz . Ag and are 65% minus 200 mesh . A 40-ton .
experimental heap was agglomerated and yielded 78% re-
covery in Ag in 5 days .

r



4) Packard mine, Nev . This property is located 3 miles
southwest of the Rochester deposit . Reserve is esti-
mated at 2 million tons averaging 1 oz . Ag. An initial
unagglomerated 30,000 ton test was unsuccessful, but
subsequent 300 ton pilot heaps with ore crushed to 80%
minus 9/16 in . and agglomerated gave 65%.Ag recovery in
6 days. Follow-up work on a 1000 ton heap gave similar
results and work is continuing .

5) Goldfield, Nev . Initial 8000 ton test heap failed due
to low permeability . Column leach tests on agglomerated
rock crushed to minus 1 in . gave 80% recovery of gold in
14 days. Existing heaps will be recrushed and-agglomer-
ated as a pilot test .

6) El P1omo, .Colo . E&B Explorations (German money) is eval-
uating 1 million tons of 0 .057 oz . Au. Large test heap
program was completed in 1982 .

7) Gold Stripe, Plumas County, Calif . Test production by
NCA Minerals will begin June 1983 from 10,000 ton test
pad. Deposit has reserves 1 .2 million tons averaging
0 .063 oz . Au .

8) Zaca Mine, Alpine County, Calif . California Silver has
operating permits for a 3000 tpd/heap leach mine . Re-
serves are 4 .1 million tons of 0 .036 oz . Au and 0 .61
oz . Ag at 0 .01 oz . Au cutoff . Column leach test of com-
bined oxide and sulfide ore crushed to minus 3/8" re-
covered 76% Au and 38% Ag in 19 days .

9) German Gulch, Montana . Reserve is 11 million tons of
0 .048 oz . Au. Heap leach recoveries on two 4500 ton
heaps are reportedly 85% .

10) La Ronge Dist ., Saskatchewan . Waddy Lake Resources has
conducted tests said to be successful on low grade rock
containing coarse gold .

11) Hedley, British Columbia . Banbury Gold Mines has ap-
plied for permit to begin heap leach production on
gold-silver property .

12) Telfer mine, W. Australia . Newmont has completed a 1000
ton test heap leach pad and will crush ore to minus 1"
and agglomerate . They say there is considerable heap
leach ore, .my guess is at least 5 million tons .

13) Masbate mine, Philippines Is . Atlas is building an
asphalt, heap leach test pad to evaluate characteristics
of an eventual 4 million ton stockpile grading 0 .030-
0 .045 oz . Au .



f 7. _.

14) Gabiet Mine, Sudan . Robertson Research (U .K .) in
complex ownership package is conducting pilot heap
leach tests on mine tailings. Ultimate production
might be 3000/oz . Au/yr .

15) Witwatersrand S . Africa . Feasibilities are reportedly .
underway to evaluate heap leaching on old dumps and
tailings .

Heap leach operations are attractive because capital costs are
low, technology is simple, and development intervals are rapid .
These features permit the development of deposits otherwise too
small or too low grade to justify a conventional milling operation .
A substantial body of literature is available on the technology,
but less information is available on existing operations, partic-
ularly operating costs . Operating costs per ounce of gold recovered
may exceed costs at open pit milling operations, but are less than
costs at the Homestake mine (1982 costs about $400/oz .) . Although
heap leach operating costs/oz . Au may be somewhat more than con-
ventional milling operations, the capital investment may be somewhat
less, and heap leaching therefore represents a valid and competitive
mining investment . A 3000 tpd heap leach plant mining 0 .07 oz .
Au with 65% recovery at a gold price of $430/oz . and operating cost
of $270/oz . would net $8 million before tax, clearly of sufficient
size to be of interest to Asarco .

The many low grade gold prospects in various stages of explor-
ation now known in the .western US substantially outnumber known
prospects of higher grade mineralization which might become conven-
tional milling operations . This ratio may also apply to future
discoveries and a significant effort is currently underway in low
grade environments-where the odds for discovery would appear to
be more attractive .

F . T . Graybeal
ff
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CHARACTERISTICS OF'GOLD AND SILVER HEAP LEACH OPERATIONS

CAPITAL COST PRODUCTION
RATE

WASTE /ORE,
CUTOFF RECOVERY

OPERATING

COST (1983 ) GEOLOGY COMMENTS
MINE OWNER RESERVE STARTUP

' (M- illion)

GOLD MINING OPERATIONS

4 t permitting$ 30M 2200 tpd W/0 =3/1 ; 70-75% NA Disseminated gold in zone of strong Crushing and agglomeration required, car-
ALLIGATOR RIDGE 50% Amselco M ons -1

0 12
;

and constructionon 000 oz Au/yr60 p t45 as oid alteration of Silty lime-j l bonaceous ore is stockpiled, more ore in
NevadaNevada 50% Occidental . ox Ad

onthsk 15t
, i

pit slope stone ; deeper ore is carbonacous . 2 other zonesr pad made from compacted
m ;oo clay mined locally ; 140 employees .

startup Oct . 1980 .

EEK f Resourc sWh 514 tons -6 $4m ; startup 750,000 tpy cutoff = 74% $225 -275/oz Similar to Gilt Edge ( 4)t dissem- Wharf holds 5074 interest in adjacent
ANNIE CR ar e .

1983S 0 .02 oz ; inated gold in pyritic (oxidized ) Bald Mtn . property (Homestake 50%) with
9 . Dakota 0 .043 02 Au .ummer

450 pit slope f AT04' latite and trachyte porphyry in reserves of 9 .9 million tons averaging
.16 oz Ag0 breccia and shear zones . 0 .041 oz Au, 0 .17 oz Ag .

e0REPLIS MineralsHouston Int 2 .1N tons - Startup Nov. 1981 . 2300 tpd NA NA NA Disseminated gold and silver halides 40 employees .

Nevada
.

( Tenneco ) 0 .08 oz Au 30 , 000 oz Au /yr in oxidized , silicified and argil-
i i

0 .50 oz Ag 30,000 oz Ag /yr c brecc a .lined tuff and volcan

2 20 - startup 1971 ; NA (not available) Cutoff = 501 from clayey NA Largely Carlin-type with fine-grained No crushing, 170 , 000 ton heaps .
CORTEZ Placer Development . tons

041 oz Au0 part of a mill- 0 .015 oz Gold Acres ore ; disseminated gold in silty limestone,
Nevada .

at Gold Acres ing operation . 65% from blocky variably carbonaceous .

2 .814 tons Cortex ore .
at Cortez .

HAVELOCK Whim Creek 1 .40 tons - $20 ; startup 1000 tpd W/0=2/1 ; 70% ; 305 in $250 /oz BL
270 C

Disseminated gold in strongly
ficthered and talc-alter d m

Began as 100% heap leach ; excessive
fines required conversion to 50% heap

AustraliaW 0 .054 oz An June 1980 ; 10 14,500 oz cutoff = 30 days /oz$ IPP)9
'

wea e a
.

heap leach . mo . for con- Au/yr 0 .018 oz J volcanic rock . leach, 50% CIP ; mining by contractor ;

struction. total reserve is 4,50 tons at 0 .066 oz Au .

l0M tons - $17M; startup 3000 tpd W/0=1 .8/1 60% from jar- $402 /oz excluding 17r ~1(1V' Carlin- type with disseminated gold Crushing required ; 10 mile haul pit to
NQRTHUNBERLAND Amoco minerals

052 oz Au0 April 1981 ; 8 30,000 oz Au/yr cutoff = peroid , 70% deprec ./depl . ; in jasperoidized limestone and in heaps ; plastic liner under heaps ; addi-
Nevada .

mo, for con- 30 , 000 oz Ag/yr 0 .020 oz from shaley haulage is $68/oz . plie decalcified silty limestone . tional 614 tons averaging 0 .034 oz Au at

struction . limestone W/0=6 .9/1 ; 110 employees .

ldfi ldsG 80 tons -6 $14 .90 ; startup 3000 tpd W/0=1 .2/1 ; 78% in 56 $ 261/oz excluding Disseminated gold in fractures and Additional 000 tons are below water
0RTIZ

i
o e .

053 oz Au0 Feb . 1980 ; 12 60 , 000 oz Au/yr cutoff = days ; 60% in deprec ./depl. J~ f01S vugs in oxidized breccia pipe cut- table ; mining done by contractor; Crush-
coNew Mex .

mo . for con- 0 .02 oz . 23 days . ting quartzite and associated with ing required ; asphalt-lined heaps are

i latite dikes . cycled ; 48 employees .
Strum on .

ROUND MOUNTAIN Smokey Valley Mining Started at 11 .6M $IBM ; startup 8000 tpd W/0=1/1 ; 67% in 26 $190 /oz (est , by Disseminated gold in iron- stained First large heap leach gold operation ;

da (50% LouisianaCo tons - 0 .061 oz Au ; Jan . 1977 ; 15 75 , 000 oz Au /yr cutoff = days . $'rG based on cur- Jet joints cutting dense weakly altered crushing required ; asphalt - lined heaps ;
Neva .

Land) now 195M tons - 0 .043 mo . for con- 30,000 oz Ag /yr 0 .02 oz ; 56 ° rent ore grade of ' ash flow tuffs . heaps are cycled every 28 days ; 240

oz Au, 0 .08 oz Ag struction . pit slope 0 .045 oz Au) . employees,

Silver State 514 tans - 0 .063 $314 ; startup 1000 tpd NA Close to $ 160/oz Au ; 400 ft . diameter breccia pipe . Cripple Creek District ; 75% of ore is mined
VICTOR

ii C
.

Au ; potentialoz Marrl; 1982 ; con- 20,000 oz Av,~yr 908 in 4 days . mining cost by ripping ; are crushed to minus 1/2 in, and
Colorado ng orp .M n . is $,20 /ton agglomerated with 90% of Au in solution by

am tons .for struction took time cement cures ; leaching in concrete "vats"mo9
covered for year -round leaching ; 4-day cycle .

i 3M to s - Estimate $100 ; 3000 tpd W/0=2/1 75% NA Oxidized gold-bearing arsenopyrite 5-month operating season ; 2 years to do
WEST END orCanadian Super n

085 oz Au0 startup July 1982 ; in shear zones in argillized schist, EIS ; 60 employees .
Idaho ..

11 mo . for con - quartzite , and cargonate cut by

struction. trachyte dikes .

to -5 startup July 1975 1500 tpd W/0 - low ; N NA . Profitable in Disseminated gold in jasperoidized No crushing ; mining reduces sanded dolomite
WINDFALL Idaho Mining Corp . ns0 .

cutoff = 1975 when gold was and sanded dolomite, to 35% minus 200 mesh, ponds instead of
Nevada 0 .035 oz Au

01 oz Au0 $ 160/oz ( equal to sprinklers .
0 .01 o2 Ag .

$264/oz . Au in 1983) .

ZORTMAN -L4NDUSAY Wharf Resources Ltd . Zortman is 20M Startup July 1979; 12,000 -,pd each ; W/0=0 .7/1 70% Au
A

$250/oz Au exclusive ~- bisseminated gold and silver in Mining by contractor ; heaps sealed with 2 ft,

Montana Pegasus Explorations , tons - 0 .032 oz Au , construction took 67,000 oz Au and 35% Ag of Ag ; equivalent to weakly pyritic ( now oxidized ) shear compacted bentonite ; no crushing ; 500K-IN
Argo Gold Mining 0 .4 oz Ag ; Landusky less than 12 mo . 146 , 000 oz Ag is $4 .50/ton ore includ- zones cutting syenite . Zortman is ton heaps are permanent ; early Zortman grades

Corp ., and others . is 19M tons - 0 .027 total for both . ing adsunis ., exclud- old gold district , Laniusky is old were 0 .06 oz Au; additional Zortman reserves

oz Au ; 0 . 9 oz Ag . ing deprec ., depl ., tax, silver district ; 8 miles apart . 30-40M tons , possibly 190M tons at Landusky ;
65 employees ; 1983 production began Feb. 21, 1983 .

SILVER MINING OPERATIONS `

CANDEL5BIA 60% Occidental ; will 13M tons - $300 ; startup 8000 tpd to 40% in NA Argentiferous Pe and Me oxides in Only full- scale heap leach silver mine in

Nevada sell to NERCO. 3 .15 oz Ag September 1980 . 1,700 , 000 oz 60 days formerly pyritic chert , sandstone , world ; crushing and agglomerating required ;
0 .002 oz Au . Ag/yr . 9,200 and shale cut by quartz veins and closed Spring 1982 due to low Ag prices ;

' oz Au /yr . chalcedonic zones . 140 employees .

TOMBSTONE Tombstone Exploration Dumps contain startup of dump 1500 tpd from NA Lab tests in- Lode is profitable Silver halides, sulfates in quartz- Lode are is mined by ripping ; dump material

Arizona Company 10 tons - 2 .26 oz material January dumps ; 2000 tpd dicate 75% for at Ag price of $ 10/oz . ,. veined and silicified volcanics crushed to minus 1/2" and agglomerated ; leach
Ag and 0 .037 oz 1981 . tpd from Con- Au, 60% Ag both

V
and siliceous limestone conglom- pad is compacted mill tailings ; agglomera-

Au . Lode averages tention zone . in 16 days . IO' p•
/

erates , variable manganese . tion increased recoveries by Sx .
1 oz Ag .

Tl''SCARORA TuscPore Assoc . 500,000 in dumps $700 , 000 ; startup NA NA NA $6 .90/ton of ore . Silver halides and gold in dumps Plastic-lined leach pads ; plant treats 1400

Nevada 2 .5 oz Ag , October 1979 ; cost in an old epithermal quartz- tons solution/day ; mining by contractor ;
0 .02 oz Au . includes moving adularia vein camp . 6 employees .

first 200 , 000 tons .

FTG - 5/26/83



Mineral Exploration and Development - United States

General
During the year, the Company carried out
exploration, development and evaluation work
on a number of precious metals properties in
the United States . Work in the western United
States was directed through the Company's
Reno and Coeur d'Alene offices and a
consultant in Denver . Work in the eastern
United States was managed from Toronto .

Relief Canyon
One of the more important developments for
the Company was the finalization late in the
year of an option agreement with a major U .S .
company to acquire a 90% interest in a low-
grade gold deposit located 100 miles northeast
of Reno. On the basis of reconnaissance
drilling, indicated reserves are in the order of
5-10 million tons grading .04 to .06 ounces of
gold per ton . The gold-bearing zones are near
surface and are mineable by open-pit methods
with a low stripping ratio .

Preliminary metallurgical test work indicates
that the gold is amenable to extraction by low-
cost, heap-leaching methods. The property is
well located with water, power and other
facilities nearby .
The Company has budgeted over $1 million to
do detailed drilling, metallurgical testing and
feasibility studies in 1983 .

Cordex Syndicates
The Cordex IV Syndicate, comprised of Dome
Exploration (U.S.) Ltd., Rayrock Mines Inc .
and Lacana, continued an active exploration

Mike Frannaca, Mike Easdon and Harvey Sobel at
Lacana Mining Inc. 's Relief Canyon gold prospect.

program in the western United States with the
Boulder Creek (Dee Gold) project, described
below, receiving the most attention .
The same companies have formed the Cordex
V Syndicate and will be conducting drilling
programs on at least four recently acquired
gold properties as well as preliminary
exploration on a number ofother properties in
1983 .

Dee Gold
Lacana Mining Inc . has a 29.3% interest in this
gold property consisting of 101 leased
unpatented mining claims located at the north
end of the Carlin gold belt in north-central
Nevada.
Exploration and development work to date
includes the drilling of 246 rotary holes
totalling 26,000 feet of drilling, underground
sampling via a decline, numerous metallurgical
tests and two large-scale (5,000 tons) heap-
leach tests at a total cost of approximately 52
million .
Open pit ore reserves are estimated to be
approximately 2 .8 million tons assaying 0 .12 oz .
gold per ton with a 7 to 1 stripping ratio .
A production decision, including the
construction of a 900 ton per day mill at an
estimated cost of (U .S.)524,000,000, was made
in April, 1983 . Production is planned to
commence in the latter part of 1984. Better
than average grade ore can be milled in the
first two years resulting in a faster pay-down of
senior debt financing .
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The operation, which was started in November , 1976, consists of open pit mining, crushing, heap
leaching, and precious metal recovery by carbon absorption and electrowinning . The product is dore
bullion, about 6596 gold and 35% silver , which is shipped to outside refineries and the metals are
priced at the London gold and silver daily quotations . Gross reserves are estimated by LL&E as 228
million tons of proved and probable ore at a strip ratio of 2 .87 ; 1 and containing 8 .5 million troy

1 ounces of gold. The properties are burdened with an 18% net profits interest in the profits froi;i
operations , after recovery of invested capital . LL&E earns an perator 's fee of 1 .5% of expenditures .

The heap leaching process now used to extract gold recovers about 60% of the contained gold .1 This process will not be effective on the deeper portion of the new ore . Feasibility studies were
gstarted in 1980 and are continuing in 1983 to determine an optimum method of extracting gold and

silver from the known mineralization . It is possible that these studies will indicate the need for
substantial new investment in milling facilities to achieve higher recoveries of metals .

The following table sets forth LL&E's 5096 interest in the activities of the mine for the periods
indicated .

1 19 82 1981 1980

Proved and probable ore reserves (thousands of tons) . . . 114,152 97,700 18,063
Average grade-gold (ounces per ton) . . . . . . . . . . 0 .037 0 .043 0 .042

-Ore milled-thousands of tons . .
. . . . . . . . . . .

1, 369
9802

1,145
3574

1,007
2,410`,Waste mined-thousands of tons

Production (ounces) . . . . . . . . . . . . . . . . .
,

36,281
,

29,469 23,795
.Sales(ounces) . . . . . 34,892 29,553 28,156

. . . .. . . . . . . .Average price (per ounce) $ 366 .52 460 .00 620 .99

CAPITAL EXPENDITURES

7

7

a

7
I

Capital expenditures applicable to mining operations of LL&E's wholly-owned subsidiaries are
set forth in the table below for the periods indicated .

