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RESEARCH INTERESTS INCLUDE
· Formation of ore deposits, including rare earths, niobium, tantalum and phosphate deposits 

· Issues of critical metals
· Carbonatites and alkaline rocks: fundamental controls on their petrogenesis, including mantle metasomatism, formation of graphite and diamond-bearing carbonatites and rapidly erupted extrusive carbonatites. 

· Responsible mining including ethical sourcing of metals, public perception of mining and energy issues in mining.
The Geology of Rare Earths
Rare earths are around us all the time, usually in small amounts but making many of our digital and environmentally-friendly technologies work; from computers to catalytic converters, smartphones to wind turbines. In nature, they are also all around us in small quantities in most rocks because they ‘follow’ elements such as calcium into many rock forming minerals. At these trace element levels, rare earths have been really useful to geologists trying to track the story of geological processes. However, these levels are too low to be worth mining. The highest concentrations of rare earth elements occur in rocks that have some of the most extreme compositions of any rocks on Earth. Carbonatites and alkaline rocks are formed by very small amounts of melting in the mantle. This fundamental process sets the scene and then fractionation of magmas in the crust and exsolution of fluids near the surface produce enrichments of rare earths so that in some cases they can form 10% of the rock. The largest carbonatite-related deposit in the world is in inner Mongolia, China, and supplies the majority of industry’s needs for ‘light’ rare earths. There are also other geological mechanisms to concentrate earth earths. One of the first types of rare earth ore to be mined was mineral sand. Quartz and much smaller amounts of the rare earth mineral, monazite, plus zircon and other resistant minerals survive weathering and erosion inland, are transported by rivers, and deposited as sand on beaches. India is still mining beach sands for rare earths today. In southern China, an even more unusual deposit is being mined, and supplies most of the world’s ‘heavy’ rare earth elements. As granitic rocks weather, rare earths are released from soluble minerals. Instead of forming their own new minerals, some of the rare earths become adsorbed onto the surface of clays. The advantage of this type of deposit is that the rare earths are easy to leach using chemical reagents, mining can even be done ‘in situ’ without the need to move any material at all by routing the leaching reagents down through the weathering profile. 
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Using a Life Cycle Assessment for rare earth production 

My talk will introduce the concept of life cycle assessments (LCA), and highlight how you would approach an LCA for rare earth production. I will use case studies to identify when an LCA can be useful at different scales (from government level, to individual project level) and highlight some of the challenges that exist in this field.
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Rare earths in the real world – from separation plant to market 
Rare earth elements are used in a large number of applications and have gained significant attention thanks to their use in green technologies such as wind turbines and new energy vehicles. Although rare earths are not actually rare at all, they are difficult to separate from one another and there is a critical balance between supply from separation plants and demand from the various markets. From oxides to chemicals to alloys, rare earths are used in many different ways with varying requirements on grade, specification and price. But how are price and the availability of rare earths changing and will supply from new projects keep up? 
