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Abstract  
  
Polymerized Tubular Silicates in Lower Cambrian Carbonates – Biology or Chemistry? 
 
Scott Green  
 
Shallow marine environments from the Lower Cambrian period were very different to shallow 
marine environments of today. Tubes of what was thought to be silica recovered from a partly 
dolomitized carbonate sample collected form a site near Indian Springs, Nevada could help 
further understand the chemistry and characteristics of such environments. The aim of this 
study is to present a detailed morphological description of the tubular structures found in the 
rock sample as well as to give a description of the environment in which they were produced. 
This was achieved by first studying the samples with several different analytical techniques 
including Scanning Electron Microscopy (SEM) and Energy-dispersive X-ray spectroscopy 
(EDS) and subsequent evaluation of the obtained data. This resulted in the discovery that the 
tubular structures have a wall mainly consisting of non-detrital silica crystals. The crystals are 
arranged in string-like structures which overlap to form tube walls of varying thicknesses.  The 
observed tubular structures are typically straight and ca. 0,23 to 0,25 mm long, but slightly 
curved and rare bifurcating tubes were also seen. The elemental mapping of a thin section of 
tubes showed that the wall-forming crystals consist mainly of silica (SiO2), however, small 
concentrations of calcium (Ca) were found inside many of the silica crystals leading to the 
conclusion that positive calcium ions may have acted as a seed for the silica crystals.  A 
comparison of the tubular structures with other tubular fossils of the same geological time 
period is presented as well as a discussion of whether the specimens are of biological origin, 
and consequently a biosignature, as these could be used in future research when studying 
material from other planetary bodies.  
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Sammanfattning  
  
Polymeriserade rör av kiseldioxid upphittade i karbonater från nedre Kambrium – 
biologi eller kemi? 
 
Scott Green 
  
Grunda marinmiljöer i nedre Kambrium var väldigt annorlunda från grunda marinmiljöer som 
finns idag. Små rör av vad som hypotiserades vara kiseloxid upptäckta i en dolomitiserad 
kalkstenstuff från Indian Springs, Nevada skulle kunna hjälpa att förstå kemin inblandad i 
bildandet av dessa samt bildningsmiljön i mer detalj. Syftet med detta projekt är att presentera 
en detaljerad morfologisk beskrivning av dessa rör samt försöka beskriv miljön i vilken de 
bildades. Undersökningen gjorde genom att först studera rören med olika 
mikroskoperingsmetoder inklusive ett optiskt mikroskop samt med ett svepelektronmikroskop 
(SEM), sedan analyserades proverna med Energidispersiv röntgenspektroskopi (EDS) för att 
detektera och kartera de grundämnena som fanns i rören. Resultaten av dessa metoder är att 
rören är cylindriska eller cigarrformade samt har en väggstruktur av kiseldioxidkristaller som 
sitter ihop som strängar av pärlor. Rören är huvudsakligen raka och har en längd på mellan 
0,23 och 0,25mm, även böjda och förgrenade rör hat hittats, dock var mer sällsynta än de raka. 
Den kemiska analysen av ett tunnslip på några rör visade att de består till mestadels av 
kiseldioxid (SiO2) men koncentrationer av kalcium (Ca) hittades som indikerar att dessa kanske 
agerade som små frön för kiseldioxid att växa runt. En jämförelse av dessa rör med andra 
liknande fossilmed samma struktur och från samma tidsperiod är presenterad samt en 
diskussion kring rören som biosignatur och dess potentiella biologiskt ursprung samt 
användning i framtida forskning inom ämnet.  
 
Nyckelord: biosignatur, rörstrukturer, Kambrium Serie 3, kiseldioxid utfällning, förgrening 
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Introduction  
Tubular structures in carbonate rocks are not uncommon as it is possible to find both tubular fossils and 
trace fossils with a tubular structure. These differ from each other as tubular fossils are generally a 
primary mineralization of an object formed around an organism whereas trace fossils are typically the 
remains of organisms as they have burrowed trough the sediment during their lifetime and these holes 
have since filled with sediment and been preserved (Streng, pers com. 2022).  The preserved tubular 
fossils are typically made of calcium carbonate or calcium phosphate (Streng, pers com. 2022).  
However, tubular structures have been recovered from a partly dolomitized carbonate rock from Nevada 
that do not follow the usual trend and are in fact of silica composition. A background of the marine 
environment in the lower Cambrian and the chemical processes which might have taken place are 
presented to introduce the study. In addition, an introduction to biogenicity and possible future uses of 
the project are presented such as studies on Mars and the Martian surface.  

