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In the western part of the Vatnajokull ice cap, two subglacial geothermal systems cause steady melting of
the overlying ice and collection of meltwater in subglacial lakes that empty out in jékulhlaups (glacier lake
outburst floods) every 2 years (on average). Release of the meltwater, which contains a geothermal fluid
component, leads to subsidence of the surface and the formation of 50-150 m deep, nearly circular cauldrons,
the Skaftarkatlar (Skafta cauldrons), which are 1-3 km wide (Bjérnsson, 2010; Einarsson et al., 2016).

In the years 2006-2015, we conducted several hot-water drilling, sampling and logging projects in both the
western and the eastern Skafta cauldrons. A drill with built-in sterilization (Thorsteinsson et al., 2007) was
used to penetrate the 230-300 m thick ice cover seven times at five different locations within the cauldrons.
The program included the following efforts:

June 2006: First drilling in the Western Skafta cauldron. Successful sampling of the subglacial lake for geo-
chemical and microbiological analysis, demonstration of a biological habitat in this extreme environment
(Gaidos et al., 2008). Measurement of the temperature profile in the 115 m deep lake, modelling of circulation
within the water body and estimation of ice-melting rates at the ice-shelf base (Johannesson et al., 2007).
June 2007: Drilling into the lake beneath the Eastern Skaftar cauldron, at 3 locations. Continued sampling
program and microbiological studies (Marteinsson et al., 2013). Deployment into the lake of a thermistor
string with 15 temperature sensors at different depths and collection of data over 12 months. Installation
of a GPS-receiver to record vertical movement of the ice shelf at the start of a jékulhlaup and deliver early
warning.

2008-2010: Smaller reconnaissance projects in Skaftarkatlar and Kverkfj6ll (N-Vatnajokull).

March 2014: Successful drilling into the eastern cauldron during wintertime conditions. Continued sampling
and temperature profile logging.

June 2015: Successful drilling into both cauldrons, sampling at different depth levels in the subglacial lakes.
Temperature profile measurements.

Results obtained and lessons learned during these projects include:

Hot-water drilling. Under favourable conditions within the cauldrons, the 230-300 m thick ice cover could
be penetrated in less than 10 hours. Minimal problems were encountered in penetrating volcanic tephra lay-
ers, but englacial crevasses and water bodies where sometimes encountered. This caused difficulties which
could be alleviated by drilling a new hole a few tens of meters away. Sterilization of the drilling water was
successful.

Sampling method. A commercial sampler produced by Mt. Sopris Instruments, with an opening and closing
mechanism operated from the surface, worked without problems.

Temperature profiles. We used Starmon mini and Geokon temperature sensors to measure the lake temper-
atures. In the western lake, the water temperature was at 3.5-4.7°C in June 2006 and large-scale circulation
in the lake body was inferred from the observed stratification (Johannesson et al., 2007). In June 2015, lake
temperatures were at 4.0-4.5°C throughout most of the water column. The eastern lake displayed a more
stable temperature profile close to 4°C in 2007 and limited change in the vertical profile was observed over the
12-month period during which the deployed thermistor string survived. In 2015, the temperature was stable
at 3.5°C in an 86 m water column.

Jokulhlaup mechanisms. The subglacial lake studies have allowed determination of the initial temperature
of jokulhlaup water released from these water bodies. Moreover, estimation of lake volumes during the onset
of outburst floods has greatly improved since the start of the program and in related work (Magnusson et
al., 2021). Combining data on lake properties with GPS-measurements of vertical and horizontal movement
of the glacier surface at locations downstream, a new picture has emerged of the mechanisms of water flow
along the 40 km long subglacial flow path, where alternating sheet flow and tunnel flow is the most plausible
explanation of the observed flow behaviour (Einarsson et al., 2017).

During drilling in the western cauldron in 2015, the drill stem hit an englacial water body and water was
rapidly released through the borehole into the subglacial lake. This sudden influx of water probably triggered
a jokulhlaup from the lake two days later (Gaidos et al., 2020).

Early warning systems. A GPS-station delivering data on vertical and horizontal surface movement was
operated in the Eastern Skaftar cauldron for several years. The station recorded lowering of the cauldron
surface when the lakes emptied out in jokulhlaups. This allowed early warning to be given to civil protection



authorities at least 20 hrs before emergence of the floodwaters from beneath the western margin of Vatna-

jokull,
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