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Heap Leaching and Nevada’s
Contribution to Twentieth-

Century Gold Mining

By
Robert McQueen

In the late 1960s a small mining district in northern Nevada initi-
ated a new technique to leach low-grade gold ore in open air heaps. To-
day heap leaching is one of the most universally applied gold-extraction
technologies in the world, and is responsible for creating an explosion in
precious-metals exploration and for the development of several world-
class “Carlin-like” mineral deposits. These include additional finds in
Nevada, making the state a preeminent international gold mining area.
Heap leaching has now been around for a half century, and this article
provides a primer on its development and early physical characteristics.

Beneficiation

Beneficiation, an important mining concept, is the process of up-
grading an ore so that it is more economically viable, usually by making
the product uncontaminated by other metals or gangue. Through a com-
bination of physical and chemical alteration, mills separate gangue—un-
wanted, valueless rock—from ore, the mineral being sought. Two com-
mon forms of gangue are waste or ‘poor’ rock, usually dumped right at
the mine portal, and tailings, which is the processed waste material dis-
charged from mill buildings onto the landscape.

The grade of an ore body—the percentage, and hence dollar value,
of the ore within its larger matrix of unwanted rock—has a tremendous
effect on the motivation to mine it. In Nevada’s history of mining, this is
where a great many would-be miners falter; not so much in the discovery
of an ore body, but in failing to understand its extent and what it would
take to make the discovery profitable. Time and again, Nevada’s mining
districts tell stories of an insufficient ore body or an inability to find a
way to properly mill the ore.”



Successful beneficiation is a balance of tech-
nology, chemistry, and economy applied against
local geology. Nevada’s silver- and, later, gold-
milling history is a mixture of technological im-
portation, local invention, innovation, and adap-
tation. Most of the milling techniques used in
Nevada were developed elsewhere in the world,
“introduced” to the state, and modified to fit local
conditions. Precious-metal milling is a multistep
process, which allowed numerous tinkerers to in-
troduce a myriad of different machines or chemi-
cals at various steps in the process—some good
and some that were outrightly fraudulent. The
successes led to innovations, which, over time,
take on wholly new appearances and complexi-
ties. Precious-metal heap leaching, developed in
the late 1960s, was another giant leap forward in
the long history of recovering precious metals, es-

pecially gold.
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Precursors to Heap Leaching

In Nevada, evolving milling technology began
with the Washoe process of pan amalgamation
developed on Virginia City’s Comstock Lode in
the early 1860s. The Washoe process evolved di-
rectly from the much older, open-air and ground-
based patio process that used arrastras. Washoe
pans were large iron tubs filled with a slurry of
pulverized ore and chemicals such as mercury and
then heated with steam. The Washoe pans were a
technological advancement but largely relied on
the existing, older chemical process. Silver ores in
the Reese River Mining District (Austin, Nevada)
had a different geochemical composition, and
Carl Stetefeldt discovered that they first needed
roasting with salt for the Washoe process to be ef-
fective. The salt formed silver chlorides that could
then be amalgamated. In this case both a new
technology, a roaster, and new chemistry were in-
troduced to treat Nevada’s ores. These slight but
significant additions became known as the Reese
River process.?

Chloridizing silver ores led to the develop-
ment of lixiviation, the next advance in milling
technology. An Austrian metallurgist, Adolf von
Patera, developed lixiviation in 1858. Lixiviation
was chemically more complex than earlier milling
techniques. It relied on bonding silver with other
compounds in an aqueous solution, then separat-
ing the soluble and insoluble components. The
creation of soluble material required fine crush-
ing, smaller than sand-granule size, and creating
slurries. Recovering mineral compounds from an
aqueous solution is collectively known as hydro-
metallurgy.