The objective of this study is to present a detailed morphological description of the tubular structures 
found in the carbonate rock as well as to give a description of the environment in which they were 
produced. This will be completed by first studying the fossils in detail under an optical microscope to 
choose interesting specimens for further analysis in a Scanning Electron Microscope (SEM). The aim 
of this step is, with a high resolution, to photograph the specimens and study their structure and 
morphological characteristics to try and understand how they were formed and in which sort of 
environment this occurred. Chemical analyses of selected tubular specimens and of a thin section of the 
tubes will be performed using Energy-Dispersive X-ray Spectroscopy (EDS).  
 
Marine environment in lower Cambrian  
The Cambrian period (541 Ma – 471Ma) is the first period of the Palaeozoic era (IUGS 2022) and a 
unique period in the geological and biological history of the earth. The period is often known to include 
the famous “Cambrian Explosion” as many major animal groups first appear here in the fossil record 
(Flannery 2019). The supercontinent Pannotia had formed at the end of the Precambrian but started to 
break up into 4 smaller continents: Laurentia, Gondwana, Siberia and Baltica, during the Ediacaran and 
lower Cambrian. Laurentia with a map of modern USA superimposed can be seen in figure 1C used by 
Hasiotis (2012). A map of the lower Cambrian would show an image between B and C with Nevada 
being out to the far right near the equator just below sea level in shallow water. This caused many 
shallow seas to form around the continents where the water temperature was warm (Rafferty 2018). 
These shallow seas with relatively warm seawater (close to equator) became optimal environments for 
the growth of reefs where microbes and sponges dominated before the transition into coral reefs in the 
Ordovician (Rowland and Gangloff 1988). The increase of organic matter in the oceans at this time lead 
directly to an increase or organic matter being deposited on the seafloor as individual organisms died. 
This increase paired with an augmented bacterial activity due to decaying material could in turn lead to 
local anoxic environments forming in the sediment layers. All bodies of water have an oxygen interface 
level that generally, in the ocean, occurs at several centimeters into the sediment but could be pushed 
up toward the surface if an increase in bacterial activity is present as this would also deplete the seafloor 
of oxygen (Brune et al. 2000). Many tubular fossils exist from this late period of the Ediacaran to the 
period of the lower Cambrian including the Cloudinidae, and several will be compared and discussed 
in the project.  
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Silica polymerisation 
Under certain conditions, a solution can become supersaturated and precipitate and depending on the 
composition of the solution, different precipitates are formed. One such precipitate is SiO2. When 
exposed to an extreme environment such as that with a pH value lower than 2, any silica present in a 
solution will be precipitated as the solution will become supersaturated due to the solubility of the 
chemical being very low (Wilhelm & Kind 2014). In fact, silica will precipitate, and a solution can 
become supersaturated at pH values lower than 7. This reaction is called syneresis (Wilhelm & Kind 
2014) and when it occurs, the precipitated silicic acid consisting of one silicon atom and four hydroxide 
groups polymerize with other silanol groups (-Si-OH-) if free hydrogen ions are present surrounding 
solution, often water. A potential source for hydrogen ions is the presence of acids such as sulfuric acid 
(H2SO4), these monomeric silicic acid groups will attract an extra hydrogen ion (H+) and become 
positively charged causing it to join up with another silanol group releasing water molecules in the 
process as well as an extra H+ ion creating siloxane bonds. This creates a siloxane group (-Si O-Si-), a 
bound hydrogen ion a water molecule (H2O) as in Equation 1.  

 
 

 
 
 

The siloxane groups can then link together with other siloxane groups and polymerize (Fig. 1) which 
will be weakly negative (Wilhelm & Kind 2014) whilst continuously expelling water from the system. 
As the siloxane groups are weakly charged, they could attract a positively charged ion such as calcium, 
Ca2+ or magnesium, Mg2+. Several of these groups could subsequently bond to the positive ion and it 
could become a seed and form large crystal structures around them, growing all the time there is silica 
precipitated in the environment (Neubeck, pers com. 2022). A potential source of silica on the seafloor 
of which could precipitate is clay particles as these are composed mainly of silica, aluminum and 
magnesium (Kodama 2014). 

 
 

 
Figure 1 Schematic image of siloxane clusters joining to each other forming a chain (Wilhelm, S. & Kind, M. 
2014). 
 

