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 Europa Is one of Jupiter’s icy moons, slightly To determine the thickness of the layer of Europa’s ice shell with salty fluid inclusions, we * Because the eutectic point of the MgSO, and water system is so close to its melting

use the heat equation where we assume a constant coefficient D of thermal conductivity: point, the layer with fluid inclusions has a narrow temperature range.

U * Europa’s ice shell, however, is deep enough that this layer could still be hundreds of

217 — —
DVeU = ot meters thick, including a percolating layer through which liquid from the nutriet-laden ocean

One-dimensional form: below could be transported.

* The thickness of both layers would likely be highly sensitive to slight changes in

smaller than Earth’s.
* It is thought to be composed of a solid core
surrounded by a large salt water ocean with

an icy shell.
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* Because it is one of the few bodies in our

-

solar system with water, Europa is considered temperature.
Assume temperature does not change as a function of time: * Any potential life in Europa’s ice shell must be able to survive in these extreme conditions

0 [D oUu ] ) with extreme variations.
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Then the temperature U(x) is a linear function of depth x, D is the thermal conductivity of &8
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one of the best places in our solar system to

search for simple extraterrestrial life.
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 Sea Ice on earth, which freezes at -1.8 © C, 1Is a composite
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material of an ice host containing brine inclusions. . § the ice, and the other variables are unknown constants. L S
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* In warmer ice, Iinclusions connect, allowing nutrients to be ’. £ w U (X) _ E x + :8 A ?’
transported through the sea ice. AT e B Assumptions: D

* Extremophiles (such as the algae to the right) thrive in fluid ; \ " : | Composition of Europa’s ice shell: Frozen salty water with 1% MgSO, concentration

Inclusions of Earth’s sea ice. PPN <Y\ Surface temperature (x = 0 km): - 173.15° C (100 K)

* Potential life on Europa could be similar to ‘*’ ,' Total thickness of ice shell: x = 20 km

extremophiles in Earth’s sea ice, living in the fluid kjf , Melting point of magnesium sulfate and water solution: - 0.31 ° C (272.84 K)

Inclusions of Europa’s icy shell. : Thermal Conductivity: 2.3 “/mk

* In warmer ice near the bottom of the ice layer, the inclusions coalesce to form

channels where nutrients from the ocean interface below can be transported Using known initial conditions, we derive a linear model for temperature as a function of
upwards, creating a potentially habitable layer. depth:
U(x) =8.642x + 100

* Currently, this model is imited by the amount of available knowledge of Europa.

* The temperature distribution in Europa’s ice is unlikely to be linear and one-dimensional,

as we assume In this model. Future models should use more complex versions of the heat

equation to reflect the complex conditions on Europa.

* We would like to determine the percolation threshold of Europa’s ice and approximate

Sold ice layer the thickness of its permeable layer.
(19.608 kilometers)

Bond percolation models. Open bonds (blue, where fluid can flow) occur with probabillity p.

* The system percolates when there Is a pathway of connected open bonds crossing the sample.

Layer with salty fluid inclusions R e f e re n C e S

* For low probabillities, the system will not percolate (upper left, p = 0.1), while for higher probabillities (.392 kilometers)

(upper right, p = 0.7) the system is likely to percolate. Europa - In Depth | Planets - NASA Solar System Exploration. NASA Planetary Science
Division. Retrieved April 08, 2017.

Golden, K. M., Ackley, S. F., & Lytle, V. |. (1998). The percolation phase transition in sea ice.

Science, 282, 2238-2241.

» Each bond represents an open channel in the ice Hand, K. P., & Chyba, C. F. (2007). Empirical constraints on the salinity of the europan ocean

- Estimated thickness of the layer of Europa’s shell with salty fluid inclusions. and implications for a thin ice shell. lcarus, 189, 424-438.

through which water can flow. | y P | y Kalousova, K., Sougek, O., Tobie, G., Choblet, G., & Cadek, O. (2014). Ice melting and

« The percolation threshold for Earth’s sea ice * The eutectic temperature of the water + MgSO _ system is -3.7 © C (269.45 K). At downward transport of meltwater by two-phase flow in Europa's ice shell. Journal of

, o Geophysical Research: Planets, 119, 532-549.

occurs at approximately -5 ° C. Thomas, D. N., & Dieckmann, G. S. (2002). Antarctic sea ice--a habitat for extremophiles.

: 269.45=8.642x + 100 :
* Beneath the depth of the percolation threshold, (008 Science, 295, 641-644.
X = .

* The percolation threshold (below, p = 0.5) Is the smallest probability for which the system is likely to percolate.

temperatures higher than the eutectic, fluid inclusions will exist in the ice.

the inclusions connect and water s able to
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percolate through the ice, transporting nutrients,