Early use of lixiviation in the United States
met with limited success, its chief fault being the
loss of too much silver. In the 1880s American E.
H. Russell experimented with the Patera process
and developed a better lixiviation, appropriately
known as the Russell process. This succeeded in
extracting a higher percentage of silver ore, mak-
ing the technique economically viable. The Rus-
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sell process still roasted the ore, borrowing the
roasting procedure from the Reese River process.
Other than additional vats that held ore in differ-
ent stages of beneficiation, the technological ap-
plication of the Russell process was not terribly
difficult to implement. The Russell process ben-
efited from concurrent advances in crushing tech-
nology, namely the replacement of stamps by rolls
or ball mills more efhicient at pulverizing ore to
the fine grain size needed in the process.*

In the western U.S. the popularity of lixivia-
tion was relatively short lived, becoming a custom
application or subsidiary to other milling pro-
cesses at a site. Within a few years of lixiviation’s
arrival in the US. came another significant leap
forward in precious metal milling: cyanidation.
Cyanidation and flotation, the next two milling
advancements, would build from both the chemi-
cal and the technological advances of lixiviation
and eventually pave the way for heap leaching.

Scottish engineers patented the cyanidation
process in England in 1887. It was introduced to
the U.S. in the 1890s by way of New Zealand, and
by 1896 Nevada had its first two cyanide plants.
One plant was erected on the Comstock to pro-
cess voluminous silver-laden tailings left behind
by its earlier Bonanza era, while the other cyanide
plant operated in the Delamar District to process
raw gold ore.> By the carly twentieth century the
application of cyanidation was a proven success
and it contributed directly to Nevada’s second
mining rush, including that era’s hallmark dis-
coveries of Tonopah, Goldfield, and Manhattan,
and later places like Rochester and Jarbidge, along
with numerous smaller strikes across the state.®

Early cyanidation used a basic chemical for-
mula that included sodium cyanide, oxygen, and
water to bond gold ore to the cyanide; the gold
was then precipitated from the amalgam and col-
lected using zinc shavings.” To accomplish this
reaction, the ore was crushed very fine, referred to
as sand, slime, slurry, or simply “fines.” The slurry
passed repeatedly through different types of filters
and thickeners to concentrate the material.® The

processing occurred in large steel or wooden vats
and several filter machines contained within a
large, typically tiered, mill building. Only a small
amount of cyanide was needed relative to the ore
body, making it cheap to use, and it had a remark-
ably high recovery rate, in some cases upwards of
90 percent.

Those two factors combined meant cyanide
processing could be applied to lower-grade ores.
Cyanide leaching is why Nevada saw so many of
its shuttered mining camps reopen in the carly
twentieth century: earlier mills left much ore in
their tailings that could be retreated with cyanide,
or the mines themselves still contained large bod-
ies of ore previously of too low a grade to mine
but now profitable with the new cyanide process.
The importance of cyanide leaching to Nevada’s
mining history cannot be overstated.

Flotation was introduced to Nevada after
1915, having its origins and development in Aus-
tralia and other parts of the U.S. dating back to
the late 1800s.” Flotation also relies on ore being
in an aqueous solution, but with reagents includ-
ing oil and frothers. Giant tanks acting as froth-
ing machines inject air and oil into the solution,
bonding with the ore particles and floating them
to the surface where they are skimmed off (de-
canted) as concentrate.'” Whereas cyanide works
particularly well with gold and silver ores, flota-
tion’s advantage is in its applicability to a wider
range of metals or to complex ore bodies where
there is a desire to recover more than one metal."!
Nevada’s geology of mixed-metal deposits was
amenable to flotation. In the 1920s and 1930s
mines in many Nevada mining districts erected
or modified mills to use flotation. Like cyanida-
tion, flotation allowed for the profitable mining
of lower-grade ores and encouraged exploration
into new areas.