Post formation of a silica crystal encasing a calcium ion, Ostwald ripening could occur if the 
conditions are favourable as it is often present when a solution contains nanoparticles (Piletska, et al 
2017). Large particles grow larger and small particles dissolve and later attach to the large ones due to 
their higher solubility as this stabilizes the thermostability of the solution (IUPAC 1997).  

 
 

(1) 
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Biogenicity and future research 
Potential uses of this study could be when planning future scientific research on Mars. The latest rover, 
Perseverance, to land on the Martian surface landed in the Jezero Crater just north of the Martian equator 
and west of the Isidis Planitia flat plain as this is a site of an ancient river delta estimated to be around 
3.6 billion years old (NASA n.d.). It is believed that the delta area in the crater may possibly have been 
habitable at some period in history as both clays and carbonate minerals have been discovered that need 
the presence of water to form, these are similar to the carbonates that are found in river delta areas on 
Earth (NASA n.d.). If silica can mineralize in a carbonate environment on Earth, then a similar process 
could also occur in favourable areas on other celestial bodies such as Mars. This would be especially 
interesting if the tubular structures in this study, that consist of silica, were proven to show compelling 
evidence of biological activity and classify as biosignatures as they could subsequently be used as an 
indication that life has indeed thrived in the areas where they were found and furthermore if they were 
found anywhere else then this would also be an indication of past life.  Although the carbonate in this 
study is from an ancient reef environment and not from river delta, similar conditions could have been 
present as the crater contained a lake which may have had warm water, high pH values and an 
abundance of microbial activity. 
 

For the silica tubes in this study to be relevant for future reference when exploring other planetary 
bodies, their biogenicity has to be studied. Biogenicity refers to:  
 

“…any chemical and/or morphological signature preserved over a range of spatial scales in 
rocks, minerals, ice, or dust particles that are uniquely produced by past or present organisms. 
This includes elemental and isotopic signatures diagnostic of life, which cannot be formed by 
purely abiotic processes...” (McLoughlin 2011) 

 
This means that any signature found in the tubular fossils that coincides with a criterion of biogenicity 
can be used to prove its biological origin. These criteria area generally divided up into broad categories 
depending on their area of focus (NASA 2015), for example morphological, chemical and 
technosignatures, among others. In this study, the morphological and chemical signatures of the tubular 
structures will be investigated as to see if the chemical and morphological processes that may have 
taken place are dependent on biological activity or, equally important, are not dependent of such 
interaction.   
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Locality and Material  
 
Locality 

The samples that are studied in this investigation were collected in the middle part of the lower 
member of the Poleta Formation in Indian Springs Canyon, Montezuma Range, Esmeralda County, 
Nevada (Fig.3). The outcrop is next to the dirt road through Indian Springs Canyon, ca. 7.15 km WNW 
of Goldfield High School; 130 m NE of an old kiln (approx. 37°43’29.5’’ N, 117°18’44.1’’ W; Fig. 3). 
The age of the Lower Member of the Poleta Formation has traditionally been referred to as “Nevadella” 
Biozone of the Montezuman Local Stage (Cambrian Series 3). Hollingsworth (2011) precicised the 
“Nevadella” Biozone into five trilobite zones and a “barren” interval. The samples are from this barren 
interval between the Avefallotaspis maria and Nevadia addyensis zone.  

The Poleta Formation consists of alternating siliciclastic and carbonate layers with the lower member 
consisting mainly of an oolitic grainstone (McKee & Gangloff 1969), less than 10% of the components 
are larger than 2 mm (Dunham 1962).  
 
Material 

Bulk material of the dolomitic limestone bearing archeocyatids was collected by L. E. Holmer in 
2001 and M. Streng in 2009 and subsequently and macerated in the laboratory with diluted acetic acid 
and hydrochloric acid. Acid residues include trilobite fragments, dolomitized echinoderm ossicles and 
common fragments of tubular microfossils. Part of the material has already been photographed under 
the SEM (specimens are mounted on stubs ms60, and ms203; Streng, unpublished data). The new 
material was mounted on five additional stubs (stubs sg1, sg2, sg3, sg4 and sg5) and analyzed as part 
of this study although images from stub ms60 are shown as well. Some of the tubular specimens were 
sent off to prepare a thin section, this was performed by Van Petro (Canada). Fragments of the tubular 
structures were embedded in epoxy and prepared as thin sections with a thickness of 30 µm and then 
mounted on a glass slide. The embedded tubes consisted of several specimens sliced in half 
perpendicularly to the tube as well as those sliced parallel to the tube structure.  
 
