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Status of Earthquake & Volcanic Eruption Prediction 
(current arrows in our quiver)

Å Seismology-- sometimes premonitory.  Most heavily relied upon method.

Å Inflation -- sometimes premonitory.  Effective by satellite altimetry.

Å Heat (IR)  -- sometimes premonitory.  Effective by satellite IR sensors.

Å Radon-- sometimes premonitory.  Measures local, crustal stress only.

Å Helium (4He) -- sometimes premonitory.  Measures crustal stress only. 

Å 3He/4He -- Effective as a mantle or magma monitor => premonitor.

* Black = geophysical technology; blue, red = geochemical technology.



3He/4He Systematics

Å 3He/4He ratios reported as R/Ra, 

where Ra = air3He/4He = 1.4 x 10-6

Å ocean water = 0.5 ς1.0

Å ocean crust = 0 ς8 (age & mixing 
dependent )

Å arc volcanic crust = 5 ς8

Å continental crust = <0.05 (radiogenic 
4He)

Å upper mantle (MORB) = 8 ± 1 

Å lower mantle (via hotspots) = 10 ς35

Å inner & outer core = >35?

Å IDPs (interplanetary dust particles) &

Å Moonôs regolith = 100+



Rationale for a New 3He/4He Detector 

ÅNeed for quasi-real-time, remote, in-the-field analysis and 
monitoring of this important ratioas:

ÅDel 3He/CO2 ratio is an important additional magmatic 
evolution guide, and can be done with the same instrument

(as well as Ne, Ar, CO, CH4).



Change in 3He-4He ratio with Volcanic Eruptions 

Change in 3He/4He following magmatic activity at Oshima Volcano, 
Japan.  Note the gradual decrease in 3He/4He following the main active 
period.  Arrows indicate earthquakes (from Sano et al., 1995).

Oshima Volcano



Precursory Signals of Eruptions

Temporal variations of 3He/4He 

measured at Nigorigo Hot Spring 

4.2 km from the summit of Mount 

Ontake in Japan between 1980 

and 2014 (Sano et al., 2015)

Temporal variations of 3He/4He 

measured at several gas vents on 

Mount Etna in Italy between 2001 

and 2012 (horizontal red lines 

indicate the eruptions) (Paonita

et al., 2016)



Change in 3He-4He ratio with Seismic Unrest

Map of Long Valley caldera area 

showing selected thermal springs 

(solid circles), fumarole (triangles), 

cold springs (open circles), 

thermal wells (solid squares), and 

cold wells (open squares).

Temporal variation in the air-corrected 

helium isotopic composition (R/RA) for steam 

vent MMF on the north side of

Mammoth Mountain.  Periods of 

seismic swarm activity beneath Mammoth 

Mountain in1989 and beneath the south 

moat in 1980 and 1983 are indicated by the 

stippled regions (from Sorey et al., 1993).



Change in 3He-4He ratio with Non-Volcanic 
Earthquake Activity

Helium isotope variations 
at Umbria- Marche, Italy 
during the seismic 
swarms of 1997-1998. 
Arrow indicates beginning 
of swarm (Italiano et al., 
2001).