The concept of leaching has been around for a
long time: The Romans collected leached copper
from their mines in Rio Tinto, Spain, and Agri-
colaapplied a crude form of leaching to piled cop-
per ores in Europe in the 1500s."* In the 1920s
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some copper mines in the U.S. were using outdoor
leach facilities as part of their recovery process,
including in Nevada. In the early twentieth cen-
tury, with cyanide and flotation mills successfully
recovering gold and silver across the US., and
open-air copper leaching also proving its worth,
it is easy to envision a mining engineer pondering
the feasibility of combining these processes into
an outdoor leaching facility to extract a precious
metal like gold.”* However, precious-metal heap
leaching was still several decades away and it re-
quired the alignment of technology and economy

to get off the ground.
Mid-century Mining

Precious-metals mining in Nevada encoun-
tered setbacks as the early decades of the twenti-
eth century progressed. As mentioned, the turn
of the century was a boon for Nevada’s gold and
silver camps, both newly discovered deposits and
old districts receiving a second life. Copper min-
ing also boomed, thanks both to the national
growth in consumption of electricity and to in-
creased prices resulting from global interruptions
associated with the Great War. However, the
double whammy of the cessation of hostilities in
1918 and the Great Depression in 1929 sank Ne-
vada’s mineral industry. It also did not help that
the existing gold and silver districts were getting
depleted and new discoveries were rare.'

The stock market crash of 1929 created a run
on the dollar, at a time on the gold standard when
people could trade paper currency for gold coin.
To counteract a fear that the government would
run out of gold, Congress passed the Gold Re-
serve Act in 1934. The act had several repercus-
sions for Nevada mining. First, the US. Treasury
became the sole repository of all gold in the U.S.:
any gold mined was sold directly to the Treasury
atits fixed rate. Second, the act raised the price of
gold from $20.67 to $35 per ounce, a 60 percent
price increase.

The increase to thirty-five dollars was a huge

motivator to Nevada residents, many of whom
were out of work. Throngs of unemployed men,
and quite a few women, went into Nevada’s old
miningcamps to snipe on old claims and placer de-
posits.”” Larger mining companies were also able
to maintain some level of production, and with
the new potential for higher profits a few com-
panies even invested in larger or more up-to-date
mills. For a state with few other commodities, the
federal government’s gold action provided a mod-
icum of relief and hope to many of Nevada’s rural
communities. However, gold production was still
significantly curtailed compared to earlier eras.

Like the rest of the country, the U.S’s involve-
ment in World War II finally brought Nevada out
of the Depression. Before the US. even entered
the war Nevada saw significant increases in de-
mand for its non-precious metals, including cop-
per, mercury, tungsten, and manganese.'® Gold
production also increased, but gold quickly found
itself in a precarious situation. Unlike base met-
als that were clearly being converted into ships,
planes, and armaments, gold mining was viewed
as something of a luxury.

In 1942 the War Production Board—which,
in coordination with the military, determined
how the US. economy operated on a war foot-
ing—determined that gold mines were in direct
competition with and draining resources from
other industries producing war-critical materials.
In October 1942, Federal Order L-208 gave the
nation’s gold mines sixty days to shut down.

Gold-mine operators howled at the order.
Besides obvious monetary losses, they argued that
gold miners would not or could not easily trans-
fer to other mines like copper, and if they did it
might be difficult to get them back. Idle mine
machinery would likely get carted off or scrapped,
and shafts and pits would flood. A flooded mine
would be useless to an owner and usually impos-
sible to reopen without incurring tremendous
expense. Additionally, owners argued that gold
would be needed to finance the war and its after-
math. Many of their concerns proved true and
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after the war many of the nation’s shuttered gold
mines never reopened."”

The Gold Reserve Act, World War II, and Or-
der L-208 together had a peculiar, lingering effect
on domestic gold production. After the war, gold
mining in the U.S. became, as a writer to the En-
gineering and Mining Journal stated, “pathetic.”®
From World War II until 1970 gold production
in Nevada languished. Rather, following the war,
Nevada continued its prominence in base-metal
mining, especially copper, but also tungsten, iron
ore, and zinc, the latter being somewhat ironic as
mills used zinc in the recovery of gold. These min-
erals succeeded in part because of favorable prices,
increased scale of operations (including open-pit
mining and the introduction of significantly larg-
er excavation and haulage equipment), and Cold
War government encouragement to mine those
minerals through the federal Defense Minerals
Exploration Administration (DMEA)."”

