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Life in Extreme Environments and the Geological Processes behind Them 

Abstract 

 Various factors determine what can live in certain environments, but the geological 

processes that form the environment have a great deal of importance. In this paper, three extreme 

environments will be examined including alkaline and hypersaline environments, hydrothermal 

environments, and hot desert environments. To analyze how the extreme environments were 

made, information about the geological processes that created them will be included. After the 

geological processes of the environments are observed, the observations of the adaptations of life 

in those environments will be explained. Considering there are many examples of extreme 

environments around the world, the geological processes will be narrowed down to the alkaline 

and hypersaline environment of Mono Lake, the hydrothermal environment of Hot Creek, and 

the hot desert of Death Valley. The observations of adaptations of life in extreme environments 

will be in a broader sense.  

Introduction 

Life in extreme environments holds great importance in the future of scientific research. 

Research in this field will help us understand how species are evolving as they begin to adapt to 

harsh environments and much more. Some of the extreme environments on Earth are quite 

similar to environments on other planets. Remarkably, research on life in extreme environments 

could be useful in determining whether life on other planets is possible.  

 To fully understand life in extreme environments, the geological processes that create 

those environments have to be considered. The geological processes behind each environment 



are what make them unique. The variations in tectonics, structure, and volcanism in the past have 

resulted in diverse landforms, climate, and life in each environment. 

Alkaline and Hypersaline Environments 

 Background 

 An alkaline environment is an environment with a pH above 7 while a hypersaline 

environment is an environment that is saltier than seawater (Bell, 2012). Organisms that live in 

an alkaline or hypersaline environment have developed adaptations to offset the harmful effects 

that are posed. Although there are environments that are solely alkaline or hypersaline, it has 

been discovered that some environments are both.  

 Observations of Geological Processes at Mono Lake 

  Geological History of the Mono Basin 

 The Mono Basin has experienced quite a bit of volcanic activity in its history and will 

continue to in the future. Beginning with arc-volcanism around the Mono Basin, subduction 

caused granite and basalt to mix from the melting sea floor plate and the melting continental 

plate which produced an andesitic and slightly granitic layer of rock. This mixing left an arc of 

volcanoes on the northwest coast. A few million years after the arc volcanoes were made; crustal 

stretching and faulting began which built the Basin and Range. During this time, basalt was able 

to make it to the surface and cover approximately 300 square miles because of the faulting and 

crustal thinning taking place (Tierney, 1995).  

 As the basalt kept rising to the surface, melted continental rock on the way up which 

produced a magma chamber full of granitic magma. This magma chamber was named the Long 

Valley magma chamber and after an immense amount of magma was built up inside, the Long 

Valley eruption occurred. The deposits of the Long Valley eruption, called Bishop Tuff, was 



spread 150 cubic miles and engulfed the southwestern Mono Basin and other areas in 600 feet of 

ash (Tierney, 1995). 

 Smaller but similar to the Long Valley magma chamber, another magma chamber was 

formed called the Mono Craters magma chamber. Much of the volcanism that occurs in the area 

today is generated from the Mono Craters magma chamber. The Mono Craters, Black Point, and 

volcanic islands around Mono Lake were all produced from volcanic activity from the Mono 

Craters magma chamber. The Mono Craters is the site of most of the current volcanism in the 

Mono Basin though (Tierney, 1995).  

The Framework of Mono Lake  

 As for Mono Lake specifically, the volcanism that occurred in the past contributed to its 

environment that exists today. Mono Lake is a terminal lake that has no outputs. Thus water 

escapes via evaporation and leaves a high concentration of salt behind. The lake also contains 

several minerals that have seeped up from the ground. The great deals of carbonates that reside 

in the lake makes up its alkalinity: a pH of 10 (Mono Lake Website, 2014).  

The Sierra Nevada Mountain Range acts as a rain shadow and does not allow for much 

precipitation to fall on the lake. Additionally, the only sources of water for Mono Lake are five 

fresh water streams that run into it. These freshwater streams tend to hold calcium in their 

freshwater. As the freshwater containing calcium mixes with the lake water high in carbonates, 

geological structures called tufa are formed.  

