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Goals and Objectives Crustal Composition Governing Equations Future Considerations

Does a subsurface ocean exist within Triton’s interior at present? e e A 1 Crust Boundary Conditions
Hypothesis . At the surface: Temperature of the crust can be found as a solution
| to:

Coupled Thermal — Orbital Evolution:

Triton will be subcategorized into four layers
*Ice | crust

T= Tsurf D

Immediate and Long-term Goals | At the bac: pc, I, _ VT + o ‘Mush layer
- Discern the thermal structure of Triton’s interior at present ' ' Dt *Cryomagma ocean

z=h -Silicate Core
- Determine the existence of a subsurface ocean within Triton’s interior, its T=T, where p is density, ¢, is specific heat, k is thermal -Model will numerically analyze for three
extent, and how it has been maintained

conductivity, and W is tidal dissipation. temperatures
« Determine if internal heating is responsible for geologic activity on Triton’s Assuming steady-state conditions: ecrust temperature, T,
surface and if energy has been stored within Triton’s interior? DT oT oT DT _ ‘mush layer temperature, T,
Dt o o D -ocean temperature, T,

Static shear L —AX | The crust is not changing temporally or spatially. *Model will become a moving boundary
i I.I'I.ELB.I::J-Il-I_L_Y_.]]_]_'I'I.]_t - - § azT pI‘Oblem
Triton’s Internal Structure and Orbital History ol X o, k—~==—p¥ -Tidal heating will be time dependent

100 o0 =00 9z -Melt fraction decreases in the mush layer as

Temperature (K)

* Crust - Ice | shell Multiphase Layer Boundary Conditions temperature decreases
- Subsurface Cryomagma Ocean BB EI S0iE Sl AlEnS, 20 At the interface: Temperature of the multiphase layer can be found as Radius of both the ocean, r,, and much layer,

. : : . _ i : r., will evolve
Ammonia and Water Ice Mix H,O Ice | crust - low pressure form of ice z=nh a solution to: m

» Core - Silicate Assuming an entirely H,O composition for shell and multiphase layer: T=T, DT, T,ASDF k _, Governing Equations
. . At the base: Dt Dt VI Equation for thermal evolution of the crust:
*Shell should thermally evolve according to the phase diagram - =R Loog, R gE, 37

A. Initially - Heliocentric Orbit *Temperature should decrease, as pressure increases T = T|° where AS is entropy and F is melt fraction. pes =TV aray

Highly Eccentric *Temperature within the satellite would decrease below the Crystallization within this layer is defined by Equation for thermal evolution of the mush layer:
B. Capture by Neptune surface temperature of the satellite as depth increases

Binary Exchange Incorporating a tidal heating of approximately 2 GW (Ross F z(

Gas Drag and Schubert, 1990), it would be difficult to maintain a pure 3F

C. ‘Evolutionary Event’ H,O ocean at present. where B is equal to 1 for a linear model. L= meAs(§+um -VF)

Currently - Inclined and Circular *‘Necessary to incorporate additional compositions Steady-State Conditions: Equation for thermal evolution of the cryomagma ocean:
Orbit System is not be varying temporally, only T,

spatially as percolation occurs. /’C( o o 'VToj

== W - tidal heating within each layer of the satellite
P i e a — tidal heating coefficient introduced to control tidal heating distribution

* A subsurface ocean does exist within Triton. i z=0
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Dt 9z dT dz throughout satellite

NH3 - H 20 Crystallization Model | _ | 7 a5 b Gln u, - represents.the percolation or segregation velocity of the crystallizing
_ - v 12— y—2 = = mush layer, which serves as a means of heat transfer within that layer
c,AT ) dz  pc, dz

280 u, - represents the turbulent velocity within the cryomagma ocean, which

where z is depth. affects heat transfer throughout the ocean
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Linear v. Nonlinear Crystallization In a Terrestrial Basal Magma Ocean
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Weight percent

7 =1 . % : . . . . . .
“‘““'2 ‘ihfl'ﬁil&’rmm phs Dﬂ’{éﬁﬂ" . T B000E-00 Can a linear crystallization model be used to approximate thermal evolution

=== :
W\ "fi F-Il:l " - 5.000E-10 of a magma ocean?
\ 3 onohydrate - ;
AT + liquid = - : Model of Coupled Thermal and Internal Structural e

ﬁmmrnin dihydrate + ice Monohydrate : . Evolution
llllIIlIlIlIIlIllllll Ilrlill;j‘i]i-'lrﬂm?lllllllll “.‘. '....‘ ° MOdeI incorporateseVOIVing mantle ] i

0 10 20 30 40 30 : temperature, magma ocean temperature, and
Weight % NH, magma ocean thickness

Hogenboom et al., 1997 » Linear model for crystallization in a magma
' ' i ocean R

Mixed Composition Model l"'-. dr, 1 —4ma’k(T, -T,,)
- NH, wt. % estimates vary, but 10% NH, is a dt  M,C,,+M.C, 5
starting approximation ' Sy ar
- Surface temperature of the crust (T) | ' | W 3aPAET T, dt
~38K (Brown and Kirk, 1994) . e
« Crustal thickness of 15 km (Ruiz, 2003) Analytical Solutions « Nonlinear model for crystallization in a magma
« Crystallization according to phase diagram Temperature of the Crust: Sl
« Solidus Phase — H,O o7 (1_£)+T£+p\l,z(h—z) F=g/(T. -T,)E(T,)+g,(T, -T.)E,(T,)
* Liquidus Phase — NH, and H,O © U h) h 2k
* Psoiid < Piiguia- Crystals float Temperature of the Multiphase Layer:
« Temperature at the crust - multiphase layer T -T) e* 1 T -T)
boundary is 176K, solidus temperature O Temperature —s In = el g _(TS ) _ e ] _ S/
« Temperature at the base of the multiphase } ' ¢ M,C,,+M.C, g de © a0 oo 180 a0 2000
layer is 240K, liquidus temperature 1 o . R S 40 Nonlinear Model
+ Linear Crystallization Model . a { J[He AR K ,,,