Gold mining suffered because of high labor
costs, its slow conversion to open-pit mining, and
because of the U.S. Treasury’s continued control
of the gold market and its unchanged rate of only
thirty-five dollars per ounce. While the cost of
producing gold rose from the 1940s through the
1960s, the price the mines received was stagnant.
Under those conditions only high-grade gold de-
posits or large-scale operations were profitable.
In 1967 the US. Bureau of Mines (USBM) esti-
mated that, at thirty-five dollars an ounce, only 2
percent of the nation’s gold reserves could be prof-
itably mined.”

Gold exploration continued in this era, how-
ever, and golds low market price encouraged
finding ways to lower production costs. Tech-
nological advances in core drilling allowed for
larger exploration programs, and open-pit min-
ing, bulldozers, loaders, and larger haul trucks
all increased mining’s economy of scale. North-
central Nevada’s Gold Acres Mine and Getchell
Mine were two places that took early advantage
of these practices.

Gold Acres was one of the first open-pit gold

mines in the country, converting from an un-
derground operation in the late 1940s.*' In the
1930s and 1940s Gold Acres was intriguing ge-
ologists and confounded the mine’s operators, as
their assaying samples continually found micro-
scopic, “invisible” gold in the supposed waste and
overburden. The gold was diffuse but consistently
present. Miners were finding similar “invisible”
deposits fifty miles to the northeast and were only
partially successful in recovering the gold.*

By the 1960s the increased scale of Nevada’s
gold mining, and the large capital investment nec-
essary to pull it off, placed an urgency on finding
a way to profitably recover ever-lower grades of
ore like the Gold Acres deposits. From the 1930s,
government mining men like USBM engineer
William Vanderburg and United States Geo-
logical Survey (USGS) geologist Ralph Roberts,
were working in Nevada and reporting on these
disseminated gold deposits. Vanderburg, for ex-
ample, noticed that the deposits were found in
geologic formations that would have been over-
looked by earlier prospectors. Importantly, the
deposits were found in several Nevada locations,
and Roberts observed some patterning to their
occurrence.”

In 1960 Roberts published a paper on this
patterning. The following year two exploration
geologists working for Newmont Corporation,
John Livermore and Alan Coope, heard Roberts
speak on his discovery and put his observations
to practice north of Carlin, Nevada. They discov-
ered a massive but highly diffuse goldfield that
soon became known as the “Carlin Trend,” and
in 1964 Newmont started mining what would
soon become the largest gold-mining complex in
North America. The associated milling entailed
large, outdoor cyanide leach vats and used acti-
vated carbon to recover the gold.**

Gold Heap Leaching Begins

While the federal DMEA was of little help to

gold miners, another division of the Department
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of the Interior, the Bureau of Mines, was a differ-
ent story. Founded in 1910, the USBM actively
collaborated with the mining industry to improve
all aspects of mining, from exploration to extrac-
tion and processing, and mine safety. The agency
worked closely with the U.S. Geological Survey,
often sharing employees, and was a prolific pub-
lisher of its research.

In the 1960s the USBM was working on two
parallel projects aimed at improving the recov-
ery of lower-grade gold deposits. One trajectory
was on the use of activated carbon as a cheaper
alternative to the still-popular zinc dust recovery
method, the latter commonly referred to as Mer-
rill-Crowe.”> Another was on improved leaching,
either in vats or in outdoor piles, called heaps.

The breakthrough came in 1969, when George
Potter, Burecau of Mines metallurgist in the Salt
Lake City office, published a report describing
the bureau’s success in recovering low-grade gold
ore from “stripping waste” via percolation cyanide
leaching.® The leach tests occurred in a labora-
tory setting and included traditional vats and
very small, open-air heaps, with leaching runs
set at time intervals ranging from forty-cight to
one thousand hours. A sodium cyanide and lime
solution was applied to the test samples, and the
gold-laden runoff, called a pregnant solution, was
passed through activated carbon to recover the
gold. Lime was included in the mix to help main-
tain the heap’s pH at around 10 which reduces
cyanide decomposition.

