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Verifying the quality of your graphics 

Go to the VIEW menu and click on ZOOM to 

set your preferred magnification. This 

template is at 100% the size of the final 

poster. All text and graphics will be printed 

at 100% their size. To see what your poster 

will look like when printed, set the zoom to 

100% and evaluate the quality of all your 

graphics before you submit your poster for 

printing. 

 

Using the placeholders 

To add text to this template click inside a 

placeholder and type in or paste your text. 

To move a placeholder, click on it once (to 

select it), place your cursor on its frame and 

your cursor will change to this symbol:         

Then, click once and drag it to its new 

location where you can resize it as needed. 

Additional placeholders can be found on the 

left side of this template. 

 

Modifying the layout 
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48x36 tri-fold presentation. Its layout should 

not be changed or it may not fit on a 

standard board. It has a one foot column on 

the left, a 2 foot column in the middle and a 

1 foot column on the right. 

The columns in the provided layout are fixed 

and cannot be moved but advanced users can 

modify any layout by going to VIEW and then 

SLIDE MASTER. 
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sources 

TEXT: Paste or type your text into a pre-

existing placeholder or drag in a new 

placeholder from the left side of the 
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PHOTOS: Drag in a picture placeholder, size 

it first, click in it and insert a photo from the 

menu. 

TABLES: You can copy and paste a table from 

an external document onto this poster 

template. To adjust  the way the text fits 

within the cells of a table that has been 

pasted, right-click on the table, click 

FORMAT SHAPE  then click on TEXT BOX and 

change the INTERNAL MARGIN values to 0.25 

 

Modifying the color scheme 
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color combinations or you can create your 

own. 
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Use it to create your presentation. Then 
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premium quality, same day affordable 

printing. 

 

We provide a series of online tutorials that 

will guide you through the poster design 

process and answer your poster production 
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View our online tutorials at: 

 http://bit.ly/Poster_creation_help  

(copy and paste the link into your web 

browser). 

 

For assistance and to order your printed 
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Use the placeholders provided below to add 

new elements to your poster: Drag a 

placeholder onto the poster area, size it, and 

click it to edit. 

 

Section Header placeholder 

Move this preformatted section header 

placeholder to the poster area to add 

another section header. Use section headers 

to separate topics or concepts within your 

presentation.  

 

 

 

Text placeholder 

Move this preformatted text placeholder to 

the poster to add a new body of text. 
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First steps toward evaluating the stability of life’s precursor molecules in an Enceladus ocean. 
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A Saturnian RNA World? 

Core radiogenic heating from 26Al and 60Fe 
provides an estimated 0.3 GW of heating [5].  
 
Tidal dissipation from a 2:1 resonance with 
Dione [12] could provide an additional 1.1 
GW of heating [13].  
 
Assuming Maxwellian behavior, the observed 
heat flux is not in equilibrium with a 
subsurface ocean [14]. A non-Maxwellian, 
an-elastic model shows heating up to 1.5 GW 
[15]. 
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detrimental to the stability of life’s precursor 
molecules between melting events. 
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A liquid water ocean is suspected to exist under the 
surface of Enceladus. Evidence for this ocean exists 
in the form of a plume of water vapor jetting from 
the moon's southern hemisphere, as well as 
anomalies in the moon's gravitational field [8].  
 
Several fly-bys from the Cassini craft have also 
detected the presence of complex organic molecules 
such as formaldehyde, in addition to  traces of 
methane and ammonia [7].  
 
These molecules and a host of other easily 
volatilized organics present the possibility for the 
formation of precursor molecules critical to life. 
This makes the moon a natural laboratory for 
prebiotic chemistry.  
 
