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Looking for clues to life on Mars may seem out of place in the California Coast Range. But beneath the 
Earth’s surface at the UC Davis McLaughlin Reserve, conditions have much in common with those under the 
Martian surface. 

Researchers are seeing signs of subterranean microbial life adapted to the kinds of harsh conditions present 
on Mars, asteroids and other places in the solar system. 

The McLaughlin Reserve is at the intersection of Yolo, Napa and Lake counties, about two hours from 
Davis. Underground, another intersection defines the landscape: here, oceanic crust pushed under the 
western edge of North America, uplifting the Coast Ranges and bringing scrapings of ocean bottom material 
to the surface. 

This geologic intersection is the home of the Coast Range ophiolite — a band of serpentine rock that runs 
from Santa Barbara to far Northern California. Serpentine is rare, but it is sometimes present near subduction 
zones, where sea floor generated from the Earth’s mantle has been pushed up onto the continental surface. 
McLaughlin is one such subduction zone. 

Serpentine rocks often have a smooth, greenish appearance. Soils associated with this type of rock are 
usually very harsh, but many California native species have adapted to living on them. 

What makes the environment at the McLaughlin Reserve a possible proxy for Mars is the presence beneath 
the soil surface of the mineral olivine, the precursor to serpentine. When exposed to water, olivine can react 
with it, producing serpentine rock and releasing energy through chemical reactions. 

Most forms of life on Earth, including microbes, are solar-powered. They either use sunlight to store energy 
as organic matter, the process known as photosynthesis, or they consume what photosynthesis has produced. 
Microbes never exposed to light, like those in the serpentine netherworld or near undersea hydrothermal 
vents, find other solutions. 

Near deep-sea vents, heat from underwater eruptions powers a microbial community that in turn provides 
energy for a wondrous marine ecosystem. While the sea vents have been well understood for decades, recent 
interest has turned to the community of micro-organisms that make a living directly from chemicals 
produced by reactions between water and subterranean rocks. 

Serpentinization — the underground chemical reaction that occurs when water interacts with olivine — rips 
hydrogen off of water molecules and, in the process, generates highly caustic fluids (similar to the power of 
household ammonia or bleach). Microbial communities associated with serpentinizing systems harvest 
energy from the hydrogen as their primary energy source and are adapted to this highly alkaline 
environment. 

To look for subterranean microbial communities that feed on serpentinizing reactions on Earth, a team of 
researchers led by Dawn Cardace from the University of Rhode Island created CROMO — the Coast Range 



Ophiolite Microbial Observatory — at the McLaughlin Reserve. They are searching for signs of hydrogen-
munching microbes that feast on the products of water and olivine. 

Although the life-supporting potential of serpentinizing systems has been the subject of discussion for 
decades, there have been few examples of the subterranean fluids associated with the process and, more 
importantly, the microbes directly associated with them. 

At McLaughlin, the researchers were hopeful that they might find serpentine-dependent life. 

To start, they drilled wells in serpentine areas to search for the conditions necessary to create and support 
subterranean microbial communities. First, it was important to know that there were actively serpentinizing 
formations under the ground. They were relieved to see that each well produced a drill core of rock that 
showed distinct serpentinizing formations. 

Next, the scientists needed to show the rocks were producing energy by actively undergoing serpentinization. 
This reaction requires water and produces telltale gases and alkalinity. The sites passed with flying colors — 
water from the wells fizzed with flammable gas. Rather than being mostly hydrogen directly generated by 
the splitting of water, much of the flammable gas from these wells seemed to be methane — hydrogen and 
carbon — which could well be the product of consumption and conversion of the hydrogen by microbes. 

The scientists also expected the water to be extremely caustic, from the hydrogen and oxygen atoms 
produced by splitting water molecules. The well water did not disappoint — the deeper wells (those not 
diluted by rain water) were as alkaline as household bleach! 

Once they were sure the necessary conditions were met, the researchers began to look for signs of microbial 
life in the well fluids. They quickly found living bacterial cells that were good candidates. 

They then “fed” hydrogen and carbon dioxide to the microbes they had found, to determine whether they 
were able to make use of these elements. Indeed, they were able to observe consumption of hydrogen in their 
experiments. 

Finally, they compared the DNA sequences isolated from these bacteria with those from other known 
hydrogen-oxidizing bacteria. Key sequences were similar. 

All of this evidence suggests that there is a thriving subterranean microbial community under the reserve that 
can use rock chemistry for its energy instead of the sun. But what does this tell us about possible life 
elsewhere in the solar system, either now or in the past? 

Olivine, the mineral that reacts with water to produce energy for the microbes, and serpentinization, the 
reaction itself, are ubiquitous across the solar system — on Mars, on the moons of the giant planets and in 
asteroids. 

Recent probes on Mars and the comet 67P/Churyumov-Gerasimenko have documented the presence of 
water, methane and organic compounds on the surface, and there is speculation that there may be more water 
beneath the surface. The same ingredients producing microbial life in the Coast Range are all there, a lot 
colder, but still the same. 

With the very recent discovery of liquid water on Mars, hopes are running higher than ever that some life 
forms persist. Although a scientist from NASA Ames in San Jose has declared the liquid too salty to sustain 
life, there’s speculation that there may be more hospitable water on the planet as well. 



Recent fly-bys of the outer solar system by NASA space probes have documented the presence of liquid 
water beneath the surface of the moons of Jupiter and Saturn, which are now thought to harbor the best 
conditions for potential extraterrestrial life. 

Back here on Earth, studies unraveling the secrets of underground microbial communities at the McLaughlin 
Reserve may provide valuable insights for the search for extraterrestrial life forms throughout the solar 
system. 

 


