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Sammanfattning 
 
Metoder och tillämpningar för bestämning av biogenecitet i geologiska prover - 
implikationer för sökning efter utomjordiskt liv 
Alexandra Zetterlind 
 
För en bättre förståelse på hur man söker efter utomjordiskt liv, studerar forskare 
dem dolda biosfärer på jorden. Djuphavsbotten är uppskattad att vara ett stort 
mikrobiellt habitat och det antas att extremofila mikroorganismer, som förekommer 
där, kan vara de första levande organismerna på jorden. Dessa extremofiler kräver 
inte syre på grund av deras förmåga att härleda biologiskt tillgänglig energi från 
vätske-bergartsinteraktioner, vilket liknar förhållandena på Mars. I denna studie 
analyseras därför geologiska prover från sådana miljöer. 

Övergripande, granskar denna rapport begreppet biogenecitet och utvärderar en 
uppsättning av metoder, som används för bestämning av biologiskt ursprung. 
Fossiliserade mikrobiella lämningar återfanns i okonsoliderat sediment från Gran 
Canarias vulkaniklastiska förkläde och i aragonitåror i ultramafiska bergarter från 
North Pond vid Mittatlantiska ryggen. Nämnda sediment och bergarter samlades in 
under Ocean Drilling Program (ODP) Leg 157 och 209. Det fossila arkivet från Gran 
Canaria överensstämmer med Foraminifera. Dem mikrobiella resterna från North 
Pond är förenliga med Frutexites mikrostromatoliter. Båda dem fossiliserade 
samhällena har karakteristiska kompositioner associerade med kolhaltiga ämnen 
(CM) och olika konfigurationer av spårämnen, såsom Si, Al, Mg, Mn, Ni, Fe och Co. 
Denna studie bekräftar biologiska ursprungen hos dem fossila lämningarna och visar 
att applicerade metoder är lämpliga för astrobiologisk tillämpning. 
 
Nyckelord: Biogenecitet, mikroskopering, fossiliserade mikroorganismer, 
astrobiologi  
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Abstract	
 
Methods and Approaches for Biogenicity Determination in Geological Samples 
- Implications for Extraterrestrial Search for Life 
Alexandra Zetterlind 
 
For a better understanding of how to search for an extraterrestrial life, scientists 
study hidden biospheres on Earth. The subseafloor crust is recognized as a vast 
microbial habitat and it is hypothesized that extremophilic microorganisms, occurring 
there, can be the first living organisms on Earth. Those extremophiles does not 
require oxygen due their ability to derive bioavailable energy from fluid-rock 
interactions, resembling conditions on Mars. Hence, in this study, geological samples 
from such environments are analysed. 

Overall, this report examines a concept of biogenicity and evaluates a set of 
methods used for the determination of biologic origin. Fossilized microbial remains 
were discovered in unconsolidated sediments from the volcaniclastic apron of Gran 
Canaria and in aragonite veins in ultramafic rocks from the North Pond at the Mid-
Atlantic Ridge. Mentioned sediments and rocks were collected during Ocean Drilling 
Program (ODP) Leg 157 and 209. The fossil record from Gran Canaria is consistent 
with Foraminifera. The microbial remains from North Pond are consistent with 
Frutexites microstromatolites. Both fossilized communities have characteristic 
compositions associated with carbonaceous matter (CM) and different configurations 
of trace elements such as Si, Al, Mg, Mn, Ni, Fe, and Co. This study confirms the 
biologic origin of the fossilized remains and shows that the applied methods are 
suitable for astrobiological application. 
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1. Introduction 
To be able to search for an extraterrestrial life, a better understanding of the life’s 
appearance and development on Earth is required. The young Earth is known for its 
extreme conditions in terms of climate and geochemistry, however scientists are 
finding evidence of microbial life already emerging at that time. The nearby planet 
Mars is hypothesized to had the same environmental conditions at its young age. 
Through morphological and chemical analyses of preserved biologic traces in 
geological samples, evidence of microbial life on early Earth or on other planetary 
bodies can be examined.  

It is recognized that the subseafloor crust has a vast microbial habitat (Staudigel et 
al. 2008), potentially the largest microbial habitat on Earth. Studying this biosphere in 
vivo is usually beyond the reach due to issues involved sampling and as a 
consequence, interpretation of fossilized material is a necessary compliment to 
molecular studies in the exploration of this hidden biosphere (Ivarsson et al. 2015). 
The base of subseafloor is assumed to thrive of extremophilic microbes called 
chemolithoautotrophs, which derive energy from reduced chemical species produced 
by fluid-rock interactions (Nealson et al. 2005). It has been proposed that such types 
of microorganisms could be the first living organisms on Earth and therefore they are 
object of great interest among the astrobiologists. Chemolithoautotrophs can be 
found in subsurface volcanic areas and mid-ocean ridges. Consequently, for this 
study, representative samples from Gran Canaria, the Canary Islands and North 
Pond, the Mid-Atlantic Ridge were chosen. 

 By detailed paleobiological studies and careful interpretation, the fossilized 
communities can serve as a valuable source of information regarding this complex 
subseafloor environment. A deeper understanding of the geochemical and 
mineralogical requirements for microbial colonization increases knowledge of the 
deep biosphere by magnitudes. Besides, it enhances an understanding of a possible 
fossil record on Mars, and helps identify potential settings for the search of life and 
habitability in upcoming missions devoted for life detection. 

Another aspect, often related to the field of extraterrestrial research, is a definition 
of what is considered as life. To deal with this issue, astrobiologists formed a set of 
criteria that have to be fulfilled, which discard an abiotic origin. Only then, a potential 
fossil can be considered as an ancient living organism. For an examination of these 
criteria, proper methods have to be found. Hence, the aim of this project is to study 
geological samples from representative areas with a focus on the search for potential 
biomarkers that can meet the above named criteria as well as investigate a set of 
methods and determinate if those are suitable for such purposes.  
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2. Background 
2.1 Biogenicity 

Biogenicity is a property referring to any chemical and/or morphological signatures 
preserved in various geological formations that are created by either extant or extinct 
organisms. Indications supporting the biogenicity are also controlled by biologically 
important factors such as temperature, light and nutrients (McLoughlin 2015).  

Biogenicity criteria are guidelines to identify a probability of a biological origin for 
potential traces of life. Biogenicity criteria are based on quantifiable observations that 
can be divided into three main categories: (1) morphological complexity and size 
distribution of biologic traces; (2) chemical properties of traces of life such as 
elemental composition, bonding, symmetry and isotopic composition; (3) geological 
setting or environmental distribution of life traces. Additionally, formation 
temperatures have to be in the range for biologic origin. These conditions should also 
be supplemented with diagnostics that can examine that abiotic processes didn’t 
form the samples. Another aspect to keep in mind is that particular biogenicity criteria 
have been adapted for various specimens of biosignatures found on Earth. Scientists 
distinguish the above-mentioned criteria for several structures such as microfossils, 
stromatolites and microcavities (McLoughlin 2015).  