(Millions of dollars)

Copper mining and refining . . . . . . . . . .
Coal mining . . . . . . . . . . . . . . . . . . . .

Total . . . . . . . . . . . . . . . . . . . . .

18

1982 1981 1980
$46 .7 39 .2 4 .8

1 .1 7 .8 3 .1
,47 .8 47 .0 7 .9
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New York, March 3, 1983

FILE MEMORANDUM

Haveluck Mine
Whim Creek Mining Company
Meekatharra, W . Australia

'-I visited this operation with Perth Office staff in
November 1982 . Whim Creek is an Australian company which is
36% owned by Northgate Exploration Ltd . and Westfield Min-
erals Ltd . both of Canada . The Haveluck Mine is part of the
Meekatharra joint venture in which Whim Creek owned 85% and
CR Ltd. owned 15% . Early in 1983 CSR sold t1hair interest
to Whim Creek who are now the 100% owner of all Meekatharra
properties . At the time of our visit , the joint venture con-
trolled seven separate zones spread along a strike length of
6 miles from Haveluck, located 3 miles north of Meekatharra
to Paddys Flat, located 3 miles south of Meekatharra . The
aggregate reserves in these seven separate zones in November
1982 were 4 .5 million tons averaging 0-.066 oz Au . This
reserve excludes the Paddys Flat zone which is currently
being explored to be described below .

Haveluck Operations . The Haveluck Mine is an open pit
with a reserve of 1,348 , 000 tons averaging 0 .054 oz Au . The
ore zone is linear , averaging 70 ft . wide and is confined to
a steeply dipping talc-chlorite-carbonate schist with small
amounts of fuchsite , all cut by quartz feldspar porphyry dikes .
A banded iron formation runs parallel to the ore zone 450 ft .
west of the pit. These rocks have been deeply and pervasively
oxidized to depths in excess of 200 ft . This oxidation has
resulted in gold being 80% leached within 12 ft . of the sur-
face . In addition , there is no carbonate remaining within
the first 100 ft . of the surface .

Quartz veins are present only in the quartz feldspar
porphyry which forms 15-20% by volume of the ore zone . The ,
hanging wall ores are harder than the footwall ores and corre-
late with a decrease in the grade of the ore from the hanging
wall to the footwall portion of the ore zone . The gold is
entirely in the free state both in the oxide and sulfide zones
and averages 960 fineness in the oxide zone . The distribution
of gold in the hanging well is much more irregular than in the
footwall .

RECEIVED

mAR - 81983
uplakla DEPRR1MEM
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The Haveluck Mine was originally designed as a heap
leach operation and was brought onstream in April 1980 at a
cost of $A2 .12 million not including overburden stripping
and mining by a separate contractor . Construction time was
10 months .

Haveluck was an old underground mine which produced
10,000-20,000 tons of ore averaging 0 .45 oz Au, mostly from
the porphyry in the hanging wall portion of the open pit ore-
body . Bulk metallurgical samples for heap leach testing came
from 25-30 ft . deep pits in the area of-the old underground
mine . The metallurgical samples were not characteristic of
the orebody because as mining progressed below 30 ft . it was
found that most of the ore consisted of very soft, crumbly
rock containing 10-30% fine grain talc-and it is obvious
from a visual inspection of the ore that there would be'a
major problem with excessive development of fines severely .
restricting percolation in the heaps . Although the original
heap leach plant was designed to treat 240,000 tons per year,
the problem with excess fines resulted in only half that
amount being leached . As a result a screening .and CIP plant
was rushed into service at a cost of $A746,000 and brought
onstream in 6 months providing the anticipated 240,000 tons/
year capacity . The CIP technology was chosen over agglom-
eration .because it was better known and could be built im-
mediately with no pilot testing . We were told that the .CIP
circuit would operate at a lower cost than agglomeration,
although this may simply be a rationalization on the part of
Whim Creek staff to minimize the embarrassment caused by the
near failure of the operation . Clearly, Whim Creek was very
lucky to have survived the near-fatal error of not obtaining
a full suite of ore types for metallurgical testing .

Ore is now divided roughly 50% between the heap leach
and CIP operations . The crushing and screening plant sorts
material at a plus or . minus 10 millimeter grain size (one
reference says lmm .) . The distribution of gold is approxi-
mately the same in both the f ine and coarse fractions . Leach
heaps are loaded with a clam shell . Originally smaller heaps
were enlarged laterally in an attempt to reduce the effects
of a strong evaporation gradient out the sides of the dumps .
The dumps are currently 18 ft . high and contain 5000 tons each .
Water consumption is 600 , 000 kiloliters per day of which 25%
is recycled . Water is pumped from old underground workings
in the area and from new discoveries of ground water which
are currently being developed at a cost of $ 100,000 . The
pregnant solution from the dumps contains 0 .3-0 .4 grams of
gold per ton of water . Leaching of a particular dump is
terminated when the pregnant solution drops to 0 .2 grams of
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gold . Heap leach recovery is 65-700 . It takes 30 days to
recover 30% and 90-100 days to accumulate the 65% minimum
recovery . Heaps are then rested for 6 months and leached a
second time which usually provides 10-20 days of flow to the
recovery plant of economic grade pregnant solution . The
incremental recovery in this second phase of leaching has
not yet been determined . Reagent consumption is 1 kilogram
cyanide and 2 kilograms soda ash per ton of ore . The heaps
are lined with plastic which costs $2000 for .a 14x60 meter
sheet . Water is sprayed using wigglers . The recovery plant
uses extruded carbon instead of coconut shell carbon because
the former is cylindrical and is less of a problem in the
CIP filters . We inquired .why the coconut carbon was not
used in the absorption tanks for the heap leach and no par-
ticular answer was given . Coconut carbon was recognized as
more active than extruded carbon, but the loading using the
extruded form averages 4000 grams of. gold per ton which was
deemed sufficient .

The mine operates on 2-12 hour shifts . Haveluck will
be the only heap leach operation in the Meekatharra JV with
the remainder using CIP technology . Cutoffs in the open pit
are 0 .018 oz Au . Total operating costs for the heap leach
operation are $270/oz . and for the CIP $290/oz . Water is
apparently a valuable commodity because there is a major
dust problem in the open pit and on all roads in and around
the operation .

Prohibition Zone . This deposit lies southeast of
Meekatharra and is a typical nodular iron laterite . In con-
trast to the Haveluck deposit gold is strongly encriched in
the Prohibition deposit . Host rocks are a banded cherty iron
formation containing gold in narrow shear zones . Near the
surface the gold-bearing zone has mushroomed out to form a
high grade blanket of relatively uniform grade . This is the
only lateritic deposit in the entire Meekatharra area . The
laterite averages 0 .21 oz Au which is so fine grained that
the prospectors in the area couldn't pan the gold and as a
result missed the deposit . Total Prohibition reserves in-
cluding the low grade unenriched shear-zone below the later-
itic cap contain 1 .2 million tons averaging 0 .072 oz Au . The
laterite varies from 0 to 8 meters in thickness . .

Finian-Consols. This contains-624000 tons of tail-
ings .averaging 0 .04 oz Au which will eventually be treated
in a CIP circuit .
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Paddys Flat . Previous production in this area is about
900,000 oz Au from various underground ores averaging around
0 .48 oz Au . The area of Paddys Flat consists of numerous old
mines in a 4 mile strike length of talc-carbonate schist ., The
geology is incompletely known, but quartz feldspar porphyry is
present at Paddys Flat and the zone of gold mines parallels and
lies just east of a zone of banded iron formation . Paddys Flat
is currently under option to Chevron . The option requires that
Chevron spend the first million dollars on targets more than
200 ft . below the surface . They may then spend an additional
$2 million on targets within 200 ft . of the surface and the
aggregate $3 million expenditure will earn Chevron a 50% inter-
est in the property . Whim Creek's chief geologist Max Maczurad
estimates Paddys Flat contains roughly 40 million tons which
will average about 0 .06 oz Au within 200 ft . of the surface .

F . T . Graybeal

cc : WLKurtz
DECrowell
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HOLE NO. Zone Interval Width Oz . Gold.t Oz . Silver/t Zinc Copper ; FLIRT R ASSAYS FROM
B102-9 West 1163-. 9-1193 .0 19.1 0.02 trace 10 .4,16 0 .8 0% CALIFORNIA PROJECT

Main 1328 .3-1368 .0 32.0 . 19 2..0 .2n =30%
-------------------------------- 5----------= Dennis C .Baxter, project

manager for Colony Pacific Explorations Ltd. has reported assay results from a further
diamond drill hole on the Blue Moon property located 125 miles south of Sacramento,
California. Hole B10-82-9 bottomed at 1,452 feet and intersected 5 separate mineralized
zones . ( See table above ) Hole B11-82-10 is currently drilling from a station 200 feet north
of BI0-82-9. It's designed to test the down dip extension of the mineralization , approximately

- 350 feet north of B-10 .
Plans are underway to begin exploratory drilling to the south of the current area of

dril 7 f yy structural features of the Blue Moon zones are estimated to persist fpr
'sou t hir s. C.O k et~'south along strike . ( See previous stories in GCNL 'No . 182, 161 etc. ) '=et ~

~2 EXPLORATIONS zi\;c .
PARTICIPATION IN THIRTY-TREE EXPLORATION - Henry G. Ewanchuk, president of E&B Explorations

` 66t DINED IN ANNUAL REPORT Inc ., states in the annual report for the year
ended Dec . 31,1981 that exploration expenditures

for the year were $10 , 500,000, bringing the funds expended since 1979 to $22,500 , 000, and
placing E&B amongst the more active mineral exploration firms in Canada . The company has
broadened she b3.se by expanding the nature of the mineral properties . The report reviews
33 projects location , mineral , partners and operators . He states that the technica l aspects
of the feasibility study on re-opening the Bralorne mine in southwestern B .C . have been
completed . "The results are encouraging but the de-cision-whether to proceed ( expected
in mid-1982 ) depends on the cost of money and value of the product ." E&B's comprehensive
program of mine rehabilitation and exploration , continued through 1981 , raising total
expenditures to in excess of $5,000 , 000 Canadi ,: tri. funds . Haulage routes were cleared out,

timbering completed where necessary , and water successfully pumped 1 , 016 feet up from the 19
level with the dewatering continuing into 1982 . As each level was drained , the exposed
veins were sampled to confirm the ore grades . Established reserves between 4 and 26 levels
are calculated at close to 1,000 , 000 tons. "`

E&B retains its unique partnership advantages, including continued association with
Geomex Development -Inc . of Calgary and Denver , the North American general partners of
Sedimex Mineralexplorat ions GmbH of West Germany . As general operator for Geomex, E&B has
assembled a diverse portfolio of joint ventures . E&B Explorations Inc . is in the process
of merging operations with E&B Canada Resources, the associate company of Calgary .

In 1981,E&B spent $500 , 000 as part of an option to spend $1 , 700,000 by 1984 to earn
a 50% interest in the Cariboo -Bell project from Highland Crow Resources Ltd . The 1981

program included a geochemical soil survey , over 5 , 700 feet of diamond drilling, nearly
k,25 feet of rotary percussion drilling and metallurgical testing. The-mineral 'reserves
are now calculated to contain 81,000,000 tons grading 0 .487% copper equivalent which
includes significant gold values . Recent metallurgical testing has produced encouraging

a" work. s anned.on(;L- pi
The Newpass gol mine in central Nevada is considered a promising new venture . E&B will-

acquire a 6 7% interest in the property for a total expenditure of $410,000 U .S .
Approximately 25,000 ounces of gold have already been produced in previous years from the
mine ' s three main veins . During 1981 , E&B undertook a program of geologic mapping and
soil sampling , as well as surface and underground surveying in the vicinity of the mine b
old workings .

roperty consists of 324 hectares on an old Spanish land grant inThe ElPlomop
Colorado . E&B will earn a 50% undivided interest in the property with an expenditure of -
$1,800 , 000 U. S. before August 1,1983 . Reserves in two zones are now estimated at 1,090,000
tons grading 0 .057 oz . per ton. Thus far, geological evaluations have demonstrated a high
success probability for a leach operation at the mine .

In the fall of 1980 , only nine months after E?B headed up this joint venture, the
Sterlin gold mine , deep in Nevada ' s Nye county, carne into full production . This past year
proved to be equally busy and more successful . Approximately 9,300 ounces of gold were
recovered in 1981 and both mining and leaching activities were expanded . In all , the ore
reserves developed up to November 1981 totalled over 176,000 tons averaging 0 .285 oz .

gold per ton. Additional ores have been discovered with additional exploration work .
Exploration work is to resume as gold prices improve .

: 0 .l91( CC OB :R 5,19 82) Owned , published and copyright ed by George Cross News Letter Ltd .
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Unit of Consolidated c~~ ~t s Ds - j
Gold Makes Discovery

By a WALL STREET JOURNAL Staff Reporter '
NEW YORK-Gold Fields Mining Corp., x_

a unit of Consolidated Gold Fields PLC of
England, said it discovered "gold mineral-
ization of possible economic significance"-
containing approximately two million
ounces - on minerals claims under its con "
trol in Imperial County, Calif.

'The company said that in an area about
2,000 feet long and 1 ,000 feet wide, 165 rela-

'tively shallow holes intersected a zone con
L3 ~t C..'t,r~s (ices. -taining '"potentially ' _significant gold

values ." , _
Depending on the cut-off grade selected, (c /. t

and assuming the mineralization is continu-
ous between holes , the zone may contain be
tween 26 million tons of ore at a rate of .075
ounces per ton and 41 .5 million tons at a
grade of . 056 ounces per ton ," Gold Fields
said. ,. . .. ;

The company said it plans additional dril-
ling, bulk sampling , metallurgical testing,
hydrologic and environmental studies and a - _
review of the conditions under which operat-
ing permits can be obtained . A. spokes-
woman said those factors would have to be
evaluated before the . company decides -
whether the discovery is commercially prac-
tical to mine. ;
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` HAP R';SOU~C= S LTD

3 MONTHS Ei?DED OCT .31 , 19^2 1931 PROFIT QUINTUPLED
Gold & Silver Sales *2,05f,309 $ 749,430 ; On 'Dec82 '?harf Resources Ltd, receivedCost of Sales 9t3°,r5^ 493,6"4 '
Admin

. Expenses 37,250 i',0137approval from the State of South DaLota to dev•-

Other Income(Expense) (44,716) 51,J507elop their Annie Creels gold property . Peter R .
T.utney, president, says this large scale open

Cash Flow Fr .Ops . 1,03^,385 295,533 pit pining venture is expected to start oper•-Dividend Fr .Pegasus 31,719 'ations in 1953 with production of 500,000 tonsDeprec'n,Depl=n,Amortiz'n . 15,000 ^0,041 ;
Income Tax Deferred 5 2 2 431 103 029 °o ore . On-site pilot leach tests indicate

' ;recoveries of 74% of the gold contained in ore
112,513 recoveries to lam,-inch after 50 days of leaching .Perer Share Income 6•6-3,-7/10¢ 623 1-3/5~ ;P

Shares Issued R,057,050 6 986,25J 'Initial cash flow from this property is targetted

ttorkino Capital(Deficit'$(340,502) $1 :348 ;35'1 !for
August, 1933 . Based on all drill results

_--_-_---_-_____.___ . ._~ . . . . ._ .__ _ . . . ._ . _ . . .__to date and detailed pit designs, the open pit
ore reserves are 5,251,000 tons proven grading; 0 .042 ounce -old and 0 .15 ounces silver per
ton ; 1,269,000 tons probable grading 0 .045 ounces gold and 0 .17 ounces silver per ton ; and
2,712,000 tons possible !trading 0 .013 ounces Cold and 0 .19 ounces silver per ton . The proven
reserves estimate is based on a 45-degree pit slope, using a 0 .02 ounces gold per ton cut--off
grade . The probable estimate is also based on a 0 .02 cut-off . The possible estimate is based
on a 0 .01 cut-off .

At Landusky, Montana, gold and silver recoveries in the quarter ended Oct .31/32 were
exceptionally good with -old exceeding 31,000 ounces on this property for thel9S2 leach year .
During September 1932, the average daily rate of recovery increased to 279 oz . per day . The
operator attributes the improved recovery to ii :2proved leaching techniques and•the addition
of some higher grade gold ore to the leach pile . Ii •rharf currently hold 10 .4% interest in the
mine increasing to 37% net interest after recovery of development and pre-production expenses
by the operator. Hr . Kutney expects this recovery will occur during the 19x3 leaching oper-•
ations .

On the Golden 'lessenger property in '_1ontana, plans for this fiscal year ending 31Jul83
include 4,000 feet of drilling to delineate the Golden 'iessenger and Little Dandy zones . At
'-Jells, B .C ., further testing will be deferred until gold prices increase sire ificantly .

Wharf's sale in November 1932 of their share holdings in Pegasus for $4,140,325 enabled
the company to eliminate bank debt and will facilitate development of the Annie Creek property .

OLIVER R so lC7S LTD .
ueIN 1982 TUFLVE !.'ELLS - Oliver Resources Ltd . have 25% working interest , 21 .83% net- °revenue

t:iL RILLED IN OHIO interest , in a 450-acre prospect in "ayne county, 0hio, ,aaon which the
twelfth well, in their 1932 pror;ram , the A . Hershber er ?o .l, has been

successful drilled and cased to total depth at 4100 feet . Director `Jae Babcoc '_,P .Geoph .,
reports that c uterized electric logs run up the hole indicate some,,,,12 feet of net porous
gas sand withinte.target Clinton formation. r Y

Mr. Babcock also x,,eports that a shallow troll designed to test the sometimes prolific
Ohio shale formation has~been drilled and completed to a depth of 2500 feet . Test results will
be reported when available .'''-Additional acreage is beinp_ cquired and the first 1983 well
should start drillin g about the`W-Aird week : of Januaryve

DUPE TSLA p RESOU iZES CO . LTD .