 

 
Figure 2 Photograph of the Montezuma Range, Esmeralda County from where the samples for this study have 
been taken (Streng 2009).  
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Figure 3 Map of site where samples were collected (Google Earth 2015). The exact locality is marked with a 
red pointer.   
 
 

Methods 
 
Optical microscopy 
Firstly, the rock sample containing tubular structures was placed in a solution of acetic acid to remove 
carbonate as to better expose the tubes (Jeppsson 1995). In preparation to categorizing and describing 
basic morphology in SEM, the material was first studied using optical microscopy at an increasing 
magnification of 10x to 100x to optically measure the diameter of the tubes. When measuring the correct 
diameter, a measurement ocular with a scale bar was placed in the optical microscope. The width of the 
tube on the scale bar was then transformed into millimetres by taking the width of the diameter on the 
scale bar times the magnification, this then gives the measurement in millimetres as the width of one 
millimetre can be measured on the scale bar by placing the millimetre paper under the microscope and 
counting the bars that fit into 1mm.  

The surface and basic structure of the tubes was also noted, and a selection were chosen for analysis 
in SEM. The chosen tubes were picked as they showed interesting characteristics such as bifurcating 
tubes or thick walls. These were placed on to a small round stub and sputter coated for 5 minutes in a 
vacuum with gold-palladium alloy necessary for analysis in SEM. This procedure gives the specimens 
on the stub a conductive coating and prevents electrons from the microscope beam collecting on the 
samples so that they can be studied clearly (University of Gothenburg 2021).  
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Undissolved pieces of the sample rock were cut with a rock saw and obtained surfaces etched for a 
few seconds with diluted hydrochloric acid to reveal the location and orientation of the tubular 
specimens. The etched pieces were also studied under the microscope and later prepared for the SEM 
by being mounted onto a large specimen holder designed for specimens of this dimension (about 8 cm 
x 4 cm x 3 cm). It was not sputter coated as we wanted to preserve the original sample for future projects 
or reference.  
 
 
SEM and EDS analysis 
A morphological study of the specimens chosen after optical microscopy was performed. This was done 
with 18 individual specimens.  The grain density and structure of the tubes was photographed, and the 
inner diameter of the tubes was measured in the SEM to compare with the optical measurements of the 
diameter. A lot of time was dedicated to this initial step to search for interesting characteristics both on 
the outer and inner surface of the tubes to compare them to the previous observations or to choose 
specimens for further analysis.  As well as single tube specimens, a thin section including cross sections 
of several tubes was also studied with the Scanning Electron Microscope. The thin section was covered 
in a gold-palladium alloy coating as with the previous stubs.  

The tubular structures in the thin section were further studied using Energy-Dispersive X-ray 
Spectroscopy (EDS) as this analysis presents the chemical composition on the surface of a sample. EDS 
is a technique that analyses the chemical composition of the surface of a specimen in SEM at a voltage 
of 20kV as it measures the intensity and energy of X-ray signals that are produced as an electron beam 
interacts with the specimen (Nasrazadani 2016).   

The EDS detector was used to map entire tubes to give an overview of their chemical composition 
but also for spot analysis, a technique which allows the user to analyse just one squared micron of the 
tubes to get a more precise reading of the composition in different areas. Firstly, an overall reading is 
taken of the area and a chart with element peaks is presented that shows the different elements that have 
been detected. Specific elements are then chosen to be analysed and mapped and this step was 
performed specifically on areas that were interesting in the chemical mapping process such as 
concentrations of certain elements or irregular patterns. The elements that were chosen were carbon, 
oxygen, silica, sulphur, calcium, iron, and magnesium as these are some of the elements that are 
considered to be bio-essential (Callefo et al. 2019). In the preliminary chart, gold and palladium peaks 
could be seen but they were removed from the mapping stage as all the samples were covered in a 
coating of these two elements as previously stated. After chemical mapping was completed, the 
completed maps were overlapped to see if any patterns could be seen or if concentrations of certain 
elements corresponded with each other. The SEM images were then studied again as to identify where 
these concentrations were and if they could be seen directly on the surface of the cross section or if they 
could only be seen by chemical mapping.  
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Results 
 