Biogenicity criteria for microfossils found in a rock record emphases on 
morphological features, population’s size distribution, evidence of colonial behaviour 
and possible later decay (Buick 1990; Brasier et al. 2004). For stromatolites, which 
are laminated sedimentary structures formed by the interaction of sediments and 
microbial mats, biogenicity criteria focuses on primary sedimentary origin together 
with complex laminated morphologies of biological origin, especially their micro-
fabrics (Hofmann 2000). Rock-dwelling organisms can produce microcavities that 
extend in the form of channels through rocks such as carbonates and volcanic glass 
and those structures also have their specific biogenic criteria such as syngenetic 
origin, distinct morphology and chemical evidence of biogenic processing 
(McLoughlin et al. 2007). 

2.2 Biomarkers, Biosignatures and Bioindicators 

Terminologies as biomarkers, biosignatures and bioindicators in astrobiology are 
altogether related to the search for life in the rock record, covering a wide range of 
geological time, both on Earth and beyond. On the other hand, these three 
expressions frequently are used as synonyms but they have slightly different 
implications. The major distinctions are fields of research and science disciplines 
where those terms are used (Javaux 2015). 

Biomarkers or in the other words “markers of life” comprises unambiguous 
biogenic structures such as organic molecules (Horneck 2016). In practice, there are 
quite large differences between the notations of biomarkers in the different fields. 
Astrophysicists, talking of biomarkers, refer to gases with potential biological origin 
found in planetary atmospheres. Geochemists use the concept of biomarkers for 
molecular fossils, often implying to hydrocarbons and stable isotopes. 
Paleontologists use notion of biomarkers for morphological and biosedimentary 
fossils. However, astrobiologists have realized that it is problematic to determinate 
distinct traces of life. Therefore, are biomarkers divided in two classes: morphological 
and spectral. Morphological biomarkers include body fossils, biominerals and 
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microbially affected rock types (Javaux 2015). Spectral biomarkers focus on 
planetary spectrum that can indicate habitable conditions (Kaltenegger 2015).  

Looking at concept of biosignatures and bioindicators, there is no rigid boundary 
between those two. Although, biosignatures are often referring to more firmly signs of 
life such as fossilized traces of biological activity found in rock records as well as a 
broad range of processes such as morphological, chemical, isotopic and sedimentary 
(Horneck 2016). Bioindicators are treated more like hints that can be interpreted as 
life traces, for instance biotic gases as methane or nitrous oxide (Grenfell 2015).  

In summary, to succeed with an assignment of life detection, a multidisciplinary 
collaboration with focuses on understanding of natural processes is required. 
Thereby, departments of astrobiology consist of researches from various fields 
including astrophysics, biologists, earth scientists, chemists and many more. 

2.2.1 Biomorphs and Pseudofossils 

In a search for life traces, some cautions have to be kept in mind. When analysing 
the biogenicity of a sample, there can arise certain doubts concerning if found 
structures within the sample are of biotic origin or could be formed under abiotic 
conditions. In this context, scientists are using terms as biomorphs and pseudofossils 
(Garcia-Ruiz 2003).  

Biomorphs are structures that are inorganic but can resemble biological textures 
and morphologies very closely. They are almost always formed under abiotic 
processes, physical and chemical, and cause confusions when looking at samples 
because of their ability to mimic biological formations (Garcia-Ruiz 2003). In the 
same sense, pseudofossils are also non-biologically formed structures but they 
mainly resemble microfossils. Chemical precipitates can make fabrics that look like 
stromatolites or some minerals themselves can accumulate into morphologies that 
appear like biominerals or body fossils. One example is manganese dendrites in 
Figure 1. Moreover, pseudofossils can be produced synthetically in the laboratories. 
Hence, it is important for researchers to find methods and techniques that are able to 
distinguish between samples of actual biological origin and those that only imitate 
traces of life (Javaux 2015).  

 

Figure 1. Manganese dendrites on a limestone bedding plane from Germany. Scale in mm 
(photograph taken by Wilson 2008).  
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2.3 Microscopy 

2.3.1 Optical Microscopy 

Optical Microscopy is a traditional form of microscopy. An optical microscope 
operates in a way that it magnifies a specimen with a help of lenses and reflected or 
absorbed visible light. There exist diverse types of optical microscopes, which include 
properties such as polarizing, epifluorescence, petrography and many more. 
Standard light-sensitive cameras are used to produce a micrograph. Present-day 
digital microscopes generate digital micrographs with CMOS (Complementary Metal-
Oxide Semiconductor) and CCD (Change-Coupled Device) cameras. A benefit is that 
these cameras can project images in real time onto a computer screen. An optical 
microscope is limited in magnification, giving a highest result of 1000x (Smith 2017). 

2.3.2 Environmental Scanning Electron Microscopy (ESEM) 

Scanning Electron Microscopy (SEM) is a system for an acquisition of electron 
micrographs using Environmental Scanning Electron Microscope (ESEM). Using 
ESEM, a researcher can vary environment of a sample through altering its 
temperatures, pressures and gas compositions. ESEM operates during high and low 
vacuum and tested samples can be oily, dirty or wet, namely no preparations are 
required. This particular attribute allows the testing of samples in their natural state 
and gives advantages compared to a conventional SEM (Kimseng & Meissel 2001). 

An ESEM comprises of an electron column, a sample chamber, detectors and a 
view system (Figure 2). The electron column creates a beam of electrons and has an 
electron gun at the top. The gun induces and speed up electrons down the column 
towards the sample. The gun’s characteristic energies span from few hundred to tens 
of thousands of electron volts. The beam enters the sample chamber where 
detectors oversee signals produced from the beam and sample interaction. While 
electrons from the beam pierce the sample, they give up energy.  

 
 

Figure 2. A schematic representation of a SEM (Kimseng & Meissel 2001). 



 5

Emission from the sample can be divided into two main modes, Secondary 
Electrons (SE) and Backscattered Electrons (BSE). Secondary Electrons are atom 
electrons from sample that have very low energy and have been bounced out by the 
interaction with the primary beam, resulting in the finest imaging resolution. Contrasts 
in the image originate from the sample’s topography and produce images that look 
like corresponding visual images. Backscattered Electrons are beam electrons that 
have high energy and have been scattered back out of the sample with the nuclei of 
sample’s atoms. Contrasts in the backscattered image originate from alterations in 
the atomic numbers of the sample and offer information about sample’s chemical 
composition. Both emission modes are connected with the viewing system that 
conducts in an image from the signal (Kimseng & Meissel 2001).  

