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Introduction:  The Galileo spacecraft observed 

Jupiter’s moon Europa on multiple close flybys, 
beginning with Orbit G1 in June 1996 with the first 
high-resolution observations since the Voyager 
observations in 1979. The final high-resolution 
observations of Europa taken by Galileo were on orbit 
E26 in January, 2000, with final distant observations 
taken on orbit I33 in January, 2002, before the 
spacecraft’s intentional disposal in Jupiter’s atmosphere 
in September 2003.  Careful analysis of Voyager and 
Galileo images revealed no visible changes in the 20 
years between those two missions, as well as no visible 
changes during the 5 years of the Galileo mission [1]. 

Advances in Earth-based telescopes have allowed 
monitoring of Europa’s surface and space environment 
at low resolution, and a number of observations have 
suggested potential plume activity at Europa, though 
this activity has not been proven to exist (e.g. [2,3,4,5]). 
In 2007, the New Horizons spacecraft flew past the 
Jupiter system on its way to Pluto, and took global-scale 
observations of Europa which we carefully compared to 
Galileo images and again found no changes due to 
geologic activity [6]. 

In September, 2022, the Juno spacecraft executed a 
close flyby of Europa (numbered J45) at a distance of 
about 350 km, yielding a single image at a resolution of 
about 250 m/pixel, taken in Jupiter-shine using the SRU 
star tracker instrument, plus four 3-color full-disk views 
at a resolution ranging from about 1.5-4 km/pixel (Table 
1, 2), taken with the JunoCam outreach camera [7]. 
These are the best images we have had of Europa’s 
surface in the past 20+ years, and even cover some areas 
of Europa where the previously-best imagery was from 
Voyager. Much of the area observed by Juno is visible 
in comparable-or-higher-resolution Galileo images, 
however, and we have selected images and are 
performing a search for changes. 

Background: Europa’s surface is covered with an 
array of features that indicate relatively-recent, and 
perhaps ongoing, geologic activity.  With its low crater 
density and relative lack of large impact craters, surface 
age estimates range from about 40-90 Myr [8].  Given 
the clear evidence for recent tectonic activity, potential 
surface changes could have occurred as new ridges or 
cracks formed, existing cracks or ridges widened, or 
lateral motion took place as existing strike-slip 
displacement continued or new displacements formed. 
Disrupted regions of chaotic terrain are another 
common surface feature on Europa, and we can look for 
formation of new chaos regions, expansion of existing 

chaos terrains, or motions including translations, 
rotations, or tilting of individual blocks within chaos 
regions [1].  

If active plumes do exist at Europa, we can look for 
plume deposits on the surface. Plume deposits on 
Jupiter’s volcanic moon Io are common, and while Io’s 
basaltic and sulfuric lava flows are without analog on 
Europa, we do also see bright circular plume deposits 
from sulfur dioxide frost on Io’s surface [1]. These 
plume deposits could be a potential analog to what we 
might see from tenuous water ice plumes on Europa, and 
thus we might look for bright circular or ring-shaped 
surface deposits which are thin enough not to alter the 
existing surface features, similar to the bright rays that 
we see radiating out from the fresh impact crater Pwyll.  
If these plume deposits consist of small-grained frost 
particles that are generally transparent, we might expect 
to see them as brighter in shorter-wavelength filters 
such as blue or violet, as was the case with sulfur 
dioxide frost deposits on Io.  

Methods: To search for changes of these types, or 
others, on Europa, we have focused on the four full-disk 
km-scale 3-color observations taken by Juno on orbit 
J45 with the JunoCam instrument. After processing and 
alignment, the JunoCam images were converted into 
USGS ISIS format.  We then used tools such as qtie to 
tie together the Galileo and Juno images. Once the 
images are reprojected to the same viewing geometry, 
we can use techniques such as coregistration and ratio 
or difference images to highlight subtle changes in 
surface features. Given the differences in resolution and 
viewing geometry, including phase angle, as well as the 
wavelength changes (Table 1 and Table 2), we also 
expect to see artifacts in the image comparisons where 
surface features appear to change due to Europa’s 
complex photometry [1]. Since viewing geometry and 
phase angles differences can cause brightness changes 
but not changes in feature shape, size, or orientation, we 
will carefully scrutinize any apparent changes using 
multiple wavelengths and multiple overlapping Galileo 
observations where possible.  

We started with comparisons with the Galileo G2 
global images, since the G2 images were taken in 
multiple colors which are a closer analog to the 
JunoCam color images. For the other orbits, we will 
compare the JunoCam green images with Galileo SSI 
clear images, since the central wavelengths give the best 
match (though the broad-band Galileo clear image has a 
much broader wavelength range).   See Tables 1 & 2 for 
more info on the selected images and their parameters.  
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Obs. Name and 
Number 

Date Res.     
Km/ 
pixel 

Filt. C. 
Lat. 

C. 
Lon 

Juno 
JNCE_2022272_

45C00001 

9/29 
2022 

1.3  Red  
Green
Blue 

0 330 

Juno 
JNCE_2022272_

45C00002 

9/29 
2022 

2.2  Red 
Green
Blue 

0 320 

Juno 
JNCE_2022272_

45C00003 

9/29 
2022 

3.2  Red 
Green
Blue 

0 310 

Juno 
JNCE_2022272_

45C00004 

9/29 
2022 

4.1  Red 
Green
Blue 

0 300 

Galileo G2 
ESPHOTOM01 
s0360063900 / 

913 / 926 

9/6 
1996 

6.9  NIR 
Green 
Violet 

1 292 

Galileo E4 
ESGLOMAP01 
s0374649003 / 
016 / 029/ 042 / 

055 

12/9 
1996 

1.2  Clear 0 280 

Galileo I25 
ESGLOBAL01 
s0527286300 / 
313 / 326 / 339/ 
352 / 365 / 378 / 
400 / 413 / 426 / 

439 / 452 

11/25
1999 

0.95  Clear 1.5 20 

Table 1: Selected JunoCam and Galileo SSI images 
used for comparison purposes, with various parameters 
listed. JunoCam images were downloaded from the 
JunoCam public image gallery at 
https://www.missionjuno.swri.edu/junocam/processing  
Galileo SSI images were downloaded from the PDS.  
 

 
Figure 1: JunoCam images of Europa from Orbit J45, 
as processed by K. Gill.  Colors are stretched.  
 
Results are ongoing. Whether or not changes are 
detected, our work will also help provide new 
constraints on potential plume activity and resurfacing 
rates for Europa.   
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Figure 2: Galileo SSI images of Europa which we are 
comparing to the JunoCam images, from orbits G2 
(left); E4 (center); and I25 (right). Colors are stretched, 
and the clear-filter E4 image has been colorized with G2 
color in this version. The 500 km scale bar applies to the 
I25 image only.   
 

 
Figure 3:  JunoCam green image JNCE_2022272_ 
45C00002 as reprojected and aligned to a reprojected 
version of Galileo SSI G2 green image s0360063900.    
 

Filter Galileo SSI JunoCam 
Clear 627 nm 

(broad) 
 

Violet 414 nm  
Blue  470 nm 

Green 559 nm 550 nm 
Red 664 nm 700 nm 

Methane  890 nm (narrow) 
Near-IR 990 nm  

 
Table 2: Comparison of selected Galileo SSI [1] and 
JunoCam [7] color filter central wavelengths.    
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