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Diyar Planitia Ridges
A=3-4 km; A=100-400 m
Heat flow 110-220 mWm™
Elastic thickness 0.4-1.4 km
Bland, et al. (2007)
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smooth plains lenticulae
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HST observations of putative plumes




Sparks, et al. Findings

2014 March 17 (Paper 1) 2016 February 22 (Paper 2)

A second event at the same location as previous detection !!



Comparison with PPR observations

e PPR nighttime thermal anomaly in same location (E17, open filter)




Reanalysis of Galileo data

-

Galileo

e Jiaetal., 2018 found
location is ~1000 km
NE of Sparks plume location




Europa plumes/hotspot?

e Thermal model fits to best thermal data available (including
ground-based) do NOT require endogenic heating

— PPR nighttime thermal anomaly in Sparks location is cold during the
daytime (Trumbo et al. 2017) = thermal inertia anomaly
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Plume?

e Nighttime temperatures
of lo’s Pele plume deposit
higher than background

— Different material

e Suggests higher thermal
inertia in plume fallout

e No thermalinertia
anomaly in the Jia location




Could a hOtSpOt be hldlﬂg'P (Rathbun, in prep.)

Radius (km) Area (km?) Temperature (K) | Brightness
ALMA observation at 1.3 mm, Brightness in W/m/str
Background fov 156 2.4x10% 120 (emis corr.) 0.8
Model Hotspot 10 100 200 6x103
PPR nighttime observation in open filter, Brightness in GW

Background fov 45 2.0x103 95 9.2

Model Hotspot 10 100 170 4.7
Model “tigerstripe”| 120 km long 86 133 1.5

PPR detection limits

2-5 GW




Geologic features on
heated worlds

Thermal (endogenic) sources
Plumes

Ridges, bands

Cycloids

Volcanic flows

Cryovolcanic flows?




Q2: How do tides influence global heat flow and its
variations (spatial and temporal), and how does this
heat translate into specific geologic processes?

Back to lo: clearest
signature of tidal
heating
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heat flow (W/m?)
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Heat flow

ALMA Image
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Discussion

Measurements of 10’s volcanic output and heat flow are getting
better, but new observations would help

— Combine ground-based and space-based thermal measurements?

What observations are best to compare to model results?

— Onlo?

e Largest tidal heating
e Relatively easy to observe (spacecraft or ground-based) b/c close to Earth

— On other Tidally heated worlds?
e Heat flow?
e Volcanic brightness?
e Other?



Back-up slides



Hotspot limits from PPR data

e
Fgﬁ mmw -r <

e Rathbun et al.
(2010)

e PPR would
have
detected a
100 km?
hotspot if T >
~170 K
(Sparks loc),
~140 K (Jia

1060

loc)
Minimum detectable temperature (K)
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lo - conclusions

e |gnoring latitude variations, longitude variations are
consistent with either mantle heating or asthenosperic

with a 90 degree rotation
e Four-fold symmetry in longitude most consistent with

combined heating case of
Tackley et al. (2001)
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Sparks location — thermal model

e PPR observations at night and early-morning (3)
— Early-morning in less sensitive filters: 27.5 (E6) & 35.5 um

e No mid-day observations = bad thermal model

e Trumbo et al. (2017) — observed location in daytime using
ALMA (1.3 mm)

— Colder 2
thermal
inertia >
surroundings
NOT
endogenic
heating




Conclusions — Sparks location

Endogenic heating not necessary

Higher measured thermal inertias near Pwyll are consistent with
higher thermal inertias in plume fallout from lo’s Pele plume

Would like to run similar models for nearby locations.

— Trumbo et al. (2017) and Rathbun and Spencer (2014) found that thermal
inertia anomaly extends beyond N. Pwyll and suggested it may be due to
the Pwyll ejecta blanket

Need data from E-THEMIS on Europa Clipper

— Multiple wavelengths simultaneously

— Higher spatial resolution



Conclusions — Jia location

This area better observed by PPR than Sparks location
Would have detected a hotspot as cool at 140 K if > 100 km2
— Enceladus-style tiger-stripe heat source < detection limits
Not located within PPR nightime thermal anomaly

Nothing in thermal data that suggests this location is special

— Got good fit of thermal properties and they are similar
across a broad region, so no property anomaly, either

Seems too far from Sparks location (~¥1000 km) to be same
plume source.
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