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Methods & Results
We used a rheometer (Anton Paar MCR302), with rotational parallel plate geometry, to measure

liquid viscosities from 25°C down to -20°C (or rheological cutoff) for 0, 5, and 15 wt.% NaCl

solutions (phase diagram liquidi: 0, -3, -10°C respectively). A polarized light microscope

attachment with 20x objective was used to visualize crystallization in situ (Fig. 3). Each solution

was cooled at 1 K/min and 0.5 K/min. At these rates, the 0 wt.% solution undercooled by ~18 and

13°C respectively before rapid solidification. The 5 wt.% solution undercooled 17 and 15°C.

The 15 wt.% solution undercooled by 8 and 6°C. Video suggests that crystallization may be

occurring on the base plate and not homogenously throughout the sample. We will test the effect

of other geometries (e.g. concentric cylinder) on ice nucleation.

Introduction
Cryovolcanic processes have been considered theoretically for decades but with only a few

experimental studies, providing supporting data over a narrow compositional range [1,2]. The

rheology of cryovolcanic slurries is fundamental in determining how cryovolcanic features are

emplaced and interpreting the dome and flow features that result (Fig 1). Brines can form due to

either partial melting and fractionation or melt segregation (enhanced by a very low viscosity

carrier fluid) from an impure water/ice source. Potential cryogenic compositions span a similar

viscosity range to that of silicate lavas (Fig 2). Many bodies exhibit flow features/constructs and a

defined rheology will allow inferences about possible compositions based on observed

morphology.
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Figure 3: Temperature dependent liquid viscosity of 0, 5, and 15 wt% NaCl solutions with matched heating and

cooling rates of 0.5 and 1 K/min. The eutectic temperature for the H2O-NaCl system is -20°C at 23.16 wt% NaCl.

The kink in the 0.5 K/min cooling curve for pure water (top left) is likely due to an effective change in geometry as

ice melts away from the bottom plate widening the gap thickness. The black points/lines represent nine isothermal

viscosity measurements run at 10, 0, -10, -15, & -20°C to show stable Newtonian behavior. Image (bottom right)

is of the solidification texture of pure water taken from the heating segment of the 0.5 K/min run.

Figure 1 (above): Possible cryovolcanic features on various outer solar system bodies. (left) Cryolava dome

(Murias Chaos ~100 x 77 km across, 230 m/pixel) on Europa imaged by Galileo (observation E15REGMAP02,

ASU ipf 1242). (middle) Bright spots in Occator crater (92 km diameter, 140 m/pixel) on Ceres imaged by Dawn.

(right) Possible cryovolcanic construct/edifice (Ahuna Mons ~20 km across, 35 m/pixel) on Ceres imaged by

Dawn. Image credits: NASA/JHUAPL/SwRI; NASA/JPL-Caltech/UCLA/MPS/DLR/IDA; NASA/JPL/Space Science

Institute; NASA/JPL-Caltech/UCLA/MPS/DLR/IDA/PSI.

Anticipated Advances
- Experimental liquid viscosity dataset for briny-chloride compositions (Na,K,Ca,Mg,NH4)

relevant to icy satellites

- Extend viscosity dataset to crystal-bearing slurries from liquidus to eutectic temperatures,

spanning strain-rate conditions from vent to final emplacement

- Test and modify existing rheological models including strain-rate and crystal fraction

Figure 2: Viscosity data for water [3] (yellow circles), brines [4] (squares), ammonia-water (purple circles) [1],

methanol-water (blue circles) [2], ammonia-methanol-water (gray circles) [1], East Africa Rift basalts (red/orange

triangles), Oldoinyo Lengai carbonatite [5] (brown triangles), and Hawaiian basalt [6] (blue triangles). Ranges of

potential cryovolcanic compositions span ~5 orders of magnitude and significantly overlap with terrestrial lavas.

Objectives
We are measuring the rheological properties of synthetic cryolavas in the laboratory.

Measurements during cooling and crystallization allow parameterization of flow behavior as a

function of temperature, composition, crystallinity and strain rate. These results will be used to

model how the rheological behavior of icy slurries affects the efficiency of various emplacement

mechanisms, both intrusive and extrusive (e.g., diking, lava tubes, fissure-fed sheet flow, etc.).
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