Optical microscopy 
The results of optical microscopy are that all the tubes seem to be hollow and have a cylindrical shape 
on the inside of the tube wall. In total, 30 specimens were measured, and all the inner diameters of the 
tubes lay between 0.23mm and 0.25mm with a mean value of 0.24mm. In contrast, the outside of the 
tube walls is rather different to the inside as they show irregular shapes and an uneven surface. The 
thickness of the tube walls varies considerably both along the surface of a single tube but also between 
specimens. Some specimens were measured to have a wall thickness of double that of the inner diameter 
of the tube at certain places.  As can be seen in the images below (Fig.4) many of the tubular structures 
are broken as well.  Most of the tubes display a texture that at 100x magnification can be determined to 
be strands of grains possibly lying on top of each other. Several other observations were made in this 
stage including the presence of bifurcating tubes, tubes with pyrite crystal attached to them, some with 
a more yellow colour than the rest as well as range of sizes of the tubes’ outer surface of walls. 

 

   
Figure 4 Images showing the tubes that were studied first using just an optical microscope.  
 

The etched host rock that the tubes were found in was also studied both optically and then briefly in 
the SEM. In the optical microscope, many tubes could be seen pointing in many directions and most of 
them were not pointing straight out of the rock but at an angle. There was even one example of a tube 
that was bent at around 70 degrees to the vertical when the rock was placed on a flat surface and thus 
appeared to be almost at a right angle. This was a specimen that was still imbedded in the rock. All of 
the tubes that were found in the host rock were concentrated to and area of about 2 cm3 and they seemed 
to be filled with carbonate as some of them were at such an angle that the inside could be studied. 
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SEM and EDAX analysis 
The analysis of the tubes in SEM is divided into two subtitles where the first one includes a 
morphological description of the specimens as seen through the microscope along with descriptions of 
interesting structures such as bifurcating tubes. The second subtitle focuses on the chemical composition 
and analysis of the thin section of tubes that was prepared.  

 
Morphological description 
After an initial study of the tubes in an optical microscope, SEM was used to further analyse the tubular 
structures and their composition. The analysis showed that the tubes could be differentiated into two 
main groups depending on the apparent structure of their walls; ones that display clear “string-like 
texture” seen in Figure 5 in which the walls appear to consist of strings of crystals, around 10 𝜇𝑚 in 
diameter, overlapping each other such as in a lattice and forming a cylindrical hollow body but also a 
second type, where the structure of the walls is more random and “flaky” and also shows a much higher 
percentage of clay particles and less of a “stringy” texture as in the first type (Fig.6).  

 
 

     
Figure 5 A, tube showing clear “string-like” texture of exterior of tube wall, specimen 03 on stub ms60 (Streng 
2019); B, magnified view of strings of grains on exterior side of wall from the tube in image A, specimen 03, stub 
ms60.  
 

  
Figure 6 A, image showing a tube with walls consisting of less of a “stringy” texture and flakier, specimen 4, 
stub sg3; B, magnified view of the surface of the tube seen in A.  
 
 

A 

B 

B 

A 
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 A closer study was done into the inside of the tubes and even though the outside surfaces of the tube 
walls vary between two major types, a different observation was made of the inside surface of the walls. 
Here, all of the specimens appeared to be very similar as individual silica crystals closest to the interior 
seem to produce a smoother and flatter surface (Fig. 7) giving the appearance that they have grown 
around something that has later been removed. The geometric shape that is formed by the smoother 
silica crystals is that of a cylinder with almost a perfect circular edge. Most of the crystals toward to 
inside of the tubes are orientated in this manner and the structure can be seen in high magnification 
images in Figure 8. Images were also taken that showed the tube all the way through showing that the 
cylindrical shape continues throughout the tubular structure (Fig. 7A, D).  
 

 

 

 
Figure 7 A, view through a tube, specimen sg4.1; B, flat surface of interior of tube, stub sg4.4; C, image of the 
open end of a tube with smooth interior wall, specimen sg4.6, D, view through a tube, specimen sg4.6; E, flat 
surface of interior wall, specimen sg3.2; F, flat surface of interior wall, specimen sg1.4.  

A 

F E 

D C 

B 
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After further investigation of both the tubes and the silica crystals, it appears as though the single 
crystals in the strings grow together and interlock like a jigsaw puzzle but with a small a pocket of space 
between the crystal faces (red box, D, Fig.8). This can be seen throughout all the tubes as no two grains 
are the same either in size or shape. Between the individual silica crystals appears to be an empty space 
as they look like they are held together without touching each other than in a few places. Such an 
example of this overlapping can be seen inside the red box in Figure 8A.  