Observations of the Life in Mono Lake  

 Overview of Life in Mono Lake 

Despite high concentrations of salt and its alkalinity, Mono Lake is home to many living 

creatures. The most commonly known species that live in Mono Lake are brine shrimp, alkali 
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flies, and algae. While brine shrimp and alkali flies are the most studied living creatures in Mono 

Lake, bacteria, protozoans, and phytobenthos also occupy its waters (Bell, 2012). Without the 

adaptations that these species have developed, life in an environment like Mono Lake would not 

be possible. 

General Adaptations to High Alkalinity 

To be able to survive in an environment with such high alkalinity, organisms must 

maintain their internal pH and the pH of their enzymes (Bell, 2012). For organisms to maintain 

their internal pH, also called pH homeostasis, the structure of their cell walls and cell membranes 

are altered. The internal pH of an organism has to stay more than two units lower than the pH of 

its outside environment. It has been observed that some organisms achieve pH homeostasis by 

sustaining a cell wall that is negatively charged. Within their negatively charged cell walls lie 

acidic polymers that allow the cell wall to absorb essential ions while preventing alkaline ions 

from entering (Bell, 2012).  

The cell membrane of an organism is a second method of maintaining pH homeostasis. 

To do so, the cell membrane uses an electrochemical gradient which controls the amount of ions 

entering and leaving the cell membrane. An electrochemical gradient moves ions from a higher 

concentration to an area of lower concentration and vice versa. This is helpful for maintaining 

pH homeostasis by allowing for 

positively charged ions such as 

positively charged hydrogen, 

potassium, or sodium ions to 

flow in and out of the cell 

membrane (Bell, 2012).  



 

As organisms in environments of high alkalinity evolve, more adaptations come forth. 

The goal of the cell wall and cell membrane controlling the amount of ions coming in and out of 

the cell and the cell membrane is to keep the pH of the cell neutral. More adaptations such as 

enzymes evolving to become neutral and resistant to the harmful effects of different pH exist, but 

less is known about the evolution of the cell wall and the cell membrane of organisms (Bell, 

2012).  

 General Adaptations to High Salinity  

For organisms to adapt to high salinity, osmosis must be regulated. Osmosis is when 

water is diffused from an area of high solute concentration to an area of low solute concentration 

to balance the concentration of solute overall (Wagner, 2014). For organisms not adapted to high 

salinity, water will diffuse outside of the cells into the highly concentrated salty waters and leave 

behind a cell that will lose its structure and function. Essentially the cell will begin to shrivel 

after it loses water (Wagner, 2014). To bypass problems associated with osmoregulation, 

organisms have developed certain adaptations like the salt-in and compatible solute strategies 

(Bell, 2012). 

Organisms that have evolved 

to acquire the salt-in strategy have an 

internal environment that has a high 

salt concentration (Bell, 2012). 

Therefore the organism is isotonic and 

its salt concentration is at the same 

level as the salt concentration of its 
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outer environment. This prevents water from moving in and out of the cell, which regulates 

osmosis and maintains the structure and function of the cell in turn (Wagner, 2014). However, 

the issue associated with the salt-in strategy is that organisms are not able to adapt to 

environments with lower salt concentrations (Bell, 2012).  

The compatible-solute strategy allows for organisms to adapt to an environment that 

fluctuates in concentrations of salt. Organisms with the compatible-solute strategy store organic 

compatible solutes in their cells. These organic compatible solutes regulate osmosis and do not 

require the organism to function in a certain manner while salt-in organisms have set ways in 

which they function (Bell, 2012).  

Interpretation 

 From the observations made about the geological processes that made up Mono Lake and 

the observations of the life at Mono Lake, it can be inferred that there is certainly a correlation 

between the two. The geological processes that formed Mono Lake caused the lake to become 

alkaline and hypersaline. Correspondingly, the alkalinity and high concentrations of salt effected 

what could inhabit the area because of the geological processes that formed the environment. 

Hydrothermal Environments: Hot Springs 

Observations of Volcanic Processes behind Hot Springs  

 History of Hot Creek 

Mentioned in the geological history of the Mono Basin, the Long Valley eruption had 

quite an effect on its surroundings. Hot creek is located in the Long Valley Caldera, which was 

created during the eruption. Magma under the caldera led to more volcanic eruptions and hills 

formed in the caldera as a result. Lava from one of the eruptions moved into a lake and while the 

lava was originally rhyolite, when mixed with water, it made clay and perlite. Once the lake 
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disappeared, a stream now known as Hot Creek began to flow from the solidified magma from 

the eruption. Most of the water flowing into the creek originates from Sierra Nevada snow melt 

(Ferrar et al., 2007). 

