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A plume at Prometheus has been seen every time 
observing conditions have been favorable. 

The Prometheus plume on Io can be monitored from 
the ground during the outbound leg using ESO-VLTI: 
10-µm silicate feature from entrained pyroclastics.

Erupted flux of pyroclastics can be calculated from plume 
heights and deposits of SO2 and silicates. Particle size 
distribution of pyroclasts can be calculated from bubble 
growth and magma fragmentation (likely similar to lunar 
volcanic glass beads: 10-100 µm).

Sample: Hundreds of milligrams 
of Io plume pyroclastics collected 
at hypervelocity in pure collectors, 
gas, and ions.

Testing collector materials (light gas gun shots at University of 
Kent) to minimize fractionation, evaporation, and contamination 
for different elements.

Gas inlet

with titanium 
sheath

Plume gas collected using a 
modified orbitron pump, 
returned and analyzed by 
Genesis techniques.

Ions from the Io plasma torus 
collected in pure metal 
substrates and accelerated by 
high-voltage grid used in 
Genesis solar wind concentrator.

Science Objectives: Origins & early evolution of Io, the solar nebular, and Jupiter’s 
CPD. Analog for ancient Earth & exoplanets.

Lots of 182W in mantle → early core formation, Little 182W in mantle → late core 
formation

Current 2σ analytical 
precision with 5 ng of 
tungsten.

Moore+ 2017

147,146Sm − 143,142Nd
Age of silicate differentiation

Heat-Pipe Planets

Formation in a decretion disk: did Io form icy, then move inward?
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• Nucleosynthetic 
heritage of Io’s 
building blocks


• Aluminum-26 
distribution in the 
solar nebula

• Record of early 
irradiation


• Contribution of 
meteoritic material


• NC vs. CC vs. CI vs. 
CAI contributions

• Time of core 
formation


• Composition of 
Io’s core

• Exogenic 
contributions after 
core formation


• Volatile loss and 
Rayleigh fractionation


• Redox state of Io’s 
mantle


• Volatiles and 
carbon inventory


• Water reservoirs 
in the giant 
planet region


• Late veneer

• Current volatile 
content of mantle


• Depth of melt 
source in mantle


• Composition of 
lavas: mafic vs. 
ultramafic

Ca, Cr isotopes W, Os isotopes, HSEs K, Fe, Zn isotopes, Elements

? ?

Proposed Solar System reservoirs: inner (NC) & outer (CC)

Modified from 
Kruijer+ 2019

Mass-dependent fraction from volatile loss

High-precision measurements of 
mass-dependent fractionation in 
moderately volatile elements will 
constrain initial volatile abundances 
and loss mechanisms.

δ34S=+347 (±86, 1σ), δ37Cl=+263 (±88). de Kleer+ 2024.

Nanoporous Si wafer impacted 
with powdered Hawaiian glass

Nordholt+ 2002
Wilcox+ 1999

High-precision measurements of 
isotopes and elements (mostly by 
solution techniques) → Bulk Silicate Io.

Nu Sapphire 1700 MC-ICP-MS at JSC
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