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Mulli Ring Basins on Furopa
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Pre-Galileo Exploration

Pioneer 10, 3 Dec 1973
m ~321,000 km

Pioneer 11, 3 Dec 1974
~587,000 km

Europa as seen by Pioneer 10
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Pre-Galileo Exploration

@ Pioneer 10, 3 Dec 1973
m ~321,000 km

@ Pioneer 11, 3 Dec 1974
m ~587,000 km

m Voyager 1, 5 March 1979
m 2,870,000 km
m 30-100 km/line pair

Europa as seen by Voyager 1
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Pre-Galileo Exploration

]

1 Pioneer 10, 3 Dec 1973
m ~321,000 km

1 Pioneer 11, 3 Dec 1974
m ~587,000 km

: Voyager 1, 5 March 1979
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= 30-100 km/line pair 180" Resolution (km/px)
1 Voyager 2, 9 July 1979 | 2
= C/A ~205,000 km £1>20

]

: : Lucchitta and Soderblom (1982) B No coverage
m ~20% @ 24.5 km/line pair



EXPLANATION
Crater
Dark-hale crater
Crater Palimpsest

n spots and bands

Light bands
Gray bands
Brown mottled terrain
Gray mottled terrain
F"l(:m:;
Bright plains
Dark plains

Fractured plains

Lucchitta and
Soderblom (1982)

Voyager 2
8 December 2025
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Voyager imaging coverage of Europa Galileo imaging coverage of Europa
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82%
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Geologic map of Europa (Leonard et al. 2024
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Leonard et al., Global Geologic Map of Europa, 2024, https://www.usgs.gov/maps/global-geologic-map-europa
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Internal structure

= Gravity measurements indicate differentiated
interior: metallic core, rocky mantle, solid/liquid
water layer ~80-170 km (Anderson et al. 1998)

m Magnetometer showed changes in magnetic
field consistent with current-carrying outer shell,
e.g., global-scale ocean (Kivelson et al. 2000)

= Geological features
appear consistent with
ice shell overlying
liquid water ocean

Schubert et al. 2009

Kivelson et al. 2009 &

UT on 1996-12-19



Europa’s unique geology:
Bands, tectonic ridges, fractures
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Europa’s unique geology:
Bands, tectonic ridges, fractures

®  Yelland and Ino Lineae
(420 m/pixel, 238 km x 225 km)
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Europa’s unique geology:

Agenor Linea (50 and 220

Bands, tectonic ridges, fractures moixel, 135 km x 60 k)

B

8 December 2025 Z Turtle — Galileo at 30 !



Europa’s unique geology:
Bands, tectonic ridges, fractures

m Astypalaea Linea
(40 m/pixel)
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Europa’s unique geology:
Tectomc rldges and fractu res
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.  Double ridge (20 m/pixel, ~1 7 km x 14 km)
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6 m/pixel
(oblique view,
1.8 km across)
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Europa’s unique geology:
Chaos, pits, spots, domes

®m Conamara Chaos, enhanced color
(54 m/pixel)

® Conamara Chaos, enhanced color
(~200 m/pixel, 250 km x 200 km)
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Europa’s unique geology:

Chaos, pits, SPOtS, dOMES . conamera chaos (54 mpixel, 42 km x 22 k)
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Europa’s unique geology:
Chaos pits, spots, domes

® Conamara Chaos,
(9 m/pixel, 4 km across)
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Europa’s unic

ue geology:
nots, domes

Chaos, pits, s
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Thera and
Thrace Maculae
(220 m/pixel, 525
km x 300 km)

20



Europa’s unique geology:
Chaos, pits, spots, domes
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w  Murias Chaos (235 m/pixel, 175 km x 180 km)  w Pits, spots and domes (180 m/pixel, 140 km x 100 km)
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Europa’s unique geology:
Complex cross-cuttir
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Europa’s unique geology:

Formation processes

Depth (km)

150 200 250 300
Distance (km)

— .
_-_— S
o5 108 122 135 149 162 176 189 203 216 230 243 257 270

Temperature (K)

(d

Topography (m)

50 100 150 200
Distance (km)

Collins and Nimmo 2009 Barr and Nimmo 2029

Locally
| produced melt

Warm/buoyant
Daubar et al. 2024 |
il (No models) vi - iv
Figure by G Collins [ ]zsae™ frectured [ Badyancice