2.3.3 Raman Spectroscopy 

Raman spectroscopy is a method through which minerals can be identified by looking 
at their scatter incident light. By interaction between a photon and a molecule, dipole 
movement is persuaded within the molecule, which depends on its polarizability, and 
it becomes excited into a virtual vibrational state. The state is unstable and therefore 
the photon emits instantaneously as “scattered light” and molecule’s energy falls to a 
lower state. The wavelength of the emitted photon is depended on the occurrence of 
some of three situations, E=E0, E>E0 and E<E0 where E is the energy of the emitted 
photon and E0 is the energy of the incident photon (Figure 3). In order to display a 
Raman scattering effect, the molecule must demonstrate a change in its rovibronic 
state, which means rotational, vibrational and electronic quantities of freedom in a 
molecule. The wavelength of the photons are calculated from the formula . The 
processes occurring are Rayleigh scattering, E=E0, Stokes Raman scattering, E<E0, 
and Anti-Stokes Raman scattering, E>E0 (Vandenabeele 2013). 

Rayleigh scattering operates in the way such as the molecule, primarily in its 
ground state, gets excited to a virtual energy state, which is the sate between initial 
and final state of the molecule, and back to its ground state. During the process the 
molecule re-emits a photon of energy that is equal to the incident photon, therefore 
the emitted photon has the same wavelength as the incident photon. In the case of 
Stokes Raman scattering, the molecule gets excited to a virtual state that later falls to 
a higher rovibronic state than the ground state of the molecule. Simultaneously it 
emits a photon, which has the energy that is lower than the incident photon. It results 
in a state where the incident photon has a longer wavelength than the emitted 
photon. During Anti-Stokes Raman scattering, the molecule also gets excited to a 

Figure 3. The three possible situations by which an incident photon can be scatted 
(Nanophoton Coporation 2016). 
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virtual state but thereafter it falls to a lower rovibronic state than its ground state. At 
the same time it emits a photon, which has the energy that is higher than the incident 
photon. It results instead in a state where the incident photon has a shorter 
wavelength than the emitted photon (Figure 4) (Vandenabeele 2013).  

The majority of the scattering is of Rayleigh scattering type while Raman 
scattering type stands only for 0.000001% of the scattered light. For that reason, a 
special filter that removes Rayleigh scattered light is often applied in Raman 
spectroscopy and thereby only Raman scattered light is incident and can be 
detected. As an outcome, a Raman spectrum can be acquired for a sample in a form 
of a graph of intensity against Raman shift. Individual molecular bonds have unique 
peaks in the Raman spectrum that serve as a “molecular fingerprint”. Those peak-
values can be compared against a spectral database and determinate a composition 
of the sample (Vandenabeele 2013).  

2.3.4 Fluorescence Microscopy 

Fluorescence microscopy is a class of optical microscopy that uses fluorescence for 
obtainment of a micrograph. More in detail, fluorescence is a luminescence property 
in organic structures and minerals that appear when a sample is illuminated with 
specific wavelengths. Thus, a fluorescence microscope has different types of filters 
allowing it to test a sample in specific excitation and emission colours (Nobel 
Foundation 2002).  

Fluorescence cannot be observed through visible light. Hence, it needs to be 
triggered by ultraviolet (UV) light, X-rays or cathode rays. These three sorts of light 
can excite electrons, within the sample’s atomic structure, to jump temporarily to a 
higher orbital. Thereafter, the electrons relax and fall back to their original orbital 
releasing some stored energy in the way of emitted light – fluorescence. The 
wavelength of the fluorescent light is longer than the wavelength of the incident light. 
It results in a visible alteration in the colour of the sample, glowing out against a dark 
background (Davidson et al. 2015). 

2.4 Equipment on Present-Day Planetary Rovers 

In a current phase of the scientific development, humans are not able take 
expeditions to other planets and perform in situ analyses. Instead, various types of 
planetary orbiters, landers and rovers are developed and send to missions beyond 
Earth by space agencies around the world. The goal of those planetary explorers is 
to investigate a planet of interest as well as gather the valuable information regarding 
its atmosphere, geology, environmental conditions and possible biosignatures. 

Figure 4. (a) Rayleigh scattering, (b) Stokes Raman scattering and (c) Anti-Stokes 
Raman scattering (Nanophoton Coporation 2016). 
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Currently, numbers of planetary orbiters, landers and rovers have been sent to 
Earth’s neighbour Mars by NASA (National Aeronautics and Space Administration), 
Roscosmos (Roscosmos State Space Corporation), ESA (European Space Agency) 
and others to study the Red Planet (NASA 2017). 

The latest technological achievement is Mars rover Curiosity, which is a part of 
NASA’s Mars Science Laboratory mission. The car-sized rover is an automated 
motor vehicle with several science instruments such as cameras, spectrometers, 
environmental sensors, atmospheric sensors and radiation detectors (Figure 5). 
Three different cameras are placed on Curiosity, Mast Camera (Mastcam) that takes 
colour images and videos of the Martian exterior, Mars Hand Lens Imager (MAHLI) 
that equivalents a geological hand lens and Mars Descent Imager (MARDI) that took 
colour video during the descent of the spacecraft towards the surface to document an 
“astronaut’s view” of the landscape. Four types of spectrometers are attached on the 
rover, Alpha Particle X-Ray Spectrometer (APXS) that quantifies the abundance of 
chemical elements in Martian rocks and soils, Chemistry & Camera (ChemCam) that 
examines the elemental composition of vaporized materials, Chemistry & Mineralogy 
X-Ray Diffraction (CheMin) that identifies the abundance of different minerals on 
Mars and Sample Analysis at Mars (SAM) Instrument Suite that searches for carbon 
compounds and other light elements associated with life. Mars Science Laboratory 
Entry Descent and Landing Instrument (MEDLI) is a set of atmospheric sensors that 
gathers data during the spacecraft’s entry into the Martian atmosphere. Rover 
Environmental Monitoring Station (REMS) is a weather monitoring station that 
compiles daily and seasonal reports on Mars climate. Also, two radiation detectors 
are carried on the rover, Radiation Assessment Detector (RAD) that measures all 
high-energy radiations on the Martian surface and Dynamic Albedo of Neutrons 
(DAN) that operates to identify water content and determine layers of water and ice 
either on or within the Martian crust (NASA 2010). 

Figure 5. A schematic representation of Mars rover Curiosity (NASA 2010). 
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Besides, two even more progressive rovers are planned for launch in 2020 – 
ExoMars rover led by cooperation of ESA and Roscosmos, and Mars 2020 rover 
directed by NASA. The rovers’ prime missions are to investigate Martian microbial 
biosignatures and signs of past habitability. Both rovers will also collect drill cores of 
rocks and soils for potential sample returns to Earth by future missions. Moreover, 
Mars 2020 will test a capability of oxygen production from atmospheric carbon 
dioxide with a purpose to prepare for human exploration of the Mars. Because of the 
latest science objectives, ExoMars and Mars 2020 will carry a set of upgraded, even 
more advanced tools as well as new science instruments. One of the most important 
innovations is a Raman spectroscopy system on both rovers, which is able to provide 
mineralogical compositions and detect organic materials (ESA 2017; NASA 2014). 