 

  

  
Figure 8 A, image showing an overlap between two grains in a single string seen in specimen sg1.3; B, puzzle-
like structure seen clearly in this image of interlocking grains in specimen ms60-03; C, puzzle like structure seen 
clearly in this image of interlocking grains in specimen sg3.2; D, magnified image of the interlocking grains in a 
single string, a clear gap can be seen between grains from specimen sg3.2.  
 
Bifurcating or branching tubes were studied in more detail in SEM. They consist generally of a primary 
tube with at least one secondary tube, protruding from the primary tube, in some cases it appears as 
though the tubes suddenly branch into two very similar secondary tubes such as in A (Fig.9).  The 
distinction made between primary and secondary tubes is based on observations that one of the tubes 
often appears to have a smaller inner diameter than the other meaning that the larger is called primary 
and the smaller secondary. Several examples of these tubes are presented in Figure 9, where they all 
differ from one another in some way either with different angles at which the secondary tubes splits 
form the main one or a difference in diameter between primary and secondary tubes. In most of the 
examples, the secondary tube is shut at the end and covered over whereas the primary tube is still open 
and hollow.  
 
 
 

A 

D C 

B 
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Figure 9 A, specimen sg2.4 showing a tube with two branches and possibly a third that has been broken off as 
just a round hole can be seen; B, specimen ms60-08, a specimen with a primary and a secondary tube (secondary 
tube shown with red arrow) ; C, specimen ms60-10, a specimen with a primary and a secondary tube (secondary 
tube shown with red arrow); D, specimen ms60-16, a specimen with a clear branching tube and potentially several 
others, all shown with arrows; E, specimen ms60-17, a specimen with a primary and a secondary tube (clear 
secondary tube shown with red arrow). Secondary tube seems to be shut at the tip; F, specimen ms60-19, specimen 
with a long secondary tube with a smaller diameter then the primary tube (Streng 2019).  
 
 
 
 
 
 
 
 

A 

E 

B 

F 
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Chemical composition of specimens  
With the EDS analysis it was possible to see that the tubular structures consist mainly of silica crystals 
(SiO2) that interlock with clay particles (areas rich in Aluminium, Al) and a small amount of localised 
pyrite (FeS) situated on and in between the silica strings. The images in Figure 11 show the different 
colours used to identify different elements. For example, green and purple show silicon and oxygen 
(Fig.11) and as these overlap with high accuracy, it can be deduced that we have a silica composition. 
Areas with a high concentration of calcium, Ca, were found as well as those with high concentrations 
of both sulphur, S, and iron, Fe. An example of such a calcium rich area can be seen with the measured 
angles of what is believed to be remnants of calcite crystals (Fig.10). After overlapping the maps 
showing different chemical composition, concentrations of calcium (shown in red) corresponded almost 
perfectly to the areas with a low or absent amounts of silica (Fig.11). As a result of the further study on 
the cross section after the discovery of calcium concentrations, small light patches or depressions could 
be seen in the SEM image that corresponded accurately with the calcium concentrations seen in the 
chemical maps, see Fig.11D.  Many more of these light patches and depressions were consequently 
found across the cross section as they too corresponded with calcium concentrations situated towards 
the centre of silica crystals, several more examples are shown in the Appendix (Fig.1 and 2). 

Furthermore, the space between the individual silica crystals was analysed but nothing different was 
seen in the chemical maps of these areas, just silica as most of the tubes. 
 

 

    

    
Figure 10 A, calcium rich area inside of silica crystal, here the angle outline reminds of a cross section through a 
rhombohedral calcite crystal; B, SEM image of the calcium crystal seen in A; C, light patches and depressions 
corresponding to calcium concentrations shown with arrows; D, light patches and depressions corresponding to 
calcium concentrations shown with arrows 
 

A 
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Figure 11 A, SEM image with no analysis; B, map showing oxygen (O) on surface of thin section; C, map showing 
silicon (Si) on surface of thin section; D, map showing calcium (Ca) on surface of thin section; E, overlapped 
maps of silicon and calcium (Si + Ca) showing where they coincide; F, SEM image in higher definition showing 
the light patches that coincide with calcium concentrations. 
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Discussion 
Many uncertainties remain about the formation of these tubular fossils, however, a clearer picture of 
the environment that they were produced in and the way in which they were formed has been achieved 
in this investigation. 

