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What we know and don’t know about Europa ..., Model Part 3: Diapir rise at Stokes velocity

(R

Knowns:

« Europa is one of Jupiter’s large icy moons

» Salty, potentially habitable, subsurface ocean

« Sources of internal heat: tidal flexing and radioactive decay
« Varying ice shell thickness due to orbital cycles

The Hadamard—Rybczynski Stokes velocity (Eg. 10) is Europan surface

calculated based on radius of the diapirs. Eq. 9 is then / D
used to determine the time it takes the diapir to cross H. T Buoyancy force

Unknowns: . ' 1 ' t 1
« Observed dome and spot-like surface features, N f
Tce shell called lenticulae, suggest some degree of element /
cycling between surface and interior, the extent of L
Subsurface occq, which is uncertain [1] L !
* Large source of uncertainty is pehgwor of the.lce i . 2Apg R, ( Lice + LI ) - l
Silicate g, shell, which is the primary barrier in transporting el e e Eq. 9 3 flice 2 tice + 3101 q Drag force

heat, chemical species, and material as a whole

We estimate the contribution of salt diapirism to material
transfer in Europa’s ice shell. To do this, we couple the

continuum scale model of density-driven flow and Piersig o G0 Results: Parameter cou » I ng im pacts rise time
microphysical creep models of crystalline materials (i.e., ice).

Reference:
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F 10° Figure:
i A reference heatmap
illustrating how h and H

Hypothesis: Different ice growth rates manifest in different

The results show

fé\ 80 - = 107 . .
i " < ; impact t,.., with all other )
diapir shapes and ascent rates - arametere kept that coupling p,
. . . . 2 60 ) constant. As expected, a and h introduces a
A basal ice layer freezes out of ocean during periods of ice g 19" larger H means it takes maximum diapir
shell growth. Our key assumption is that differences inice 3 2 longer for the diapir to size. the exact
. : = 40 - @ traverse the shell, ! .
growth rates have cascading effects on the physical E 105 Z . lue f hich
- - : : Fast growth ; 5 according to Eq. 9. A vdaiue ror wnic
propertleg of .the basal ice layer, therefore producing different = g ; larger h produces a changes when
types of diapirs. For example, faster ice growth rates lead to: Lo larger diapir, which introducing

increases the Stokes

- Thicker basal layer (h) coupling between

velocity according to EqQ.

. ' I i 0.4 1
Smaller crystalline grain sizes (R,) - 10, thersfore decraasing R, and h.
+ Smaller viscosity (1) Ah t ... The bottom plot
. More salt entrained (¢,) h=—Forowtn  EQ.]1 shows how ice growth
» Smaller density contrast (Ap) P Slow growth 0.0 = | 102 rate varies with h for a

5 10 15 20 25 30 fixed Pgrowth
Basal layer thickness, h (km)

Ice growth rate (mm/yr)
=)
o

) ) Coupling between p, and h: Additional coupling between R, and h:
Methods: Physical inputs and workflow -
Earameter :f)?)lue Er:llits g::;)irtiiszrlength scale of the modeled re- MOdeI Pa rt lI: Use Ah/At Ond ICe phySICS to
ion. I I I 1 = 80 - — 80 A

. 1 - B determine physical properties of the ice. ] . ] L

Ah/At 2.5-xd10_11 or ms ' Ice shell growth rate. MOdel qut 2: Use ROYIe|gh—TOYIOr - i e i

Paowr 75 Ma Timescale over which the ice shell grows. framework to find diapir spacing and size. {60 £ 60 -

i alt concentration in the overlying ice shell. . . . g

gll(je 14023 iit gaiz concen::ra::ion intlf:asa,l iclglaier. el MOdeI Pa rt 3: Determlne the dlaplr Oscent E j:

Rice 1 mm Grain size of the overlying ice shell. 1 I I I = - 10° = - 106

Rp 1 or varied mm Grain size of the basa,lyicegla,yer. tlme’ Ossumlng they rise at StOkeS VeIOCIty = 407 i = 407 ;

o 103 Pa Applied shear stress. = =

Ppure 917 kg m™? Density of pure ice. . @ E o E

Psalt 1300 kg m™3 Density assigned to the salt component in Input ICe thSlCS = ’0 \;—; — 2 N

the linear mixing model. 7 5 7 5 g

h Eq. 1 m Thickness of thegba,sal ice layer. . Ah / At — h, > HL 10 g 10 g

L Eq. 5 or varied kg m™® Density of the basal ice layer @ = @
gice Eg 5 kg m 3 Densiti of the overlying ic:)(; shell. RLI Ap ;E i o
Lice Eqgs. 2-4 or Pas Effective viscosity of the overlying ice shell. . 092.5 - D‘?
varied - ~10-3 -
153 Egs. 24 Pa s Effective viscosity of the basal ice layer. ‘ ng|e|gh g 920.0 - 104 % 10 104
SN :
-Taylor g Pice g1077 -

Table 1: A table of the default model parameters and NT5 4" | | | | o | | | | |

their definitions. Parameters with given values are Stokes Fastest ~ 108 ?;,: 103

prescribed, while others are calculated through the nise  Velocity  pigpir OWin =10 Reference = \

listed equations. Parameters that are varied in certain , “ p - Y 9 g \ ¥ £

runs of the model are stated to be so. time radius mode o 10° 1 % 10! - gef‘?rezce ) ~

o R — rain-density couple
& ; . ; . , 102 K . . . . \'4 102
5% 10 15 20 25 30 5% 10 15 20 25 30
Basal layer thickness, h (km) Basal layer thickness, h (km)
o 1 i Figure 2: We introduce a coupling between p, and #, Figure 3: We introduce an additional coupling between
MOdeI Pa‘rt I ° ICe Ph)’S|CS and deformatlon where p, increases with h. Because Ap does not impact R, and h, where R, decreases with h. The variation in R,
: . 1 : the dominant wavelength, the observed deviation from influences y;, (Eg. 2-4), an input in both the dominant

The ice shell deforms by .SO“d StCIt? creep, WhICh can R™ E; the reference is due to the dependance of v on Ap (Eq. wavelength used to determine diapir radius as well as v

be accommodated by different micro-mechanisms. i =50 " exp (R T) Eq. 2 10). This coupling works to dampen the effect of h alone (Eg.10). The regime in which t,;, is larger or smaller than

Diffusion creep (Eq. 3) and grain boundary sliding are ’ = on the t,;.. A discontinuity is seen when p, 2 p.oduetoAp  the reference depends on whether p, > pice. 0 is kept

sensitive to grc:in size, whereas dislocation creep and Mdiff = A ( 3R T, R? ) o (Ediff ) no longer being positive, stopping diapirism. constant for the sake of simplicity.

basal slip are not. These deformation mechanisms all v 2\ 42V, Dais RaT Eq. 3

contribute to the effective viscosity of the ice (see Eq. | | | —1

2-4). Salt impurities influence viscosity through pinning  #tet = ( - + ) Eqa. 4 0

: : : .. " pdiff  Mdisl  Hgb T Ub 9.
grain boundaries, capping grain size [3]. Additionally, 1 SE S Conclusions & future work
they determine the density of the basal ice through Eq. ) (1 @ ) el - = Figures 1, 2, and 3 show that across a range of parameters, diapir rise occurs on geologically
— ure sa . o . . . . . . .

5 In model runs when p, Is not treated as a coupled. 1000 / 7P 1000 9 relevant timescales. This supports previous studies that claim salt diapirism as a potentiall
driver of the production of lenticulae. Figures 2 and 3 shows that the coupling of p, and h
works to place an upper limit on the size of diapirs, a conclusion that can be directly tied to

) ) ) . obsgryations of Ienticu!ae si.ze. F.igu.re 3 shows that cou pling R, and h makes ¢, more
Model Part 2: Raylelgh-Taonr |nstab|||ty sensitive to h, with low viscosity diapirs forming from a thicker layer and rising faster.
Eventually, the p, coupling reverses the trend again, but now at a different maximum diapir size
° ° oo pL o °
We US.e the RGYlelgh_TOYk)r |nStOb|||ty framework to Slower-growing modes Compared to the scenario where R, and h are not COup|ed (F|gure 2)
describe the initial geometry development of the buoyant
basal layer, which eventually forms diapirs [2]. Some Future work will introduce further complexity to the model, particularly by replacing the linear

perturbation described by a waveform exists in the coupling model with more physically accurate coupling mechanisms.
interface between the basal layer and older ice shell. The

fastest growing mode informs the spacing between
diapirs, and thus their size. )
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