WELLS IN TEXAS - Rupertsland Resources Co .fLktd .Is wholly-owned U .S . subsidiary is currently
& UTAH REPORTED testing its fifth well,-in the T3i^ shy Creek prospect, '-rest Purt field,

Anderson county, Texas, after hav in-,set pipe at the 10,500-foot level .
President Hoye J .Caine reports that "the Rodessa formation,'has been perforated and acidized
and is currently testing at rates up to 1,175,000 cubic feet'of gas and 120 barrels of oil
per day . This well has prow`-8d up at least 2 and possibly 3 addzt opal offset locations .mar .

The company's firstwells there are each flowing approximately 4300 barrels of oil per
day from the samer.R dessa formation . ?Jor1:ing interest in 3 of the wells -including the curr-
ent well is ) 8r: f'75% . The company's wor0,inG interest in the 2,000 c.°ross acre'} field area varies
from 3 .469'4-:16 o 28 .125%. ,-- V

The"subsidiary has also completed and broil;ht on stream the Uinta basin, Ice Canyon 16--9
TTL-L _ - --I- .: -t- LT_ ._ . . 1_ ..11 1 n1 nr-7Cof .-1,4 - 4 ... !-_ ... .. .-L
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New York, February 4, 1983

FILE MEMORANDUM

Pinson and Preble Mines
Humboldt County, Nevada

I was advised yesterday by Don Duncan, a Reno, Nevada
gold mining consultant, that the Pinson Mine now has a full
scale heap leaching operation in addition to the 1200 tpd
mill . Pinson has roughly 5 million tons of heap leach ore
(grade was not given) which is too low grade for the. mill .

.Some of the leach material had so much clay that percolation
through the heaps was inhibited and mixing .of a second, harder,
low clay ore type provided the necessary permeability .

The distribution of ore at the Preble deposit is said
to be very irregular . Some is of sufficient grade to with-
stand the 15 mile haul to the Pinson mill, and the remainder
will be heap leached at Preble . Duncan said that the Preble
mineralization becomes quite carbonaceous at depth .

Original signed by
F . T . Graybeal

F . T . Graybeal

cc : WLKurtz/JDSel1
JCBalla
JDSmith, Jr .
PGVikre
DRCrowell
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GOLD 1 AP L ,!NCH P :',OJ ?CTS IN PiIOEI'TI' : AREh_, ILrJIONA

A NUPiBL1, 01-P VANCOL>V,'_': COT One of the first developments which attracted people
AREE ACTIVE IN lEA.P L ;ACII P_ OJECTS --- to Phoenix , Arizona about 100 years ago was Gold and
IN THE AREA OF PROEM , .A=OiiL- silver exploration followed by large copper discoveries .

With the current gold prices , all of the old properties
are being examined for large tonnage low grade ' no-see-em' gold potential . It is not only
the old properties which are being explored but also areas of favourable geology where
new techniques are locating areas of interest . A n mber of Vancouver Stock Exchange funded
companies are active in this area . The properties of four of the Vancouver companies were
visited recently . The stories follow. Amca Industries Ltd ., Copper Lake Explorations Ltd.,
Ark Energy Ltd . and phoenix Electric Oil Refiners Canada Ltd .

A_M_CA INDUSTRIES_ LTD.
GOLD RECOVERY AT SILVER CROSS PROPERTY - Charles Martin resident of Amca Industries Ltd .
CONTINUING ttnITH SECOND I=, BEING BUILT ' ppointed out that the Silver Cross gold-silver
property, 40, owned by the company, and 507 by a number of Phoenix, Arizona,investors has
limited known reserves and a reasonably good chance for extensions . 'that the property has
done and will continue to do for Amca includes : providing all of its money back in a short
period; promising a good chance for extended life with expanded reserves ; and providing
very valuable heap leaching operating experience . What Mr.Martin points out is that, "i"e
are how in production. ' .e have done it . We now know how to do it and what to look for
in other properties where the same method of gold recovery can be profitable over a period
since reserves are greater .` Many such properties with potential have been examined by
Amca and several are under negotiation. The operations of Amca Industries were recently
reviewed in GCNL No.203(1900) .

The 102-claim Silver Cross property is eight miles northeast of Cave Creek, 20 miles
north of Phoenix, Arizona . it covers an area of mineralization estimated at 30,000 tons
visible and a further 120,000 to 150,000 tons possible if the increasing width, seen in
the pit, is maintained or increased as the mining continues . In mining out the approximate
15,000 tons to date, the width of the structure has expanded from a few feet to in excess
of 20 feet in the bottom of the pit. Since May 1,1980 the company has mined and heaped
10,000 tons with an estimated grade of 0 .34 oz,gold/t, 1120 date the company has recovered
850 oz . of gold, 2,400 oz, of silver and leaching is continuing . None of the first 10,000
tons had been crushed . Now, all of the material in the second heap iii-ill be crushed . The
sprinkling method in the first heap led to puddling and some channeling in the heap . A
modified sprinkling method on the second heap appears to have eliminated the puddling and
the crushing, plus loading the heap with front end loaders rather than with trucks,has
reduced the chances of channeling . The Silver Cross property, unlike many in Arizona, is
blessed with not only a spring but also a small year round creek . Me company has gone
to considerable effort to insure that none of the solution should escape into the local
stream . The heap pad is 600 feet by 200 feet and able to hold 40,000 tons of material .
In addition to using 30 mill plastic,which was factory welded, the company has used a
4 inch thick blanket made of fiberglass-plastic called Bedem which is expected to prevent
puncturing of the plastic waterproof layer . On the Bedem is laid three-inch perforated
pipe on top of two feet of crushed rock . The Silver Cross is a compact little operation
pumping 60 to 70 gallons per minute to the sprinkling heads arkd the same to the four
carbon gold recovery towers and stripping tank .

With the building of the second heap,the company is increasing its pumping capacity
to 150 gallons per -minute . The company's objective is to have 60,000 tons on the heaps
in six to eight weeks . 7?ith the 700 tons per day crushing capacity, bulldozers, trucks
making the 200-yard haul from the pit to the heap pad,the chances of meeting the objective
appear to be good. An atomic absorpt' .on assay unit is installed at the plant to assist
in the daily control of Grades at various locations in the operation .

Mr.Martin pointed out that an application for a Toronto Stock Exchange listing is
well advanced as is a NP..HDAQ listing . As these proceed the company is continuing with
negotiations to acquire several other properties, one of which has very large potential
gold reserves . In the meantime, the Silver Cross is generating a cash flow and the company
is gaining valuable e,perience .

COPPER LAKE ML-PLORAT IONS LTD .
LARGyST II.AP i_, T,.CIi PLAIIT Ul DER CC ISTRUCTION
AT THE PHOEID ,ARIZOIIA GOLD SILVER PROJECT -Gold recovery will start Dec .15 at the Clementine

gold-silver property of Copper Lake Explorations
Ltd . near Phoenix, .,^L izona, if the present construction schedule is met . All present
indications are that,uith the capital available, the mining machinery now at work on the
property, all the necessary gold recovery plant conpor.ents in place, the crews available
that the schedule, while tight in a number of respects, will be met on the projected dates .

On Nov. L, 1980 crews a?,d ?.^ac'nine-1 were grading, leveling, slopping the foundation
for the heap pad . . dch will ;Old the First 100, 000 tons of gold mineralization for the
test leach. The pad is to be 500 feet by 300 feet . As the next few weeks pass the foundation
will be completed, covered with the compacted gravel, paved with asphalt, plastic will
be laid dowtinl, recovery nines nut in place . Then the ore heaped on the pad and cprinkJinu
th c lute c OiN PAGE E )

", NETS LL TIER LM . + `I'iiIRTY-TIlIE,D YEAh 0'-' PLBLiCA lC~_ .



L } }~j

GEORGE CROSS NEWS LETTER LTD. NO . 219(1980) (Page Three) NOVEMBER 13,1980

NUGOLD ENTERPRISES CORP .

GE GOLD PROSPECT - M.G .Berretta , president , reports that , some 60 miles SW VVal d'Or,
ST IN QUEBEC Quebec, Nugold Enterprises Corporation have acquired, subject to reg-

ulatory approval , 581 claims and 101 lots in Blondea , Latulipe and

Gaboury ships .
This " leterre " property is underlain by granodiorites similar o those hosting the

Belmoral and B s d ' Or deposits . To date , this ground has been rel ively unexplored . Pre-

liminary prospect ' , done during the claim staking , detected the resence of several shear
zones as well as go d values in the range of 0 .02 to 0 .05 oz/t . A major program consis-
ting of airborne geop sics and geological mapping is to stayt soon .

SUNSHINE COLUMBIA RESOURCES '

ENCOURAGING GOLD - Geo rge G . ce, secretary, reports at Sunshine Columbia Resources Ltd.

ASSAYS RECEIVED have receiv the assay results ram 5 diamond drill holes, designed to
intersect No . vein below the -owest working level, No .10,on the canpany's

Hole Intercept Lead Zinc Silver Gold property near Camborne, SE B .C . Holes 1 and
No . Width _ % Oz/Ton /Ton ; 3 intersected the vein 50 feet below 10 Level
1 18 .0 feet 5 .02 3 .06 6 .01 0 . ; and 2 and 4 intersected 110 feet below 10
2 17 .5 4 .45 4 .25 I+ .56 .0 Level . Hole 5 was 85 feet below the level
3 18 .5 3 .47 3 .27 4 .00 0 .146 ' and 100 feet south of the Hole 1 intersec-
4 23 .0 9 .52 7 .37 10 .8 0 .127+ ; 'on . The true width of the vein is between
5 18 0 188 7 .65 8 . 9 0 .10 16 d 18 feet .. .

GOLD ANGEL RE URCES INC . GILLIAN PINES LTD .

OPTION ON OIL/GAS LANDS - Gillian Mines Ltd . president J . ul Stevenson and Gold Angel Res-
IN S . AFRICA CONK ources Inc, president John Plourde report receiving confirmation

that the ccm panies have the option on n initial 225 square kilo-
meters (55,598 . acres) of oil/gas leases in the Clocolan distric f South Africa, being
part of 225,0 km2 they are examining there . The initial 225 I~n2 ar in a region noted
for oil se s and gas flares . A standard lease is to be effected with a eighth interest
owners maintained in South Africa . There is to be full repatriation of p fits and no
dut arges on equipment brought in to South Africa . All agreements will be su 'ect to

gulatory approval .
COPPL LAKE EXPLORATIONS LTD ._

CONTINUED FROM PAGE TITO - The roughed out contours for the three solution ponds(barren
solution of 6,000,000 gallons, pregnant solution of 6,000,000

gallons and make-up water of 2,000,000 gallons) were complete ready for final shaping and
installation of water proof lining . The three trailers containing the filters, zinc presses
and gold recovery units are in place and the piping to interconnect various phases of the
concentrating plant is unden'ray .

The Clementine (formerly called the Charlotte)gold silver property includes 53
unpatented claims and 40 placer leases located onUhite or Pikes Peak, six miles north of
Sun City, 30 miles north west of Phoenix, in Maricopa county, Arizona . The property is
on the southeast slope of Hierglyphic mountair and has been held by the Triphahn family since
1935. Over the years the showings have been explored by various groups including work by
Copper Lake ten years ago, in the intervening years the prices for gold have changed and
the heap leach techniques have improved .

The first 100,000 tons to be leached have an estimated gold content of 0 .06 to 0 .10 oz .
/t, plus 0.06 to 0 .5 oz .silver/t . Mining will start in about two weeks in a trench from
which a bulk sample graded 0 .08 oz .gold/t for its 150-foot length. The face of this trench
grades 0.11 oz .gold/t across 10 feet .

There are a number of other trenches, drill holes and a 120-foot deep shaft where
values range from 0 .01 to 0 .02 oz,gold/t . One of the mineralized zones on the property has
been mapped as 400 feet wide and 2,500 feet long indicating a possible 100,000 tons per
vertical foot. A further zone is 150 feet wide and maybe 5,000 feet long for a very large
tonnage potential if ;trades are established . The narrow veins within the zones carry better
values which may improve the overall grade . With the sampling problems on this type of
property,gold recovery cari exceed the ore grade as calculated . The limited metallurgical work
to date indicates an O5i~ recovery and,with indicated operating costs of ' ;6 .00 per ton the
0 .02 oz .gold/t grade chould be profitable . A breakeven would be in the range of 50; recovery
of the 0.02 oz ./t .

One of the items to be learned from the test heap is th ether or not the ore trill
have to be crushed . The first 100,000 tons are not to be crusheu, An area near the pad has
been selected as the logical crusher site should one be necessary .

Some of the unique features of the leach plant were pointed out by Carl Toporowshii and
his son,John, who hold a contract for plant installation . The Toporowskis have built a
reputation in the Gold heap leach recovery business since they have been involved in the
construction of five similar plants in recent years . The most Successful of these being
the Pegasus -Argo-Wha.-f operation in Montana . They point out that when con, pleted,the Copper
Lake plant will have the largest liquid handling capacity in North America, It will have
a rated capacity of 850 gallons per minute,that is 5,000 tons of mill solution per day .
With minor modifications this can be increased to 1,200 to 1,500 gallons per minute both
-:,hrou,h the sprin 1c_ s and the six zinc recovery presses
NO .219(NOVTPIBEi. 1J,19CO) + GEORGE CROSS NUTS LETTER LTD . + TIURTY-T RD YEAR OF PUBLICATION +
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VANCOUVER STOCK EXCHANGE - SHORT POSITION REPORT - NOVEL-7C3ER 7, 1 980

+ Reporte d Short Positions of Approxima tely 10,000 and More Shares

Amca Indus .Ltd .3o,685 Double Eagle Energy & New Frontier 16,100 Taseko Mines 9,000
Auras Mining 10,500 Resources 10,500 Prism Resources 9,400 lhunderwood E pior-

Belmoral Mines 13,750 General Energy 12,050 Stampede Internation- ations 22,x-00

Copper Lake Explor- New Cinch Uran .24,800 al Resources 10,700 Tri-Basin Resources
ations Ltd. ---12,000----------------------------------------------- --------- --------172

.600

ARK ENERGY LTD .
HEAP LEACH PROGTQUI PLL7NTED - Harry 1Tilliams, president of Ark Energy Ltd. has reported
FOR EARLY IN 1981- 1_S S121PLE that the widespread mineralization on the Golden Ark property

has proved difficult to sample . To overcome this problem the
company will do a test heap leach of between 10,000 and 15,000 tons from several areas,first,
to determine the grade and,second,because it will probably be highly profitable even on a
test basis . The heap will be built in the next two months with the first gold recovery
expected in late January 1901. The construction and program will be under the direction
of S .B.Reamsbottom,Ph.D ., who gained valuable experience working on the Pegasus-!Ergo project .

The Golden Ark 195-claim property is three miles off of the highway, 50 miles north of
Nickenburg , 7 miles southeast of the famous Cyprus Bagdad copper-gold 50,000 ton per day
open pit. (Capacity is currently being increased to 100,000 tons per day .) It is 120 miles
north of Phoenix, in Yavapai county, Arizona . The fine,free gold, some visible gold, on
the property is in fractures of brown oxidized hemitite in granites intruded by pegmitites .
The testing by extensive trenches, pits, three adits and several short shafts indicate
oxidation to 200 feet and tonnage available to open pit mining . A small production a few
years ago demonstrated that satisfactory gold recovery may be achieved by heap leaching.
Sampling of the showings by Paul Sawyer, P .L;ng ., returned a high assay of 2 .25 oz bgold/b and
an average of 0 .3 oz .gold/t while sampling by Stan Reamsbottom returned 0 .15 oz-gold/t .
Recent drilling planned as 5,000 feet of percussion hole at I+0 locations has returned
what is considered unrepresentatively low 0 .02 and 0 .03 oz .gold/t in areas where surface

sampling has yielded 0 .2 oz,gold/t . Sampling in one area returned 2,5 oz .silver/t .
A soil sampling program located four gold and mercury anomalies, each about 1,500

feet long and from 1,000 to 1,200 feet wide . Further exploration in these areas is planned .
Dr.Reamsbottom said, "The widespread distribution, grade and possible leachability

of gold mineralization within the Golden Ark property, makes it an attractive target for
the development of a large gold deposit which may be mined by open pit techniques and
the gold extracted by a low cost heap leach process ."

As the drill sampling program continues,the company plans to proceed with the engineering
and installation of a small tonnage heap leach programo'When we have a handle on the tonnage
and grade as well as the recoverability of the gold then the logical thing would be to
expand the leaching operation as indicated by the reserve numbers,`Mr,Uilliams said .

Ark Energy has interests in several other companies and properties where exploration
is either underway or planned for the near future,(See GCI\TL No.198, page two, for recent
assay results from the percussion drilling program on the Golden Ark property .)

PHOENIX ELECTRIC OIL REFINERS CANADA LTD

DECISION TAKEDT TO PROCEED - The Ilellwebb gold property located 58 miles north of Phoenix,
WITH HEAP LEACH TEST Arizona and under option to Phoenix Electric Oil Refiners Canada

Ltd, was reported on in some detail in GCHL No .205, page three,
Oct .23,1980 . The story dealt with the probable solution to the assaying difficulty encountered
in duplication of the values recovered in earlier production . The property has been tested,
in addition to various stages of production since 1880, by several trenches and open pits
on each of a number of mineralized structures . These trenches have established a number of
strong structures each with substantial dimensions and mineralized with varying amounts
of gold and silver . As pointed out in the previous story, the values as calculated are
most encouraging Then and if' substantiated, these tonnages and grade could support a large
tonnage heap leach operation. Machinery and equipment now on the property are working on
the water supply system, continuing trenching and making early preparation for the install-
ation of the leach plant which is now being assembled in Oregon . The plant will be shipped
to the Arizona property and assembled as soon as possible, probably later this year or
early in 1981 .