2.5 Study Sites and Samples 

2.5.1 Gran Canaria, the Canary Islands, Spain  

The Canary Islands are an archipelago that is located in the Atlantic Ocean, west of 
the African coast. The Canarian archipelago includes seven main islands that differ in 
extents, everything from 115 to 600 km. These islands are Tenerife, Fuerteventura, 
Gran Canaria, Lanzarote, La Palma, La Gomera and El Hierro. The above-mentioned 
islands, lying on African continental slope, are categorised as oceanic intraplate 
islands due their volcanism and are comparable to the Hawaiian Islands. Evidence of 
the migration of the African plate over a hot spot region can be identified by the 
distinct trend of the island chain to prolong from east to west, from Fuerteventura to 
La Palma respectively. It is supposed that the volcanism have begun around 70 to 80 
Ma on the easternmost islands of the archipelago and is still active today (Schmincke 
et al. 1995).  

Gran Canaria is the island placed in the centre of the Canarian archipelago and 
the beginning of the volcanism at this part is dated to approximately 16 Ma. It is 
recognized that the last eruption in the area occurred 3075 ± 50 years ago. North of 
Gran Canaria (Appendix 1), site 954, with Holes 954A and 954B, was drilled in a 
volcaniclastic apron during Leg 157 of the Ocean Drilling Program (ODP) (Schmincke 
et al. 1995). The volcaniclastic apron has a complex configuration made up of 
unconsolidated sediments, which are volcanic products and vary in grain sizes from 
fine-grained lapillistones to brecciated basalts. The sediments are poorly sorted, 
which may indicate that more fine-grained and laminated deposits, settled by turbidity 
currents, got blended with more coarser debris flow deposition. It also could be 
determined that material, which build up the volcaniclastic apron, were formed in 
volcanic eruptions occurred both under submarine, shallow submarine and subaerial 
conditions but were deposited in submarine settings due their downwards sliding 
along the flanks. The submarine and shallow marine volcanism in the area is dated to 
the period between 16 and 14Ma. A transition to more elevated and at last the 
subaerial volcanism began about 14Ma. The formed volcaniclastic sediments are 
primarily of mafic composition and contain a high fracture of planktonic foraminifers 
and calcareous nanofossils (Schmincke and Segschneider 1998; Schmincke and 
Sumita, 1998; Wallace, 1998). 

Samples from the volcaniclastic apron of Gran Canaria, Hole 954B, were prepared 
as polished rock thin sections, ~150 μm in thickness. The current study focuses on 
two samples: 43R-02-130-132 130-132 cm and 12R-03-091-093 91-93 cm from a 
depth of 442 m below seafloor. 
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2.5.2 North Pond, Mid-Atlantic Ridge, Atlantic Ocean 

Mid-Atlantic Ridge (MAR) is a long submarine mountain chain that prolongs for  
~16000 km in the north-south direction of the Atlantic Ocean and takes up the central 
part of the basin. Those basaltic mountains, shaping the ridge, are 1600 km wide and 
occasionally they reach up above sea level. A long rift valley, about a width of 80 to 
120 km, accompanies the ridge and within its basement a seafloor spreading takes 
place. Here, a molten magma wells up and cools constantly and it gradually gets 
pressed away from the flanks. The Mid-Atlantic Ridge is a result of divergent 
movement between the North American and Eurasian, and South American and 
African crustal plates. A rate of the seafloor spreading is estimated to 1 – 10 cm per 
year, indicating that the Mid-Atlantic Ridge is of a slow-spreading type. Other events 
such as volcanism, earthquakes and periodic hydrothermal activities, which release 
vent fluids, occur frequently in the area (Encyclopaedia Britannica 2010). 

North Pond is an isolated sediment pond of 8×15 km in size. It is located 140 km 
west of the Mid-Atlantic Ridge and 50 km south of the Kane Fracture Zone in a depth 
beneath the water of ~4300 m (Purdy et al. 1979). The North Pond is elongated in 
northeast-southwest direction and has a crustal age dated to 8 Ma. The sediment 
layer in the area is up to ~200 m thick and functions as a barrier to seawater-basalt 
exchange. The surrounding ridges of steep rift mountains serve as a driver for 
circulation of seawater exchange between the crustal aquifer and the deep ocean 
(Langseth et al. 1992). The described scheme of the open circulation of oxygenated 
water within the basaltic basement of the North Pond results in a rich content of 
oxygen in the fluids for the entire area (Orcutt et al. 2013; Ziebis et al. 2012). During 
Leg 209 of the Ocean Drilling Program (ODP), sites 1271 and 1272, with Holes 
1271B and 1272A, were drilled in ultramafic ocean crust of Mid-Atlantic Ridge 
(Appendix 2). The particular section emerged ~1 million years ago side by side with a 
detachment fault. Site 1272 is located near the 15°20’N Fracture Zone, on a 
mountain of the inside of the transform fault. Site 1271, situated 2 km SSE of Site 
1272, is closer to the rift valley and lies on a down-faulted block. Both drill cores host 
carbonate veins. In Site 1271, the carbonate veins are found in serpentinized 
harzburgites and dunites, while in Site 1272 those are present in a serpentine clast 
from a polymictic breccia (Bach et al. 2011).  

Samples from the slow-spreading Mid-Atlantic Ridge were also prepared as 
polished rock thin sections, ~30 μm in thickness. This study focuses on sample 
1272A 2R1 40-45 cm from a depth of 13.3 m below seafloor. 

3. Methods 
Identification of fossils through morphological features was made using Optical 
Microscopy. Filaments and laminar structures were targeted as well as typical 
morphologies of diatoms and other phytoplankton. Optical microscopy is also well 
suited for mineralogical evaluations and rough estimations on size distribution of 
fossils and fossilized colonies. Thin sections were studied by using a basic high-
power Leica DM LSP light microscope. 

Environmental Scanning Electron Microscopy (ESEM) was used for high-
resolution imaging, morphology determination and elemental distribution. The North 
Pond samples were analysed without coating and the Canary Island samples were 
carbon coated. Elemental mapping and spot analyses were made on all samples. 
Due to the semi-quantitative nature of SEM analyses, exact elemental concentrations 
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were not established. ESEM analyses, with attached X-ray dispersive system (EDS), 
were performed on an FEI QUANTA FEG 650 (Oxford Instruments, UK), where EDS 
was operated using Oxford T-Max 80 back-scattered detector. The analyses were 
done in low vacuum with a pressure of 0,9 mbar and the acceleration voltage in the 
range of 20 to 30 kV, depending on the nature of the samples. The instrument was 
calibrated with a cobalt standard. Element mapping was accomplished using Aztec 
software and element analyses were performed using INCA Suite 4.11 software. 