Europa’s unique geology:
Impact structures

Multiring basin

© Disrupted central peak
® Central peak

© Flat floor

* Simple

+ Unclassified
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Longitude

w Craters >1 km diameter (Schenk and Turtle 2009)
w Distribution reflects wide resolution range of imaging coverage
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Europa’s unique geology:
Impact structures

g ? CANS 7o U | N ¥ .
\ ) (7 ¥ , " "\f‘\g/"\‘! “f . /NN o 'é)’ :n' .‘t‘ .)
' S f’ ! }y"" " " P '.K ‘Y" Y ."I“. R l '.I . l. H (‘"\". ‘1
B ) v R [ ' TR
! IR T . "N Y ! )

\
\ \ WY
AN N N \ A\
A
\ N, \ \ ') ‘.‘ 3 | -
e 2 \ . 4 \ \ q\ A \ \
Y R L AR S
\ ’ MNP \ ) : \ )\ N )
A\ 5 ! [\ \ \! \ )
\ N ! \ ’
o | 1WA » \ AR A ™ & A ‘.
! AR W LR Y \ LAl
RN 1 1 NN L NN )
‘ \-.\ ‘ " ) Sy \ t
. \‘k‘ W WA 3 a TR\ N\ v )
» ) \ \ \\' R \ \
‘ ’ - \ LU R TN \I N\ \
R 8 T A WREREEBA RN | V9
1+ L i\ \ AR \
: & AW h " :’ "\
N1 s LR \ U
\ f ’i\ g f\ |l..\ ..“ A A
" mn 3
N t f
.
\

\!
\

% | |

3 WAR ..\

| \ “‘ .\‘

TR
RAT AT N
W \DE R SN

\“‘ d \ “\ .'-

2 Al \ )

A \ . ;
M\ K A

‘\ ‘l‘ 2% \

I’ \. ; e &

e Maeve (20.4 km diameter)

: \
\

'."I / y . 1.' il &l’ . 4 ‘I : ‘f: n/'
w  Grainne (13.5 km diameter)
w  Diarmuid (7.8 km diameter)
8 December 2025 Z Turtle — Galileo at 30 ! 26



Europa’s unique geology:
Impact structures

w Large craters are shallower
than for other icy satellites,
interpreted as reflecting weak
rheology in the lower crust
during crater collapse

Depth (km)
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Diameter (km)
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Europa’s unique geolo S

Impact structures &

Callanish (~29-47 km estimated equivalent
final rim diameter, Moore et al. 2001)
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Relative geologic timeline (Leonard et al. 2024

CORRELATION OF MAP UNITS AND LINEAR FEATURES

[Dashes on sides of unit boxes show uncertainty in duration of unit activity. Query at ends of unit boxes shows beginning and (or) end of unit activity is uncertain]|

IMPACT BAND REGIONAL
CRATER UNITS UNIT PLAINS UNIT LINEAR FEATURES?
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SECOND PERIOD

FIRST PERIOD

S sible surface history of Europa (<200 Ma to present).
*Linear features correspond to Explanation of Map Symbols (left): dm, depression margin; t, trough; mch, microchaos material; hbl, high-albedo-band linea; bl, band linea; cy, cycloid; mrs, multi-ring
structure; cp, central peak structure; ¢, crater; ul, undifferentiated linea; r, ridge.




Vance et al. 2023
Artist credit: D. Hinkle
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Many outstanding questions

m Nature of the ice shell and ocean?
w Thickness, structure, thermal profile, and internal dynamics of ice shell
w Potential for transfer of material between the ocean and the surface
m Composition and habitability of ocean

m Formation processes for geological features?
m Role(s) of convection, intrusive, and/or extrusive cryovolcanism
m Global tectonics and relationships o s McKeown et al. 2024

= Balance of extensional and compressional tectonics https://doi.org/10.384
. //PSJ/ae18a0

= Recent or current activity?
= Potential plume eruptions

= Nature of silicate mantle and deeper interior

8 December 2025 Z Turtle — Galileo at 30 ! 31



Galileo Imaging Coverage

1wos 30+

Europa-UVS

UV Spectrograph:
Surface, plume &
atmosphere
composition

EIS

Narrow & wide angle
camera: Mapping
alien landscape in

3D & color

MISE

IR Spectrometer:
Surface chemical
fingerprints

E-THEMIS REASON
Thermal Imager: Ice-Pentrating
Searching for hot Radar: Plumbing

spots the ice shell

.. EIS Imaging

MASPEX

Mass Spectrometer:
Sniffing atmospheric
composition

SUDA

Dust analyzer:

Surface and plume
composition

REMOTE SENSING

ECM

Magnetometer:
Sensing ocean
properties

PIMS Gravity,/Radio

Science

Measuring tidal
flexing, ice shell &
ocean depth

Faraday Cups:
Plasma
environment
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Galileo Miss



