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Objectives

• To investigate the Kverkfjöll glaciovolcanic area 

of Iceland as a site for Europa analog research.

• To make field measurements of volcanically-

altered ice with multiple instruments.

• To return samples for laboratory analysis and 

future instrument development efforts.

Iceland

• The Kverkfjöll glaciovolancic area is 

characterized by a mixture of active hydro-

thermal springs, meltwater pools and larger 

lakes, surrounded by icy terrain.

• Sulfur deposits are found near active springs.

Europa

• Europa’s surface is characterized by stress 

fractures, double ridges, lenticular features, and 

re-arranged ice blocks (chaos terrain).

• Dark, reddish coloration is thought to indicate 

hydrated salts such as magnesium sulfate. 

4.2. Fissure swarms and the Kverkfjöll proglacial environment

Pillow basalt mounds (Fig. 3B) dominate the subglacial bedrock
lithology of the fissure swarm, which follows the strike of the rift
between Kverkfjöll (with which the fissure swarm is associated;
Hjartardóttir and Einarsson, 2012) and Askja (Fig. 2A and C). Pillow
mounds are typically comprised of unconsolidated scree slopes at
the base, with preserved pillows near the top. These preserved
pillow layers can be distinguished in the SPOT-5 imagery (Fig. 1C)
from their eroded counterparts, but the definitive identification of
individual pillow morphology is not possible at the given resolution
(2.5 m/pixel). The mounds are surrounded by dry, loose basaltic sand,
and individual pillows range from ~30 cm diameter at site ASK09 to up
to 1 m at Site KV02. Columnar jointing, indicative of rapid cooling, can
also be identified along the fissure swarm (Fig. 2D).

These fissure swarms extend into the proglacial region at Kverkfjöll
(Kverkfjallarani), which is dominated by extensive sedimentological
deposits and geomorphological features from jökulhlaups originating
from Kverkfjöll (Carrivick et al., 2004a,b), as well as glacial moraine de-
posits (Carrivick and Twigg, 2005). Erosional landforms here include
‘streamlining’ of the pillow basalt and hyaloclastite fissure swarm
ridges, gorges, smoothing of lava flows, and scours on basalt surfaces
(Carrivick et al., 2004a). Depositional features are similarly extensive,
and include outwash fans preserving palaeoflow lines (Fig. 4B), deposi-
tional terraces and valley-fill sediments (Fig. 4C), boulder clusters, and
fragmented hyaloclastite (Carrivick et al., 2004b). These proglacial
glaciofluvial deposits exhibit awide variety of glacifluvial sedimentary fa-
cies, ranging from coarse-grained matrix-supported facies indicative of
jökulhlaups, to fine-grained clast-supported gravel facies with multi-
directional clast orientations indicative of varying flow energy and an
ablation-fed braided river flow regime.

To the NE of Kverkfjöll, Hveragil gorge (Figs. 2 and 3C) contains
a hydrothermal outflow stream. This streamdeposits calciumcarbonate
fromnear-neutral CO2-rich (500–600 mg/l) springfluid (Ólafsson et al.,
2000), and has previously been found to have temperatures of up to
62 °C, with an average temperature of 50 °C (Ólafsson et al., 2000).

Hveragil probably formed subglacially during the last glacial maximum
(Carrivick, 2005). To the west along the glacier front, the river Volga
emerges from the Kverkjökull glacier and runs northwards, and is
thought to be of subglacial origin (Friedman et al., 1972; Ólafsson
et al., 2000). Along the western edge of the Kverkjökull glacier tongue,
the river Volga has carved out a large ice cave; ice caves such as these
are unstable, and this particular cave collapsed in summer 2010.

