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Because of the primordial signature of the helium isotope 
ratio in Earth’s mantle, Earth scientists have found it useful to 
compare and monitor the 3He to 4He mass abundance ratio in 
rocks, sediments and volatiles such as free gases and those 
dissolved in water. In some cases, helium can vary like a 
strain gauge monitor, responding with deep mobility in the 
Earth’s crust and upper mantle; in other cases, high ratios can 
indicate the primordial signature of magma batches from a 
heterogeneous plume and magma reservoir. Several shallow 
magmatic emplacements and volcanic eruptions, as well as 
earthquakes, have been documented to show synchronous and 
precursory changes in the 3He/4He ratio of their volatile 
emissions, in both gases and fluids. The timescales of these 
predictive 3He/4He ratio anomalies can range from years to 
within periods of a few days or less. To date, the only means 
to sample for He isotopes is using conventional collection 
techniques with sample return to the laboratory. However, 
real-time, in situ analysis is necessary to detect any rapid 
changes in time for effective hazards response and planning. 
We have made considerable progress in development of an in 
situ He isotope analysis system, with initial monitoring 
results at Mammoth Lakes, CA (Long Valley Caldera) and 
some intriguing high ratios measured in lower East Rift Zone 
steaming vents prior to the 2018 eruption and summit 
collapse of Kilauea Volcano.  Our approach uses mainly off-
the-shelf component technology combined with state-of-the-
art electronics and software, as opposed to an expensive 
“field laboratory” approach, so that multiple units can be 
deployed and stay within the budgets of volcano and 
earthquake hazards mitigation agencies globally.  

 


