
Colonial Silver- Potosi (Bolivia) 
and Guanajuato (Mexico)



Silver (Ag)

• Element 47



Silver 
• Silver has been used for thousands of years as ornaments 

and utensils, for trade, and as the basis for many monetary 
systems.

• First isolated ~3000 BC 
• Of all the metals, pure silver has the whitest color, the 

highest optical reflectivity, and the highest thermal and 
electrical conductivity.

• Also, silver halide (AgCl) is photosensitive (used in film).
• Silver has many industrial applications such as in mirrors, 

electrical and electronic products, and photography, which 
is now the largest single use of silver.

• Silver's catalytic properties make it ideal for use as a 
catalyst in oxidation reactions; for example, the production 
of formaldehyde from methanol and air by means of silver 
screens or silver crystallites.

• Previously used for coins, jewelry, etc., today mostly used 
for imaging and industrial uses.

http://minerals.usgs.gov/minerals/pubs/commodity/silver/



Silver usage in US 1980-2000

Hilliard 2003, USGS Open File report 03-33 

‘Other industrial’ includes catalysts, electroplated wares, coins & medallions, 
dental and medical,  and bearings



Cerro Rico de 
Potosí

Bakewell, 1984



Richest Silver Mine in World
• Indian Diego Hualpa discovered it in 1544

– Chasing llamas up the side of the mountain, made camp and a fire; in 
the morning he was surprised to see that the rock had melted and
formed a small rivulet of silver.

– Quechua language: Orcko Potocchi (hill where silver flows)
• Lies at 15,000’ elevation (still the world’s highest city with 

population >100,000)
• Cerro Rico means "rich hill" 

– Spaniards to this day use the phrase "It's a Potosi" for anything 
superlatively wealthy. 

• “I am  rich Potosí,  the treasure of the world and the envy of 
kings’ - motto bestowed by Charles V of Spain (1516-1556)

• By 1572 the city was the Western world's most populous with 
120,000 inhabitants, more than London, Paris or Madrid. 



Silver and  the Spanish Empire

• Produced 30,000 to 60,000 tons of silver since 
1550’s
– Peak in  1580: 13 million ounces
– Production of precious metals was 98% silver, 2% 

gold
• By 1560 silver from Peru and New Spain were 

the most important imports to Spain
• Silver from Potosí and other Peru mines 

transported to Arica on the coast of Peru.

Streeter 1984



Caravan of 2000 llamas and 1000 indians carried 
silver down to Arica and mercury back up to Potosí.  
7 months for the round trip.  Streeter 1984

MODIS 
satellite 
image



• Silver was transported from Arica to Callao 
• Ships brought silver to Acapulco, Mexico
• Silver sent west to China and East Indies for silk 

and spices; returned to Acapulco
• Silk, spices, and the  ‘Royal fifth’ of silver carried 

overland  and sent  via Havana  to Spain
• Relative value of gold to silver was 10:1 but large 

increase in silver supply led to increase in ratio to 
100:1

• Flood of silver caused large scale inflation in 
Europe, crippling  of Spanish industry, and growth of 
industry in N. Europe.

• Silver molded the social and political climate of 
Spain's Renaissance, built the famed Spanish 
Armada and bankrolled wars against Turks, Italians, 
Flemish, French and English. Streeter 1984



Potosi 
looms 

large in 
the history 

of the 
Spanish 

Viceroyalty 
of Peru

• Bolivian coin of 
1853



Potosi

Bakewell, 1984Sillitoe, 1976



Bolivia
• Bolivia used to be (in 

colonial times) part of the 
Viceroyalty of Peru.

• 1,100,000 sq km
– Texas is 692,000 sq km

• 8,500,000 residents
• Per capita GDP

– $2600/year
– (US per capita GDP is 

$36,300)

http://www.odci.gov/cia/publications/factbook/geos/bl.html



Central Andean Mineral Belts (Sillitoe, 1976)

Potosí lies in  the Bolivian ‘Tin  Belt’

Zartman & 
Cunningham 
EPSL 1995

Crosses = 
late Miocene 
lavas

Tin Belt extends ~ 800km along 
Andes Eastern Cordillera



Mineral Belts reflect greater 
depth to Subduction Zone

Sillitoe 1976



Collapse of Volcanoes
• Cerro Rico is on the eroded roots of a 

volcano 
• The volcano formed ~ 14 Ma ago



Formation of Calderas



Mineralization of shallow intrusive bodies is 
related to circulation of water around the 

cooling intrusion

Surface water can seep down faults and fractured rocks for miles. After being 
heated, it can return to the surface as steam or hot water

Mammoth Hotsprings, CA



When hot water and steam reach the surface, they can form 
fumaroles, hot springs, mud pots and other interesting phenomena

http://geothermal.marin.org/GEOpresentation



Circulation of hot water leaches minerals from 
surrounding rocks, which may be deposited as 

ores

http://geothermal.marin.org/GEOpresentation



Cerro Rico is Volcanic Dome on 
margins of Caldera

Garciá-Guinea, 1995



Geology 
of SW 
Bolivia

Courtesy of Skip Cunningham



Formation of Volcanic Domes 
(Like Cerro Rico)

Cunningham et al., 1993 Econ. Geol.