The strip waste samples averaged 0.03 gold
ounces per ton prior to leaching, a very low grade
by the standards of the time. In comparison, in
1969 Newmont’s Carlin Mine was averaging 0.32
ounces of gold per ton. The heap tests recovered
67 to 95 percent of the gold. In addition to sepa-
rating the gold, the recovery process was devised
to save most of the cyanide, activated carbon, and
water for reuse, significantly reducing costs. As
Potter explained, the results offer a “simple and
low-cost” recovery of low-grade gold deposits,
and can be applied without the construction of a

large cyanide mill.

The Bureau of Mines obtained the low-grade
strip waste samples from a “Nevada producing
mine,” the Cortez Mine located seven miles from
Gold Acres.”” The Cortez Mining District is one
of Nevada’s oldest mining locations. Silver was
discovered there in 1863, and in 1927 Cortez was
the state’s largest silver producer. The last mills
in the district shuttered in the 1930s and the sil-
ver mining essentially stopped. Based on the gold
anomalies at nearby Gold Acres, after World War
IT the US. Geological Survey started examining
Cortez’s geology and found similar disseminated
gold deposits. The gold at Cortez was found in
a completely different geologic location from the
historic silver mines, and as Vanderburg observed
in other mining camps, for nearly ninety years
miners had overlooked the ore body.?®

In the 1960s American Exploration and Min-
ing Company (AMEX) was also exploring Cor-
tez’s potential for gold and, with the help of the
Geological Survey’s data, identified a large, high-
grade but diffuse gold deposit. Based on its ex-
ploration program and the Geological Survey’s
geochemical tests, in 1964 AMEX formed the
Cortez Joint Venture with three other companies,
and in 1968 began open-pit gold mining.”” The
operation’s counter-current decantation cyanide
mill, completed in 1969, was built by the same
firm that had constructed Newmont’s Carlin
Mill just five years earlier. The Cortez Mine was
expected to have a life of six years.’*® Cortez in-
stantly became the third largest gold mine in the
country, principally because there were few active
gold mines at the time.”!

The Cortez Mine donating some of its strip-
ping waste to the Bureau of Mines for leach tests is
ficting. Throughout its history the district experi-
mented with each of the milling technologies ex-
plained above, and here it was, three decades later,
doing it again.”> Cortez Joint Venture’s managers
knew that if they could start recovering the low-
grade gold in their mine they could extend the
mine’s life. The Cortez company also discovered
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The first commercial gold recovery heap-leach pad, front left, at Cortez, c. 1971.
Note the pregnant pond and recovery building in front, and equipment con-
structing an adjacent heap at center right. The mill and shops for the open pit
operation are at upper right. (Photo by Don Duncan courtesy of Lynn Duncan.)

a large, untapped disseminated gold deposit at
nearby Gold Acres that contained high- and low-
grade ores. The Gold Acres deposit could also
extend mine life, 7f there was a way to profitably
recover the lower-grade ores.”

In 1968 the Cortez company worked with the
Bureau of Mines to construct a larger pilot heap-
leach pad at the mine itself, which better simulated
areal-world application. The experiment involved
five hundred tons of run-of-mine (non-crushed)
ore placed on a gently sloped, impervious pad.
Over 60 percent of the gold was successfully re-
covered and Cortez immediately constructed two
additional test pads to refine the experiment. The
results were so good that the mine immediately
designed a full-scale leach pad. In 1971 Nevada’s
Cortez Mine started the world’s first commercial-
scale, gold recovery heap-leach pad.*