Raman spectroscopy was applied for a determination of mineral phases and a 
closer chemical analysis of potential fossils. Mineralogical composition was obtained 
by elemental spectra and molecular structures could be identified by spectra of 
organic compounds. Raman spectroscopy was implemented with a confocal laser 
Raman spectrometer Horiba instrument LabRAM HR 800, provided with a 
multichannel -70°C air-cooled 1024 x 256 pixel CCD array detector. Molecules were 
excited by an Argon-ion laser source (λ=514 nm). Filters D1, D2 and D3 were tested 
with a purpose to find the most applicable intensity range. A low laser power of 1mW 
was used at sample surfaces to record spectra. A confocal Olympus BX41 
microscope was attached to the instrument and the laser beam had a focus through 
a 100x objective. Consequently a spot size of  ~1 μm with the spectral resolution of 
~0.3 cm-1/pixel could be acquired. The Raman spectra were accomplished with 
LabSpec 5 software and identified by data from RRUFF Project. 

Fluorescence microscopy was performed only for a determination of a possible 
organic content in a similar sample from the North Pond, which contained same 
structures, due an inaccessibility of the previous sample. It was done by Leica DFC 
550 light microscope, using filter cube turret to switch between following filters: 2 for 
blue excitation and green-red emission, 3 for green excitation and red emission and 4 
for UV excitation and blue-red emission. 

4. Results 
4.1 Gran Canaria, the Canary Islands, Spain 

4.1.1 Petrography  

Samples in the current study are from the uppermost layer of the Hole 954B and 
consist of volcanic sediments such as calcerous bioclastic sands, lapillistones and 
volcanic breccia, as well as nannofossil ooze (Schmincke et al. 1995). Optically, the 
sample 43R-02-130-132 130 – 132 cm is lighter in colour (pale grey to pale brown) 
than the sample 12R-03-091-093 91 – 93 cm (dark grey). ESEM/EDS analysis shows 
appearance of several mineral phases visible by a variation in the grayscale. A 
deliberately selected pelletal section maps clearly elements Si, Fe, Ti, O, Mg and Al 
(Figure 6). The elements follow a ranking from to be the highest to be the lowest in 
presented concentration.  

I came into sight that the thin sections from Gran Canaria are of insufficient quality 
due the high porosity of the samples, implying that a full set of analyses cannot be 
performed. Therefore, the main focus for the particular samples is no more than a 
brief analysis of morphologically distinctive structures that have the appearance of a 
biogenic origin. 
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4.1.2 Biogenic Structures  

In optical microscopy, different dimensions of blob-like morphologies are observed 
(Figure 7). The structures appear with light-grey margins and darker interiors, from 
~160 μm to more than 500 μm in length. Some of the structures are found in groups 
and some occur solitary. Further analyses focus on a selected structure 7A (Figure 
7). ESEM/EDS analyses reveal that a prospective fossil contains Ca, C and O with 
smaller quantities of Si, Al, Fe, K, Mg, Na, Cl and Ti. Spot analysis and element 
mapping depict that the potential fossil has a margin of Ca and an interior dominated 
by C that has a high mass fraction of 43.3 wt% (Figure 8, 9). The interior also contain 
minor quantities of Si, O, Al, K, Mg and Fe. The concentrations of K, Mg, Na are less 
than 1 wt% and consequently too low to map reliably. Raman spectroscopy 
supplementary validates the chemical composition of the sample. Raman spectrum 
of the margin shows overlapping bands at 155, 282, 713, 1087 and 1441 cm-1, which 
is consistent with a carbonate, particularly calcite (Figure 10A). Raman spectrum of 
the interior shows overlapping bands at 1333, 1609 and 2078 cm-1, which is 
consistent with a disordered carbonaceous material (CM) (Figure 10B).                                             

Figure 6. Elemental maps created by ESEM/EDS analysis. Mapped elements follow a 
ranking from the highest (upper left) to the lowest (lower right) in concentration. Sample 
43R-02-130-132 130 – 132 cm. Elements below 1 wt% are not depicted in the image.  
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Figure 7. Optical micrographs in reflected light of potential biogenic structures. A and B: 
sample 12R-03-091-093 91 – 93 cm. C and D: sample 43R-02-130-132 130 – 132 cm.  

A 

D C 

B 

Figure 8. Spot analysis of the potential fossil. Sample 12R-03-091-093 91 – 93 cm. C, O and 
Ca are dominated elements. Map Sum Spectrum is normalized to 100 wt%. 
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Figure 9. Elemental maps created by ESEM/EDS analysis of structure 7A. Mapped 
elements follow a ranking from the highest (upper left) to the lowest (lower right) in 
concentration. Sample 12R-03-091-093 91 – 93 cm. The margin overlaps strong with Ca 
and somewhat with O. The interior overlaps with C and minor amounts of Si, O, Al, K 
and Mg. Elements below 1 wt% appear blurry. 
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Figure 10. Raman spectra of structure 7A from sample 12R-03-091-093 91 – 93 cm. The 
cross shows where the laser beam has been shot. A: Raman spectrum of calcite consists of 
strong band at 1087 cm-1 together with additional bands at 155, 282, 713 and 1441 cm-1. B: 
Raman spectrum of disordered CM consists of strong band at 1333 cm-1 together with 
additional bands at 1609 and 2078 cm-1 (reference data RRUFF.info) 
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4.2 North Pond, Mid-Atlantic Ridge, Atlantic Ocean   

4.2.1 Petrography  

Sample 1272A 2R1 40-45 cm is of ultramafic origin (Bach et al. 2011) and in optical 
microscopy it appears as green-yellow-brown. The sample contains a distinct 
carbonate vein that is ~3-5 mm in width. Raman spectroscopy shows that the vein is 
consistent with aragonite (Figure 11A). The host rock is serpentinized with an 
oxidized alteration halo that Raman analysis indicates as manganese phase as well 
as occasional magnetite (Figure 11B). ESEM/EDS analysis of a contact zone shows 
appearance of those mineral phases visible by alteration of dark and light patches 
and demonstrates compositions that map clearly elements Ca, O, Si, Mg, Fe and C 
(Figure 12). The elements follow a ranking from to be the highest to be the lowest in 
presented concentration.	 