Mineralization of Volcanic Domes

Cunningham et al., 1993 Econ. Geol.

Mineralization forms as silver sulphides



Section through Cerro Rico de 
Potosí

Zartman & Cunningham 1995

Ore is found in veins cutting a dacitic hypabyssal intrusion, which rises as 700m 
conical hill

Mineralized veins



Potosi inside & out

Courtesy Skip Cunningham



Exposed Ore deposits have oxide top 
(gossan) and sulphides at depth

Gossans form where oxygen-rich waters interact with and oxidize the original suphides.  
Sulfides are preserved beneath a thin carapace of oxidized ore (Gossan).
Gossans are rich but thin. Potosí gossan had 4-25% Ag



Incas used Guayras (Huayras) 
for smelting silver oxide ore

Pedro de Cieza de León (Peru, 1549) on the use of Guayras:
“[The Indians] made certain molds of clay, in the shape of a 
flowerpot in Spain, with many air holes. Charcoal was put into 
these molds, with the ore on top, and they were then placed on the 
part of the hill where the wind blew strongest, and thus the metal 
was extracted, which was then purified and refined with a small 
bellows.  The Indians go to the heights with the ores to extract
silver, and they call the molds Guayras.  In the night there are so 
many of them on all parts of the hill,  that it looks like an 
illumination” - Emmerich 1965



Use of Huayras Today

“The process I witnessed involved layering lead ore and carbon in
the single chamber huayrachina, igniting it from below with burro 
dung and grass, and then smelting it during a very windy afternoon 
so the oxygen penetrated the charge. The pure lead produced from
this process was then used to create a lead bath in a different furnace 
in which silver ore was smelted. The main difference between this 
process and the one used by the Incas is that only lead is smelted 
now in the huayrachina, whereas in earlier times silver ores were 
smelted and then refined in a second furnace.”

Dr. Mary Van Buren, Colorado State U.



Huayrachina
Porco,  Bolivia

• "Huayra" means 
"wind" in quechua 
(Inca language), and 
"china" means "place 
of" or "place that 
uses". 

Thanks to Mary van Buren,
Colorado State U.



Production of Silver decreased 
1550-mid 1570’s

• Guayra process could 
only smelt oxide ores (not 
deeper sulfide ores), 
these were quickly 
depleted

• mid-1500’s: 15,000 
guayras burnt 
continuously

• Guayra process required 
lots of wood, leading to 
deforestation

Bakewell, 1984



Potosí is very dry,  little 
vegetation



“Potosí is situated in cold terrain, which 
receives much snow, is sterile and  
unproductive, and almost uninhabitable 
because of its climate.  It is dry and cold and 
exceedingly windy, especially in summer, 
when strong  winds come up.  They are 
violent and  bring so much dust and sand that 
they darken the air.  The rains begin in 
November and end in March, Nothing in the 
way of food can be grown, except some 
potatoes, because of  the cold. The land is 
naked, without trees or greenery”
-Luis Capoche 1585

The Climate of Potosí



Mid-1570’s saw the introduction 
of the Patio Process 

(Amalgamation)
• Mercury (Hg) combines (amalgamates) with gold and 

silver
– Dental fillings

• Amalgamation works with both sulfide and oxide ores.
• Invented by Bartolomé de Medina in Mexico, 1557
• Introduced in Potosí in 1573
• Requires crushing ore and mixing crushed ore with Hg
• Amalgam sinks to bottom and is recovered
• Roasting amalgam drives of Hg and leaves the silver.
• Hg vapors can be condensed and recovered for reuse.



Where to get Mercury? Nearest source is 
1000 km to the NW.

Bakewell, 1984

Potosi

Mercury deposits 
at Huancavelica

Also shipped from 
Spain and Slovenia



Landsat
TM 

Satellite
Image

(100 miles 
across)



Silver Production Grew Rapidly after 
Introduction of the Patio Process

Introduction of Patio Process

Bakewell, 1984



Ore was dug out by hand and 
carried to the crushing area



Mitas and Working of the Mines
• Districts required to provide workers for a period 

of about 6 months every 7 years
• 12000 Mitayos worked in mine
• Many deaths per year

– Hg poisoning
– Mining accidents
– Malnutrition
– European diseases

• Mita concept borrowed from Incas
• Encomienda concept developed in Spain

– Encomenderos responsible  for economic 
development of region and to christianize, civilize, and 
protect Indians

