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Introduction: Past life on Mars would have gener-

ated organic remains in the form of biomarkers that 

may be preserved in Martian rocks that are accessible 

in the present day [1]. Samples that are likely to con-

tain evidence of organic biomarkers must have been 

deposited when and where environments exhibited 

habitable conditions. Acidic iron- and sulfur-rich 

streams are good geochemical analogues for the late 

Noachian and early Hesperian, periods of Martian his-

tory where habitable conditions were widespread, and 

life was developing contemporaneously on Earth [2].  

Samples must also preserve evidence of life in a 

form that is recognizable in the present day. Of the 

potential biomarkers that are accumulated, biological 

lipids are the most resistant to degradation and thus 

become concentrated in the rock record [3]. In order to 

remain distinguishable from abiotic carbon, lipids must 

be shielded from the harsh radiation flux at the Martian 

surface and its deleterious effect on organic matter. 

One mechanism that promotes such preservation is 

burial, which raises questions about how organic bi-

omarkers are influenced by the post-burial effects of 

diagenesis. 

Laboratory Simulation of Diagenesis: The kinet-

ics of organic degradation in the Martian subsurface 

were investigated using hydrous pyrolysis, a well-

known technique conventionally used to artificially 

mature organic matter-rich samples in the laboratory, 

and also used to simulate the effects of diagenesis on 

biomarkers [4,5]. This procedure simulated the in-

creased temperatures and pressures of long-term burial, 

alongside any promoted organic-mineral interactions, 

over short timescales in a closed system laboratory 

setting. 

Field Work and Methods:  Samples were extract-

ed in cylindrical cores from two acidic iron- and sulfur-

rich streams from Dorset, UK. The first acid stream 

was located in St. Oswald’s Bay (FlowMG1a), exhibit-

ing sediments containing iron oxyhydroxides (goethite) 

and minor iron sulfates (jarosite) in an acidic environ-

ment with waters of pH 3.5. The second acid stream 

was present at Stair Hole (DryMJ1a), and possessed a 

weaker flow and higher pH than observed in St. Os-

wald’s Bay. X-ray diffraction analysis revealed that 

DryMJ1a also contained a significant proportion of 

illite and kaolinite. 

Natural mixtures of the stream sediments and their 

associated microbial populations and remains prepared 

at high (suffix H) and low (suffix L) water-to-rock rati-

os. The samples were subjected to hydrous pyrolysis at 

200, 240, and 280 oC for 72 hours. Lipids in each sam-

ple were extracted ultrasonically, followed by derivati-

zation with BF3-methanol and 99-1 N,O-

bis(trimethylsilyl) trifluoroacetamide (BSTFA)-

trimethylchlorosilane (TMCS) before analysis on a gas 

chromatography-mass spectrometer (GC-MS). 

The kinetic parameters of these organic degradation 

reactions, including any additional effects promoted by 

the interactions between the organic matter and the 

mineral matrix, were derived from the results of hy-

drous pyrolysis using the integrated form of the first-

order reaction rate and Arrhenius equations [6].  

Consequences of Post-Burial Diagenesis on Li-

pid Preservation: The abundance of each species of 

lipid decreased with increasing simulated maturation 

level via the oxidation of organic matter during organ-

ic:mineral interactions with iron oxyhydroxides present 

within the sample (Fig. 1). Saturated fatty acids were 

found to be most resistant to degradation, while retain-

ing a strong biogenic even-over-odd predominance 

(EOP) in carbon chain lengths. Structurally complex 

lipids such as cyclopropyl fatty acids and sterols suf-

fered the most degradation.  

Lipid preservation was found to be enhanced by 

low water-to-rock ratios across all samples – this effect 

was most prominent at 280 oC. Lipid preservation was 

also enhanced in clay-poor samples (34.9% compared 

to 76.9% loss of saturated fatty acids in the clay-poor 

and clay-rich samples respectively), suggesting a min-

eralogical influence on the post-burial diagenesis of 

lipids. Isoprenoidal thiophene units were also observed 

only in the hydrously pyrolyzed, clay-rich samples, 

suggesting that the presence of clay promotes the 

breakdown of high molecular weight organic sulfur 

compounds during artificial maturation. 

Kinetic Parameter Modelling: The kinetic behav-

ior of the lipid degradation reaction can be approxi-

mated by a pseudo first-order reaction, and was mod-

elled as such (Fig. 2). The model data suggested that 

water-to-rock ratio and mineralogy did have a strong 

effect on lipid preservation in these sediments. Lipids 

in clay-poor conditions are modelled to survive five 

times longer than those in clay-rich conditions, while 

low water-to-rock ratios enhanced lipid preservation by 

several orders of magnitude.  

The model data predicted that despite reasonable 

ideal Martian conditions for lipid preservation (geo-

thermal gradient of 0.008 Km-1, 2 km maximum burial 
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depth, and burial rate of 10 mMa-1) [7-9], all saturated 

fatty acids are destroyed within 100kA of burial.  

Discussion: Our experiments indicate that low car-

bon contents, high water-to-rock ratios, and the pres-

ence of clay minerals combine to provide unfavorable 

conditions for organic preservation over the billions of 

years necessary to produce present day organic records 

of late Noachian and early Hesperian life on Mars. 

Paradoxically, these conditions are markers of hab-

itable environments favored by microbial communities. 

Future sample selection strategies that target deposits 

that reflect habitable conditions without considering 

the effects of geological storage over billion year time-

scales would constitute a dangerous approach; condi-

tions necessary for both the production of biomass and 

the long-term preservation of Martian organic matter 

must be present for successful life detection.   

The kinetic model data suggest that sulfur-stream 

environments would lose records of life on Mars if 

buried and exposed to moderate temperatures and pres-

sures over Martian geological time. This highlights the 

chemical consequences of long-term storage in the 

harsh, iron-rich geology of Mars, and provide a possi-

ble reason for why organic evidence of past life has not 

been found in the Martian environments tested to date. 

Conclusions: We find that some samples that re-

flect habitable conditions on Mars can inhibit the 

preservation of Martian organic matter when exposed 

to geological storage over billions of years. Sample 

selection strategies must therefore consider the pre-, 

syn- and post-burial histories of habitable conditions 

on Mars and the balance between the production of 

biomass and the long-term preservation of organic bi-

omarkers over geological time. 
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Figure 1: Representative figures of lipid abundances in unheated and hydrously pyrolyzed natural acidic, iron- and 

sulfur-rich stream samples at different temperatures, mineralogy and water-to-rock ratio. These particular graphs 

illustrate the difference in lipid preservation between the clay-poor FlowMG1a and the clay-rich DryMJ1a samples. 

Figure 2: Survivability of saturated fatty acids in rocks 

with varying mineralogy and water-to-rock ratio as 

predicted by kinetic parameter modelling. 
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