Figure 11. Raman spectra of mineral phases from sample 1272A 2R1 40 – 45 cm. The 
cross shows where the laser beam has been shot. A: Raman spectrum of aragonite consists 
of strong band at 1084 cm-1 together with additional bands at 150, 204 and 700 cm-1. B: 
Raman spectrum of magnetite consists of stronger band at 639 cm-1 together with additional 
bands at 272 and 983 cm-1 (reference data RRUFF.info) 
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Figure 12. Elemental maps created by ESEM/EDS analysis of the contact between the 
host rock and the aragonite vein. Mapped elements follow a ranking from the highest 
(upper left) to the lowest (lower right) in concentration. Sample 1272A 2R1 40 – 45 cm. 
Elements below 1 wt% are not depicted in the image.  
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4.2.2 Biogenic Structures  

In optical microscopy, sporadically a crust of dark or black cauliflower-like and 
filamentous structures occurs. They propagate perpendicular to the aragonite vein’s 
walls. The cauliflower-like structures are a few hundred µm in length and 50 µm in 
diameter (Figure 13A). The filamentous structures are 2-5 μm in diameter and from 
~20 μm to more than 100 μm in length (Figure 13B). Both structures branch 
frequently in different directions. Researchers at Stockholm University Astrobiology 
Centre have already studied the filamentous structures in this sample. Hence, this 
study focuses on cauliflower-like structures at 13A. In ESEM/EDS, the cauliflower-
like structures alternate dark and light bands. Higher amounts of organic material and 
lower amounts of metals characterize the dark bands.  

An overview ESEM/EDS analysis reveals that potential fossil structures contain C, 
Mn and O with minor quantities of Mg, Si, Fe and Ni (Figure 14). A higher 
magnification shows that the structures are hollowed, with some cavities that are 
filled with a material and others being empty. Spot analysis and element mapping of 
a filled cavity show a margin of C and an interior dominated of Mn, O, Mg, Ni, Fe, Co, 
Si (Figure 15, 17). Spot analysis and element mapping of an empty cavity show an 
interior of Ca with a distinct C-trail within the void space and a margin is dominated of 
O, Si, Mn, Mg and Ni (Figure 16, 18). Mass fractions of C are 13.9 wt% for the filled 
cavity and 15.3 wt% for the empty cavity. Electron beam easily influences the trail-
structure by burning holes in it. Raman spectroscopy further displays the chemical 
composition of the structures. Raman spectrum of the structures show overlapping 
weaker bands at 1369, 1579 and 2841 cm-1 with additional strong peaks at 151, 203 
and 1086 cm-1, which are consistent with a disordered carbonaceous material (CM) 
and the aragonite respectively (Figure 19). Optical micrographs from fluorescence 
analysis of similar structures show that these luminescence red in UV excitation and 
blue-red emission (Figure 20). 
  

Figure 13. Optical micrographs. A: Cauliflower-like structures, scale 200 μm. B: Filamentous 
structures, scale 50 μm. Sample 1272A 2R1 40-45 cm. 

A B 
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Figure 14. Elemental maps created by ESEM/EDS analysis of cauliflower-like 
structures. Mapped elements follow a ranking from the highest (upper left) to the lowest 
(lower right) in concentration. Sample 1272A 2R1 40 – 45 cm. The interior overlaps with 
Mn and minor amounts of C, and O. Elements below 1 wt% appear blurry. 
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Figure 15. Spot analysis of the filled cavity. Sample 1272A 2R1 40 – 45 cm. O, Ca and C 
are dominated elements. Map Sum Spectrum is normalized to 100 wt%.  

Figure 16. Spot analysis of the empty cavity. Sample 1272A 2R1 40 – 45 cm. O, Ca and C 
are dominated elements. Map Sum Spectrum is normalized to 100 wt%. 
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Figure 17. Elemental maps created by ESEM/EDS analysis of the filled cavity. Mapped 
elements follow a ranking from the highest (upper left) to the lowest (lower right) in 
concentration. Sample 1272A 2R1 40 – 45 cm. The margin overlaps with C. The interior 
overlaps with Mn, O, Mg and minor amounts of Ni. Elements below 1 wt% appear blurry.
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Figure 18. Elemental maps created by ESEM/EDS analysis of the empty cavity. Mapped 
elements follow a ranking from the highest (upper left) to the lowest (lower right) in 
concentration. Sample 1272A 2R1 40 – 45 cm. The interior overlaps with Ca and C-trail. 
The margin overlaps with O, Si, Mn and minor amounts of Mg. Elements below 1 wt% 
appear blurry. 
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Figure 20. Optical micrographs from fluorescence analysis. A: No filter. B: UV/blue-red filter. 
C: Green/red filter. D: Blue/green-red filter. Filters – excitation/emission. Scale 100 μm. 

A B 

C D 

Figure 19. Raman spectrum of a cauliflower-like structure from sample 1272A 2R1 40 – 45 
cm. The cross shows where the laser beam has been shot. Raman spectrum of disordered 
CM embedded in aragonite consists of bands at 1369, 1579 and 2841 cm-1 with additional 
strong bands at 151, 203 and 1086 cm-1 (reference data RRUFF.info) 
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5. Discussion 

5.1 Biogenicity 

For a determination of a potential biologic origin of studied structures from Gran 
Canaria and North Pond, the biogenicity criteria formulated by McLoughlin (2015) 
were used. The criteria include morphological complexity, elemental composition, 
surrounding environment and geological setting as well as formation temperatures 
that have to be in the range <120°C (Neubeck 2018). 

5.1.1 Gran Canaria, the Canary Islands, Spain 

The mineral phases of the sample 43R-02-130-132 130 – 132 cm in Figure 6, 
demonstrate pelletal morphology and chemical composition what probably can be 
siliceous lapillistones. The presence of Ti can be explained with a concept that it 
originated from volcanic rocks and accumulates as a secondary filling in a form of 
TiO2 in pelagic sediments together with other oxides (Streng 2018). Studying 
background of the sample 12R-03-091-093 91 – 93 cm in Figure 9, where structure 
7A is embedded, it shows a fragmented morphology with chemical composition of Ca 
matrix and clasts of mainly Si and Al, proposing calcerous bioclastic sands together 
with the coarser volcaniclastic debris. This interpretation seems reasonable 
comparing with the geological configurations of the volcaniclastic apron at site 954.  

The blob-like structures have complex morphologies as well as varied size 
distribution and appear to be encapsulated in their host rocks. Moreover, these have 
highly distinctive margins. The ESEM/EDS and Raman analyses of structure 7A 
show clearly that its margin is of calcite suggesting that this is an external shell. The 
ESEM/EDS analysis of the structure’s interior shows that it mainly consists of C, 
where the spot analysis in Figure 8 especially confirms it with the high C mass 
fraction. At the outer edges of the interior, trace elements such as Si, Al, K, Mg and 
Fe occur and this composition differs from the margin, where no such elements are 
present. Most likely, it suggests an organized morphology that could reflect a 
possible cell wall but without a closer chemical data such an interpretation is 
questionable. It has also to be kept in mind that ESEM/EDS analyses are not precise 
and therefore the presented high amount of C cannot be accepted as a single 
evidence for biological origin of the structure. The Raman analysis of the structure’s 
interior detects characteristic disordered CM peaks meaning that it consists of 
organic carbonaceous matter. Moreover, the disordered pattern of the peaks refers to 
low temperatures at the formation. These properties are a strong sign for a biologic 
origin, based on interpretations of similar Raman peaks as biotic markers by previous 
authors (Bower et al. 2013; Ivarsson et al. 2015). 

