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Ash plumes are one of the main volcanic hazards, and the determination of the associated plume
parameters such as height, density and/or mass eruption rate are crucial for effective hazard assessment.
Infrasound and seismic signals provide an opportunity to monitor remote volcanoes in near-real-time due to
the signal's low attenuation and the relationship between the eruption fluid dynamics and resultant elastic
wave propagation. Many attempts have been made to compare the amplitude of seismo-acoustic signals with
plume parameters with mixed success (e.g. Lamb et al., 2015; McNutt and Nishimura, 2008; Ripepe et al.,
2013; Senyukov, 2010; Yamada et al., 2017). Empirical scaling parameters vary for different types of eruption
and volcanoes (Ichihara, 2016) and do not seem universal, especially for large sustained eruptions which pose
the highest hazard.

The source of the seismo-acoustic signal emitted during a sustained eruption, termed eruption tremor,
has not yet been successfully modeled (e.g. McNutt and Nishimura, 2008). The infrasonic source is thought
to be related to jet noise (e.g. Matoza et al., 2009), and similarities between seismic and infrasound signals
during ash emissions suggests a linked source. The recent discovery of a changing tremor-plume height
relationship during increasing and decreasing activity (hysteresis pattern), for both seismic and infrasound
signals compared to plume height by Fee et al. (2017) is strikingly similar to that from seismic river noise and
water discharge during heavy rain/storms (e.g. Burtin et al., 2008; Barton et al., 2010; Chao et al., 2017). As
Burtin et al. (2008) state, turbulent flow alone cannot explain the hysteresis and be the sole source of seismic
river noise. Erosion of the river bed and the corresponding bedload transport at the beginning of the high water
level period likely produces comparatively higher levels of seismicity than later during the storm when erosion
decreases. Significant crater erosion at volcanoes suggests erosional processes are similarly significant. The
erosion and hysteresis observed for both rivers and volcanic eruptions suggests similar source processes. For
volcanoes, varying erosion and particle impacts at the upper conduit walls may create the seismo-acoustic
signals and the amplitude of the seismic and infrasound signal could therefore be related to the particle density
and grain size distribution of the jet and the gas velocity.

In this presentation we analyze the seismo-acoustic and plume height data for two Aleutian arc
eruptions: 2016 Pavlof volcano and 2008 Okmok volcano. Both of these eruptions produced significant plumes
and the tremor-plume height relationship shows hysteresis (Figures 1-2). The hysteresis pattern of the Pavlof
eruption is particularly striking. We also begin applying the river seismicity model introduced by Tsai et al.
(2012) and examine the applicability of this model for volcanic settings with regards to fluid dynamical
assumptions. We analyze the river-specific assumptions made and the sensitivity of the model to certain
parameters. One of our modeling goals is to invert for the mass flux from the Power-Spectral-Density (PSD).
We analyze the frequency spectrum of both eruptions and find that the frequency distribution does not change
with varying grain size and particle impact rate, which is also predicted by the model.
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Fig. 1. Pavlof Volcano, 2016: hysteresis pattern for seismic envelope  Fig. 2. Okmok Volcano, 2008: hysteresis pattern for seismic envelope
and plume height as function of time and plume height as function of time
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