Processes behind Hot Springs 

 Hot Springs that reside in streams like Hot Creek are made by magma heating 

groundwater. Magma makes contact with groundwater through volcanic features such as 

calderas, fault lines, and more. Once the magma reaches groundwater, it heats the water 

dramatically and the water returns to the surface due to pressure (Bell, 2012). As the water 

moves towards the surface, it is kept from boiling because of high pressure and it loses heat from 

interacting with cold water. As a result of the heat loss, it moves farther away from the magma 

(Ferrar et al., 2007). 

  

 

 

 

 

 

 

 

Observations of Life in Hydrothermal Environments  

 Overview of Life in Hot Springs 

At such high temperatures, not much life is able to live in hot springs. In fact, at Hot 

Creek, fish moving along the stream that have come into contact with the changing temperatures 
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of the hot springs have immediately died (Ferrar et al., 2007). It has become evident that 

microorganisms have evolved to adapt to the temperatures though. Microorganisms capable of 

living in hydrothermal environments have been named thermophiles (Bell, 2012).  

 Adaptations of Thermophiles  

Three of the most studied adaptations to hydrothermal environments include genetic 

stability, protein stability, and maintaining internal pH homeostasis. Without adapting to the high 

temperatures, the cells of the microorganisms will denature and degrade. The organelles and 

other components in the cells would lose their functions as well (Bell, 2012). 

 To maintain genetic stability, scientists have found that the genomes of some 

thermophiles have been altered. Genes that code for DNA repair mechanisms have become 

apparent in thermophiles. In particular, they have found that many thermophiles have a gene that 

codes for reverse gyrase, an enzyme that assists in preventing heat and chemical denaturation 

(Bell, 2012).  

Proteins have many functions within a cell that keep it functioning. Proteins are involved 

in defense, transport, cellular communication, movement, structural support, and can act as a 

catalyst for reactions in a cell (Wagner, 2014). Therefore, maintaining protein stability is of great 

importance. The structure of a 

protein is quite complex. 

Proteins are made up of 

polypeptides which fold and 

loop to make up a stable 

structure (Wagner, 2014). 

Proteins in thermophiles have 



shorter loops and stronger bonds to hold the polypeptides together to create a compact structure 

(Bell, 2012).  

Another modification that thermophiles have developed is the evolution of their cell 

membranes to promote internal homeostasis (Bell, 2012). Cell membranes allow for molecules to 

enter and leave a cell (Wagner, 2014). Thermophiles have developed cell membranes with a 

stable structure containing longer fatty acid chains that make up the membrane itself. To 

maintain pH homeostasis, the cell membrane of a thermophile becomes more impermeable 

meaning less is able to pass through. Instead there are ion transporters located on the cell 

membrane that essentially act as a gate to let the proper ions through to keep up pH balance 

(Bell, 2012). 

Interpretation 

The volcanic processes that create hot springs such as the ones at Hot Creek have forced 

adaptations among microorganisms. Without adaptations, it would be impossible for organisms 

to live in such a heated aquatic environment. Evidence proves that when species that have not 

evolved adaptive characteristics are exposed to the fluctuating temperatures of Hot Springs, they 

cannot survive. 

Hot Desert Environments 

 Observations of Geological Processes in Death Valley 

 Geology of Death Valley 

Death Valley is located within the Basin and Range Province. As stated in the history of 

Mono Basin, the Basin and Range was created from crustal stretching and faulting. The crustal 

stretching began 25 million years ago and continues to this day (National Park Service Website, 

2014). Crustal stretching has caused faults to develop and for rock to move up and down them to 



create basins and ranges. Erosion has moved sediment from the mountains into the basins by 

means of water and gravity (National Park Service Website, 2014). 

Relation between Climate and Geology  

Considering the lowest point of Death Valley is 282 feet below sea level and it is 

surrounded by mountain ranges, it is difficult for heat to escape. A rainshadow prevents 

precipitation from reaching Death Valley which generates dry air. With dry air and little 

vegetation, heat is reflected off the soil and rock; it then travels back up until it is blocked by 

mountain ranges, and then moves back towards the surface. As the air rises it cools, but once it is 

recycled back to the surface, air pressure heats it up again (National Park Service Website, 

2014). 

