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Who am I?/ Where I’ve lived? 

• Matthew’s Ridge, Guyana (home)
• Georgetown, Guyana
• Gettysburg, PA
• Tampa, FL
• Ann Arbor, MI
• Houston, TX





How do we feel about mining?

• Why do we mine?
• What do we mine?





Objectives 

• To provide an introduction to economic geology and natural resources

• Introduction to using geochemistry for exploration

• To (hopefully) change the way you think about (geo)chemistry and 
natural resources



Geology 101

• Rocks are our friends.

• Atoms – elements – minerals – rocks  



What is Economic Geology?









Copper (Cu)
• Porphyry copper deposits
• Stratiform Cu deposits
• Iron oxide copper gold 
deposits

Chile, Peru, DRC, Zambia, USA



Iron (Fe): magnetite (Fe3O4) & hematite (Fe2O3)

• Manufacture of steel

• Banded iron formations
• Iron oxide copper gold deposits
• Iron oxide apatite deposits

• China, Australia, Brasil



Gold (Au)
• Jewelry
• Finances 
• Electronics
• Dentistry and medicine

• Orogenic gold deposits
• Porphyry deposits
• Placer deposits

• China, South Africa, Ghana, Russia, USA, Canada, Australia



Aluminium (Al) [Al2O3]

• Bauxite

• Australia, China, Brasil



Phosphorus (P) – Ca5(PO4)3(F,Cl,OH)
• Agriculture: Fertilizers and supplements for animals
• Construction
• Pharmaceuticals 
• Water treatment

• Phosphorite 
• Apatite 

• USA, China, Morocco 
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Exploration



Exploration 101

• Decide on a commodity/ metal(s) of interest
 What deposit type?
 How does it form?

• What data will be most useful for finding the deposit?
 Geochemistry?
 Geophysics? 

• Are there data available that lead you to a specific geographic area?
 Where (country, region) do you want to be?



Geochemistry

• What elements will be most useful for finding the deposit?

• What samples can you collect?
• Soil (stream/ lake sediments) 
• Rocks
• Minerals
• Stream water
• Plant material



Geochem

Bloom, 2018



Bloom, 2018



Bloom, 2018



Which elements will you target?

Leybourne, 2018
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Gold!!!!!



Gold deposits

• Greenstone hosted/ orogenic deposits
• Reduced intrusion related gold deposits
• Porphyry, epithermal and skarn deposits
• Iron oxide copper gold deposits
• Gold rich volcanogenic massive sulphide deposits
• Placer gold deposits 



McClenaghan, 2018
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Gold geochemistry



Knight et al., 1999



Gold in Ghana….



Regional geology and gold deposits

Map modified from Aureus Mining

West Africa Au endowment: 
370 Moz 

TOGO



Visible gold associated with pyrite from 
orogenic gold deposits of the Birimian shield in 
Ghana

Gold Ore from the Tarkwa basin







Ashanti belt main structure

Mined out  pit on the Ashanti main structure



Using geochem for 
exploration in Ghana



CHANNEL  SAMPLING

44

Channel Sampling Line-14 
samples picked at 1-2m 
intervals

AsankoGold, 2018
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Kinross, 2018



Golden Star Resources, 2018



Au geochem for exploration?





McClenaghan 2018
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Mineral geochem as a tool for exploration



Why Magnetite?
• Iron oxide (Fe3O4 )

• Can incorporate other elements into it’s structure.

Nadoll et al. 2014



Why magnetite geochemistry?



Variations in magnetite chemistry

Dupuis and Beaudoin, 2011 



Variations in magnetite chemistry

Dupuis and Beaudoin, 2011 



Guyana Magnetite project

• Collect magnetite grains 
• Analyze magnetite grains
• Use magnetite discriminant plots to 

determine ore deposit potential



Mineral geochemistry for understanding how 
ore deposits form



Los Colorados apatite chemistry?
Ca5(PO4)3(F,Cl,OH) [A5(XO4)3(Z)] 
• A = Ca2+, Sr2+,Pb2+,Ba2+, Mg2+, Fe2+, REE3+, Eu2+, Cd2+, Na+, Al3+, Y3+, K+, Mn2+, Cu2+

• X= P5+, Si4+, S4/6+, As5+, V5+, C4+

• Z= F-, Cl-, S2-/1-, OH-

• Major (F, Cl, OH) and trace element
chemistry can provide insights into 
fluid history. 



Pit sample

La Cruz et al. in prep
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500µm

Similarities with magnetite and apatite chem

Knipping et al., 2015 a,b



Aqueous geochem for exploration



Leybourne 2018



Biogeochemistry as a tool for exploration 

Dunn 2018
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Arakaka trend, northwestern Guyana



Medium scale mining in northwestern Guyana



Medium scale mining in northwestern Guyana



Summary

• Ore deposits and mining are important for society to exist. 
• If we don’t grow it, we must mine it. (We also mine to be able to grow 

things.)
• Can we figure out better ways to mine and regulate mining in order to 

mitigate harmful effects?
• The resources we need come from different types of deposits that 

exist globally.
• Geochemistry is a useful tool for finding these deposits. 
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