4.3. Field observations at Kverkfjöll hydrothermal fields

Environmental measurements of active hydrothermal springs, pools,
streams, fumaroles, and geothermal ground were made in 2007 and
2011. pH measurements taken from the hydrothermal environments
investigated at the summit of Kverkfjöll (Hveradalur and Hveratagl —
Fig. 2B) show them to cover a broad range between acidic and neutral
(pH 2 to 7.5). Likewise, a wide range of temperatures from near 0 °C to
94.4 °C (boiling point at the 1750 m elevation) were observed. These
are shown in Fig. 5, and individualmeasurements are given in the Supple-
mentary material. A previous study by Ólafsson et al. (2000) of fumarole
gas measured between 1992 and 1998 showed CO2 to be the dominant
species (80–97% of the gas emitted), with both H2 and H2S accounting
for 1–12% each. Active environments and lithological deposits present
at the geothermal field Hveratagl (64° 41.117′N; 16° 40.550′W), the
proglacial ice cave (64° 43.326′N; 16° 39.445′W) with its outflow
river (Volga), and the geothermal field Hveradalur (64° 40.173′N; 16°
41.100′W) were investigated in detail, and are described below.

4.3.1. Hveradalur
The Hveradalur geothermal area (64° 40.176′N; 16° 41.166′W) is

dominated by two glacier-dammed meltwater lakes, which lie on
the caldera's western rim (Fig. 2B). Lake “Gengissig” was formed
during a geothermal steam explosion in 1959 (Guðmundsson and
Högnadóttir, 2009). The geothermally-heated ground maintains a
relatively warm lake temperature of ~10–20 °C, as measured in June
2011 (see Fig. 5). This lake is thought to have drained catastrophically
as jökulhlaups at least five times in the past 30 years, in 1985, 1987,

Fig. 3. Field examples of glaciovolcanic lithologies and hydrothermalism. A) Banded welded hyalotuff intercollated with friable volcaniclastic material at Askja; B) pillow basalt
morphology within pillow mounds at site KV07; C) carbonate terraces at the geothermal stream in Hveragil gorge, Kverkfjöll; D) active ice-fed hydrothermal pools (“Site 4″,
each ~10 m across) at the Hveradalur geothermal field, Kverkfjöll; E) shallow hydrothermal ice-fed meltwater pool (~2 m across) at Hveratagl, Kverkfjöll; F) Lake Gengissig and
the adjacent ice-bound hydrothermal field at Hveradalur, Kverkfjöll.
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Instruments and Measurements Iceland Field Work Locations

Results and Conclusions

Measurement Type Instrument Science Return
Raman 768 nm Delta-Nu 

Rockhound

Characterization of inorganic 

minerals and organic molecules.

Portable DNA 

sequencer 

Oxford Nanopore

MinION

Identification of chromosomal 

DNA; microbial identification. 

UV-Vis reflectance 

spectrometry

StellarNet

Stellar Rad

Characterization of ambient light; 

mineral and organic composition.

Water metering Hanna 

HI98191

Water pH, temperature and 

conductivity.

Thermal imaging FLIR e8 

camera

Environment temperature; active 

hot regions; anomalies.

Field microscopy Dino-Lite 

Edge Series

Mineral composition, biology and 

alteration of rocks and samples.

Team Ice 

#1: Holohruan outflow
• Holohruan is a large recent 
lava flow (85 km2) in 2014. 
• Characterized by jagged 
basalt lava desposits (A’a).
• Cut through by glacial run-
off streams and pools.

#2: Kverkjökull Glacier
• We ascended the glacier 

and sampled pristine ice, 
moraine and sediment.

• Many of the pools 
contained high purity water; 
but minerals and biological 
material were also found.

#3: Kverkjökull Ice Cave
• At the base of the glacier 

Kverkjökull a cold outflow 
stream emerges.

• The ice cave has collapsed 
in previous years.

• River rocks in this area 
were sampled and studied.

#4: Hveragil Gorge
• Hveragil is a unique environ-
ment: a hydrothermal river.
• The water temperature 
varies and can reach 62℃: 
we measured 34℃ .
• Substantial calcium carbon-
ate deposits can be seen.
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Results so far and anticipated from NASA 
Iceland 2018 include:
• Physical and chemical environmental 

measurements.
• Characterization of anaerobic bacterial 

mats found at Hveragil.
• Mineralogy and composition of rock and 

sediment samples, alteration history.
• Identification of extremophile life 

through DNA sequencing.