Newmont paid close attention to Cortez’s
heap experiments, and Cortez’s mine manager,
Don Duncan, noted that many people came
to the mine to tour the new heap-leach facility.
Concomitant with the heap leach, Duncan also
noted the importance of the activated carbon,
specifically the development of the carbon-in-col-
umn recovery process.”> Newmont constructed
its first heap-leach pad within one year of Cortez
doing so, and other mines were taking a serious
look into its efficacy. Heap leaching’s proponents
lauded several key aspects about the new recov-
ery technique, foremost being several avenues of
cost efficiency: low capital investment, low labor
needs, use of existing equipment and mills, use of
run-of-mine ore which eliminated costly crush-
ing, low chemical consumption, and ease of op-

eration.*®
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The introduction of gold heap leaching came
at a fortuitous moment in history. The same year
that Cortez built its commercial heap leach pad,
President Richard Nixon announced that the U.S.
dollar would no longer be tied to the nation’s gold
reserves. Taking U.S. currency off the gold stan-
dard meant gold producers could finally sell on an
open market. Within one year gold had doubled
in price, within two years it hit one hundred dol-
lars an ounce and continued to rise.””

As could be expected, a 400 percent increase
in the price of gold had an immediate and robust
effect on Nevada mining. Exploration companies
spread out across Nevada secking the “Carlin-
like” invisible gold deposits. Heap leaching suc-
cessfully pushed gold’s cutoff grade—the lowest
grade that an ore can be mined profitably—lower
than at any point in history. Nearly all new gold
mining projects factored heap leaching into their
mine plans. By the mid-1970s Newmont’s leach

Barren and
Pregnant ponds

Gold Acres heap-leach pads nearing the end of their life cycle, c. 1973. All

pads were recovering gold as low as 0.02, Cortez’s
at 0.04, and Gold Acres’ at 0.05 ounces per ton, all
at recovery rates above 75 percent and some near-
ing 90 percent, proving the potential for profits.?®

Pit mining ceased at Cortez in 1973 and at
Gold Acres in 1976, but their associated leach
pads continued to produce gold into 1978. In the
end only two men, one full- and one part-time,
were needed to monitor the leach pads. In less
than a decade the Cortez and Gold Acres mines
leached a combined 5 million tons of ore—mate-
rial that prior to heap leaching would have gone
to the waste dumps.”

Cortez was notidle for long, however; in 1980
new gold deposits were located on the other side
of the mountain, and a simple haul road could be
used to move this new ore deposit to the existing
mill and leach pads.* This gave Cortez another
five years of mine life, enough time to find even
more gold reserves in the same area. Fifty years

A ')

of the basic components of a heap-leach pad are on display. The heaps in the
foreground are exhausted. (Photo by Don Duncan courtesy of Lynn Duncan.)
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later, Cortez remains one of the most active gold
mining locations in Nevada. Newmont’s mines
on the Carlin Trend have also remained highly
productive and profitable.*

Early Heap Leach Design

Throughout the 1970s heap leaching expand-
ed to several goldfields and underwent recurrent
experiments, lessons from failures,and refinements
on a range of variables, leading to ever larger and
more efficient heap leach practices. Some of the
issues addressed in early heap leach use include:
compaction of the heap which hinders percola-
tion; pad construction and materials; saturation,
evaporation, and general application of the re-
agent cyanide solution; lixiviant strengths; leach
times; heap particle size and uniformity, which
affects permeability of the solution through the
heap; and gangue, including unwanted minerals
that rob the solution of its cyanide by bonding to
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the cyanide, preventing the gold from doing so.
High clay content was particularly troublesome.**
Asaresult of these refinements, today’s heap leach
pads are over three times as large as early pads,
have more complex construction, and are better
designed to prevent short- or long- term environ-
mental damage.

In basic terms, heap leaching is a hydromet-
allurgical process that percolates a solution of
cyanide, water, and other reagents, such as lime,
specific to the needs of the ore body being mined,
onto a pile of ore that has been loaded onto an im-
pervious surface. The cyanide solution works its
way through the heap, bonding with microscopic
gold particles.