The structures from Gran Canaria meet the biogenicity criteria (McLoughlin 2015) 
and can be recognized as fossilized microorganisms due their complicated 
morphological features and the presence of disordered CM. These results support 
biotic rather than abiotic interpretation. Also the distinctive margins of the structures 
associate with the calcitic shells, proposing the biological origin. Consulting Streng 
(2018), the above-described structures are determined to be consistent with 
Foraminifera. The geological background of the formed volcaniclastic sediments at 
the area confirms this conclusion (Schmincke and Segschneider 1998; Schmincke 
and Sumita, 1998; Wallace, 1998). 
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5.1.2 North Pond, Mid-Atlantic Ridge, Atlantic Ocean   

The sample 1272A 2R1 40-45 cm in Figure 11 demonstrates several mineral phases. 
The pronounced carbonate vein is estimated to consist of aragonite, which 
presumably is a secondary filling of an open fracture. The host rock itself is 
serpentinized, meaning that the ultramafic rock is alternated, with a proposed 
oxidization halo at the interaction with the aragonite vein. The results of Raman 
spectroscopy shows that at this contact zone manganese phase occur together with 
occasional magnetite. The ESEM/EDS analysis in Figure 12 maps clearly C between 
the interactions and it also shows that the crossed vein consists of Ca while the host 
rock of Mg, Fe, O and Si. This suggests an occurrence of manganese and iron 
oxides. It is a reliable assumption because such properties are common for well-
oxygenized ultramafic rocks in the North Pond and almost certainly the host rock can 
be interpreted as serpentine, which correspond well with the geological description of 
the site 1272 (Bach et al. 2011). 

The cauliflower-like structures in Figure 13A occur in laminations and have an 
intricate morphology, including the frequent branching, of microstromatolitic nature. 
These are embedded in the aragonite, proposing a presence of microorganisms that 
inhabited the open fractures, which were circulated by fluids. When fluids reached 
the threshold of supersaturation, aragonite precipitated and encapsulated these 
microorganisms. Formation temperatures of the aragonite were <14°C (Bach et al. 
2011) meaning that geological setting of the potential microstromatolites is 
compatible with life. Previous study of samples from subseafloor basalts by Ivarsson 
et al. (2012) defined a similar mode of preservation. The overview ESEM/EDS 
analysis shows clearly that the structures contain Mn, O and C with minor quantities 
of Mg, Si, Fe and Ni and are embedded in Ca. This composition implies a presence 
of manganese oxides, which are able to attract various trace metals. Such 
interpretation could suggest a geologic manganese oxide precipitation as shown in 
Figure 1 but those abiotic dendrites are two-dimensional and do not contain C. In the 
studied specimen, the supposed microstromatolites are hollowed and appear in 
three-dimensional with cavities that are either filled or empty. The ESEM/EDS 
analysis of a magnified cluster of filled cavities in Figure 17 shows the margin of C 
and the interior dominated of probable manganese oxides with trace elements such 
as Mg, Ni, Fe, Si, and Co. Here, it is challenging to determine if the C is organic. The 
ESEM/EDS analysis of the magnified empty cavity in Figure 18 shows a significant 
elemental arrangement, where the interior consists of the distinct C-trail embedded in 
Ca and assumed manganese oxides with minor amounts of Si, Mg, Ni and Fe 
dominate the margin. Here, it appears definitely that the C-trail has a distinguishing 
shape and do not overlap with O. Furthermore, the calculations of mass fractions for 
both described cavities show that the ratio of C to Ca is ~2:1 as well as it was 
observed that the electron beam easily influenced the C-trail in a form of visible burn 
holes. These characteristics indicate that the trail is not consistent with a carbonate 
but rather is a thin organic film. Compared with the structure 7A from Gran Canaria, 
the trace elements here contain Mn and Fe that are easily oxidized and may indicate 
the oxidation or alteration rim. At the same time, this organized arrangement of the 
trace elements at the interior may propose some cellular signs but as named earlier 
such an interpretation is ambiguous without the supporting data. Also as mentioned 
previously, the ESEM/EDS analyses cannot be considered alone as the defined 
determination for a biotic origin of the C-trail structure. The Raman analysis reveals 
that the assumed microstromatolitic structures comprise the characteristic disordered 
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CM peaks embedded in the aragonite. Equally, based on the interpretations of similar 
Raman peaks by previous authors (Bower et al. 2013; Ivarsson et al. 2015), this is 
considered as a strong indication for a biological origin. If the CM peaks would have 
a strong intensity peak-pattern, then the situation would imply the abiotic origin of the 
C. The disordered pattern of the peaks also proves the mentioned low formation 
temperature. The fluorescence analysis was performed on similar microstromatolitic 
structures, which are not from the same sample as in the study. Those structures 
didn’t show any organic content but they glowed out red in UV excitation and blue-
red emission, suggesting that they contain trace metals, which is a reasonable 
interpretation due the occurrence of manganese oxides. The change of the samples 
could have contributed to misleading assumptions regarding a fluorescence nature of 
the structures in the sample 1272A 2R1.  

The structures from the North Pond meet the biogenicity criteria (McLoughlin 
2015) and can be considered as fossilized microstromatolitic microorganisms. The 
overall morphological arrangements of the structures are comparable with reported 
biological microstromatolites and the presence of disordered CM support the biotic 
interpretation rather than abiotic. The formation temperatures for the host rock of the 
microstromatolites, the aragonite, are lying within the temperature range for biologic 
origin (Bach et al. 2011). Additionally, from Alt et al. (2007), general temperature 
estimations of the rocks from Hole 1272A show that rocks are a product of low-
temperature serpentinization at <150°C.  

The C-trail in Figure 18 is close associated with the thin film and its high amounts 
of CM propose an interpretation of it being a biofilm that was attached on the fracture 
walls. A suggestion is that the mineralized biofilm is of chemoheterotrophic 
microorganisms such as Fe-reducing bacteria, which in turn formed mysterious 
microfossils called Frutexites microstromatolites (Rodríguez-Martínez M et al. 2011). 
Moreover, according to previous study of Guido et al. (2016) those bacteria thrive on 
the microcavities in laminations as well as they induce the precipitation of Fe and Mn 
oxides. Other study of Heim et al. (2017) shows that the Frutexites-like biofilms 
accumulates by a complex microbial colony. It is believed that energy sources for the 
microbial colonization are probable products from serpentinization reactions through 
mineral-water interactions, which is a plausible explanation due the fact that 
hydrothermal venting and active serpentinization is common in the area (Alt et al. 
2007). Compering the described Frutexites in the studies above with the examined 
structures in the sample 1272A 2R1, it seems that they are consistent. Thereby, a 
reasonable assumption is that the biofilm and the Frutexites microstromatolites within 
the aragonite veins represent remains of a bacterial community that inhabited the 
fractures open to fluid circulation.  