As this is underway the company management has been ex amini ng a number of other
properties in the general area for possible acquisition .

FOR TIC BECO! M
Ga ant Gold Mines Ltd. , by Oct . 15,1980 agreement effective Idov.12,1980 will of fei_ .zrithin

-~ ten days 300 , 000 units comprising one share and_a A warrants
on Vancouver Curb ge at- a price yet to be fixed but ~not 1 :',3 .00 per unit
through agents, CanarL:m Inv 1• nt Corporation Ltd e~-a-s r bO aid 11CDenriid, I.Liller & I-icDela_u
Ltd, as to 20 Each two series A wa t-s-vr-l entitled to purchase one further share
at a price yet to be fixed unti - 1, l9 . irectors Frank Lang, f,H .IIughes and R, C . Brotim
have been granted options 00 shares each ex:er •_ le at prices of `;4 .70 to Oct ,7,19815

1.14 .55 until Oc U-7 ~1,
G~ORGi ~ CIIOSS Ne. .S LETTER LTD. + THIi,TY-' IIi _ i OF
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JMCA INDUS=" LTD .

SECOND MAPS III PiEPABATION - Charles Martin, president of Mica Industries Ltd . has reported
FOR GOLD SILti%u LEACHING that progress i s being made in the preparation of the second

phase of heap leaching for gold and silver on the Silver
Cross Industries property located in Maricopa county, 30 miles northeast of Phoenix , Arizona .

Crushing facilities have been installed and three heaps of 10 , 000 tons each are being
built. Production from the test heap of 10.000 tons of uncrushed rock is approximately 850
oz . gold, 2,000 oz .s:Llver , valued at ':-460,75u . The heap is still producing and there is
no way at this time of estimating total recovery from this heap. The crLished rock in the
new heaps is expected to speed the gold and silver recovery . Iunco has a 40 property interest .

knca has a 30r interest in a small oil well now on pump test in Clark A lease, Young
county , Texas . Other oil and gas leases are being examined toward possible participation .

The company is also in negotiation with T .Lineral Economics Inca toward participation
in several gold properties in Arizona with large tonnage low grade ' no-see-em' gold potential .

Directors of the company recently exercised their stock options on 90,000 shares at
X2,11 each to provide the company with :,`189, 900 in new funds .
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AARON j jL1g G LTD,

N OV 3 1980

EX?L i Ai i N DEPARTME(ff

DRILL PROGRAM UNDERWAY TO ESTABLISH - Andrew Robertson, chainnan of Aaron Mining Ltd .
GRADES -!":T NEVADA GOLD HEAP LEACH PROJECT has reported that to date 33 holes have been drilled

for a total of 11,432 feet to generate 2,000
samples in the current program directed to establish grades on the gold property at Crescent
Valley, Ilevada, Final assessment of the results will await assay results which are expected
to be slow in coming since the laboratories are overloaded .

He said that the gold and silver recovered from the leach pad has not yet been reduced
to bullion. It is now underway. Until now, because of a limited water supply,the leach
process was conducted on a small portion of the pad only . The deep water well recently
brought on stream will greatly increase the leaching capabilities at the property . Extensive
testing of the leach materials already on pads is being carried out and a decision as to
when the leaching process will resume will be based on the results . During the change-over
in water supply, the solution storage ponds and circuit were checked and upgraded . The
recovery of the gold from the precipitation towers and any further leaching are to be carried
out by I]iller--happes Company, mineral management consultants of Reno,Nevada .

Aaron Mining recently sold 44,44 treasury shares to E & B E ::plorations Inc . at
34,50 per share, E & B have agreed to spend 3250,000 U .S. on e ::ploration of the Gold Pan
and Altenberg claims, Lander county, Nevada, by Nov,15,1980, ? :hen the work is completed,
B & B may either turn over the results without earning an interest or they may earn 255
interest in the property by spending a further x, .250,000 U.S . in exploration by Feb .15,1981
and providing Aaron with a loan related to Aaron's working capital deficit with respect to
the property, being up to 3400,000 U .S. interest free, plus, if needed, up to ;;200,000
more repayable from 75% of first net proceeds with interest at prime plus 2%.
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Kapp es, Cassz ay & Associates
1045 G'endlle Acvenue , Star k's, '\'evada 89431

Tc:ex 17.,G-9 - Fax 'C2 - ;6-?609

June 1993

HEAP LEACH PROJECT EVALUATION
DURING THE INITIAL STAGES

PROGRAM FOR EVALUATION OF THE OREBODY

The first step in designing a more complete program prior
to testing the orebody is to have a conference between the
field geologist and the metallurgists who are designing the
test program to determine such things as :

- availability of core samples for testing
deep-level ore

- accessibility for near-surface and deep-level
bulk samples

- variability of ore and ability to geologically
identify tonnage/geological parameters of the
various ore types

INITIAL EXAMINATION

A preliminary test program designed to tell quickly if an
ore is heap leachable or not should be limited to a few
column leach tests . These tests are normally inexpensive .

For a low-grade hard (non-clayey) rock, a good first test
would be a column leach test at an intermediate crushed
size, such as one inch . Normally at least two samples from
the orebody should be tested, and maybe more if there is
significant variation in rock type . The best samples for
evaluation are bulk samples composed of fairly large rocks .
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A head sample of the column material, and the test tailings
would be screened into five or six size fractions and then
assayed to determine if there is an approximate relation
between recovery and crushed size . For accurate percent
recovery calculations normally 4 to 12 assays would be run
on tailing samples .

If the 30-day percent recoveries are low on a column test,
it is sometimes advisable to suspend the test, air dry the
sample, crush to a finer size, and then restart the test .

The test program should include a cyanide solubility test
on an agitated portion of the pulverized head sample so
total cyanide soluble gold levels can be used to monitor
the progress of the column test .

Preliminary data ( such as estimated gold recovery based on
solution assays) will typically become available from the
column test about three weeks after the sample arrives at
the laboratory . Tests should normally run 60 days, so
final information will be available three months after the
sample arrives at the lab and the final report will be
issued a month later .

The sample size placed in the leach column would range from
50 to 150 pounds, and would generally be tested in a column
6 to 12 inches in diameter and five to six feet in height .
The total cost of the test program including the report
should be about $2000 .00 per test . Involved sample
preparation procedures would increase the test cost .

STEPS FOR A GENERAL TESTING PROGRAM

1 . Determine Ore Types . In conjunction with the
geologists, review rotary drillhole chip logs, and/or
core photographs to try to determine important
metallurgical ore types .

2 . Determine Distribution of Cyanide Solubility of Gold
Within the Orebody . Run a series of cyanide solubility
tests (centrifuge tube tests) on all 5-ft (or
appropriate) intervals of the rotary drillhole samples,
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to determine uniformity of cyanide response . These
tests are usually run on the same pulverized pulps
which were used for fire assay of the drillhole
intervals . Each test will cost about $5 .00 to $6 .00 .

A typical major orebody might require 500 such tests .
The tests show recovery trends throughout the orebody,
and can identify zones with special metallurgical
problems . They are used as a guide to further testing
and to selection of areas for bulk sampling .

3 . Run Column Leach Tests . On bulk samples taken from
underground and surface exposures, or if necessary from
drill cores, a series of laboratory column leach tests
at various crushed sizes would be run . The preliminary
tests mentioned above would provide one data point ;
typically, the ore may be tested at three crushed
sizes : 3, 1, and 1/2 inches . The column test program
on each ore type would cost approximately $ 6,000 .00 .
Simple small orebodies might end up with two ore types :
complicated large orebodies might involve four to six
sets of such tests .

This outline of column leach tests assumes the ore is
hard and clay-free . The test program can be modified
for clayey ores - for instance, testing at various
crushed sizes is not so important as testing using
agglomerated samples .

The general laboratory small column test program for a
large orebody can therefore range between $ 12,000 .00
and $ 40,000 .00 . A few progress meetings and test
reviews are normally included as part of the cost ;
sample procurement costs, feasibility studies or
extended scoping meetings, and client oversight costs
are not included in that estimate .

4 . Need for Field Leach Test . Proceeding beyond the small
column test phase is a function of both technical and
managerial requirements . For hard, chemically
inactive, simple ores that are going to be crushed
before leaching, it is technically possible to proceed
directly from the lab tests to production heaps, and
this is normally done on small ore bodies .

Large projects, especially on marginal grade ores which
contain actively oxidizing sulfides and possibly copper
minerals which may lead to high cyanide consumption,
usually require scale up tests to reduce the degree of
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risk . A field test program consisting of one to three
2,000 to 3,000-ton field test heaps may be necessary .
The cost for an individual test at a remote location
with no existing support facilities ranges from
$200,000 .00 to $300,000 .00, inclusive of mining the
sample in a small open pit, conducting the test for 60
days, and all final shutdown and report costs .

5 . Design/Basic Cost Study . Simultaneous with or
subsequent to the field test, a pre-feasibility study
can be developed which contains the basic design and
cost elements (or alternatives) . For orebodies up to
5,000 tons per day such studies take about two months
and cost about $ 25,000 .00 .

6 . Final Engineering/Design Study and Construction . The
pre-feasibility study is generally sufficient to be
accepted without a final full-blown feasibility study .
Design and construction can then proceed .
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SCALEUP EXPERIENCE IN GOLD-SILVER

HEAP LEACHING

By
Daniel W . Kappes

A precious metals heap leach is a fairly straightforward mechanism .

Ore is stacked on an impervious pad and is sprinkled with a pH-

controlled cyanide solution . The solution dissolves gold (and/or

silver) from the rock and carries it down and out of the heap .

Gold is removed from the solution and the solution is recycled .

The prediction of field heap behavior from laboratory tests should

be relatively straightforward, provided that the laboratory test

procedures are faithful mini-heap leaches . Detailed comparisons of

field heap behavior versus lab behavior now exist for several ores .

They indicate that field heap performance differs significantly,

but predictably, from the laboratory tests . Specifically, field

heaps reach the same level of recovery as the lab tests, but they

take from three to six times as long to get there .

The data suggests that all production heap leach systems should be

designed with flexibility to extend leach times for as long as the

ore requires . Fortunately, Aesop's lesson that slow is not necessarily

bad, is one of the guiding principles of heap leaching . The capability

for unlimited leach times is inherent in the heap leaching process,

both technically and economically . Surprisingly, this capability has

been "designed out" of several operations in which the ore is stacked,

leached, and removed on regular intervals . The data presented here,
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and evidence in the literature from other producing heap leaches

such as Cortez and Pound Mountain, I suggest that eliminating this

flexibility greatly increases the investment risk .

Example 1 . - The Extremely Long Delay : A Clayey Ore

Figure 1 shows recovery curves in lab and field tests for two ores .

Both ores leach quickly in the lab ; but in the field they are at the

extremes of heap behavior - one leaches very fast, the other very slow .

The laboratory test curves in Figure 1 were developed in typical small

laboratory bucket leach tests, containing 20 Kg of ore in a 34 cm deep

and 28 cm diameter column . A drawing of the test layout and details

of the test procedure have been published previously .2

Ore A is a soft, almost pure kaolinite clay containing fine gold . Ore

"lumps" are stable and permeable, but ore "fines" can form clay layers

that are almost impermeable . To minimize the fines problem, the ore

for the field heap was carefully blasted and was not crushed before

leaching . The field heap was intentionally built in a manner that

would result in delayed, steady gold recovery by using a conveyor

stacker to construct the heap as a series of 1 meter high cones . With-

in each cone, the ore fines created an almost stagnant "pocket" about

0 .6 meters in diameter . Around each cone the "throwing" action of the

conveyor stacker created a layer of coarse rock which allowed free-

flow of solutions downward through the heap .

1' For a good general article and bibliography on heap leaching, see
"Design Factors for Heap Leaching Operation" by George M . Potter,
Mining Engineering, ?March _981, pp 277 - 281 .

2 .
"Leaching of Small Gold and Silver Deposits" by D .W . Kappes,
pp 381 - 388, in THE FUTURE OF SMALL SCALE MINING, edited by
R .F . Meyer and J .F . Carmen, McGraw-Hill Publishing Co ., 1981,
50 pp . Copies available from the author .
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Figure 1: Compari son between lab and field leaches (two ores).



As the curves for ore A in Figure 1 show, 60 percent recovery was

achieved in lab tests in ten days, whereas the same recovery took

55 days in the field . It is not too surprising that the field and

lab recovery curves for this ore are different since the tests

differed in two significant ways :

1 . There is no way to take an accurate sample of run-of-
mine sized rock for small lab tests (these tests were
run on ore crushed to 50 mm) .

2 . The throwing and segregating actions of the conveyor
could not be duplicated in the lab .

The first factor appears to have been not too significant for this

ore . Large production heaps have since been run on crushed ore with

recovery curves that duplicate that from the uncrushed field test

heap . The controlling factor appears to be heap permeability, not

rock size .

The second factor is part of a problem common to all laboratory test

columns, which is, that there is no way to duplicate .the "structure"

that is built into the field heap . Ore cannot be compacted the same

way it is in the field, and ore segregation, which results from rocks

rolling down the heap slopes, cannot be duplicated .

Example 2 . - The Short Delay

Ore B in Figure 1 is a mixture of permeable limestone and shale . Both

the laboratory tests, and the field heap, were run on coarse-crushed

ore .

The ore is hard enough so that ore fines do not clog the heap . As

a result, it was possible to build the field heap as a vertical "stack"
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of 1 .9 meter lifts, to a final height of 3 .9 meters , using trucks

which drove directly on top of each ore lift .

Laboratory tests were run in short bucket tests and in 2 .5 meter high

columns, and no difference in recovery times was noted . As in all

other tests reported here, flowrates of leach solution in the lab and

field tests were roughly identical .

Like ore A, the laboratory tests on ore B appeared to be faithful "mini-

heaps", except for one aspect : the important, unduplicatable factor of

heap structure . As Figure 1 shows, the laboratory tests achieved 85

percent recovery in eight days . The field heap reached this level of

recovery in thirty days . Subsequent production heaps have all behaved

identically to the first heap .

Example 3 . Ores That Require Crushing

The ore presented in Figure 2 is physically very different from either

of the ores in Figure 1 . This ore is a hard chert or jasperoid, in which

very fine gold is apparently well disseminated . Recovery of the gold in

laboratory tests is a straightforward function of the size to which the

rock is crushed .

The field test curve shown in Figure 2 was generated from a 3 .5 meter

high field heap, with rock crushed to 8 mm . The ore in this heap was

stacked using a conveyor stacker . There was no clay in the ore and no

percolation problems could be detected in the field or in tall-column

laboratory percolation tests .

As Figure 2 shows, the ultimate field recovery exactly matched the

recoveries predicted from 13 cm high laboratory leach columns . However,

as with ore B in Figure 1, there was a significant delay in field recoveries .

Fifty percent recovery was achieved in eight days in the lab, versus

twenty-seven days in the field .
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The field delay appears to be a function of heap structure, not of heap

height . This same ore was leached in a 6 meter high, 0 .6 meter diameter

laboratory column located at the USBM Reno Metallurgical Research Center .

The recovery curves closely matched the small bucket tests rather than

the field leaches .

Figure 3 shows a set of four gigantic columns , measuring 12 .3 meters

high, 1 .25 meters diameter . The ore in these tests is "run-of-mine"

size volcanic rock, with gold on fracture surfaces . The correlation

for both ultimate recoveries and recovery times, between 13 cm high

lab tests and these tall columns, has been very close .

Example 4 . - Flowrate and Rock Size Variations

It is easy, in a paper such as this, to present only the data which

clearly makes the author's point . The ore in Figure 4 tends to muddle

things a bit .

This ore is a soft porous limestone . It is physically similar to ore

B in Figure 1, but it breaks differently . Simple bulldozer ripping

results in "run-of-mine" ore which is 90 percent smaller than 1-inch .

Because of its fine, earthy appearance, the heap was stacked (with

ripped rock) using a conveyor stacker, in 1 meter high cones, to

a final depth of 3 .5 meters . Subsequent laboratory and field percola-

tion tests showed that percolation rates were very satisfactory .

Three laboratory curves are shown on Figure 4 . The effect of drastically

lowering the flowrate had only a minor effect on recovery . Selected

large rocks leached slowly and not very well, but the ore in the field

heap was mostly small . The "prediction" from the lab tests would be for

a 60 percent recovery after approximately 12 days of leaching . It took

50 days of leaching to achieve the same recovery from the field heap .

- 7 -



FIGURE 3 . Tall leach columns can provide data on
scale-up behavior of chemically-reactive ores .
These four leach columns, four stories high, hold
25 tons of ore each .
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Example 5 . - Time Factors in Testing

Figure 5 makes a point somewhat removed from the general scheme of

this paper . The figure shows laboratory test curves for three different

ores . All three ores have approximately the same ultimate recoveries,

near 60 percent . Had only short-term laboratory tests been run on these

ores, however, the apparent picture would have been radically different .

Recoveries after ten days ranged from 14 percent to 50 percent . A

problem commonly faced by every testing laboratory is the "when can

I have the answer?" syndrome, and a common response is to shorten

the laboratory testing time .

In production heaps, allowing extra leaching time does more than insure

against scaleup errors . At an ongoing project where the heaps are run

counter-currently, the cost to leach "old" heaps is roughly $0 .07 per

ton per month . Significant additional cash flow can be generated from

heaps producing only 0 .5 percent additional recovery per month .

