








Value and Production of Gold (and other precious 

metals / gemstones)

~18% ROI for gold bought in 2001, sold in 2012



Gold Occurrence:

- Native Gold (Au)

- Electrum

- Telluride Minerals

Geologic Setting:

- Hydrothermal (57%)

- Placer (43%)



Electrum: Natural alloy of silver and gold



Telluride Minerals
Phonolite

Calaverite



Ternary Diagram of:

Tellurium (Te)

Gold (Au)

Silver (Ag)







Epithermal Gold Deposits

• “Low” temperature (200-300°C)

• ~1km depth (3,280 ft) Geothermal gradient is 

~25°C / km

• Three main types:

1. Magmatic fluid derived so acidic (CO2, SO2, 

HCl)

2. Meteoric water influenced (further from magma)

3. “Carlin-type”: Au is in solid solution within a 

form of pyrite (fool’s gold!)



Solid Solution

a) Substitutional

b) Interstitial



https://goo.gl/maps/umP95zwHjfYEVbtEA
https://goo.gl/maps/umP95zwHjfYEVbtEA


For Geology, see Pg. 47









Porphyry Copper 

Deposits

Bingham copper mine in Salt Lake City, Utah

Produces 237,000 tonnes of Cu

Produces 13 tonnes Au

https://goo.gl/maps/HqFqqDEN4jV7Vei6A
https://goo.gl/maps/HqFqqDEN4jV7Vei6A


Witwatersrand, South Africa

• 41,000 tonnes mined, ~40,000 tonnes remain

• 20 times larger than the biggest epithermal deposit

• 4km deep (~13,000 ft!) in the TauTona Mine

• 55°C (130°F), A/C lowers to 28°C (82°F)

…but 90% humidity!

• Low wages  and ~150,000 laborers



Gold Mining Wages and Production

Witwatersrand miners make ~$15,600 / person / year

…this is ~10% the average wage of American miners











USGS Photo, ~1875





Panning for gold

Hydraulic Mining





Panning for gold

Mercury Amalgamation

https://www.youtube.com/watch?v=yAGYGGmUmUw
https://www.youtube.com/watch?v=yAGYGGmUmUw


Amalgamation:

- “Patio Process” mix ore with 

mercury (Hg) to dissolve gold, 

then heat to vaporize Hg, 

leaving behind gold

- Mercury bioaccumulates in 

fish (and the environment)

- 1883 California Debris 

Commission Act

- Still used by 10-15 million 

“artisanal” miners in Brazil, 

Ghana, Thailand, etc, 

releasing 100 million tonnes

into the environment annually



Heap Leach Pads



Heap Leach Pads



Heap Leach Pads

Cyanide Process:

- Cyanide dissolves gold from ore, forming “pregnant 

solution”

- Later add zinc which causes gold and silver to 

precipitate

- International Cyanide Management Code developed 

after a dam failure in a Romanian gold mine released 

100 tonnes of cyanide into the Tisza River

- Some states and countries now ban its use