5.2 Evaluation of Applied Methods   

One of the main factors in the extraterrestrial search for life is the application of 
suitable methods for the searching. To get a better understanding of what type of 
approaches are most relevant for the extraterrestrial research, scientists test diverse 
sets of methods on samples from Earth, which contain organic substances. Those 
sets comprise various microscopy and spectroscopy features. It is common that 
astrobiologists, especially geochemists, pursue a following scheme, starting with 
optical microscopy to find objects of interest in order to further study those structures 
in SEM, fluorescence microscopy and Raman spectroscopy. Therefore, the same set 
of methods was performed in this study. 
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The optical microscopy is quite solid primary procedure for the investigation of 
visual structures and is widely used on all different types of space explorers in form 
of cameras with various missions. This is an easy way to study a sample for a simple 
analysis such as morphology and partially mineralogy. Weaknesses of optical 
microscopy are a restriction of magnification and a need of visible light. Anyhow, this 
sort of microscopy is only used as a first step of an analysis and therefore its 
capabilities are considered as enough for the task. One of the types of optical 
microscopy is fluorescence microscopy, which in a simple manner is able to depict 
an organic content of a sample, either by using filter-slides or in more sophisticated 
way by staining tested components. Disadvantage with fluorescence can occur in a 
form of an aspect that obtained results may be problematic to understand due the 
equivalent luminescence ability of abiotic elements.  

Basic SEM is a widespread method for structural and chemical analyses in higher 
resolutions. In this study an upgraded SEM was used – ESEM with attached EDS, 
which allows to test samples in their natural state. This method provides with a 
reliable elemental distribution and accurate morphologies of a sample, which is a 
powerful tool in the life determination. However, ESEM is not flawless because the 
method is not precise. Elemental mapping shows the most abundant elements in an 
entire image it takes, not only in a studied structure. Spot analysis improves the 
disturbing bias but it still cannot be counted as an exact result. Another minus, even if 
ESEM developers tried to change it, is that sometimes samples have to be coated to 
lead electrons away. In this report, samples from Gran Canaria were carbon coated 
while particularly C compositions were studied, which might impair the results.  

Raman spectroscopy is an advanced technique and through spectral analysis of 
molecular fingerprints that can determine mineralogy, if a sample is of biotic or abiotic 
origin as well as define temperatures and pressures at the sample’s formation. This 
method is easy to implement because samples don not require a preparation and 
results can be obtained almost immediately. Thus, a chemical analysis of a sample 
can be completed in very shot time. To get a molecular composition of the sample, a 
Raman spectrum is compared against a spectral database. Consequently, a 
downside of Raman spectroscopy can be that it compares obtained data only with 
already identified molecular spectra and cannot determine new compositions. 
However, it is supposed that the Solar system is build up of same chemical 
compounds and thereby it should not be an issue. 

Accordantly, a following debate arises whether the above-described types of 
analyses are adequate for searching of extraterrestrial life and do they define suitable 
geochemical biomarkers. Nowadays, humankind is exploring Mars that has not 
differed a lot at its young age from Earth. Before Great Oxygenation Event, 
methanogens, which are methane-producing chemolithoautotrophs, flourished early 
Earth and those are believed to be one of the first alive forms on the planet 
(Cameron et al. 2009). It has been proposed that methanogens were the source of 
the methane-rich early Earth atmosphere and could as well be a reason for the 
methane found in the Martian atmosphere (Gueguen et al. 2013). The 
chemolithoautotrophs thrive in marine volcanic or hydrothermal environments 
because of the bioavailable energy sources. Hence, the subseafloor crust is so well 
studied and it functions as a necessary basis of information for an understanding of a 
possible fossil record on Mars. 

Obviously, it is better to perform an in situ analysis that transport samples to a 
laboratory. A sample return can result in contaminations or even destructions of 
specimens. Therefore, space agencies constantly improve their planetary explorers 
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by making them more advanced and powerful, which involves that new sets of 
scientific instruments are developed or upgraded. As mentioned before, rovers 
ExoMars and Mars 2020 are planned for take-off in 2020 with the missions to 
examine signs of past microbial life on the Red Planet. The most interesting feature 
is that both rovers have a Raman spectroscopy system on their payloads. Hence 
ESA and NASA are intending to use this method, this serves as additional 
confirmation that Raman spectroscopy is a suitable approach for the search of 
biosignatures. 

6. Conclusion 
The current study shows that subseafloor crust is habitable by the presence of fossil 
record. Fossilized Foraminifera were found in the unconsolidated volcanic sediments 
of volcaniclastic apron of Gran Canaria. Frutexites microstromatolites were found in 
the ultramafic rocks of North Pond at Mid-Atlantic Ridge. The performed analyses 
confirmed that the fossilized microorganisms are of biological origin regarding their 
complex morphology, chemical compositions, formation temperatures and geological 
environments. Thereby it can be established that volcaniclastic sediments and 
ultramafic rocks accommodate a deep biosphere, which can exist in the subseafloor 
configurations. In an astrobiological context, these results verify that volcanic and 
hydrothermal aquatic environments are plausible habitats for life. Future planetary 
missions to present or former volcanic environments such as Mars for example, with 
the target of searching for traces of life, are now even more convincing than before. 

The applied methods in this study displayed their satisfactory capacity for the 
determination of biogenicity. Each method alone cannot stand as a reliable result but 
the set of the applied methods is recognized to be suitable approach for the 
identification of biomarkers, biosignatures and bioindicators in geological samples. In 
the same manner samples from outer space or on other planets in the Solar system 
can be examined. Therefore, the implemented microscopy and spectroscopy 
methods are concluded to be appropriate for extraterrestrial research and are 
considered to be a valuable tool for the future exobiological missions. 
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Appendices 
Appendix 1 

General map of Gran Canaria, showing the location of ODP Site 954 and seafloor 
topography (modified from Schmincke and Sumita 1998). North is up.	
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Appendix 2 
General map of the area south of the 15°20'N Fracture Zone showing the locations of ODP 
Sites 1271 and 1272. Bathymetric data are from Fujiwara et al. (2003). Logatchev 
hydrothermal field is one of submarine hydrothermal systems associated with ultramafic 
rocks (from Ivarsson et al. 2017). North is up. 	



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