Segregation Velocity: , _ ¥ Melt Fraction
9 s u *The results of this study showed

that there is variation in trends
produced from linear and
nonlinear crystallization models.
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Melt fraction, F
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*Results emphasize the

Geothermal Gradient -Presence of Ammonia necessity of using more realistic
Observation of Triton’s surface have led researchers to believe that the satellite -lllustrates the satellite’s thermal structure for 3 different segregation velocities «Ammonia reduces liquidus and solidus temperatures within the crust - crystallization models.
may still be geologically active. -Segregation velocity occurs as a result of density driven percolation of the and multiphase layer. -Ultimately, more realistic
- Surface Ridges heavy fluid through the crystal matrix. -Incorporating ammonia increases the likeliness of sustaining a - parameters will be used to
-« From Voyager 2 images of Triton’s surface, researchers found ridges *Viscosity y ~103 Pa s; Change in density is between 996 and 916 kg m3; cryomagma ocean at present. _ _' %  constrain the Triton’s ocean.
similar to those on Europa. g is approximately .78 m s *Though ammonia constitutes a small portion of the ice composition, it . .
- One hypothesis suggests these ridges were formed by tidal stresses -3 different thermal conductivities: 8 x 109, 5 x 1010, 8 x 10-12 should be included within the final model for the most accurate results. - *The Triton models, like the basal
from Triton’s orbit (Prockter et al., 2005). magma ocean models, will
» Volcanic Plains -Melt Fractions greater than ~0.3 may constitute a magma ocean. This *Boundary Condition Assumptions - eventually become time-
» Observation also show volcanic plains overlying Triton’s ‘cantaloupe’ boundary has been marked within the plot. *NH, and H,0 model : { ~ dependent and will be solved
terrain. *Boundary marks drop in viscosity, as crystal faces lose interaction. *The temperature at the base of the multiphase layer was numerically.
« Researchers believe volcanic plains may be a result of thermal prescribed at 240K, the liquidus temperature.
activity (Schenk and Zahnle, 2007). 8748 “a =P *This forces the system to eventually obtain a melt fraction of
- Their presence suggest partial melting of the interior. T 1 at the base of the multiphase layer. References
. Geysers : : : *This eliminates the option of obtaining a completely Agnor, Craig B., and Douglas P. Hamilton. "Neptune's capture of its moon Triton in a binary-planet gravitational encounter."
- Eruptions have been observed on Triton’s surface, releasing large Melt Controlled Viscosity Crystal Gontrolled Viscosity crystallized subsurface ocean. rale 441 (2000): 19294, = | | -
amounts of N, into the atmosphere (Soderblom et al, 1990). +The results from this plot demonstrate the influence of segregation velocity -Pre-determined crustal thickness at solidus temperature O aanusionl Hosasl 96, (1504): 196agay | . o cte ttansport and infernal heat flow on friton.” Journal.of
» One explanation for these geysers is solar heating. within the multiphase layer. *Prevents crust from increasing (or decreasing) in thickness. Hogenboom, D. L., J. S. Kargel, G. J. Consolmagno, T. C. Holden, L. Lee, and M. Buyyounouski. “The Ammonia-Water
- However, some researchers have begun modeling volatile transport Faster velocity: Temperature and Melt Fraction undergo little change until *This can be corrected in a moving boundary problem. System and the Chemical Differentiation of Icy Satellites." Icarus 128 (1997): 171-80.
on Triton’s surface coupled with internal heat flow and have found the base of the layer. The sharp increase at the base suggests the Prockter, Louise M., Francis Nimmo, and Robert T. Pappalardo. "A Shear Heating Origin For Ridges on Triton."
internal heating to be a possible mechanism for these surface existence of a smaller ocean with a higher melt fraction. Therefore, a faster -Tidal Heating Parameter eophysical Hesearch LEers 52 (2005). | | - |
processes (Brown and Kirk, 1994). velocity implies a thinner boundary layer. -Within this model, tidal heating was prescribed a constant value. O Sra 17 1660y 1adogs | C Codpied Orotaland Thermal Evoliion of Trfon.” Geophysical Hesearch
Surface Age *Slower VGlOCitY: Temperature and Melt Fraction undergo gradual increases *A value for tidal heating derived from the satellite’s orbital evolution Ruiz, Javier. "Heat flow and depth to a possible internal ocean on Triton." Icarus 166 (2003): 436-39.
- Triton’s surface is estimated to be between 10 and 100 Myr old based on with depth. This encourages a significant internal ocean, with a larger would be more appropriate. Schenk, Paul M., and Kevin Zahnle. "On the negligible surface age of Triton.” lcarus 192 (2007): 135-49.
impact cratering density across the satellite’s observed surface (Schenk crystal fraction. *Incorporating orbital evolution will allow interior to respond more Soderblom. L. A.. S. W. Kieffer. T. L. Becker. R. H. Brown. A. F. Cook II. C. J. Hansen. T. V. Johnson. R. L. Kirk. and E. M.
and Zahnle, 2007). *In both cases, an internal ocean can exist, but its extent may vary. appropriately. Shoemaker. "Triton's Geyser-Like Plumes: Discovery and Basic Characterization.” Science 250 (1990): 410-15.
« It is likely that the ridges found on Triton’s surface are also young. Stewart, Sarah T., and Thomas J. Ahrens. "Shock Properties of H20 ice." Journal of Geophysical Research 110 (2005).




