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Introduction: Searching for signs of organics, in-

cluding organic-affected mineral structures, is a crucial 
part of searching for life with missions. However, even 
abiotic organic-mineral systems can produce self-
organizing, life-like structures and phenomena that can 
be difficult to deconvolute from actual biosignatures. 
Chemical gardens, which form via the addition of met-
al salts, such as FeCl2 to a solution of a precipitating 
ion (Figure 1)[1] [2], can be formed in geological set-
tings e.g.  deep sea hydrothermal vents and mineral 
deposits in Mars analog environments. For example, 
chemical garden structures of iron oxides/hydroxides 
have been found in mineral deposits of the Rio Tinto in 
southern Spain [3]. Work has previously been done to 
understand how these structures behave in the presence 
of inorganic additives [2] however, the use of organic 
material, such as amino acids has not yet been ex-
plored.  

 

 
Figure 1. Image of iron silicate chemical garden. 
 

Herein, we report on the characterization of chemi-
cal gardens grown in the presence of amino acids with 
scanning electron microscopy (SEM), nuclear magnet-
ic resonance (NMR), and energy dispersive X-ray 

analysis (EDX). We were interested in investigating 
the organic-mineral interactions that could occur with 
the different amino acids. Iron minerals are particularly 
prone to binding organics [4][5]. Identifying the im-
pact of amino acids on the growth and structure of 
chemical garden systems will provide information on 
organic-inorganic interactions that can be extrapolated 
to natural analogs and have implications in the field of 
biosignatures. 

Chemical Garden Synthesis:  In order to have 
relevance to geological environments and previous 
work with investigating additives [2], we synthesized 
Fe2+ chemical gardens in a sodium silicate solution. 
Five different amino acids were investigated (Figure 
2). We chose to explore glycine and alanine as they are 
the simplest amino acids and have the most relevance 
to origin of life. We also explored aspartic acid, cyste-
ine, and lysine as their side chains (i.e. carboxylate, 
thiol, and amine, respectively) could bind to the iron 
centers in our chemical gardens. The concentration of 
the amino acids was also investigated. Novel sample 
preparation techniques were developed in order to 
handle the fragile chemical gardens for imaging. 

 
Figure 2. Image of chemical gardens synthesized with 
aspartic acid, glycine, alanine, cysteine, and lysine. 

 
Analysis of Chemical Gardens:  After the synthe-

sis of chemical gardens, the structures were analyzed 
both visually and by SEM. While we did not see major 
differences between the chemical gardens grown with 
different amino acids, the concentration of each im-
pacted both the structure visually on the macroscale as 

1040.pdf51st Lunar and Planetary Science Conference (2020)



well as on the nanonscale as shown by SEM. The 
higher the amino acid concentration, the smaller the 
chemical gardens tended to be. Via SEM, a smooth 
exterior layer was observed in the cases of chemical 
gardens grown with amino acids (Figure 3). The thick-
ness of this layer was roughly proportional to the con-
centration of amino acid.  Additionally, the EDX re-
sults of chemical gardens grown in the presence of 20 
mM cysteine indicate that the smooth outer layer con-
tains the amino acid but the internal rough layers were 
free of amino acids. Therefore, the organics are likely 
concentrating on the outside of the iron-silicate mem-
brane, even though chemical garden membranes are 
porous and permeable [1]. 1H NMR analysis showed 
no evidence for any polymer formation or new product 
formation in the supernatant of the chemical gardens. 

 

 
 
Figure 3. a) SEM image of chemical garden synthe-
sized with 5 mM alanine b) SEM image of chemical 
garden synthesized with 200 mM alanine. 

 
These structures appear biological based on their 

overall morphology; furthermore, if they were to be 
found in-situ in a planetary environment, we would 
find that they are covered in organics. Given this, these 
structures could be mistaken for biological structures. 

Identification of whether something is biological or not 
is very challenging and there have been a number of 
false positives reported [6]. These results demonstrate 
that morphology and/or local organic hotspots are not 
sufficient to determine if something is biological .  

 
Conclusions: We explored the impact of 5 differ-

ent amino acids on the growth and structure of iron-
silicate chemical gardens. The presence of organics 
such as amino acids do affect the growth and structure 
of the  gardens as observed both visually and via SEM 
analysis. The concentration of the amino acids had 
more of an impact on the structure in comparison to 
the composition of the amino acids. Future studies will 
include the investigation of different metals as well as 
more complex organic compounds. 
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