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Measurements of HCl in the volcanic plumes of Calbuco (2015) and Raikoke (2019)

Volcanic emissions of HCl

• After H 2 O, CO 2 and SO 2 , Hydrogen chloride (HCl) is the main volcanic gas species, and most important halogen halide (Symonds, Rose and Reed;1988).

• Important effects on environment/ecosystems/soils/air quality (acidification)

• Chemical tracer of magma degassing and other subsurface processes in both syn-eruptive and quiescent degassing

• Estimated yearly emissions between 1 and 10 Tg. But very little is known on the halogen budget of large-size eruptions 

Stratospheric emissions and role

• HCl is the most important Cl reservoir species. In the stratosphere can be transformed to reactive forms, leading to the destruction of ozone.

• Presence of bromide in volcanic plumes leads to "explosion" of reactive halogens (BrO and OClO) via heterogeneous reactions HCl/SO 2 ratios

Calbuco

In large part of the plume, no SO2 is detected! Possible explanation: Gas that was scavenged (e.g., by ice or ice-ash mixtures) at higher altitudes in the eruption column fell out to lower altitudes where it was released upon sublimation. The high ratio would reflect the 'scavenging efficiency' which is higher for HCl than for SO 2 .

  Arc related volcanic emissions of halogensPyle, D. M., and T. A. Mather. "Halogens in igneous processes and their fluxes to the atmosphere and oceans from volcanic activity: a review." Chemical Geology 263.1-4 (2009): 110-121.

HCl•First

  Its spectral band is located unfavourably in terms of source radiation:  Thermal emission too low to be useful  Solar reflected radiation weak -> measurement possible in daytime • Its spectral band is located favourable in terms of competing absorbers:  A few water and methane interferences http://vpl.astro.washington.edu/spectra/hcl.htm Location of the HCl SWIR band Currently only IASI covers this band, but only partially (645-2760 cm -1 ) But retrieval will be challenging: • weak background signal (daytime only) • doesn't cover the strongest lines • low signal to noise Satellite measurements of HCl using its SWIR band Clerbaux, C. et al. Monitoring of atmospheric composition using the thermal infrared IASI/MetOp sounder, Atmos. Chem. Phys., 9, 6041-6054, 2009.Unambiguous identification of HCL in the volcanic plumes of Raikoke and Calbuco ratios, from <0.05 (estimate) to > 50

  

  

  

  

  

  

  

  

  

  

  

  

Nighttime

Satellite measurements of gases in volcanic plumes

Conclusions

• Large HCl plumes observed in both eruptions at low altitude near the final stages of the eruptions

• Some very high HCl/SO 2 ratios measured, 10 and above

• No HCl is observed in the high altitude parts, leading to a low upper bound on the (gaseous) HCl/SO 2 ratio (<0.05).

• Relative low stratospheric ratios as measured by MLS confirmed

• A combination of scavenging, plume chemistry, uptake by ice particles and variable emission ratios likely explain the observed variations.

• The large Calbuco HCl plume is likely the result of sublimation from ice fall