On the occasion that there is rainfall, flashfloods occur and have quite an effect on the 

landscape. With no vegetation to prevent erosion, flashfloods can change the landscape 

dramatically. The rainfall is unable to be absorbed by the soil quick enough because of its 

abundance and leads to erosion as a consequence (Lutgens, 2005). In some instances, heavy 

rainfall forms ephemeral streams and playas that can last a couple of days to a few weeks. When 

rainfall is evaporated because of the lack of drainages, high concentrations of salt are also left 

behind as well (National Park Service Website, 2014).    

Observations of Life in Hot Desert Environments 

  Adaptations to Abiotic and Biotic Factors in the Desert  

 The abiotic and biotic stress factors that are presented in the desert environment pose a 

threat to its inhabitants. Desert organisms that can successfully remain in the environment are 

called xerophiles (Bell, 2012). Xerophiles have adapted to the stresses of a desert environment 



including the dangers of radiation and temperature, the availability of water, high salinity, and 

wind and dust storms (Bell, 2012).  

  Plant Adaptations to Abiotic Stresses  

 There are various ways in which plants have adapted to abiotic factors in desert 

environments like Death Valley. Water scarcity is among one of the biggest problems for plants 

in deserts. To preserve and intake enough water, some desert plants have deep roots to access 

water that has seeped deep into the ground (Montooth, 2013). Deep roots can also help stabilize 

the plant during dust and wind storms.  

Other plants use Crassulacean Acid Metabolism or CAM.  With the CAM method, plants 

are able to preserve their water by closing their stomata during the day and opening them at night 

(Wagner, 2014). Opening their stomata’s during the day could lead to evaporation of the water 

they are attempting to preserve making CAM plants efficient.  

 Radiation and temperature can also be very harmful to life in deserts. Some plants have 

wax or hair on their surfaces to directly reflect light (Bell, 2012). Plants have also been known to 

adapt by altering their photosynthetic process. Plants use methods such as photorespiration and 

to make use of the excess light absorbed. Photorespiration is said to wastefully use energy 

though, and to avoid the problems associated with photorespiration, some plants will use a 

strategy called the C4 photosynthetic pathway (Bell, 2012).  

Animal Adaptations and Strategies against Abiotic Stresses 

 Animals face the same abiotic problems that plants face in desert environments, but adapt 

in different ways. For example, animals have adaptations like pale skin color that is associated 

with the lesser absorption of heat. Animals will also limit the amount of exercise done on hot 



days to avoid overheating. To separate the ways in which animals adapt to the desert climate, 

they can be split into three categories: avoiders, evaporators, and endurers (Bell, 2012) 

 As their name suggests, avoiders avoid radiation by using their surroundings. Avoiders 

will hide in areas covered in shade or underground. Lizards were thought to have some sort of 

genetic tolerance to heat, but new studies suggest their use of shade is the main factor protecting 

them against heat (Sunday et al., 2014). On the other hand, endurers are capable of withstanding 

the heat because of their genetic adaptations and evaporators use evaporative cooling (Bell, 

2012).   

Interpretation 

Several abiotic factors impact the life in desert environments. All deserts have geological 

processes that affect the climate. The Basin and Range not only has dramatic geological history, 

but a dramatic climate that creates its unique environment. It is yet another example of how 

geology dictates biology in extreme environments.  

Conclusion 

Of all the extreme environments mentioned, they all have something in common. The 

geology that created the environments has influenced the life that lives in them. There may be 

extreme environments that are difficult to survive in, but life still manages to exist in them. 

Organisms and animals have been able to evolve to adapt to these extreme environments, and 

research on these marvelous creatures has been useful to the scientific community.  

The ability of organisms and animals to adapt to extreme environments gives scientists 

hope that other organisms and animals will have the potential to evolve to changing 

environments in the future. Life in extreme environments is also heavily studied in hopes of 

determining whether there could be life on other planets. If organisms and animals can survive 



harsh environments on earth, there is a possibility of life on extreme environments similar to ours 

on different planets.  

Finally, studies of life in extreme environments will aid in learning about the 

evolutionary history of organisms and animals. By comparing the extreme environments that are 

similar to the environments in the past, it is possible to get an idea of the adaptations organisms 

and animals had. There are endless studies that can be done on life in extreme environments, and 

as these studies progress, the results could be revolutionary. 
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