The tubular structures can be compared to others with the similar structures such as those in the 
family Cloudinidae (550 Ma), seen in Figure 12, as they too have a tubular structure, are hollow in the 
centre as with the silica tubes and thrived around the same time as the carbonate in this study is from 
(Yang et al. 2020). They also lived in the upper layer of the sediment on the seafloor.  However, several 
characteristics differ the two structures. Firstly, the scale of Cloudinidae can range from the centimetre 
scale (<150 mm) to the millimetre scale, even down to 0.3mm which is like the large specimens studied 
in this investigation.  Another difference is their wall structure and composition, although the thickness 
can be similar of around 10 µm they differ greatly as the tube wall consists of calcite-rich collared 
structure stacked on top of each other and not strands of interlocking silica crystals (Yang et al. 2020). 

 More examples of tubular fossils found in the fossil record can studied for comparison and one such 
example is the hyolithelminth Hyolithellus vladimirovae (Fig.13). When compared closely, the 
dimensions are similar, the silica tubes are slightly smaller in diameter and length, but distinctive 
differences in the composition is seen. The fossils have a calcium phosphate wall (Skovsted & Peel 
2011) very different to the silica walls of the structures in this study but seem to have a similar geometric 
shape of a hollow tubular structure. Another important difference between other tubular fossils and 
these tubes of silica is the texture of the tube walls. It is possible to see that the walls of the other fossils 
such as hyolithelminths (Fig.13) are smoother and continuous whereas the walls of the silica tubes are 
made up of strings of silica crystals that seem to wind around something as if a string was wound around 
a cylindrical shape.  
 

 
Figure 12 SEM photographs showing specimens of Cloudina (Cloudinidae), both the inside and outside of the 
tube walls can be seen clearly (Cai 2017).  
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Figure 13 Image showing specimens of Hyolithellus vladimirovae (Kouchinsky et al. 2017) 

 
The main chemical analysis was done on the thin section stub with cross sections of several tubes as 

this was believed to give a better result in the EDS analysis stage as it has a flat surface which is more 
ideal for chemical analysis. The maps produced from the thin section showed that there were 
concentrations of elements such as calcium and sulphur in specific areas but interestingly that there 
were no silica concentrations in the same area as either calcium or sulphur. The areas in proximity to 
the contact surface between calcium/sulphur and silica shows no signs of any reaction leading to the 
assumption that silica could have formed after the positive calcium ions were deposited and they acted 
as a seed (Neubeck pers.com 2022) for the siloxane molecules to attach consequently building the large 
chains that we see around the hollow tubes. This is also strengthened as the calcium rich concentrations 
found in EDS analysis are found in all the tubes that were studied and towards the centre of individual 
grains.  
An idea of the environment in which the tubes were formed can be deduced and a possible timeline of 
events can be presented. The marine environment in the lower Cambrian after the “Cambrian 
Explosion” explosion meant that there was a large amount of organic matter on the sea floor at this 
time. And as a carbonate full of fossils and in reference to Hollingsworth (2011) we can assume that 
the setting is in a reef environment in shallow water with higher average temperatures than other areas. 
The decay of this dead organic matter would potentially produce locally anoxic environments in which 
pyrite could be formed due to the reducing sulphur that reacts with iron in the water to form the mineral 
(Rickard & Luther, 1997). This pyrite (FeS2) could then after an undefined period of time be oxidised 
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by the higher level of oxygen in the ocean water which in turn would lead to local environments where 
the pH would decrease as the oxidating pyrite would release sulphur back into the water which reacts 
with water molecules to form a strong acid in the form of sulphuric acid (H2SO4), Equation 2.  

 
 

𝐹𝑒𝑆! + 2𝐻!𝑂 + 𝑂! → 𝐹𝑒 + 	2𝐻!𝑆𝑂"        (2) 
 

 
 This local change in pH could start the chain reaction of the precipitation of silica, syneresis, as 

presented in the introduction to the report and form the strings of crystals that we see in the specimens. 
The theory that the silica has been precipitated due to lowering of pH locally due to oxidising pyrite is 
reasonable as we only see these tubular structures in small areas of the samples collected and has, to 
my knowledge, not been described before. Also, pyrite can be seen in close proximity to the tubes in 
the host rock that has been etched. It is important to state that this process of silica polymerisation is an 
abiotic process although the biological activity may have facilitated it.   

