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Introduction:  Chlorides, sulfates, and even “clay-

like” phyllosilicates have been proposed to exist on the 

surface of Europa [1-4], formed from the water/brine 

that emerged through the cracks on Europa’s ice crust. 

These salts/minerals may carry the signatures of bio-

activities [5,6], assuming they exist in Europa’s ocean.  

On the other hand, these endogenous materials at 

Europa surface are constantly affected by three major 

exogenous processes:  impacts, photolysis by solar 

UV, and radiolysis by energetic electrons, protons, and 

ions in the Jovian magnetosphere and solar wind. 

Model studies predict that centimeter depth at Europa 

surface would have been totally processed by exoge-

nous processes in ≲ 10
6
 years [7,8].  Among the 

charged particles, > 75% are energetic electrons, which 

can penetrate into surface materials much deeper than 

ions and neutrals, and would result in destructing and 

reforming the molecular bonds [9]. 

 How to distinguish the products of exogenous pro-

cesses from the fingerprint of endogenous chemistry, 

especially those from Europa’s ocean,  is one of the 

major challenge facing future Europa lander missions.  

 Experimental simulations can help to fill some of 

the knowledge gaps (with limitations). We have been 

conducting electrostatic discharge experiments, during 

which energetic electrons were generated and directed 

at salts (chlorides and sulfates) of various types, with 

in situ sensors and post-process analyses on the prod-

ucts, purposely to evaluate the effects of heterogene-

ous chemistry (or multiphase redox plasma chemistry, 

or simply electrochemistry) on these salts [10, 14-16].  

  

 Experiments and Extrapolations: All simulation 

experiments have limitations, especially those for 

planetary sciences. The key is to understand the mean-

ing of these limitations when trying to extrapolate the 

experimental observations to planetary reality.  

 In the case of linking our electrostatic discharge 

experiments to Europa, the key parameters are the 

electron flux (EF) and kinetic energy of electrons 

(KEE). Cooper at al. (2001) reported the particle flux 

spectra from EPD (Energy Particle Detector, 20-700 

keV) experiments of the magnetospheric environment 

of Europa during the Galileo Orbiter’s E4 encounter 

(their Figure 1). The spectrum of electrons (flux vs. 

energy) stretches from ~ 6x10
5
 (cm

2
s-sr-keV)

-1
 @ 20 

keV to 5x10
3
 (cm

2
s-sr-keV)

-1 
@ 700 keV, in an almost 

monotonically decreasing manner. Using the energy 

flux value (6.2x10
10

 keV/cm
2
s) and the number of flux 

(1.8x10
8
 /cm

2
s) in their Table II, the average electron 

kinetic energy is about 340 keV.  

In our electrostatic discharge (ESD) experiments, 

we use the measured electric current across the elec-

trodes to calculate the electron flux (EF), which is 

normally at the level of 1.4 x10
16

 /cm
2
s, thus about 10

8
 

times that at Europa surface. In addition, we use the 

observed free radicals from in situ plasma emission 

spectroscopy to estimate the range of kinetic energy of 

electrons in our experiments. For example, CO2
+
 was 

the dominant species generated by our ESD experi-

mental setup in a CO2 atmosphere [10],which is a 

product of electron impact ionization (EII) of CO2 [11, 

12]. This observation indicates the existence of large 

quantity of electrons with kinetic energy > 14 eV in 

our ESD process. Similarly, the observation of the Hα 

line at 656.3 nm in CO2 + H2O atmosphere indicates 

the presence of electrons with a kinetic energy >17.19 

eV, in order to excite hydrogen to HIII for Hα line gen-

eration [11,13]. This kinetic energy of electron (KEE) 

range is 10
3
 times lower than the lower limit (20 keV) 

of EPD measurements on Galileo. 

The above numerical comparisons suggest follow-

ing two Extrapolation Principles when considering 

Europa.   

A. The kinetic energy of electron (KEE) value 

determines the types of chemical transformation that 

can be induced in surface materials. It means ALL 

electrochemical reactions happening in our ESD exper-

iments (with low KEE) WILL happen on Europa. On 

the other hand,  we cannot predict electrochemical 

reactions on Europa induced by electrons with much 

high KEE.  