It appears that "time" must be added to a heap leach like "reagents"

to a conventional mill ; the approximate levels can be determined in the

lab, but field operators must be given the flexibility to make final

adjustments .
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NEWLY DEVELOPED PROCESSES

HEAP AND DUMP LEACH
FINE C SH G - AGGLOMERATION - CYA D CURING

VAT LEACH MODIFICATIONS

SILVER STATE, CHILSCN & KA t'dYR

IN-SITU LEACH

AUSTRALIAN DEEP LEADS

ION-EXCHANGE (OX) & SOLVENT EXTRACTION (SX)

DIRECT ELECTROWINNING FOR REFACTORY ORES & CONCENTRATES

HIGH PRESSURE OXIDATION (180° -210°C & 350-1400 kPa)

"ARSENO" LOW PRESSURE OXIDATION ( 80°- 100 °C & 400-800 kPa)

BIOLOGICAL OXIDATION (THIOBACILLUS FERROOXIDANS, phi-2)

THIOUREA•LEACH (Few, ph 1-2, NUTRIANTS)

THIOSULFATE LEACH (FOR Ag- n ORES)

CHEMICAL BLOCKING-CYANIOATiON (FOR CARBONACEOUS ORES)

I



TABLE I - APPLICABLE PROCESSES BY ORE CLASSIVICATION

Ore Classification Applicable Process Mice/Locatio

Free Milling Cravity - Amalgamation •- Cyaaidation Dc me . Vaal Reef
Blyvooruitzicht

v/CIP

Cold in Pyrite

Cold W/Pyrrhotite

Gold in Tellurides

Imestake, Battle

w/Flotation-Cyanidation Ca bell Red take
Kal oorlie, Knob

Direct Cyanidation (all slime circuit) fa~;uet, Kloof
Cflo, Kinross
Kloof, Pueblo Vfii .j
Pinson, DeLamar (g

Flotation-Cyani4atioa of Tailings Knob Uill

Flotation-Cyaai ation of Concentrates Itogon Suyac

F).otation-Roasting-Cyanidatier. 1 err-Addison

Li=e Aeration-Cyanidation tome, Ho-zestake

Flotation-Chcn.Oxidation-Cyanidation Emperor

Flotation-Roasting-Cyanidation Kalgoorlie
71,

Gold w/.Arsenopyrite

Complex Ores (Au w/
Cu,Pb & 2n Sulfides)

Carbonaceous Ores

Lower Grade Ores

Flotation-Roastisrg-Cyanidation

wjcIP

Flotation/AutoclavingICynnidatioa .1`'t

Flotation/Bio-oxidation/Cyanidition

Flotation/Cyanidntioa of Tailings

Chemical O idatioo-Cyanidatiozt

Chemical Blociting--Cyanidation

Reap and Dtz=p Leach
with or without Agglomeration

Campbell Red Lake

Giant Yellowknife- .

Under Develop =e=t

8 ec3guet
Itogon Suyac

Carl in, Mercur,
Jerritt Canyon

Kerr-Addison

Round Mountain
Ortiz , Gold Quarry
Alligator Ridge
Mesquite



I MOLL. 11

HEAP AND DUMP LEACHING PRACTICES IN USA

MINE /OPERATOR RESERVES GRADE . CAPACITY TYPE OPERATION RECOVERY

(oz/t Au) (std)

MAGGIE CREEK-NEWMONT

GOLD QUARRY-NEWMONT

ZORTMAN/LAND-PEGASUS

RELIEF CANYON-LACANA

PINSON-PINSON MINING

PREBBLE-PINSON MINING

CANDELARIA-NERCO

BOREALIS-TENNECO

ALLIGATOR RIDGE-AMSELCO

ORTIZ-GOLDFIELDS

ROUND MT.-SMOKY VALLEY

NORTHUMBERLAND-CYPRUS

3,600 0.049 2,000 UNCRUSHED-HEAP-CA-EW 45

90,000 0.035 20,000 UNCRUSHED-DUMP-CA-EW 45

28,000 0.035 16,000
G

UNCRUSHED-DUMP-MC '
o
50

9,200 0.032 4,000 UNCRUSHED-HEAP-CA-EW 50

2,200 0.025 1,500 UNCRUSHED-HEAP-CA-EW 60

1,800 0.062 1,000 UNCRUSHED-DUMP-CA-EW 40

15,000 3.15 (Ag) 10,300 -2"-AGGL HEAP-MC 45

2,000 0.090 2,500 -1 "-AGGL:HEAP-MC 70

3,000 0.070 3,000 -3/4"-AGGL'-HEAP-CA-EW 80

7,100 0.053 3,500 -3/8"-AGGL--HEAP-CA-EW 80

a00,000 0.037 18,000 -3/8"-HEAP-CA-EW 75

16.000 0.050 4.000 -5/16"-M C -N~e~-re-Fw 70

`AGGL. - AGGLOMERATION
'AGGLOMERATION WITH LIME OR CEMENT AND CYANIDE

i
J
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TABLE W .

CAPITAL COST ESTIMATES FOR
PROCESS ALT ATIV S

ALTERNATE PROCESSES

A. HEAP LEACH: UNCRtJSHED ORE-CA-E W

B. HEAP LEACH: CRUSHED ORE-CA-EW

C. HEAP LEACH: FINE CRUSHED ORE- AGGLOERATIO -CA-EW

D. CYANIDATIO : CARBON-IN-PULP (COP)

E. CYANIDATION: CONVENTIONAL CYANMATION-CCD- SIC

F. CYA\HDATION: PRESSURE OXIDATION-CYANIDATIQN

CAPEIAL COST ESTIMATES
(DOLLARS PER TON PER DAY)

CAPACITY ALTERNATE PROCESSES

(STPD)

1,000
2,000

3,000

4,000

8,000

16,ooo

A B• C D E F

$2,640 5,700 10,325 17,035 25,815 43,410

2,000 4,330 7,825 12,910 19,560 32,900

1,700 3,680 6,655 10,980 16,640 27,975

1,515 3,280 5,925 9,780 14,820 24,935

1,150 2,485 4,69-5 7,420 11,240 18,895

870 1,875 3,370 5,565 8,430 14,320

i



J

ALTER

A .

B.

C.

®.

E.
F .

TABLE IV

OPERATING COSTS FOR
PROCESS ALTERNATIVES

NATE PROCES&&

HEAP LEACH :
'iEA'J LEACH :

HEAP LEACH :

CYA IDATION:

CYAN DAT ON :
C•Y AMDA 1 ION:

UNCRUSHED ORE-CA-E ffl

CRUSHED ORE-CA-E

FINE CRUSHED ORE-AGGLOMERATION-CA-EW

CARBCNa9-I'll-PULP (COP)

CONVENTIONAL CYAN DA TION-CCD-® C
PRESSURE OX DA TION-CYA MDATM

OPERATHMG COST E TMVIATES
(DOLLARS PER TON ORE TREATED)

CAPACITY

(STPD) i

1,000

2,000

3,000

4,000

8,000

16,000

ALTERNATE PROCESSES
A B C D E F

$2.40 4.85 5.80 7 .75 9.70 19 .40

2.35 4.70 5.65 7.55 9.45 18.90

2.30 4.50 5.50 7.35 9.20 18.40

2.20 4.25 5.35 7.15 8.95 17 .90

1 .95 3.75 4.50 6.00 7.50 15.00

1 .60 3.25 3.50 5.20 6.50 13.00



F

COT ACTOF FOR PROCESS ALTERNATIVES

PROCESS ALTERNATIVES COST FACTORS

CAPITAL OPERATING

CONVENTIONAL CYANIDATION- C 1.00 1 .00,E

CYA;N2DATION: CARBON-IN-PULP

CVAi 3DATION: PRESSURE OXIDATION (ORE)

CYANIDATION: 610-OXIDATION (CONC.)

HEAP LEACH: LJNCRUSHED ORE -CA-E '

HEAP LEACH: CRUSHED ORE-CA-EW

HEAP LEACH: FINE CRUSHED ORE-
ACCLCMERATION-CA-E

0.66

1 .68

1 .48

0.10

0.22

0.40

0.80

2.00

1 .75

0.25

0.50

0.60



EXPLORATION PROJECT EVALUATION
(CRUSH-AGGLOMERATE-CURE-CA-EW )

7®09000
SPY

1,500,000
STPY

ESTIMATED CAPITAL COSTS

WINE & MILL)

$20,000,000 $30,000,0©0

ESTHNIATED OPERATING COSTS

BR 'AKEVEN RECOVERABLE GRADE

(@ 300/OZ. GOLD)

ORE GRADE @ 80% RECOVERY

CARE GRADE REQUIRED FOR
25% RO (MINE LIFE 6 YEARS)

REQUIRED ORE RESERVES

(EXPLORATION TARGET)

$11 .00

0.037

0.086

4,200,000

$8 .00

0.027 . i
i

0.034

0.054

12,000,000 ,

r



HEAP LE
UNIT OPERATION

MINING

CRUSHING/HANDLING

LEACHING

CA((#D /EW

REFINING/ASSAYING

DIRECT COSTS

INDIRECT COSTS

TOTAL COSTS

ACHING OPERATING COSTS
AV. (%) 700,000 STPY

33 $ 3.30

12 1 .20

22 2.20

1 1 1 .10

2 . 0 .20

80 $ 8.00

20 2.00

100 $10.00

2,000,000 STPY

$2.31

0.84

1 .54

0.77

0.14

$5.60

1 .40

$7.00



I

OPERATING COST DISTRIBUTION

LABOR

OPERATING

MAINTENANCE

SUPPLIES

REAGENTS

MAINTENANCE

UTILITIES

SUPERVISION

ASSAYING & LAB

INDIRECTS

(%) 2,000,000 STPY

30 2.10

10 0.70

24 1 .68

6 0.42

.2 0.14

5 0.35

3 0.21

20 1 .40

100 $7 .00
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Figure 1 . Typical heap-leaching operation for recovery
of gold from crushed ore using dilute cyanide solutions .
Heap leaching of crushed ore usually involves 30- to
60-day leach cycles and yields gold recoveries of 60 to
90 percent

silver annually; and the Candelaria plant,
which is primarily a silver mine that processes
9,400 mtpd and produces about 90,000 kg of
silver annually.

The locations of the major western U .S.
gold-and-silver heap-leaching operations are
shown in Figure 2 . The newest of these are
the Picacho mine of Chemgold, Inc . and the
Mesquite mine of Goldfields Mining Corpora-
tion . Both plants are in California, approxi-
mately 25 miles outside Yuma, Arizona .

The purpose of this article is to review
important factors related to cyanidation and
heap-leaching practice . The article briefly
summarizes the history of cyanidation and
discusses the operational features of heap
leaching using dilute cyanide solutions .

Gold and Silver Extraction:
the Application of

Heap-Leaching Cyanidation
by J. Brent Hickey

Assistant Director
Arizona Bureau of Geology
and Mineral Technology

In the last decade, heap leaching has
established itself as an efficient method of
treating oxidized gold and silver ores . Also
known as solution mining, heap leaching
involves the extraction of soluble metals or
salts from an ore by distributing solutions
over an open ore heap piled on an impervious
pad. For example, gold and silver can be
separated from their ores by the application
of a weak solution of cyanide and lime or
caustic soda. Figure I shows a typical
precious-metal heap-leaching operation. This
processing technique is an extremely effi-
cient way of extracting metals from small,
hallow deposits , but is especially attractive
r treating large, low-grade, disseminated

deposits . Compared with conventional milling
(crushing, grinding, and agitation leaching),
recovery of gold and silver by heap leaching

offers several advantages : lower capital and
operating costs, shorter start-up times, and
fewer environmental risks . These advantages,
however, are sometimes offset by lower metal
extractions .

The first commercial application of heap
leaching, by the Carlin Gold Mining Company
in northern Nevada, occurred in the late
1960's. Since that time, advances in solution-
mining technology and the continued high
price of gold have sustained a strong interest
in heap leaching . About 25 percent of the new
gold and 10 percent of the new silver currently
produced in the United States are obtained
through heap leaching . Nevada is clearly the
leader in precious-metal heap leaching with
about 50 stable operations and another 50
that operate depending on the price of gold
and silver (Carrillo, 1985) . Two examples of
large-scale heap-leaching operations, both of
which are in Nevada, are the Smoky Valley
operation, which mines 11,000 metric tons
of ore per day (mtpd) and produces about
3,700 kilograms (kg) of gold and 2,200 kg of

HISTORY OF CYANIDATION

The historical fabric of cyanidation is very
colorful : it is woven with many threads of
controversy and disagreement . Numerous
patent disputes have been documented in
technical journals . Cyanidation technology
appears to be evolutionary, with advances
progressing from prior work. Seven such
advances provide a historical summary of
cyanide leaching : early cyanide chemistry,
the cyanide process, Merrill-Crowe (zinc-dust
precipitation), carbon adsorption, carbon-in-
pulp (CIP), Zadra (stripping and electro-
winning), and heap leaching .

Early Cyanide Chemistry
As early as 1793, aqueous solutions of

potassium cyanide were known to exhibit a
solvent action on gold (Habashi, 1970) . In 1843
Bagration produced the first scientific treatise
on the subject. During his investigation, he
observed the following :

(1) Dissolution is more rapid when the
gold is divided into very small
particles.

(2) Dissolution increases with heating .
(3) Gold dissolved in cyanide will pre-

cipitate on metallic surfaces in the
absence of an applied potential .

(4) The presence of air decreases the
time necessary for dissolution
(McCann, 1912).
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Figure 2: Major westem U..S. gold-and-sftuer heap-teaching operations.

In 1844 Elsner discovered that gold dissolution in cyanide was due
to the action of dissolved oxygen and not the decomposition of water,
as previously believed (Wilson, 1896) . The "Elsner Equation," stated in
its original form, is as follows:

2Au+4KCy+0+H20=2KAuCy2+2KOH

This early formula established the overall stoichiometry of gold
cyanidation and recognized the presence of a gold-cyanide complex .

Bodlaender (18'96) rapidly dissolved gold in an aerated cyanide
solution and found that significant quantities of hydrogen peroxide
(1-1202) were produced during the reaction . The formation of hydrogen
peroxide as an intermediate product suggested a two-step reaction
sequence :

2Au + 4CN- _ 02 + 2H20 = 2Au(CN)Z + 20H- + H20z

2Au + 4CN- + H202 = 2Au(CN)2 + 2OH-

The sum of these reactions is equivalent to the overall reaction as
proposed by Elsner.

Barsky and others (1934) provided some of the first fundamental
thermodynamic and kinetic data for the cyanidation of gold and silver .
Their work confirmed the accuracy of the equations offered by Elsner
and Bodlaender. They determined the values for the free energy of
formation of the aurocyanide ion, Au(CN)2 and the argentocyanide
ion, Ag(CN)2 . They also investigated the effects of cyanide concen-
tration and pH on the rate of gold and silver dissolution . The maximum
rate of gold dissolution was obtained with a I x 10,-2 M NIaCH solution .
The rate of gold dissolution was found to be insensitive to pH between
about pH 10.5 and pH 12 .5 .

Boonstra (1943) was reportedly the first to recognize the similarity
between gold dissolution in cyanide and metal corrosion processes.
This observation established the importance of the electrochemical
dissolution mechanism involving distinct anodic and cathodic steps .

The Cyanide Process
It was not until the pioneering work of MacArthur and the Forrest

brothers (1887,1889) that cyanidation became a commercial process .
Their patents of 1887 and 188,9 were milestones in the metallurgy of
gold because they recognized a chemical process for treating gold

ores. Their contributions included two important advancements: ( 1)
they used dilute cyanide solutions to produce a selective action on
gold instead of using stronger li xiaianfis, which have a tendency to
dissolve impurities; and (2) they proposed a method for recoverin
gold from cyanide solution by precipitation with zinc shavings. ~'

Although cyanide had been used as early as 187, 0 to treat gold
ores in the United States, the MacArthur-Forrest process was not
officially introduced to domestic mining operations until 1892 . The
first cyanide gold mill in the United States was reportedly established
at the Vulture mine near Wickenburg, Arizona (Young, 1967; Figure 3).
Haynes (1892) reported the successful treatment of tailings and
rebellious ores using cyanide by the Yauapai Gold and Silver Extraction
Company in Prescott, Arizona. At about the same time, several plants
near Tombstone, Arizona were using cyanide leaching to recover
silver. By 1896, there were seven major cyanide plants in the United
States, the largest of which was the Mercur mill in Utah This plant had
a capacity of 183 mtpd and achieved gold extractions ranging from
80 to 87 percent (Packard, 1896) .

Merrill-Crowe
Early cyanide practice involved gold precipitation onto zinc

shavings . Cementation of gold onto a metallic zinc surface is repre-
sented by the following reaction (Wilson, 1896):

2Au(CN)5 + Zn°' = 2Au° + Zn(Cl'l)d2-

The electrochemical cementation reaction shown above is relatively
simple, involving the discharge of a noble metal ion (the gold-cyanide
complex) at the expense of a more reactive metal (the zinc dust) .

Zinc-dust precipitation, known as the Merrill system, was intro-
duced in the United States in 1897 and is the basis of modem practice
(Julian and others, 1921) . Oxygen necessary for the oxidation of gold
during cyanide leaching is detrimental to efficient zinc-dust precipita-
tion. Merrill recognized this and designed a process to avoid air con-
tact with the zinc during precipitation . Crowe (1919') improved thg,
process by removing dissolved oxygen from the gold-bearing cyanides'
solution prior to addition of the precipitating agent. This approach
improved the efficiency of gold precipitation and decreased zinc con-
sumption. The Merrill-Crowe process consisting of solution clarification,
deaeration, zinc-dust precipitation, and precipitate filtration continues
to be an important precious-metal recovery method used by many
modem plants.

Carbon Adsorption
Gross and Scott (1927) undertook the first rigorous study of the

adsorption and desorption of gold and silver cyanide on carbon. They
reviewed the early history of carbon adsorption, noting that charcoal
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Figure 3. Repoitedty the first U.S. cyanide plant as seen in the early 189(Ts, at the
Vulture mine, Wickerrbury, Arizona Photo courtesy of the Arizona Historical Society



was first used in chlorination plants to recover gold . As cyanidation
became more popular than chlorination, it was only natural that
charcoal would be used to recover precious metals from cyanide
solution. Charcoal was used at a number of locations by the turn of
e century. As improvements in zinc-dust precipitation emerged,

0oowever, interest in the use of charcoal declined .
Early investigators believed that charcoal precipitated gold from

solution (Green, 1913; Feldtman, 1915 ; Edmands, 1918). Actually, a
reduction mechanism by which gold is deposited in the metallic state
on the carbon surface does not explain the experimental evidence .
Unfortunately, complete understanding of the adsorption mechanism
is still lacking . High surface area (active sites) and pore diffusion are
important aspects of the adsorption and desorption processes.