The results and findings of this study could potentially be used in astrobiology research as the tubular 
structures could be new evidence of biological activity to look for when studying future samples from 
other bodies in the solar system and beyond as the specimens potentially show signs of biogenicity. 
Firstly, the temperature in the environment at the time of formation is indicative of within the range for 
life to exist as the rock is otherwise covered in fossils, syneresis is also possible at such temperatures 
(around 25ºC). This is also true for the possible acidity levels, acidophiles such as T. acidophilum for 
example, can withstand and even thrive at pH levels of below pH2 (DasSarma et al. 2009). Secondly, 
bio-essential elements such as sulphur (S), oxygen (O), iron (Fe) and magnesium (Mg) have been 
detected in the tube structures with chemical mapping, although no carbon (C) or nitrogen (N) can be 
seen this can still be an indication of biological intervention. Furthermore, the tubular structures seem 
to be syngenetic as the specimens in situ are full of carbonate, meaning that there must have been a 
period in which the tubes were hollow and later filled with sediment that has hardened along with the 
rest of the rock. A final indication of the biogenicity of the specimens based on several basic criteria is 
that they look like they are of biological origin. Bifurcating tubes are not uncommon amongst specimens 
and the structures appear to either have been burrowed through of silica has been precipitated around 
an object that non longer exists in the rock and has not been preserved. An example of this could be that 
silica polymerised in favourable conditions and attached to a cylindrical structure such as a root of a 
plant living in the seafloor.  

Future research on this topic could be done with the intention to retrieve more samples from the 
same bed and etch surfaces in the search for similar specimens, also a CT scan of the host rock that was 
collected and etched would possibly give further indication to whether the tubes are formed abiotically 
or through biological intervention as this method would present an image of any potential structure to 
the tubes inside of the host rock. If all the tubes are interconnected and form a sort of burrow system, 
then then this would strengthen the hypothesis that they are biologically formed as interconnected 
burrow systems have been recorded many times in the fossil record and are a clear indication of biotic 
activity (Butler, D.R. 2013). A major uncertainty with this study is that only one small area of the 
sample rock contains tubular fossils, but more were taken from other rocks from same outcrop/section. 
Furthermore, only one thin section has been made of random tubes which narrows down the possible 
data range to a very small span.   
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Conclusion 
To conclude, the specimens studied in this investigation are of a silica composition with a tubular 
structure with walls consisting of strings of silica crystals of around 10µm, these strings overlap each 
other to create a cylindrical geometry. This was observed poorly through optical microscopy but in 
much detail using SEM as two main categories of tubes are distinguished based on the texture of the 
tube walls, “stringy” and “flaky”. Images were even taken of the inside of the tube walls which showed 
to have a smoother texture than the outside. A chemical analysis of the tube specimens in a thin section 
confirmed the silica composition but also showed that calcium concentrations are common within the 
silica grains indicating that they may have acted as a seed for the silica crystals to attach to and grow 
into large grains through syneresis and Ostwald ripening. A possible description of the marine 
environment at the time of mineralization could also be deduced, warm waters and localised areas with 
low pH values and anoxic conditions could have started the precipitation of silica from clay particles 
that subsequently mineralized to form the silica strings.  

Biosignatures such as bifurcating tubes and the similarity in shape to other tubular structures could 
indicate along with the images that show a smooth inside of the tube walls a biological origin of the 
specimens as it appears as though the specimens have grown around something that has later been 
removed from the environment. This could be important and relevant in future research when analysing 
samples from other planetary bodies such as from the Jezero Crater on Mars as such structures could 
also be found in the carbonate beds situated there.   
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Appendix 

 

     

    

 
Figure 1 A, SEM image; B, map showing silicon on surface of thin section; C, map showing oxygen on the 
surface of thin section; D, map showing calcium on surface of thin section; E, overlapped maps of silicon and 
calcium showing where they coincide.  
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Figure 2 A, SEM image B, map showing silicon (yellow) on surface of thin section; C, map showing oxygen 
(green) on the surface of thin section; D, map showing calcium (pink) on surface of thin section; E, map showing 
iron (light blue) on surface of thin section; F, map showing magnesium (dark blue) on surface of thin section; G, 
overlapped maps of silicon (yellow) and calcium (pink); H, overlapped maps of silicon (yellow) and iron (light 
blue) on surface of thin section. 
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