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When scientists search for signs of life beyond Earth, they don’t expect to find fossils of plants or animals. Instead, they look for biosignatures—clues in the form of substances, elements, or patterns that are usually linked to living things.
Biosignatures can be:
• Chemical: certain organic molecules.
• Isotopic: special ratios of light and heavy elements changed by biological processes.
• Mineralogical: minerals that often form with the help of life.

Two minerals of special interest on Mars are vivianite and greigite. 
A September 10, 2025 paper published in the journal Nature reported the “likely” detection of vivianite and greigite in the Jezero crater on Mars (see picture from NASA/JPL-Caltech/MSSS/JHU-APL), by the Perseverance rover.
Vivianite: The Blue Mineral of Hidden Life
Vivianite (Fe₃(PO₄)₂·8H₂O) is a beautiful blue mineral made of iron and phosphate. On Earth, it often appears in oxygen-poor places that are rich in decaying organic matter—like wetland soils or lake mud.
Why does this matter? Because vivianite usually forms when iron, phosphorus, and low-oxygen conditions come together. These are the kinds of conditions where microbes often thrive. Finding vivianite on Mars wouldn’t prove life existed, but it would show that the planet once had the right environment for life.
Greigite: The Microbial Fingerprint in Iron Sulfides
Greigite (Fe₃S₄) is a magnetic mineral made of iron and sulfur. On Earth, it usually forms with the help of sulfate-reducing bacteria. These microbes use sulfate during metabolism, turning it into sulfide. The sulfide then reacts with iron, creating minerals like greigite.
Greigite is exciting because it shows signs of an active sulfur cycle—a process strongly tied to microbes on Earth. Detecting greigite on Mars could mean similar life-related chemistry once took place there
What Do Microbes Eat?
Maybe it never occurred to you that microbes “eat” iron. The bacteria in your stomach eat undigested organic matter such as plants and meat. But they also eat minerals because minerals provide nutrition. Microbes living near hydrothermal vents “eat” sulfur which is emitted from the vent, since this also provides nutrition.

 Can Vivianite and Greigite Form Without Life?
Yes. Both minerals can form through purely chemical reactions, without biology. But on Earth, they are often linked to microbes living in oxygen-poor, carbon-rich environments. That’s why their presence on Mars excites scientists: they could be biosignature minerals, hinting at life-friendly chemistry.
BOX The Chemistry Behind Greigite
Here’s how microbes can help build greigite step by step:
• Microbes reduce sulfate while eating organic matter:
SO42−+2CH2O→H2S+2HCO3−
Note that the negative charges are balanced, with (2-) for the sulphate SO4 ion and two molecules of the (1-) bicarbonate HCO3 ion).

• The hydrogen sulfide (H₂S) reacts with dissolved iron:
Fe2++H2S→FeS+2H+   

• The iron sulfide (FeS) transforms into greigite:
3FeS+S0→Fe3S4
Over time, greigite can change further into other iron sulfides like pyrites (“fool’s gold”).
END OF BOX
Why This Matters for Mars
• Vivianite suggests watery, oxygen-poor places with phosphorus—good conditions for microbes.
• Greigite points to sulfur cycling, another process tied to life on Earth.
Neither mineral alone proves life once existed on Mars. But together, they suggest the planet may once have had dynamic, life-friendly chemistry.
Conclusion: Finding minerals like vivianite and greigite on Mars does not mean we have found life. But they are important clues, showing that Mars once had the kind of conditions where life might have been possible. 
The next time a rover or lander drills into Martian rock, scientists will be watching closely. A shimmer of blue vivianite or magnetic greigite grains could be the subtle hints that Mars once had a life beneath its dusty-brown surface.