Carbon-In-Pulp
A major contribution to carbon-in-pulp (CIP) technology was

made during the 1930's by Chapman (1939) of the Department of
Metallurgy, University of Arizona. Chapman and his graduate students
investigated dissolution of gold by cyanide and adsorption of dissolved
gold onto activated charcoal in ore pulps . The general process used
flotation to separate and recover the gold-bearing charcoal from the
leached tailings . The flotation of powdered carbon proved to be highly
selective, producing a charcoal concentrate that could be either
smelted directly or ashed to recover the gold . A portion of the early
research at the University of Arizona was devoted to the activation of
carbon prior to adsorption of gold from cyanide solution (Rabb, 1939) .

The lack of a convenient method for stripping adsorbed gold and
silver from loaded carbon handicapped the development of CIP
practice. Without stripping, it was impossible to recycle carbon in a
closed-circuit system (adsorption, stripping, and reactivation) . These
techniques were pioneered by the U .S. Bureau of Mines (Zadra and
others, 1952 ; Hussey and others, 1979) and have been improved and
engineered for large-scale operations by MINTEK in South Africa
(Laxen and others, 1979) . Advantages of the CIP process include the
bility to handle ores with poor settling and filtration characteristics by

eliminating the need for costly liquid-solid separation systems ; effi-
ciency in the recovery of gold from dilute process streams ; high
capacities; and relatively simple design and operation.

Zadra

The next major contribution to the cyanide process was the
recovery of gold by activated carbon, stripping the carbon with hot
caustic cyanide solution, and electrowinning the gold and silver onto
stainless-steel wool . This process was developed in the early 1950's by
Zadra and others (1952). Stripping times ranged from 24 to 48 hours,
as originally practiced . These times were quite long, consuming more
chemicals and requiring more carbon in the circuit . In recent years,
the U.S. Bureau of Mines and the Anglo-American Research Laboratory
have developed pressure stripping of gold from carbon, which requires
only 6 to 8 hours. Other improvements in the Zadra technique include
the design of advanced electrowinning cells .

Heap Leaching

During the last decade, heap leaching of gold and silver ores has
evolved into an extremely efficient method of treating small deposits
once considered uneconomic; heap leaching as a mineral technology,
however, has been practiced for centuries. As early as the mid-16th
century, some mines in Hungary were recycling copper-bearing
solution through waste heaps. By the 18th century, large-scale heap
leaching was practiced by the Rio Tinto Company in Spain to recover
copper from cupreous pyrites. By 1900 these leaching operations
were employing such techniques as leach/rest cycles to maximize
copper recovery (Taylor and Whelan, 1942) .

As mentioned earlier, heap leaching of precious metals was
commercially developed in the late 1960's. Improvements in heap-

leaching performance and efficiency have continued to emerge in the
areas of feed preparation (agglomeration), heap design and construc-
tion, solution distribution, and metal recovery .

GOLD AND SILVER HEAP LEACHING

To be amenable to heap leaching, a gold-bearing rock should be
competent, porous, and relatively cyanicide free and should contain
clean, fine-grained gold particles (Potter and Salisbury, 1974) . It is also
essential that good aeration and uniform solution contact be main-
tained . These same factors influence the heap leaching of silver ores .

Since precious-metal ore bodies vary significantly in geology,
mineralogy, and metallurgy, it is difficult to generalize about flow-sheet
design. The layout of a typical heap-leaching operation is depicted in
Figure 4 . Like other solution-mining methods, heap leaching is sensi-
tive to site-specific factors . These factors include topography and
space, climatic conditions, availability of pad construction materials
(i .e., clays), environmental restrictions, and water. Because of its
intrinsic simplicity and flexibility, heap leaching is ideally suited to deal
with these factors .

Leaching Methods
There are basically two variations of the heap-leaching method

that are used on a commercial scale . The first approach is based on
the leaching of run-of-mine ore . Long leaching cycles and low-grade
ores are usually associated with this variation . The second approach,
which involves the leaching of crushed ore, normally requires shorter
leaching cycles. High-grade deposits generally justify the increased
cost of crushing and are often expressly treated to maximize gold and
silver recovery by increasing the exposure of gold and silver to the
leaching solution .

Heap-leaching operations that use crushing typically leach ore
crushed to 20 millimeters (mm), and sometimes as fine as 6 mm . The
leach cycle for this type of operation usually takes a few weeks to
several months. Most ores that do not contain excessive amounts of
clay will exhibit good permeability down to ore sizes of approximately
10 mm. Feeds below this size or those that contain high proportions
of clay can be treated by agglomerating techniques that stabilize fine
clay particles . Run-of-mine feed sizes are those produced by the
mining operation (blasting or ripping) and may typically contain
150-mm rocks, but may also include some boulders . The leach cycle
for run-of-mine uncrushed ore frequently takes months or years .

The cycle commences when ore is delivered to specially prepared,
impermeable drainage pads . The leach pad serves two important
functions: to protect the environment and to collect and eliminate loss
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Figure 4. General layout of a heap-leaching operation. In addition to the main
leaching circuit, which is described in the text, the figure shows the ancillary opera-
tions of dore production and reagent makeup. Dore production involves the smelting
and refining of steel wool and zinc precipitates to produce bullion . Reagent makeup
relates to the addition of chemicals to control cyanide concentration, pH, and scaling
problems.
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of pregnant solution, the solution that is saturated with the dissolved
metal. Several types of materials are used to construct leach pads,
including both natural and manmade materials such as synthetic
membranes and geotextile fabrics . Van Zyl (1984) has listed the
criteria that pad materials must satisfy: pad-permeability requirements
(environmental restrictions), cost constraints, pad-construction con-
siderations, and heap-construction factors . Single-use pads are often
constructed from clay or plastic liners, whereas multiuse pads, which
are used for more than one leaching cycle, are best made from asphalt
or reinforced concrete. In all cases, pad construction must entail
careful preparation of the base and subbase layers . In single-use pads,
it is common to cover the pad area with a network of perforated pipes
to aid drainage and to collect pregnant leach solution . These pipes are
normally protected by a layer of coarse gravel .

There are several techniques for placing ore on the leaching pad .
Chamberlin (1981) discussed heap-construction methods to maximize
permeability and leaching efficiency. Some techniques used to . build
heaps include haulage trucks and dozers to spread the ore, front-end
loaders, conveyor-slackers, and movable bridge-conveyor distribution
units.

Solution distribution is of special importance in every heap-
leaching operation. Leach solutions can be applied to the surface of
heaps by a variety of methods such as ponding/flooding, trickle
systems, multiple low-pressure sprinklers, single'high-pressure sprink-
lers, and subsurface injection.The most popular systems used in gold-
and-silver heap leaching are the impulse sprinkler and the wobbler-type
sprinkler. These types of sprays provide uniform solution coverage of
the heap surface. Solution application rate is also a critical factor in
heap leaching . For typical heap-leaching operations, the maximum
effective application rate that can be used vAthout causing channeling
and short circuiting of solution is about 4 cm/hr •(1 gal/ft2/hr). Higher
application ratess restrict the movement of oxygen through the heap,
dilute the pregnant-solution grade, and increase pumping costs . In
general, solution-application rates for heap leaching range between
0.8 and 12 cm/hr (0.2 and 0.3 gal/ft2/hr).

Solutions migrate downward through the heap under free-flow
conditions (gravity) . The percolating solutions dissolve gold and silver
as they contact the ore minerals. Cold and silver occur mainly along
fracture surfaces in oxidized ores . Values exposed by crushing are
readily accessible to the lixiviant and are recovered by simple surface
flushing . Leaching solution can also penetrate particle fractures by
capillary action ; in this domain, long-range diffusion must occur. The
pregnant leach solution is collected on the pad and drains to a
collection system, which delivers it to a pregnant-solution reservoir .
From this reservoir, the solution is pumped to a precious-metal
recovery circuit

Gold and Silver Recovery
There are two primary commercial methods of recovering gold

and silver from alkaline cyanide heap-leach solutions : zinc-dust (Merrill-
Crowe) precipitation and adsorption by activated carbon . The choice
between carbon adsorption and zinc precipitation depends on several
factors including solution concentration, solution volume, and solution
clarity. Potter (1981) concluded that large volumes of low-grade
solutions, mainly containing gold, are most economically treated by
carbon adsorption, whereas small flows of relatively rich solutions -or
solutions containing large quantities of silver should be treated by
zinc-dust precipitation . The feed solutions to a carbon-adsorption
circuit do not have to be clarified . For optimal -efficiency of zinc
precipitations, however, it is essential' that feed solutions be clarified.

Merriil,Crowe zinc-dust precipitation, as noted earlier, is a very
mature and well-established technology . The basic process consists of
solution clarification, deaeration, precious-metal precipitation, and
precipitate filtration . As stated earlier, cementation of gold onto a
metallic zinc surface is represented by the following reaction :

2Au(CN) + Zn° = 2Au° + Zn(CN)42-
A similar reaction can be written to express the precipitation of silver .
Based on the stoichiometry of this reaction, the theoretical zinc
requirement for gold precipitation is equivalent to 0 .17 grams of zinc

per gram of precipitated gold . Actual zinc consumption in practice is
much higher than this, ranging from 10 to 30 grams of zinc per gram
of precipitated gold for dilute heap-leach solutions . The difference
between actual and theoretical ratios is attributed to the presence o
impurities and dissolved oxygen

. ""7!!'"Zinc precipitation is the preferred process for silver ores because
of the high silver concentrations and poor silver-loading characteristics
of carbon. Zinc-dust precipitation is especially attractive for small
volumes of solution because they can be processed in modular Merrill-
Crowe units.

A continuous multistage carbon-adsorption circuit is an efficient
way of recovering gold and silver from high-volume, low-grade, heap-
leach solutions . The standard design involves pumping pregnant
leach solution countercurrently to activated carbon in a series of five
or more columns. Carbon in the size range of 16 x 30 mesh is fluidized
by the upward flow of solution and is advanced through the circuit to
achieve loading in the range of 3,430 to 6,860 grams per metric ton
(100 to 200 ounces per short ton). Carbon loadings in excess of this
range are generally avoided because of gold losses to the barren solu-
tion. Loadings lower than these values would require advancing the
carbon more frequently. This additional handling could result in a
higher rate of carbon attrition and an attendant gold loss with fine
carbon.

Loaded carbon is advanced from the first-stage adsorption circuit
to stripping. The popular stripping methods involve variations of hot,
atmospheric sodium hydroxide {NaO'H) and sodium cyanide (NaCN),
pressurized NaOH and NaCN, and alcohol stripping. Cold and silver
are usually recovered from the rich strip solution by electrowinning
onto steel-wool cathodes .

In time, surface sites on carbon are contaminated with organic
materials and other impurities, and pores are blocked by precipitated
salts (calcium carbonate) . It is necessary to periodically reactivate the
carbon to remove these contaminants and to restore the intrinsic
chemical activity of the carbon . Reactivation requires a series of
chemical and thermal treatments: acid washing to remove suifac
deposits, and calcining to 750'C by indirect means to activate th
surface site . After screening to remove fines, the regenerated carbon is
returned to the final stage of the adsorption circuit .

SUMMARY

The extractive metallurgy of gold and silver from -ores is primarily
based on cyanidation practice . Cyanidation has been practiced com-
mercially for a century. The chemistry of leaching gold and silver in
cyanide solutions is elegant and the process of metal recovery by this
approach is very efficient Unlike stronger li viants, dilute cyanide
solutions exhibit a high degree of selectivity in the dissolution of gold
and silver from their ores . Mother attractive feature of cyanide is that
gold and silver-can be conveniently recovered from solution by several
methods .

Heap leaching using the principless of cyanidation has recently
developed into an important alternative for treating gold and silver
ores. Compared to other techniques, heap leaching is a simple
process. Though it is especially appropriate for treating large, low-grade,
disseminated deposits, heap leaching is also an expedient way of
extracting precious-metal values from small, shallow deposits .

New leaching technologies are being developed in the United
States and abroad . There is considerable interest in the development
of ion-exchange resins for the recovery of gold from cyanide solutions .
Resins have the potential of being more selective than carbon, and the
design of resin-in-pulp circuits could eliminate such processes as pres-
sure stripping and carbon reactivation . Other emerging technologies
include solvent extraction and direct electrowinning from dilute solu-
tions. Alternative lixiviants for extracting gold and silver are also being
developed; for example, thiourea and thiosulfate have been examined
for various gold- and silver-bearing materials .

Heap-leaching technology is continuing to advance . In-situ leachin
however, is another option for extracting gold and silver from their
ores. The possibility of in-situ leaching -opens up an area of technology
with many challenges as well as the potential for considerable rewards .

FIELDNQTES, winter 1985



REFERENCES

Barsky, George, Swainson, S. J ., and Hedley, Norman, 1934, Dissolution of gold and silver
in cyanide solutions: American Institute of Mining and Metallurgical Engineers
Transactions, v. 112, p. 660-677.

~odlaender, G., 1896, Die Chemie dos Cyanidver-fahnens : Zeitschrift fur angewandle
Chemie, v. 4, p . 583-587 .

Boonstra, B., 1943, Uber die Loseungsgeschwindigkeit von Gold in Kaliumcyanid-
Losungen: Korros Metallschutz, v. 19, p. 146-151 .

Carrillo, Fred, 1985, oral communication : U . S. Bureau of Mines, Spokane, Wash .
Chamberlin, P . D., 1981, Heap leaching and pilot testing of gold and silver ores : Mining

Congress Journal, v. 67, no . 4, p. 47-52.
Chapman, T. G., 1939, A cyanide process based on the simultaneous dissolution and

adsorption of gold: American Institute of Mining and Metallurgical Engineers
Transactions, v. 134, p. 207-223.

Crowe, T. B., 1919, Effect of oxygen on precipitation of metals from cyanide solutions :
American Institute of Mining and Metallurgical Engineers Transactions, v. 60, p .
111-117.

Edmands, H . R ., 1918, The application of charcoal to the precipitation of gold from its
solution in cyanide: Institution of Mining and Metallurgy Transactions, v. 27, p. 277-325.

Feldtman, W . R ., 1915, The precipitating action of carbon in contact with auriferous
cyanide solutions : Institution of Mining and Metallurgy Transactions, v . 24, p. 329-371.

Green, Morris, 1913, The effect of charcoal in gold-bearing cyanide solutions with
reference to the precipitation of gold : Institution of Mining and Metallurgy Transactions,
v. 23, p. 65-84.

Gross, John, and Scott, J. W., 1927, Precipitation of gold from cyanide solutions by means
of charcoal : U .S . Bureau of Mines Technical Paper 378, 78 p .

Habashi, Fathi, 1970, Principles of extractive metallurgy : New York, Gordon and Breach
Scientific Publishers, v. 2, 457 p.

Haynes, J . P., 1892, The cyanide process in Arizona : Engineering and Mining Journal, v .
54, no . 1, p. 3.

Hussey, S . J., Salisbury, H. B ., and Potter, G. M., 1979, Carbon-in-pulp gold adsorption

GEOLOGIC PLACE
NAMES: AJO

Ajo, Pima County, Arizona. Population 5,650. Pronounced a'ho .
Derived from the Papago word au'auho, which means "paint ."

A similarity between the sound of the Papago word for this
locality and the Spanish word ajo for many years led to misappre-
hension concerning the origin of the name of present-day Ajo . The
Papago Indians used au'auho in connection with the mines at Ajo
because the ores were a source of red paint which the Papagos
used to decorate themselves . This was so noted by one of the
earliest American travelers in the region . Nevertheless, the fact that
the Mexican miners pronounced the word without the double pro-
nunciation of the au of the Papago resulted in a word that sounded
much like ajo . This, added to the fact that the Ajo lily (the root of
which looks and tastes much like a spring onion) grows abundantly
in this area, led to the belief that the locality was named Ajo because
of the wild lilies .

The first American citizen to notice the mining possibilities in
the region was Capt. Peter R. Brady, who was with the surveying
party for the Thirty-Second Parallel railroad in 1853 . When the
party broke up in San Francisco, Brady was influential in organizing
a group of men to explore mining possibilities at Ajo. This group
soon had shipped out all the rich, easily smelted ores from Ajo's
mines. Despite the fact that the remaining ores were unquestionably
rich, there was no satisfactory way to reduce them economically,
and for many years the treasure in copper at the Ajo mines
remained relatively untouched. The hills with their rich exposed
ores were a speculator's paradise .

In 1910 the population-including Mexicans, Indians, and
American citizens-was fifty people . The main business among
these people was grazing cattle . Lack of water was a serious prob-
lem and poverty [was] rampant. In February 1911, there were only
four Americans at what later came to be known as Old Ajo . How-
ever, Ajo was on the verge of becoming a boom town . With the
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discovery of a leaching process which made it possible to work the
ores efficiently and inexpensively, Ajo entered into a prosperous
period. The New Cornelia Copper Company was organized, a
smelter built, and wells dug . From three to five thousand people
were employed by the mines.

The battle between the few old timers in Old Ajo and the
powerful mining company was soon joined . The old town of Ajo
was far too close to huge deposits of low grade ore which the
copper company wanted to develop . The company located its own
town a mile to the north, which it proposed to call Cornelia . How-
ever, nearly all of Old Ajo burned down, and the name Ajo became
attached to the new town .