Questions remain as to whether or not enough heat 
is produced to maintain the ocean in its current 
location, or if it will eventually freeze. There are 
scenarios, though, in which the liquid ocean could 
exist in one place for geologically long timescales. 
 Future Work 

More effort is needed to model the orbital evolution 
of Enceladus. If the moon’s orbital eccentricity 
increases over time, the subsurface ocean may be 
sustainable over the long term [17]. Additionally, if 
the core temperature rises above 400oC during 
these periods, serpentine in the core will dehydrate 
[5]. Should the core temperature oscillate above and 
below this threshold, it is possible for 
serpentinization to provide both stabilizing thermal 
energy for an ocean and a regenerating energy 
source for pre-biotic/biotic chemistry. 

Figure 1. A subsurface ocean at depths of 30-
40 km and extending to 50o south latitude is 
suspected to exist [8].  
Image credit: NASA/JPL-Caltech 

Figure 2. The observed power output of the south 
polar terrain emits much more power than expected. 
Estimates range from 4.7 GW to 15.8 GW, depending 
on wavelength [5]. 
Image credit: NASA/JPL/SWRI/SSI 

Figure 3.  Double stranded DNA can be expected 
to have greater stability than RNA, which is single 
stranded. The more commonly studied stability of 
DNA can therefore be treated as an upper bound 
for stability of  RNA in prebiotic RNA World. 
 
Image credit: Sponk, available under a Creative Commons 
Attribution-ShareAlike 3.0 Unported license. 
http://creativecommons.org/licenses/by-sa/3.0/deed.en 

Precursor Molecules 

Species and Organics Present 

 
Polymerization of hydrogen cyanide is an important 
step in producing amino acids and nitrogenous 
bases [19]. Adenine and guanine, as well as glycine, 
have been shown to form in frozen solutions of 
ammonium cyanide [20]. 
 
Stability of RNA and DNA: 
 
In a strand of primitive RNA, composed of perhaps 
several hundred base pairs, the breakdown of an 
individual base pair could disable prebiotic 
functioning of the molecule. 
 
In double stranded DNA held in a 7.4 pH buffer at 
70oC, the bonds between purines and the ribose-
phosphate backbone break at a rate of one base  
pair every 8 years [21]. This rate for RNA can be 
expected to be much higher under similar 
conditions. 

RNA World and Precursor Molecules 

Plume samples analyzed by Cassini’s Ion 
and Neutral Mass Spectrometer (INMS) 
were found to contain primarily water [7]. 
 
The fly-by on 9 October 2008 had the 
highest signal-to-noise ratio to that date. 
This enabled the detection of trace species, 
including organics such as benzene, which 
were undetectable in previous fly-bys [7].  

The density of Enceladus [5], as well as the 
presence of ammonia in the plume material [7], 
provide evidence for a layer of liquid water beneath 
the surface.  
 
Estimates vary as to how long a subsurface ocean 
can exist. For a global ocean and constant tidal 
heating, a 40 km thick ocean will freeze in 30 Ma 
[14]. In another scenario, assuming an-elastic and 
conducting ice, the ocean could be maintained 
indefinitely [16]. 

Table 1: Plume Composition [7] 

Species Volume Mixing Ratio 

H2O 0.90 ± 0.01 

H2CO (3.1 ± 1) x 10-3 

CH3OH (1.5 ± 0.6) x 10-4 

C2H4O <7.0 x 10-4 

C2H6O <3.0 x 10-4 

NH3 (8.2 ± 0.2) x 10-3 

HCN <7.4 x 10-3 

CH4 (9.1 ± 0.5) x 10-3 

C2H4 <0.012 

C6H6 (8.1 ± 0.1) x 10-5 

A subset of species present. Red text indicates 

species  that provide evidence of  aqueous 

chemistry crucial to the development of life.  

The RNA World hypothesis presumes that RNA initially served as both the information 
carrier and catalyst for the reactions of terrestrial life [18]. The hydrocarbons observed 
in the plume present the possibility for life’s precursor molecules to eventually form in 
an Enceladus ocean. In the presence of simple mineral catalysts, the polymerization of 
formaldehyde forms a mixture of sugars, including ribose, part of the backbone of RNA 
and DNA [18].  
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