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• Are circumneutral iron-rich deposits

good targets for solvent extraction-based

life detection missions to Mars?

• Can we quantify the preservation

potential of circumneutral deposits

compared to other iron-rich settings on

Mars?

• How do minerals and organic matter

interact during diagenesis?

3. Study Area and Methods
1. All samples were artificially matured via

hydrous pyrolysis for 72 hours between 200

– 280 °C.

2. Hydrous pyrolysates were solvent-

extracted using dichloromethane/methanol

and derivatised. Solvent extracts were

analysed using gas chromatography-mass

spectrometry (GC-MS) → Section 4: Lipids

3. Kinetics calculated and extrapolated using

a Python model. → Section 5: Kinetics

4. X-Ray Diffraction (XRD) spectra used to

compare mineralogical changes of

ferrihydrite in the presence and absence of

organic matter → Section 6: Mineralogy

4. Lipids 6. Mineralogy1. Iron on Mars
• Observations made by the MSL Curiosity

Rover suggest the presence of a

circumneutral, re-dox-stratified iron-rich

lacustrine environment that existed

between 3.8 – 3.1 Ga at Gale Crater [1]

• The primary iron mineral found in these

Martian deposits is ferrihydrite (Fe5HO8 •

4H2O) [2]

• Iron minerals obfuscate the detection of

organic matter by thermal extraction

techniques [3] – can we utilise solvent

extraction techniques to detect organic

matter in these environments?

2. Objectives

FIGURE 1: Samples collected from an ephemeral,

circumneutral iron-rich bog comprised of ferrihydrite.

FIGURE 2: Biogenic even-over-odd predominance (EOP) patterns are preserved, but many other lipid

groups are lost following simulated late stage diagenesis.

FIGURE 4: XRD Spectra showing that in the presence of organic matter, ferrihydrite transforms to

magnetite at 150 °C. However, in the absence of organic matter, ferrihydrite instead transforms to

hematite at 100 °C.

FIGURE 5: The relationship between solvent-extractable

organic matter abundance, mineralogy and hydrous pyrolysis

temperature. The colour of the shaded regions indicates the

dominant iron mineral.

• Ferrihydrite is reduced to 

magnetite (Fe3O4) in the 

presence of organic matter 

• Oxidation is the primary 

mechanism behind organic 

degradation?

• Magnetite or maghemite are 

mineralogical indicators of 

past reducing environments 

(but may not be related to 

organics)

• Lipids are adsorbed onto 

amorphous iron phases

• Liberated as temperatures 

increase → More susceptible

to degradation?

5. Kinetics

Mars-Analogue 

Environment
Key Minerals

Preservation Potential 

(ka)

Iron-rich acid deposit
Jarosite, Goethite, 

Quartz
21.9 – 114.0

Iron-rich acid deposit 

with clay component

Jarosite, Goethite, 

Kaolinite, Quartz
0.2 – 1.4

Iron-rich circumneutral 

deposit
Ferrihydrite 0.7 – 0.8

FIGURE 3: Kinetic parameters are calculated and used to predict degradation rates over geological time. 

The model predicts that all saturated fatty acids are degraded within 1ka of burial. This suggests that 

ferrihydrite-rich environments are poor targets for solvent extraction-based life detection techniques.

TABLE 1: Our results are 

quantitatively compared to 

previous kinetic studies 

conducted on Mars-

analogues [4].

Circumneutral iron-rich 

deposits are appear to have 

a lower preservation 

potential compared to other 

iron-rich environments, such 

as acid streams.

• Circumneutral, iron-rich deposits are less favourable for the preservation of solvent-

extractable organic matter compared to other iron-rich deposits, such as acid streams.

• Organic matter-mineral interactions in these iron-rich environments are characterised by

the changes in the mineralogy of the iron substrate → minerals could tell us if a

deposit once contained organic matter

7. Discussion and Implications
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