-Excerpted from Granger, B. H ., 1960, Will C . Barnes' Arizona place
names : University of Arizona Press, p. 257-258 .
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Arizona State Trust Lands:
Mine.].- source Revenues and Activities

by Robert A. Larkin
Manager, Nonrenewable Resources and Minerals Section

Arizona State Land Department

The Arizona State Land Department was established in 1915 to
administer lands held in trust for the public schools and other benefi-
ciaries. The department's primary goal is to maximize trust revenues
through the sale and leasing of State trust lands. In fiscal' year (FY)
1984-85, revenues reached an all-time high of $53,074,616, a 69,
percent increase from the $31,435,300 generated in FY 1983-34 . Of
the FY 1984-85 total, $4,286,137 or 8 percent, came from nonre-
newable-resource activities. The highest revenues from nonrenewable
resources, $11,313,970, were generated in FY 1979-80, just, prior to the
recession. This represented roughly half of all revenues received that
year by the Land Department.

The following article explains how the State Land Department
was created and describes the activities of its Nonrenewable Resources
and Minerals Section . The latter include such diverse duties, as issuing
leasing permits and protecting archaeological sites .

BACKGROUND,
The Territory of Arizona was established by Congress in 1863 . At

that time, specific sections of land in each township (sections 16 and
36, if available) were set aside for the benefit of the public schools . In
1910 Congress prepared Arizona for statehood by passing the
Enabling Act, which set aside additional land in each township (sec-
tions 2 and 32, if available). The act also identified 2,350,000 acres of
additional land grants to the State and established a framework by
which State lands were to be managed . The act included the following
requirements and restrictions, which are still in effect today:

(1) The lands must be held in trust and used only as specified in
the act.

(2) Revenues received from lease of the lands and natural
products of the lands are subject to the same trust as the
lands that produce them.

(3•)) The lands are not subject to mortgages or other encum-
brances .

(4) Lands and natural products are to be leased or sold only after
-establishment of fair market or "true value ."

0
(5) Lands and natural products may not be sold except to the

highest bidder at public auction after 10weeks off advertising.
By enactment of the State Land Code, the Arizona State Land

Department was created in 1915 to administer State lands held in
trust This law also gave the department authority over stone, gravel,
timber, and other natural resources produced from these lands. The
trust officer is the State land commissioner. Today the department
has more than 140 employees and manages approximately 10 million
acres. Its main office is in Phoenix ; field offices are maintained in
Flagstaff, Prescott, and Tucson .

NONRENEWABLE-RESOURCE ACTIVITIES

The Nonrenewable Resources and Minerals Section is part of the
Natural Resources Division of the State Land Department. Nonrenew-
able resources include minerals, common mineral materials, oil and
gas, -geothermal energy, and cultural resources. The section oversees
mineral-material sales and issues prospecting permits ; mineral, oil
and gas, and geothermal leases ; and permits for geophysical explora-
tion . Ancillary programs are also conducted, including research on
proposed land sales and exchanges, -environmental impact studies,
review of mining and reclamation plans, and contracting for archaeo-
logical surveys and excavations .

The variety of functions performed by the section presents a
challenge for its staff members. Decisions regarding land use are not
simple or straightforward. Multiple land use is necessary and helps to
maximize trust revenues . The section must use management strategies
that allow development of nonrenewable resources .

Staff time is mostly spent on processing applications for leases
and permits. Application categories are briefly described below . For
further information, potential applicants should contact the Non*
renewable Resources and Minerals Section, Arizona State Land
Department, 1624 W . Adams St., Phoenix, AZ 55007 ; telephone:
602-2554628 .

Prospecting Permits
Permits are issued to individuals or companies who wish to

explore for valuable mineral deposits . The section receives approxi-
mately 3,000 applications per year. During the 1984-85 fiscal year,
prospecting permits covered more than 300,000 acres of State land,
indicating a strong interest in exploration for . a variety of commodities,
especially gold and uranium. Upon receipt of a permit application, the
section conducts the necessary land records review, and in most
cases, a field review. A bond amount is established and a plan of
operation is requested b-cm the applicant After the application has
been processed, the permit is mailed to the applicant for signature . A
copy must then be returned to the section with the appropriate rental
payment and restoration bond . The permit is issued for 1 year at a
time, but may be renewed four times for a total of 5 years . Rentals
received from prospecting permits in FY 1984-85 totaled $454,460, a
31 percent decline from the FY 1983,84 total of $654,403.

NUneral Leases
Mineral leases are issued to applicants with proof of valuable

mineral discovery . The lease, which may extend to 20 years, confers
the right to mine and ship ores and to conduct all support operations .
In addition to a nominal annual rental, the State is entitled to 5 percent
of the net value of the minerals produced. Net value is defined as the
gross value after processing minus transportation costs from produc-
tion to processing sites, processing costs, and taxes. The norm
procedure for issuing a lease is to convert a prospecting permit TheW
section recommends that sufficient mineral exploration be conducted
under a prospecting permit before a mineral-lease application is
submitted .
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More than 600 mineral leases are currently held on State land for
commodities such as copper, silver, gold, iron, tin, uranium, limestone,
marble, gypsum, zeolites, pumice, bentonite/silica sand, building

*tone, mica, clay, slate, fire agate, onyx, and pipestone . Exploration for
ranium has increased in the past few years . Most activity is occurring

north of Flagstaff and in the Arizona Strip north of the Grand Canyon.
The bulk of royalty revenues comes from four copper-mining opera-
tions in Pima County : Magma in San Manuel; and ASARCO, Eisen-
hower, and Cypress-Pima near Green Valley. During the past several
years, mineral royalties have diminished significantly because of
decreased copper prices and reduced production . Total royalties from
mineral leases in FY 1984-85 were $1,246,661 . This represents a 42
percent increase from the $879,053 generated in FY 1983-84, but an
86 percent decline from the $9,061,000 generated in FY 1979-80 .

Mineral-Material Sales

Common mineral materials, classified as natural products of the
land, are sold at public auction. Resources in this category include
sand, gravel, rock, common building stone, riprap, cinders, decom-
posed granite, topsoil, and any other mineral material used in the
construction industry. Sales agreements with the highest bidder
extend a maximum of 10 years.

After the section receives an application to purchase natural
products, a section appraiser determines the surface land value of the
parcel in question. The land value is used to determine an annual
minimum guaranteed royalty to the State trust. A minimum royalty
rate is also established, which is expressed as a price per ton of
material, the price at which bidding begins . The annual royalty and the
price per ton are computed based on the following factors : location of
the site ; quality and quantity of material; marketability; access to the site
and the market; surface land value; residual value of the extraction area ;
past production, if applicable ; and length of the term . Once the annual
royalty and price per ton are determined, notification of the auction is
ublished in newspapers for 10 weeks. The successful bidder must
ay all appropriate administration and advertising fees and submit a

plan of operations to the section . Prior to pit entry, the purchaser must
survey and stake the leased area, including the haul road.

There are currently more than 300 active sales agreements .
During FY 1984-85, royalties from mineral-material sales totaled
$1,154,819, a 7 percent increase over the previous year's total of
$1,078,366 .

Oil and Gas Leases
Leases are issued to allow exploration for and production of oil

and gas. Although no producing wells are currently on State land,
interest in exploration is active in Cochise, Coconino, Mohave, and
Yuma Counties . During the last 5 years, the total acreage under lease
has fluctuated greatly, but is now stable at approximately 1 .6 million
acres. The section issues noncompetitive leases on a first-come, first-
served basis . If oil or gas is discovered on State land, a "known geo-
logical structure" of a producing field is identified by defining the trap
or accumulation of oil or gas. All acreage presumed to have production
potential is designated . This acreage is then subject to competitive
leasing, which involves submission of sealed bids by interested appli-
cants. After the section establishes leasing terms, the State Oil and
Gas Conservation Commission regulates exploration and production
procedures.

Leases are issued for an initial term of 5 years. If oil or gas is
produced, the trust receives a royalty of 12'/z percent of the value (ex-
cluding oil or gas used in operations), minus the cost of dehydrating
the oil and extracting liquid products from the gas . Annual rentals for
initial lease terms are $1 .00/acre/year and increase to $1 .50/acre/year
if the lessee renews the lease. In FY 1984-85, oil and gas leases paid
$1,233,164 in revenues to the State, a 20 percent decline from the FY
1983-84 total of $1,547,364 . In FY 1979-80, oil and gas leases paid

*1,822,144 .
Geothermal Leases

Regulations regarding geothermal leasing on State land are
essentially the same as those for oil and gas leasing, with one major

difference : the initial term for geothermal leases is 10 years . The Oil
and Gas Conservation Commission regulates geothermal exploration
and production in Arizona . There is currently one geothermal lease on
State land near Agua Caliente .

Special Land Use Permits
This permit category is normally administered by another unit in

the State Land Department because a variety of land-use activities are
included within it . The Nonrenewable Resources and Minerals Section
does, however, process Special Land Use Permits (SLUPs) that allow
large-scale geophysical surveys on land not otherwise leased by the
applicant . In addition to the application fee, rentals are due based
upon the total number of sections to be traversed during exploration .
Statewide permits are also available within the SLUP category.

OTHER PROGRAMS
Land Exchanges

Selected State trust lands are currently being exchanged with
Federal agencies, private firms, and individuals . The exchanges, which
are administered by two other units within the State Land Department,
are conducted for several reasons :

(1) To consolidate surface and subsurface ownership ;
(2) To remove State ownership from national parks and

monuments, wildlife refuges, and wilderness areas ;
(3) To consolidate "checkerboard" land ownership for more

effective land management; and
(4) To acquire high-value land that will provide revenue to

the State trust .
To support the program, the Nonrenewable Resources and

Minerals Section researches the mineral potential of the land involved .
State lands are not exchanged unless the land to be acquired is at
least equal in value to the land to be sold. Major land exchanges allow
the State Land Department to manage resources more effectively by
"blocking up" landholdings. This involves trading sections of land that
are dispersed throughout Arizona for contiguous sections of land .

Environmental Impact Studies

Prior to surface disturbance, lessees and permittees are required
to submit a plan of operations for exploration or mining and for sub-
sequent reclamation. The section determines potential impacts of
proposed operations and works with lessees to determine appropriate
land-reclamation activities .

Cultural Resource Program

The section represents the State Land Department in matters
related to archaeological sites. Because the sites are protected by law,
land-use planning must consider the location and significance of each
site. The section has received several grants to conduct research at
archaeological sites and to intervene when sites are threatened by
leasing activities .
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The Arizona Bureau of Geology and Mineral Technology :
A Brief History

S
Mineral resources have played an impor-

tant role in the settlement and economy of
Arizona. Recognizing this importance, the
UI .S. Congress, the Governor of Arizona Ter-
ritory, the University of Arizona, and the State
legislature established the Arizona Bureau of
Mines, which today is the Arizona Bureau of
Geology and Mineral Technology. During the
two decades before statehood, research and
service activities by faculty members at the
university served as the foundation for the
Bureau .
Although Congress established the Ter-

ritory of Arizona in 1863, the Civil War dis-
couraged settlement until the 1870's, when
the discovery and mining of mineral deposits
brought an influx of newcomers. These de-
posits had been exploited by Spanish miners
during the 1700's and by Indians before
them. A number of mining camps were active
by the early 188D's. At that time, little was
known about the geology of Arizona; infor-
mation that was available was general and of
little use to prospectors . Despite this dearth
of information, prospectors had little difficulty
identifying mineral deposits because Arizona
was not heavily vegetated and many deposits
were exposed at the land surface.

Because of the abundance of these de-
posits, it was logical for Governor Tritle to
request detailed geologic surveys of the terri-
tory in 1883 . It was not until 1888, however,
that the U.S. Congress created the post of
"territorial geologist," which was filled on an
irregular basis until statehood in 1912 . The
primary responsibility of this unpaid position
was to prepare a summary of Arizona's
geology and mineral resources for the terri-
torial Governor's annual report to the Secre-
tary of the Interior . Those who sewed as
territorial geologist were John F. Blandy
(1889-90), Dr. William P. Blake (1898-1904),
and Dr. Cyrus F. Tolman, Jr. (1911-12) . Al-
though they did not carry the official title of
territorial geologist, Dr. Theodore B. Com-
stock and Blake performed comparable
duties during the periods 1891-94 and
1896'97, respectively. All but Blandy were
faculty members in the University of Arizona
School of Mines .

When it first opened in 1891, the University
of Arizona was comprised of just two
"schools": the School of Mines and the
School of Agriculture. Comstock, who served
as director of the School of Mines, estab-
lished a metallurgical testing laboratory in
1893 . The laboratory was referred to as the
"University of Arizona Bureau of mines" or
the "University School of Mines Testing
Laboratory." Rock and mineral determina-
tions, ore testing, and complete assaying
were done, largely byfaculty in the School of
Mines. Comstock seared as director of the
laboratory until 1895, when he became the

first president of the university .
In 1915, three years after statehood, the

Arizona legislature established the Arizona
Bureau of Mines, an official State agency
under the authority of the board of regents of
the University and State Colleges of Arizona .
The regents, in turn, specified that the new
agency be administered by the University of
Arizona, where a "Bureau of Mines" was
already in operation. The functions of the

territorial geologist and the University of
Arizona "Bureau of Mines" were incorporated
and expanded. Charles F. Willis, an instructor
in geology and mining engineering, became
the Bureau's first director in 1915 and served
until 1918, when the College of Mining and
Engineering was -created. When Willis re-
signed, the dean of the college, Dr. Gurdon
A Butler, was named director of the Bureau .
He served in that capacity until 1940 .

At first, the Arizona Bureau of Mines served
mainly as a mineral-testing facility (Figure 1) .
Gradually the Bureau became involved in
activities comparable to those of State geo-
logical surveys. These activities included
preparing geologic maps and studying rela-

tionships between the geologic framework
and ore genesis. The major mineral deposits,
present at or near the land surface, had been
relatively easy to discover. Because they
were being depleted and new deposits were
much more difficult to locate, the Bureau's
expanded activities were essential .

In 1940 the College of Mining and Engi-
neering was divided into two separate col-
leges. Responsibility for the Bureau of Mnes
was assigned to the dean of the College of
Mines, Dr. Thomas G . Chapman, who served
until 1956. During this period, Bureau staff
conducted research and pilot-plant studies
that led to the design of the ore-concentrating
facilities at five of the nine major low-grade
copper deposits developed since 1945 .
Chapman was succeeded by Dr . James D.
Forrester, who served until 1971, followed
by Dr. William H . Dresher.

Dresher, who realized that the Bureau's
enabling act was outdated, was primarily
responsible for the writing and passage of
the revised act in 1977. The new act changed
the name to the Arizona Bureau of Geology
and Mineral Technology and established two
branches: the Geological Survey Branch,
which is the Arizona State Geological Survey,
and the Mineral Technology Branch, whicfAwk
continued the Bureau of Mines function. Th1W
Bureau's responsibilities were expanded to
include research and information on geologic
hazards and land-use limitations . For the first
time, Arizona officially had a State geological
survey. The new enabling act specified that
the Bureau was to be a division of the
University of Arizona administered by the
Board of Regents and supervised by the
president of the university or his designate.
The president has continued to ask the dean
-of the College of Mines to supervise the
Bureau, a practice that has been followed
since 1918.

Dresher resigned in 1981 and was suc-
ceeded by Dr. Richard A. Swalin in 1984 . In
the interim period, Dr. William P. Cosart was
acting dean of the College of Mines and
acting director of the Bureau .

In July 1985 the separate colleges of Mines
and Engineering were reunited as the College
of Engineering and Mines, becoming one
college as they had been from 1918 to 1940 .
Swalin was appointed dean of the merged
college and continues to serve as director of
the Bureau.

Current research by the Geological Survey
Branch of the Bureau emphasizes improving
the understanding of Arizona's geologic
framework. This work includes the prepara-
tion and interpretation of detailed geologi
maps. In much of the State, the geology hag
never been mapped in detail Assessment of
mineral potential and identification of
mineral-exploration target areas requires
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4pthorough understanding of the geologic
framework and its relationship to ore genesis.
Understanding of geologic hazards and land-
use limitations is also based on knowledge
of the geologic framework and detailed geo-
logic maps. To make geologic information
more available to the public, a computerized
database, the Arizona Geologic Information
System, is being compiled.

The Mineral Technology Branch is focus-
ing current research on both basic and
applied studies in mining, mineral proces-
sing, and extractive metallurgy. Mining re-
search is contributing to two important areas :
(1) the detection and characterization of
gases produced by explosives in under-
ground mining operations; and (2) the ap-
plication of robotics in mining to eliminate
personal injury and increase production . In
the areas of mineral processing and extractive
metallurgy, basic investigations are being
conducted in the hydrometallurgical treat-
ment of refractory gold and silver ores and
the recovery of gold and silver from solution .
A survey of Arizona copper dump-leaching
activities is being made to determine the
potential for recovery of minor elements
from the leach solutions . Some of these
metals may be of strategic importance to the

.tate and Nation, as well as to copper pro-
ucers as valuable by-products . In-situ leach-

ing is another area in which the Mineral
Technology Branch plans to develop experi-
mental programs .

Selected References

Anthony, J. W., 1956, Arizona Bureau of Mines : unpub-
lished manuscript, 7 p .

Moore, R . T ., 1971, The Arizona Bureau of Mines, in
Oakeshott, G . B ., ed ., Origin and development of the
State geological surveys: Joumal of the West, v. 10, no.
1, p. 136-141 .

Janet Christner, recently promoted to
Administrative Assistant I at the Bureau,
is responsible for accounting and budget
procedures, coordinates administrative
paperwork, and acts as assistant to the
head of the Geological Survey Branch .
She has secretarial, accounting, and ad-
ministrative experience and owns an
Arizona real estate license. She is currently
working on a BA . degree at the University
of Arizona .

Olga Hemandez , who oversees the
Publications Sales Office of the Bureau,
has been employed as Secretary Il since
July. She handles publication sales and
distribution, answers phone inquiries, as-
sists visitors, and performs various word
processing tasks . She has 4 years of
secretarial experience in personnel ad-
ministration and is bilingual in Spanish
and English.

