Here are the questions each group will answer during class discussions:
1. In what tectonic setting do these ore deposits form?
2. Where (globally) are the biggest resources for your metal?
3. Where (globally) is most of your metal currently produced?
4. Why do you think there is a disconnect between the biggest resources and the most production? What issues could this cause for the global supply chain?
 
 In what tectonic setting do these ore deposits form?
· Cobalt is found in a range of deposit types in different tectonic settings.
· Most Co on Earth’s surface is submarine as crusts and nodules on the seafloor but these are not yet mined (though there’s a lot of international interest in moving forward on this, which is frankly kind of horrifying)
· Most Co that’s mined is found in Cu-Co-rich sediments that were hydrothermally altered. These are found in a few locations on Earth but only the deposits in central Africa are mined. These sediments were deposited in intra-continental rift basins, and the fluids appear to have been controlled by extensional faults. However, the hydrothermal alteration appears to have happened over a protracted period spanning diagenesis, basin inversion and metamorphism, so this was a long-lived system.
· Nickel and Cobalt:
· Co and Ni are also found in layered mafic intrusions that form at the foci of LIPs (large igneous provinces, like the Deccan Traps, Columbia River Basalts, etc). Both are hosted in the magmatic sulfides that precipitated from the magma when the magma became sulfide-saturated. The sulfide melt (once unmixed from the magma) settles through the magma and collects incompatible elements like Cu, Co, Ni, Zn, Pb, etc, which prefer to be in a sulfide over a silicate. When the sulfide melt crystallizes it forms sulfide minerals like chalcopyrite, pentlandite, pyrrhotite which are preferentially targeted for mining. Ni is often a major product, but Co is usually a by-product in these deposits.
· When ultramafic rocks are weathered to soil, they form laterites which may be enriched in Co, Ni, and sometimes REE. These are common sources of these elements but can be harder to process than sulfide deposits, since the critical elements are incorporated into clay minerals, so may be harder to break down and extract than sulfide-hosted Co and Ni.
· Lithium:
· Li is found as hard rock deposits (mostly pegmatites) and in salt lake brines. Both are commonly associated with subduction zones. The salt lakes are commonly enriched in Li by trapping magmatic volatiles released from the underlying active magmatic systems. Clay deposits form when Li-bearing volcanic rocks are weathered. The magmatic systems become Li-enriched due to direct contributions from the subducting slab.
· REE:
· REE are mostly mined from carbonatites, which are igneous carbonates that erupt at volcanoes (there’s only one active one in the world right now - Oldoinyo Lengai in Tanzania - these things are REALLY weird but SO COOL). They’re associated with alkaline igneous rocks, and are commonly found in cratons (though can also be found elsewhere). The tectonic setting is somewhat enigmatic (and heavily debated), but I’ve given the students one interpretation, which is that they are associated with subduction zones. 

Where (globally) are the biggest reserves for your metal?
· Co: The DRC has 60% of the reserves, then Australia and Cuba, then Canada, Russia and the Philippines 
· Ni: Australia, indonesia and Brazil have the biggest reserves for Ni
· Li: Chile and Argentina, Russia, China and Australia
· REE: China, Vietnam, Brazil and Russia

Where (globally) is most of your metal currently produced?
· Co: The vast majority of Co is mined in the Democratic Republic of the Congo
· Ni: Indonesia produces by far the most Ni, followed by the Philippines, Russia, New Caledonia and Australia.
· Li: Most is mined in Australia, followed by Chile then China
· REE: ~70% China, then the USA, then Myanmar, Australia and Madagascar.

Why do you think there is a disconnect between the biggest reserves and the most production? What issues could this cause for the global supply chain?
· Production is partially determined by social conditions such as labor costs and laws, environmental regulations, etc. It is typically cheaper to mine in developing countries, and often faster to bring a mine to production because there are fewer hoops to jump through.
· The USA is the second biggest REE producer, although it only has a fraction of the world’s reserves.This is likely partly to do with history: the first REEs were mined in the USA in the 1950s (there was a boom when color TVs required Europium for the red color). When Bayan Obo was discovered in China, it rapidly overtook as the main producer and basically controls the market. The recent critical minerals push from the USA government has also reinvigorated the drive for REE mining in California. A processing plant has also recently opened (2023) at Mountain Pass in CA: previously ore was being shipped elsewhere for processing. MP Mining also now has a deal with General Motors to supply them with REE alloys and magnets (stabilizing the internal supply chain!).

Suggested questions for prework:
From what kind of ore deposit is copper (Cu) mined?
A. Porphyry
B. Carbonatite
C. Brine
D. Laterite

 In what tectonic setting does a porphyry deposit form?
A. Subduction Zone (convergent)
B. Continental Rift (divergent)
C. Mid-Ocean Ridge (divergent)
D. Transform

What is a Cu reserve?
A. A Cu deposit that has been discovered
B. A Cu deposit that is economic to mine
C. Copper that has been mined from a deposit
D. An undiscovered Cu deposit

Give some reasons that the countries with the biggest Cu reserves might not produce the most Cu.
Different regulations/labor costs/environmental considerations/etc in different countries

Suggested in-class questions:
Which of the following would convert a gold resource to a gold reserve?
A. Dropping the price of gold
B. Decreased demand for gold
C. Decreased supply of gold
D. Stricter gold mining regulations

What determines where we find deposits of critical minerals?
A. Past tectonic settings
B. Age of the rocks in which they are found
C. Proximity to modern mountains
D. Proximity to meteorite impacts

Which of these properties might lead to a mineral being classified as “critical”?
A. Minerals that are used in many manufactured products
B. Minerals that are used in key products for agricultural technology
C. Minerals that are mined in only one country
D. Minerals that are mined in the United States


