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Eruption source parameters (ESPs)—such as magma volume/mass, discharge, and plume height—are critical
information for characterizing eruptions quantitatively and as input parameters for numerical simulations of
tephra dispersal used for real-time forecasting and long-term hazard assessments. Most ESPs are traditionally
derived from field measurements via a range of empirical methods. A common feature of all of these approaches
is that they require detailed mapping of the tephra deposits, which is time consuming and expensive in terms of
man hours. Iceland is one of the volcanically most active regions in the world, with over 20 events per century
and a majority (>70%) feature significant explosive activity. Even moderate explosive eruptions from Icelandic
volcanoes (e.g. the 0.17 km Eyjafjallajökull summit eruption in 2010) can have significant impact on international
air traffic across the North Atlantic corridor as well as over Europe.

About 700 tephra-producing events are preserved in the post-glacial soil and lake sediments in Iceland and
the portions representing the last 3 ka contain about 200–250 events. ESPs, however, have yet to be determined for
most of these eruptions. Dispersal maps have only been published for <45 of theses tephra layers, and there is good
control on the ESPs for <20 of these. Establishing a statistically robust data set of ESPs for explosive eruptions
in Iceland is a critical task for both fundamental understanding of eruptive processes and for ash forecasting.
An alternative approach of determining ESPs is required in order to construct a ESP library for Iceland in a
timely manner. This project investigates the potential of using inversion modeling to estimate ESPs for explosive
eruptions in Iceland. We will present results for selected test-case eruptions from Hekla volcano, which is one
of the historically most active volcanoes in Iceland. The selected events span the explosive spectrum of hybrid
eruptions at Hekla, covering a range of magma compositions and eruption magnitude. The eruptive volume was
estimated using the TEPHRA2 model in inversion mode. The number of data points used for the inversion was
systematically reduced to determine the minimum number/spacing of data points required to produce first order
estimates of eruptive volume. Applying the approach to a much larger set of eruptions for which ESPs have not
yet been determined will enable the construction of a more robust data series on explosive eruptions in Iceland
from the post-glacial period, allowing for assessment of spatial and temporal distribution of eruption magnitude
and intensities, and systematic hazard assessments of events.


