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Discovery Geosciences Research at EESA
EESA researchers are working to understand how geologic systems were formed and evolved, and at the ways 
that modern uses of these systems can be performed safely and sustainably. All uses of geologic systems 
introduce perturbations and gradients in mineral and fluid chemistry; pore fluid pressure; and rock stress 
that can cause wanted and unwanted changes in permeability and strength over time. These processes are 
intrinsically linked, and EESA researchers are working to elucidate the fundamental molecular-scale processes 
of fluid-rock evolution and to translate that knowledge to the field scale.

In their efforts to understand how geologic systems evolve in response to natural and anthropogenic 
perturbations, the researchers use forefront experimental and computational methods to discover the 
fundamental mechanisms of chemical and mechanical transformations in water-filled rocks; and combine 
theory, simulation, and machine-learning methods to apply these insights to Earth systems.

Contact Benjamin Gilbert at bgilbert@lbl.gov for more information. 

Berkeley Lab Discovery Geosciences Research at a Glance

The geology of the United States records the multi-
billion-year creation of this continent and provides 
immeasurable economic resources as well as a rich 
cultural heritage. Geologic formations across the 
U.S. have served as the cradle for the development 
of terrestrial ecosystems; store groundwater; 
and provide hydrocarbon and geothermal energy 
reserves. Geologic formations can also offer 
solutions to 21st-century requirements, such as 
the transient storage of energy and the long-term 
storage of hazardous energy byproducts.

Researchers used cryogenic transmission electron microscopy and small-angle X-ray 
scattering to understand how swelling in subsurface clays responds to changes in solution 
composition and salinity. They showed that swelling/collapse is a chemical-mechanical 
process in dynamic thermodynamic equilibrium where interlayer composition and 
mechanical changes in layer structure are tightly related.
bit.ly/35INyer

A Berkeley Lab team paired satellite-derived images of ground surface deformation 
associated with groundwater pumping and advanced computer modeling of geophysical 
processes to develop a clearer picture of groundwater changes than can be derived from 
current borehole measurements. Their method could be used to quantify groundwater 
usage and the loss of aquifer storage capacity in California’s Central Valley.
go.nature.com/2ONKZ3H

A Berkeley Lab study showed that carbon dioxide can penetrate the inner layers of 
muscovite, the major clay mineral found in rocks of the deep subsurface. Because of the 
dominance of this non-swelling clay mineral, it’s possible that their excess uptake of CO2 
may significantly contribute to CO2 storage capacity. 
bit.ly/37Moyou

One of the 17 U.S. Department of Energy national laboratories, Lawrence 
Berkeley National Laboratory was founded in 1931 on the belief that the 

biggest scientific challenges are best addressed by teams.
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