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World Consumption of Lithium

Bibienne et al. (2020) – Elements
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Global Lithium Demand Forecast

Bibienne et al. (2020) – Elements
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Lithium demand increase of 300-1000% by 2030



Lithium Deposit Types

Munk et al. (2016) – Reviews in Economic Geology

Lithium brines～60%
Subsurface pumping
～75% global reserves

Lithium pegmatites～30%
Hard rock mining + crushing
～25% global reserves

Lithium clays and others～10%
Mining + acid leaching
Global reserves not estimated



Lithium Pegmatite Deposits

Bradley et al. (2017) – USGS Professional Paper Giant spodumene (LiAlSi2O6) crystal in 
Plumbago North Pegmatite, MaineSimmons et al. (2020) – Miner Deposita



Lithium Brine Deposits

Bradley et al. (2017) – USGS Professional Paper
Lithium-brine evaporating ponds at 

Clayton Valley, Nevada



Lithium Clay Deposits

Lithium-bearing clays of the Cave Spring Formation at 
Rhyolite Ridge, Nevada

Reynolds and Chafetz (2020) – GSNHofstra et al. (2013) – Economic Geology



Exploration Indicators for Lithium Brines/Clays

1. Arid climate favoring evaporation

2. Closed basin containing a salar or salt lake

3. Associated igneous or geothermal activity

4. Tectonically driven subsidence

5. Suitable Li source rocks (tuff, ignimbrite)

6. Sufficient time to concentrate Li in brines/clays

Munk et al. (2016) – Reviews in Economic Geology

Six characteristics common to continental Li brines:



World Distribution of Lithium Deposits

Benson et al. (2017) – Nature Communications

Global Li resources ∼ 45 Mt (USGS)



World-Class Lithium Deposits

Bowell et al. (2020) – Elements



Grade vs. Tonnage of Lithium Deposits

Bowell et al. (2020) – Elements



Generalized Geologic 
Map of Nevada

NEVADA BUREAU OF MINES 
AND GEOLOGY



Case Study #1: Clayton Valley, Nevada

Reno

Elko

Las Vegas
Clayton 
Valley

Lithium-brine evaporating ponds at 
Clayton Valley, Nevada (Albemarle)

∼2 km

§ Only-producing Li mine in 
the U.S. and in North America 

§ Operated by Albemarle
§ Ongoing exploration by Pure 

Energy Minerals 



Case Study #1: Clayton Valley, Nevada

Coffey et al. (2021) – Geochemistry, Geophysics, Geosystems

§ Late Neoproterozoic-Paleozoic sedimentary 
rocks deposited along the west margin of 
the North American craton

§ Jurassic-Cretaceous granitoids (155 to 85 
Ma) related to the Sierra Nevada Cordillera

§ Basin & Range extension commenced 
during Miocene at 16 Ma

§ Late Miocene to Pleistocene tuffaceous 
lacustrine sediments during wetting/drying 
periods

Regional Geology



Case Study #1: Clayton Valley, Nevada

Coffey et al. (2021) – Geochemistry, Geophysics, Geosystems



Case Study #1: Clayton Valley, Nevada

Zampirro (2003)

Hydrogeology
• Six main aquifers
• Ash, tuff, gravel, silt, and sand units
• Freshwaters: <1 µg/L Li
• Groundwaters/springs: 1-40 mg/L Li
• Brines: 200-400 mg/L Li



Case Study #1: Clayton Valley, Nevada
Inferred Resource Estimate for Lithium

https://pureenergyminerals.com

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjt_Zjm67n3AhUoIUQIHW_RBhYQFnoECBEQAQ&url=https%3A%2F%2Fpureenergyminerals.com%2F&usg=AOvVaw0dfC7ijbbZubgsgU9kgTy0


Case Study #2: Rhyolite Ridge, Nevada

Reno

Elko

Las Vegas
Rhyolite 

Ridge

View of the Cave Spring Formation (white) 
overlying the Rhyolite Ridge Tuff (pink) 

Li-B-rich claystone
§ Lithium-boron clays 

associated to late Miocene 
rhyolitic rocks

§ Ongoing exploration by 
Ioneer



Case Study #2: Rhyolite Ridge, Nevada

Oldow et al. (2009) – GSA Special Paper

Regional Geology

§ Paleozoic sedimentary rocks 
deposited on the ancient 
western passive margin of 
North America

§ Late Miocene-Pliocene uplift 
and exhumation of 
metamorphic core complex

§ Miocene to Pliocene volcanic 
and volcanoclastic rocks (∼16 
to 6 Ma) deposited on the 
Paleozoic/Mesozoic basement



Case Study #2: Rhyolite Ridge, Nevada

Reynolds and Chafetz (2020) – GSN Symposium
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Case Study #2: Rhyolite Ridge, Nevada

Reynolds and Chafetz (2020) 
– GSN Symposium

Massive claystone
Li ore

Siltstone

Finely laminated marl
Li-B ore



Case Study #2: Rhyolite Ridge, Nevada

300 m
Reynolds and Chafetz (2020) – GSN Symposium

Searlesite
NaBSi2O5(OH)2

+ mixed 
Li-illite/smectite 
and carbonates

B5 Unit: 1000-2000 ppm Li
15,000-30,000 ppm B

2 cm

W E



Case Study #2: Rhyolite Ridge, Nevada

https://www.ioneer.com



Case Study #3: McDermitt Caldera, Nevada

Reno

Elko

Las Vegas

McDermitt

Henry et al. (2017) – Geosphere

N

Overview of the McDermitt caldera looking 
north across resurgent dome

Caldera wall

§ Lithium clays associated to 
a Miocene volcanic caldera

§ Ongoing exploration by 
Lithium Americas



Case Study #3: McDermitt Caldera, Nevada

Camp and Wells (2021) – GSA Today

Evolution of the 
Yellowstone hotspot 
track relative to the 

North American plate



Case Study #3: McDermitt Caldera, Nevada

Modified from Castor and Henry (2020) – Minerals

Geochemistry of volcanic rocks



Case Study #3: McDermitt Caldera, Nevada
Thacker Pass deposit

Lithium Nevada Corporation (2018)



Case Study #3: McDermitt Caldera, Nevada

Ingraffia et al. (2020) – GSN Symposium

Hectorite
Na0.3(Mg,Li)3
(Si4O10)(OH)2
Li-smectite



Case Study #3: McDermitt Caldera, Nevada

Benson et al. (2017) – Nature Communications

Conceptual model for the formation of caldera-hosted Li clay deposits



Case Study #3: McDermitt Caldera, Nevada

Mineral Reserves

Mineral Resources

https://www.lithiumamericas.com

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjlsZ7G67n3AhVEH0QIHf-7BDIQFnoECBQQAQ&url=https%3A%2F%2Fwww.lithiumamericas.com%2F&usg=AOvVaw3B4O3B-gofZXXSu8n-qCSK


Outstanding Research Questions
§ What are the structural controls for the development of closed basins

concentrating Li in brines and clays?

§ Are anomalous heat flows required for the formation of Li brine aquifers?

§ Does hydrothermal activity play a role on lithium redistribution and
enrichment in the sedimentary strata?

§ What effect has the smectite/illite transformation on Li enrichment?

§ Why are there only a few Li-rich basins in Nevada while most of them
share similar characteristics?

§ What makes the McDermitt caldera unique for Li mineralization along the
Yellowstone hotspot track?
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