Mark Pritzker has been appointed to a
joint position in the Bureau's Mineral
Technology Branch and the Department
of Materials Science and Engineering at
the University of Arizona . He received his
Ph.D. in materials engineering science
from the Virginia Polytechnic Institute and
State University (VPI) in 1985 . Dr. Pritzker's
dissertation involved an electrochemical
study of the solution and flotation chem-
istry of the mineral galena . He was the
recipient of the 1985 Gillies Ph .D. Gradu-
ate Award from VPI for "leadership and
great promise."
Dr. Pritzker received his B .S. in engi-

neering from McGill University and his
M.S. from the University of California at
Berkeley. From 1978 to 1979, he worked
for the Canada Centre for Mineral and
Energy Technology (CANMET) . His re-
search interests include the electrochem-
istry and numerical modeling of processes
associated with the flotation and hydro-
metallurgy of sulfide minerals and pre-
cious metals.

Margaret Stalker has been hired as
Secretary III for the Mineral Technology
Branch of the Bureau and the Mining and
Mineral Resources Research Institute . Her
job involves accounting, word processing,
and conference coordination. Her previ-
ous experience includes personnel ad-
ministration and promotional research .
She holds a B.S. in business education
from the University of Arizona .
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The following publications were recently added to the Bureau
library, where they may be examined during regular working hours .
Copies may also be obtained from the respective publishers .

I..S. Bureau of Ides

Bulletin

675 Mineral facts and problems, 1985, preprints : aluminum, cement,
gern stones, graphite, helium, indium, quartz crystal, sand and
gravel, silver, tellurium, thorium, and titanium .

Mineral Land Assessment Reports

MIA 22-85 Lane, M. E., 1985, Mineral investigation of the Arrastra Mountain
Wilderness Study Area, La Paz, Mohave, and Yavapai Counties,
and Peoples Canyon Wilderness Study Area, Yavapai County,
Arizona, 37 p., 2 plates, scale 1 :62,500.

MLA 34-85 Light, T. D., 1985, Mineral investigation of the Sierra Ancha
Wilderness and Salome Study Area, Gila County, Arizona, 141 p .,
scale 1 :48,000.

B.S. Geological Survey

Bulletins

1646 Tooker, E. W., ed., 1985, Geologic characteristics of sediment-
and volcanic-hosted disseminated gold deposits-search for an
occurrence model, 150 p .

1654 Tabor, R. W., Mark, R. K., and Wilson, R. H .,1985, Reproducibility
of the K-Ar ages of rocks and minerals-an empirical approach,
5 p.

maps

Open-File Reports
Studies of geology and hydrology in the Basin and Range Province, south-
western united States, for isolation of high-level radioactive waste 184-738 to
84-745]:

84738 Bedinger, M. S., Sargent, K. A., and others, 1985, Basis of
characterization and evaluation, 189 p ., scale 1 :2,500,000.

84-739 Bedinger, M. S., Sargent, K. A., and Langer, W. H ., eds, 1985,
Characterization of the TI rans-Pecos region, Texas, 122 p ., scale
1 :1,000,000,1500,ODD, 7 plates .

84-740 Bedinger, M. S., Sargent, K. A., and Langer, W. H ., eds., 1985,
Characterization of the Rio Grande region, New Mexico and
Texas, 148 p., scale 1 :500,000,7 plates.

84-741 Bedinger, N1 . S., Sargent, K. A., and Langer, W. H ., eds., 1985,
Characterization of the Sonoran region, Arizona, 141 p ., scale
1 :500,000, 5 plates.

84-742 Bedinger, M_ S., Sargent, K. A., and Langer, W. H ., eds., 1985,
Characterization of the Sonoran region, California, 103 p., scale
1 :250,000, 1 :500,000, 6 plates.

84-743 Bedinger, 1k S., Sargent, K. A., and Langer, W. H., eds., 1985,
Characterization of the Death Valley region, Nevada and California,
173 p., 7 plates.

84-744 Bedinger, M . S., Sargent, K. A., and Langer, W. H., eds., 1985,
Characterization of the Bonneville region, Utah and Nevada, 139
p., scale 1 :500,000, 6 plates .

84-745 Bedinger,14. S., Sargent, K. A., and Langer, W. H ., 1985, Evalua-
tion of the regions, 195 p., 2 sheets .

84830

85-28

85-113

85-394

85-399

85.400
1-1310-C Drewes, Harald, Houser, B. B., Hedlund, D . C., Richter, D. H.,

Thorrnan , C. 1-I!., and Finnell, T . L., 1985, Geologic map of the
Silver City 1 ° x 2° quadrangle, New Mexico and Arizona, scale 85410
1 :250,000.

1 .1570 Drewes, Harald, 1985, Geologic map and structure sections of
the Dos Cabezas quadrangle, Cochise County, Arizona, scale
1 :24,000 .

MF-1412-D Drewes, Harald, Moss, C. K., Watts, K. C., Jr., Forn, C. L, and
Bigsby, P. R., 1983, Mineral resource potential map of the North
End Roadless Area, Chiricahua Mountains, Cochise County,
Arizona, 9 p., scale 150,000.

MF-156; -A Karlstrom, T . N. V., Billingsley, C . H ., and McColly, Robert, 1983,
Mineral resource potential and geologic map of the Rattlesnake
Roadless Area, Coconino and Yauapai Counties, Arizona, 9 p.,
scale 1 :24,000.

? F-1614-C Bankey, Vild, and Kleinkopf, M . D ., 1985, Geophysical maps of
the Whetstone Roadless Area, Cochise and Pima Counties,
Arizona, scale 1 :48,000.

NkF-1,644 A Conway, C. M., McColly, R A., Marsh, S . P ., Kul% D. f+L, Martin, R .
A, and Kilburn, J. E.,1983, Mineral resource potential map of the
Hells Gate Roadl'ess Area, Gila County, Arizona, 10 p ., scale
1 :48,000 .

ME-1,681 Gray, Floyd, Miller, R . J., Peterson, D. W., May, D . J., Tosdal, R. 1k,
and Kahle, Katherine, 1985, Geologic map of the Growler
Mountains, Pima and Maricopa Counties, Arizona, scale 1 :62,500.

MF-1783 Brooks, W. E., 1985, Reconnaissance geologic map of part of
McLendon Volcano, Yavapai County, Arizona, scale 1 :24,00'0.

10

85-462

85-469

85-527

Wilt, J. C., Keith, S. B ., and Theodore, T. G., 1984, [ 19851, A
listing and map showing molybdenum occurrences in Arizona,
62 p ., scale 1 :1,000,000.
Ege, J . R.,1985, Maps showing distribution, thickness, and dep
of salt deposits of the United States, 11 p., 4 plates.
Chaffee, M. A., 1985, Ceochernical evaluation of the Winchester
Roadless Area, Cochise County, Arizona, 8 p .
Reimer, G. M., 1985, Helium soil gas survey of a collapse feature
on the Hualapai Indian Reservation, Arizona, 12 p-
Giilmore, T. D., and Eliott, M. R ., 1985, Sequentially and alterna-
tively developed heights for two representative bench marks-
near Palmdale, California and along the Bill W llams River,
Arizona, 50 p.
Senterfit, R. 1k, Mohr, P., and Horton, R., 1985, Geophysical
studies of breccia pipe locations on the Hualapai Indian Reserva-
tion, Arizona, 30 p .
Annual summary of ground-water conditions in Arizona, spring
1983 to spring 1984,2 sheets.
Harms, T. F., Bradley, L. A., Tidball, R. R ., Motooka, J . M ., and
Conklin, N . 1k, 1985, Analytical results and sample locality maps
of stream sediments, heavy-mineral concentrates, and plant
samples from Black Rock, Fishhooks, and Needles Eye Wilder-
ness Study Areas, Graham and 'iila Counties, Arizona, 49 p .,
scale 1 :24,000, 3 plates.
Wenrich, K. J., Van loosen, B. S., Balcer, R. A., Scott, J . H.,
Mascarenas, J. F., Bedinger, G. M., and Burmaster, Betsi, 1985,A
mineralized breccia pipe in Mohawk Canyon, lithologic and
geophysical logs, 72 p.
Peterson, J. A., Cox, D. P., and Gray, Flopd,1985, Mineral resource
assessment of the N o and Lukeville 1 ° by 2° quadrangles,
Arizona, 77 p., scale 1 :250,000,3 plates .

Water-Supply Papers

2258 Hollett, 14. J., 1985, Geohydrology and water resources of the
Papago Farms-fit Plain area, Papago Indian Reser atio
Arizona, and the upper Rio Sonoyta area, Sonora, Mexico, 44 p .

2271 Gilliom, R J ., Alexander, R B., and Smith, R. A., 1985, Pesticides
in the Nation's rivers, 1975-1980, and implications for future
monitoring, 26 p.
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Other Publications

4
Arthur D . Little, Inc ., and Jones, Day, Reavis & Pogue, 1985, Impact of the

President's tax reform proposals on the United States mining industry . 72 p.
ather, S . M., and Johnson, B. D ., 1984, Eocene tectonics and depositional

setting of west-central New Mexico and eastern Arizona : New Mexico
Bureau of Mines and Mineral Resources, Circular 192, 33 p .

Davis, G. M., 1985, Geology of the southern Plomosa Mountains : Tempe,
Arizona State University, M.S. Thesis, 158 p., scale 1 :24,000 .

Dietz, David, and Williams, Charles, 1985, Geophysical investigations of Butler
Valley, Arizona : University of Arizona Water Resources Research Center,
22 p .

Goodlin, T. C., and Mark, R. A., 1985, Geologic map of and cross sections
through the Hot Springs Canyon area, Cochise County, Arizona : Tucson,
University of Arizona, M .S. Thesis maps, scale 1 :24,000, 2 sheets .

Myers, 1. A., 1984, Geology and mineralization at the Cyclopic mine, Mohave
County, Arizona : Las Vegas, University of Nevada, M .S. Thesis, 64 p ., 6
sheets.

Owen-Joyce, S . J ., 1984, Hydrology of a stream-aquifer system in the Camp
Verde area, Yavapai County, Arizona : Arizona Department of Water
Resources Bulletin 3, 60 p., scale 1 :24,000, 3 plates .

Smith, R. C., 1984, Mineralogic and fluid-inclusion studies of epithermal gold--
quartz veins in the Oatman district, northwestern Arizona: Tucson,
University of Arizona, M.S . Thesis, 232 p., 1 sheet.

Stoneman, D. A ., 1985, Structural geology of the Plomosa Pass area, northern
Plomosa Mountains, La Paz County, Arizona : Tucson, University of
Arizona, M.S . Thesis, 99 p., 4 plates.

U.S. Bureau of Land Management, 1985, Yuma district resource management
plan and environmental impact statement : 310 p., scale 1 :250,000.

Yeats, K. J ., 1985, Geology and structure of the northern Dome Rock Moun-
tains, La Paz County, Arizona : Tucson, University of Arizona, M .S. Thesis,
123 p., 3 plates .

New Bureau Publications
The following open-file reports may be purchased over the

counter or by mail from the Bureau offices at 845 N . Park Ave .,
Tucson, AZ 85719 . Orders are shipped via UPS; street address is
required for fastest delivery. All orders must be prepaid by check or
money order made out to the Arizona Bureau of Geology and
Mineral Technology. Shipping and handling charges are listed
below. If your total order is

$1 .01 to $5 .00, add $1 .75
5 .01 to 10 .00, add 2 .25
10.01 to 20.00, add 4 .25
20.01 to 30.00, add 5 .50
30.01 to 40.00, add 6 .25

40.01 to 50.00, add 7 .75
50.01 to 100.00, add 10 .00
More than 100.00, add 10%
Foreign mail, add 40%

Chenoweth, W. L., and Learned, E. A., 1985, Historical review
ofuranium-vanadium production in the northern and western
Carrizo Mountains, Apache County, Arizona: Open-File Report
85-13,35p., scale 1:126,000; text: $5.75; map: $2.00.

The camotite deposits of the northern and western Carrizo
Mountains have been mined for their radium, vanadium, and
uranium content since 1920. This report summarizes uranium and
vanadium production in these mountains and provides hard data
for a previously confused chapter in the history of uranium mining
in Arizona. The report was made possible by the release of hereto-
fore confidential data prepared by the Indian Trust Accounting
Division of the General Services Administration for a court hearing
in 1983 (Navajo Tribe vs . United States).

Capps, R. C., Reynolds, S . J., Kortemeier, C. P., Stimac, J. A.,
Scott, E. A., andAllen, G. B., 1985, Preliminary geologic maps
of the eastern Big Horn and Belmont Mountains, west-central
Arizona: Open-File Report 85-14, 25 p., scale 1:24,000, 2
sheets; text: $4.00; maps : $3.25 each.

This report presents preliminary 1 :24,000-scale geologic maps
of the eastern Big Horn and Belmont Mountains in west-central
Arizona. The mapping, completed between January and April
1985, was jointly funded by the U .S. Geological Survey and the
Arizona Bureau of Geology and Mineral Technology as part of the
cost-sharing Cooperative Geologic Mapping Program (COGEOMAP) .
The Big Horn and Belmont Mountains were chosen because
neither range had been previously mapped, except in broad
reconnaissance for previous State geologic maps, and because
both ranges have substantial mineralization and exploration activity .

The Big Horn and Belmont Mountains are composed of a
metamorphic-plutonic basement that is overlain by middle Tertiary
volcanic and sedimentary rocks. Volcanism was accompanied by
low- to high-angle, normal faulting and rotation of the older volcanic
units and subjacent crystalline basement . Slight to moderate
angular unconformities within the volcanic sequence attest to
synvolcanic tilting and faulting . The area contains a number of
distinctive types of precious- and base-metal mineralization . Many
mineral deposits in this area, including significant occurrences of
gold, manganese, and barite-fluorite mineralization, are associated
with middle Tertiary faults and intrusive-volcanic centers .

Chenoweth, W. L., 1985, Early vanadium-uranium mining in
Monument Valley, Apache and Navajo Counties , Arizona and
San Juan County , Utah: Open -File Report 85-15,13 p.; $2.00.

This report summarizes the history of vanadium and uranium
production in the Monument Valley area . The report contains
previously confidential data prepared by the Indian Trust Ac-
counting Division that are similar to data released in Open-File
Report 85-13.
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Cooperative Geologilr Mapping
The Geological Survey Branch (0SB) of

the Arizona Bureau of Geology and Mineral
Technology has been awarded $63,204 from
the U.S. Geological Survey (USGS) to sup-
port geologic mapping in the Hieroglyphic
Mountains during fiscal year 1985-86 . This
award is the USGS's contribution to the
Cooperative Geologic Mapping Program

(COGEOMAP), a jointly funded effort with
the State geological surveys. The GSB will
provide an equal amount of funding through
the mapping efforts of its own staff .

Dr. Stephen J. Reynolds (GSB) is principal
investigator and project leader. Dr. David M.
Miller serves as the'COGEOMAP coordinator
for the USGS, having succeeded Dr. Juergen
Reinhardt. COGEOMAP is administered
through the USGS -Office of Regional Geol-
ogy, under the direction of Dr . Eugene H.
Roseboom.

This is the {GB's second year as a parb-
cipant in the COGEOMAP program . During
fiscal year 1984-85, TSB staff mapped in fine
Big Horn, Belmont, and Granite Wash Moun-
tains and in the Bouse Hills, and USGS
geologists mapped in the Kola, New Water,
and western Big Horn Mountains. A geologic
map and descriptive summary of the Big
Horn and Belmont Mountains, resulting from
the 1984-85 COGEOMAP project, was recent-
ly released as Bureau Open-File Report 85-14
and is announced on page 11 .
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Status of geologic mapping in the Phoenix quadrangle

GEOSCIENCE DAZE COLLOQUIUM
The students of the Department of Geosciences, University of
Arizona, ,rill be holding their 14th annual Gaoscience Daze on
March 11-13,1'986 in the Gallagher Theater, Student Union Building.
More than 50 papers will be presented on various aspects of geo-
sciences. The public is cordially invited; admission is free . For
more information, contact Mae Gustin, Geoscience Daze Commit-
tee, Deptt of Oeosciences, Univ. of Arizona, Tucson, t 85721 ;
(602) 621-6024.

_34°

PHOENIX QUADRANGLE 112°

0

rieiwruLes

VoL 15, No. 4 Winter 1985

State of Arizona . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Governor Bruce Babbitt
University of Arizona . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . President Henry Koftler
Bureau of Geology. Mineral Technology

Director . . . . . . . . . . . . . .• . .•• . .- . . .•• . .-- . . .- . . .- . .- .• . Richard A .Swalin
Associate Director . . . . . . . . . . . . . . . . . . . .•- . .• . . .• . . .• . . . William P . Cosart
State Geologist & Assistant Director,

Geological Survey Branch . . . . . . . . . . . . . . . . . . . . . . . . . . . . Larry D_ Fellows
Assistant Director,

Mineral Technology Branch . . . . . . . . . . . . . . . . . . . . . . . . . . . . J . Brent Hiskey
Editor . . . . . . . . . . . . . . . . . . . . . . .• .-- . . .- . . .- . . .- . Evelyn M VandenDoider
Illustrators . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Joe LaVoie, Joy Mehulka

The Bureau of Geology and Mineral Technology is a division of the University of Arizona .

Arizona Bureau of Geology
and Mineral Technology

845 N . Park Ave. ,~
Tucson, , 85719
TEL: 6021621-7906

Dr. Stephen J. Reynolds.

Dr. EugeneH.. Roseboom and Dr. David 1k i[er•



12 THE NORTHERN MINER MAGAZINE AUGUST 1487 % Circle Reply
Can



14 THE NORTHERN MINER MAGAZINE!AUGUST 19a7



AUGUST 1987'THE NORTHERN MINER MAGAZINE 15



Mining Magazine - May 1986 405



Mining Magazine - May 1986 411