The now gold-laden solution, called a preg-
nant solution, reaches the impervious base and
is channeled to a collection pond. The pregnant
solution is piped to a recovery unit where the gold
is separated from the cyanide. The recovery unit
might be the same mill that is processing higher-

rbon in Column Units

Gold/Carbon
to separator/refinement

Back to barren pond

Conceptual drawing of a heap leach operation. (Drawing by the author and Delaney McQueen.)
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grade ores from the same pit, or it might be a
stand-alone processing plant. The Merrill-Crowe
process of zinc precipitation was commonly used
to recover lower-grade ores in the 1950s and
1960s, but after 1970 carbon adsorption became
more popular with heap leaching. After the gold
is removed, the now-barren solution is returned
to the heap cycle.

The physical footprint of a heap facility in-
cludes: the heap pad; separate reservoirs for barren
and pregnant solutions; a recovery plant; ditches
and pipelines connecting to the heap, reservoirs,
and recovery plant; roads or conveyors that de-
liver heap material to the pad; and a piping and
pumping system to deliver and disperse the barren
cyanide solution on the top of the heap.

Early heap-leach pads were large square or
rectangular pads up to 450 feet long, built on

open, flat terrain with a grade of 1 to 6 percent
that directed pregnant solution into a ditch that
ran to the collection pond. Any higher gradient
risked collapse of the heap. Some early heap-leach
pads removed the leached material after every run,
replacing it with fresh ore. These single-run pads
were usually smaller, with a preferred base layer
of supposedly impervious asphalt. Alternatively,
new ore was stacked on top of exhausted ore,
called lifts. Adding new lifts benefitted by giving
the lower lifts one more run through solution, po-
tentially collecting even more gold. Cyclic pads
were usually much larger than single-run pads.
Mines experimented with different impervi-
ous base layers, including compacted clay, mill tail-
ings, concrete, or different kinds of thick plastic
sheeting.*® Gravels or sand were put on the base
layer to help protect it from large and sharp rocks

Expanded flow diagram of the carbon-in-column recovery plant at Gold Acres.
Actual plants could be quite compact. (Image courtesy Lynn Duncan.)
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that comprise the heaped ore. Because of environ-
mental laws in the US., modern heap-leach pads
are exclusively lined with high-density plastic.

The heap pad is surrounded by one or more
ditches and berms that help contain and divert
runoff. The ditches had to account for collect-
ing the percolated, pregnant solution as well as
any potential runoff resulting from heavy snow
or rainstorms. The ditches were also usually lined
to prevent seepage of pregnant solution into the
ground, resulting in lower gold recovery.

Storage ponds could be one large depression
separated by a berm, or two distinct reservoirs.
In either case they were typically of uniform size.
Some early storage ponds were lined with imper-
vious clay or compacted tailings, and the pregnant
pond sometimes with plastic to retain the gold
solution, but again environmental laws resulted

in today’s ponds all having plastic liners. The
ponds had to be large enough to hold all solutions
used in the leaching process, as well as potentially
heavy snow or rainfall. In some locations, even in
arid Nevada, nature’s annual spring runoff was a
concern.

Early heap-leach pads used run-of-mine ore.
As a result the heaped material ranged wildly in
size, from small gravels to boulders several feet in
diameter. In one respect this size discrepancy was
good: the heap pad had to be porous throughout
to allow oxygen, a needed chemical in the cyanide
reaction, into the system.

However, the uneven particle sizes also creat-
ed problems. Large boulders had less surface area
and contact with the cyanide solution and would
not release all their gold, and the uneven porous-
ness made it difficult to control percolation rates,

Aerial view showing the top of the heap-leach pad at Gold Acres, civca 1971, with its completed and very
skillfully ripped surface, and sprayer lines in place. (Photo by Don Duncan courtesy of Lynn Duncan.)
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sometimes resulting in solution ponding within
the heap, which could lead to a breech or collapse.
Although eliminating crushing was presented as
one of heap leaching’s cost-saving measures, mines
learned early that a more uniform ore eliminated
several problems and increased gold recovery. Al-
though in later years most heaped material was
crushed down to a size of just a few inches diam-
eter, the ore was still larger than the fines required
in a mill-tank system.

