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Introduction:  Iceland is a renowned Mars analog 

environment due to the predominant basaltic 

composition of its rocks and sediments, in addition to 

the prevalence of subaerial volcanism and volcano-ice 

interactions throughout its geological history [e.g., 1]. 

Volcano-ice interactions form landforms such as tuyas 

(which are steep-sided, flat-topped volcanoes that are 

largely composed of pillow basalt), kubbaberg, and 

hyaloclastite tuffs [2]. Candidate tuyas have been 

identified on the Martian surface in orbiter-based 

studies, with volcano-ice interactions suggested as a 

possible cause of episodic flooding on ancient Mars and 

a potential contributor to its global dust inventory [3,4]. 

However, despite the prevalence of glacio-volcanic 

interactions in Iceland and potentially Mars, little is 

known about how resulting deposits are eroded, 

weathered, and incorporated into sedimentary systems 

and sorted along sedimentary pathways [2].  
Methods:  To constrain how the products of 

glaciovolcanism are incorporated into and distributed 

within different sedimentary systems, we have 

investigated a 10-km transect along a glacio-fluvio-

aeolian sedimentary system and its source rocks at the 

Þórisjökull area in SW Iceland, using analytical 

techniques available to Mars rovers such as XRF, XRD, 

and VNIR. Sedimentary samples were collected at three 

localities along the system in the 2019 SAND-E: Semi-

Autonomous Navigation for Detrital Environments 

Mars 2020-style rover simulation. Samples of the 

subglacial tuyas, Lítla and Stóra Björnsfell, and the 

subaerial Skjaldbreiður shield volcano situated in the 

sediment catchment area were collected and analyzed 

using the same methods, in addition to optical 

microscopy. Cobble samples were also collected from 

the base of the Þórisjökull glacier to represent the 

volcanic material preserved underneath the ice cap. 

Results and Discussion:  Measurements from 

source rocks show that Lítla Björnsfell is divided into 

an upper and lower unit. Lower Lítla Björnsfell and 

Þórisjökull contain lava and tuff with high abundances 

of olivine and pyroxene, but low concentrations of 

incompatible elements (e.g., Zr, Sr). Meanwhile, Upper 

Lítla Björnsfell, Stóra Björnsfell, and Skjaldbreiður are 

plagioclase-phyric and contain high concentrations of 

incompatible elements [Fig. 1].  

Sediments analyzed at sites proximal, medial, and 

distal in relation to the glacier show variations in 

geochemistry indicative of sediment sorting and/or 

changes in sediment source predominately between the 

subglacial endmembers. Gravel-sized grains are 

geochemically the most diverse and the most 

representative of source rock diversity in the area. Sand 

compositions suggest that the dominant sediment 

sources are the Lítla Björnsfell and Þórisjökull 

volcanics, with the sand grain chemistry and 

morphology more strongly influenced by the local 

Skjaldbreiður source at the distal site, with some mixing 

of materials from the other volcanoes [Fig. 1]. 

Tuffaceous materials are rarely present in the studied 

sediments, suggesting they may bypass the studied sites 

and deposit further downstream as fine-grained 

sediments. Our results suggest that the high-erodibility 

of glassy and palagonite-rich subglacial volcanoes 

could contribute in a similar way to Martian 

sedimentary systems and be detectable using Mars rover 

techniques.  

Figure 1: A plot of Zr and Sr for the source rocks 

(gray density contours) and sediments; sand (circles) 

and mud (asterisks).  
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