B. The electron flux (EF) value determines the 

accumulated, observable effect, and even the depth of 

ice on Europa to which the electrochemical reactions 

would be induced. Since we have an electron flux 10
8
 

times that at Europa surface, it means that the phase 

transformation (PT) induced by electrochemical reac-

tion would become observable in our ESD experiments 

MUCH FASTER than on Europa, i.e., we can predict 

the long-term PT development trends based on our 

observations.  

 

 Phase transformations applicable to Europa: 

On the basis of above Extrapolation Principle A, four 

phase transformations discovered by our past ESD 
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experiments [10, 14-16] could 

ALL occur on Europa. They are 

(1) oxidation power of energet-

ic electrons to be 10
3 

times that 

of UV photon, demonstrated 

through the oxidation of Cl
-
 to 

Cl
+5

 and Cl
+7

 [10]; (2) instanta-

neous release of chlorine (ClI) 

from common K, Na, Ca, Mg, 

Fe, Al-chlorides when impacted 

by energetic electrons [14]; (3) 

rapid structural damage (amor-

phization) of Na, Mg, Fe, Ca-

sulfates and K, Na, Ca, Mg, Fe, 

Al-chlorides, accompanied by 

dehydration,  and oxidation of 

Cl, S, and Fe [15]; (4) fast de-

struction of palmitic acid (a 

lipid biomarker, CH3-(CH2)14-

OOH) by energetic electrons 

when mixed with a chloride 

[16].  

 

 Quantification of color 

changes by the impact of en-

ergetic electrons is an addi-

tional effort to investigate the 

electrochemical effect on the 

Europa-relevant salts: to distin-

guish the products of exogenous process on the materi-

als that could be endogenous origin.  

 We have observed extensive color changes on the 

ESD products from common chlorides, most of them 

(K, Na, Ca, Mg, Al-chlorides) have white color initial-

ly.  After a few hours of ESD process, all of them 

show obvious color changes, to yellowish, brownish, 

even to blueish (NaCl), and to reddish (FeCl2, FeCl3).  

 The color tones of the terrains on Europa surface 

have been used to estimate the types of existing salts 

[17-20], while a visual color comparison was mostly 

used. In order to increase the accuracy of color com-

parison, we developed a quantification procedure for 

color, which would enable a numerical comparison 

among the ESD caused color changes from different 

salts (currently chlorides, only) with the color tones of 

the terrains on Europa surface.  

 This procedure has four steps: (1) using the analy-

sis-histogram function in FIJI-ImageJ to generate a 

digital expression of the histogram of the red, green, 

blue components from the image of each ESD product 

from a given chloride (Fig. 1); (2) calculating the total 

intensity of red, green, and blue components, by timing 

the intensity of each channel in a histogram to the 

number of channel and then sum over all 256 channels 

for each of the red, green, 

and blue component; (3) 

normalizing the total 

intensities over three 

components of a ESD 

product; (4) plotting the 

three components of each 

ESD product in a ternary 

plot.  

 

Results:  Figure 2 is 

the preliminary result 

from this procedure. A 

thin black cross marks 

the location of a white 

calibration target, and a 

thick brown cross marks 

the location of a reddish 

region on Europa, in this  

ternary plot with pure 

red, green and blue color 

in corresponding ends.  

This feasibility analy-

sis suggests that ESD-

products from K, Mg, 

Ca, Al, and Fe
3+

-

chlorides have the colors 

that approaching the av-

erage color of an image 

from the chaos region from PIA23871 (in enhanced 

color, only illustrative) on Europa, pending for further 

detailed analyses.    

 

Next Step Study: we are planning to conduct the 

following: (1) collect the color images of ESD prod-

ucts from various sulfates; (2) collect VNIR spectra 

from all these ESD products; (3) obtain the proper im-

ages and spectra of regions on Europa from PDS with 

proper calibration; (4) to conduct numerical compari-

sons of color images and VNIR spectra. 
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