– Mita and Encomienda were similar in many ways



Ore had to be crushed fine enough that 
Mercury could wet with Silver



Crushing the Ore
• Evolved to water-powered mills (ingenio de 

agua)
• 1576: 22 human powered, 15 animal powered, 

and 18 water-powered mills

Bakewell. 1984



Crushing the ore

• Increasing use of water-powered stamping mills 
required water reservoirs.
– 32 dams built, 20 still used

• Collapse of San Ildefonso dam in 1626 killed 
4000 and destroyed 125 mills



Crushed ore (harina) was sifted and mixed 
with Hg in vats (cajones)

-5000 lbs of harina
-600-1000 lbs. Hg

6-25 days later, amalgam (80%Hg,  20% Ag) was 
recovered from cajones and placed in 100 lb. molds



Garciá-Guinea 
1995

Chemistry 
of 

Amalgamation



Amalgam was Recovered and 
Roasted, driving off Hg

Hg vapors condensed on inner walls and could be used again



Colonial Silver Processing Plant

Guanajuato



Guanajuato 
Silver

• Mexico silver belt runs 1000 km from 
NW of Mexico City to Sonora

• Silver mining in Guanajuato began in 
1548; the great ‘mother lode’ Veta
Madre was located in  1550
– -15 miles long,  up to 650’ wide

• 35,000 tons of silver and 175 tons of 
gold produced by 1990
– Mines are still  active

• City of Guanajuato was founded in  
1554

Guanajuato



Mexico

• 1,972,000 sq km (about 3x size of Texas)
• >100,000,000 people
• Per capita GDP  ~$9,000

http://www.odci.gov/cia/publications/factbook/geos/bl.html



http://www.worldatlas.com/webimage/countrys/namerica/mexico/mxstates.htm

Guanajuato

Texas



Guanajuato

Salas, 1991



Guanajuato State & City
• Guanajuato State is located in central area of Mexico, in the southern part of 

the Mexican high plateau.
• Guanajuato State has an area of 30,596 km2 (11,813 sq. miles), corresponding 

to 1.56% of the total area of the Mexican Republic, and a population of 
approximately 4.6 million inhabitants, about 5% of Mexico’s total population. 

• Guanajuato lies at about 2,000 meters (6000 feet) above sea level.
• The state of Guanajuato has a pleasant climate with temperatures from 11º C 

minimum to 24º C maximum (52°-75°F)
• During the colonial era Guanajuato city was fabulously wealthy from mining. 

From the 16th through the 18th centuries, Guanajuato was one of Mexico's 
most important colonial cities, along with Queretaro, Zacatecas, San Miguel 
and San Luis Potosi. 
– World famous mines include La Valenciana, Mineral de Cata and 

Mineral de Rayas. 
• With the immense wealth came elaborate architecture including many 

churches and mansions
• In 1989 Guanajuato city was declared a "World Heritage Zone"



Mexican Silver Belt



Guanajuato city



Guanajuato city

Big white building is University of Guanajuato



Regional Geology around 
Guanajuato

Randall et al., 1994 Econ. Geol.



Guanajuato 
rocks records 
major episode 
of volcanism 
~37-32 Ma

V
ol

ca
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cs

Querol et al. 1991



Guanajuato Geology

Querol et al., 1991



Guanajuato Mineralized Faults 
are related to ~35 Ma old 

volcano

Randall et al. 1994 Econ. Geol.



Veta Madre
• Dips 35°-55° to SW
• Mineralized fault

– 1200-1700m offset

• Can be traced for 
over 20 km at 
surface

• May extend for 
>100km

• Hydrothermal 
system exploited 
the fault and  
deposited ore Querol et al. 1991



Guanajuato Mine



Valenciana mine

• Located on bluff overlooking the city
• Site of discovery of Veta Madre in 1558
• Followed inclined mineralized zone down 745’
• Vertical shaft dug in 1791 to intersect 

mineralized zone at depth
• Peak  production  of 58 tons of Ag in 1797

Heylum,  1999



Silver from New Spain vs. Peru
• 1570-1650: ~25% of all colonial silver was produced.

– >60% of all silver produced in Peru
– 50% of Peru silver produced in Potosí

• Last half of 17th century Peru silver production 
decreased and Mexican silver production rose

• Today Mexico is the largest producer of Silver (15% of 
world total) and Bolivia is not in the top 6 
– Peru is second with ~12% of world production



Mercury in the Environment of 
Mexico: A legacy of Mining

Mercury is a serious environmental problem, causing a wide 
range of health problems.  It is a particular problem in 
Mexico due to its mining heritage.  It is estimated that Spain 
sent as much as 45,000 tons of mercury to Mexico during the 
colonial period for use in the extraction of gold and silver. 
Today, millions of kilograms still lie beneath the soil in 
dozens of colonial mining sites, polluting groundwater and 
farmers’ fields. This map shows the location of major sites of 
mercury pollution in Mexico, as identified by the North 
American Commission for Environmental Cooperation 
http://www.cec.org/home/index.cfm?varlan=english