Heaps could be built in one of two ways: by
haul truck or by conveyor. Haul trucks were the
more common method, as the equipment and
personnel were already available at the mine site,
and with run-of-mine ore a haul driver went from
the pit directly to the heap without any additional
processing steps.*

Haulage entailed the trucks driving onto the
top of the heap to prescribed locations and dump-
ing their loads, which a bulldozer or loader then
pushed and flattened. Loaded haul trucks, how-
ever, compacted the heap with their weight, re-
sulting in a need to rip the top of the heap. Most
bulldozers assigned to heap construction, such
as the wildly popular Caterpillar D8, had rippers
installed on their back ends to tear up the heap’s
surface.” Ripping was the last step before laying
out the percolation system.

One part of the heap process that received
much attention was the physical application of
the cyanide solution to the heap. The very earliest
heaps raided the local farmers’ supply store for ir-
rigation equipment of pipes and applicators. The
first heap-leach pad at Cortez used six-inch pipe
to deliver solution to the top of the pad, with the
surface gridded with three-inch diameter PVC
pipes spaced fifty feet apart. Plastic sprinklers with
a fifty-foot spray radius applied the solution.*
Other mines reported using oscillating sprinklers,
sprayers, “wigglers,” or “wobblers” to distribute
the solution onto the heap. Wigglers are pieces of
surgical tubing that flail large droplets, and wob-
blers spray a finer mist than sprinklers.””

In the early years, solution application on

heaps suffered several problems. Because heaps
are outdoors they are subject to the whims of na-
ture, including seasonality. Freezing created prob-
lems for the pipes and companies faced with this
circumstance idled their heaps during the winter.
Heavy rains could dilute the solution and alter its
chemical balance and pH, or force the solution to
run off of the heap instead of through it. With
sprinklers, high winds would disperse the cyanide
across the landform instead of onto the heap. This
last issue was not only a cost concern but it raised
serious questions about potential adverse effects
to the surrounding environment. Another issue
was scaling, the buildup of trace minerals or com-
pounds in the barren solution, which could clog
the applicators.

With time, most of these issues have been
resolved or knowledge now exists about how to
remedy them when they occur. Most modern
heaps use a dripline irrigation system very similar
to what people install in their lowerbeds. Drip-
lines have several benefits over earlier applicators:
driplines are made of highly flexible tubing and
are easy to move as the heap expands, a drip-type
application eliminates wind dispersal, and it is
easier to monitor and control the application rate
across the surface of the pad.

Early heap lifts were 20 to 30 feet in height
cach, tapered slightly for stability, and generally
topped off at no more than three lifts; anything
taller risked failure, reduced gold recovery, or
both. Today’s heap leach pads have several lifts
and can be over 150 feet high. When early heaps
reached their maximum height, and if space was
available, the mine just extended the heap out-
ward onto the landform, growing ever longer and
creating an artificial, butte-looking hill.

As a comparison, when completed in 1977,
the first commercial heap pad at Cortez measured
about half a mile long by two-tenths of a mile
wide, covering about 60 acres. A heap pad con-
structed at Cortez in 2009 measures half a mile
long on each side, is three times taller than the
1970s heap, and covers about 150 acres, or nearly
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a quarter section of land. The footprint of the
1880s townsite of Cortez, its cemetery, the Tena-
bo Mill, and the old silver tailings flow would
only cover half of the modern leach pad’s surface.
Modern heap-leach pads at other mines in Ne-
vada are even larger. The scale and sophistication
of heap leaching has developed considerably in
the last fifty years, concurrent with the massive
scaling up of modern open-pit gold mining.

Robert McQueen is Principal Investigator with
Summit Envirosolutions, an environmental and cul-
tural resources firm in Reno, Nevada. He has a degree
in Industrial Archacology and has spent the last fifteen
years surveying and researching the Cortez Mining Dis-
trict. He is the author of Historical Archacology in
the Cortez Mining District with Eric Obermayr. M.
McQueen thanks his daughter and fledgling artist Dela-
ney for her technical skills with this article’s digital il-
lustrations.
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