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Supplementary Fig.1: n-Alkanes chromatograms
Supplementary Fig.2: Hopanes chromatograms and maturity proxies
Supplementary Fig.3: Steranes chromatograms and paleo-depositional proxies
Supplementary Fig.4: Pristane (Pr)/n-C17 vs Phytane (Ph)/n-C18 diagram 
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Supplementary Fig.1: Extract gas chromatograms showing n-alkanes distribution in sediment samples from gravity cores GC-15 and GC-17, collected from Kefeus and Kusken mud volcanoes, respectively. Both gas chromatograms displays and odd/even n-alkane dominance in the n-C23 to n-C33 range and the presence of unresolved complex mixture (UCM). The relatively high concentration of iso-alkanes relative to n-alkanes in the front end of the chromatograms and the UCM indicate biodegradation.
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Supplementary Fig.2: Hopanes distribution in the m/z 191 fragmentograms (top figures) and extrapolated hopane ratios H29Ts/H29ab vs H27Ts/H27Tm areused for assessing the degree of matury of organic matter sourcing the extracts1 (bottom figure). Hopanes derives from the degradation of hopanoids, which are biomarkers found in bacteria, algae, and higher plants. Structural changes occurring during the thermal maturation of organic matter can be quantified through specific hopane ratios2,3. Overall, hopanes in the Polaris samples suggest an immature source for the oil. 
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Supplementary Fig.3: Sterane distribution in the m/z 217 fragmentograms (top figures) and extrapolated sterane ternary diagram of the percentage of C27, C28, and C29 steranes obtained from the m/z 218 fragmentograms (bottom diagram). Steranes are derived from steroids contained in eukaryotic organisms such as algae and higher plants. Steranes can be used for interpreting the paleo-depositional environments (modified after Huang and Meinschein4) (bottom figure). The steranes in Polaris samples indicate a shallow marine/coastal environment source for the oil.
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Supplementary Fig.4: Pristane (Pr)/n-C17 vs Phytane (Ph)/n-C18 diagram used for assessing the depositional environment, redox conditions, and source of organic matter (modified after Lijmbach5). Polaris samples fall in the fields of immature, mixed/transitional marine environment and suggest ongoing biodegradation.
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