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Introduction:  Fossilized remains of microorgan-

isms in sedimentary pyrite have been described previ-
ously [1],[2],[3] [4], indicating that pyrite preservation 
of microbes is not as rare as it was thought. Most of the 
microbes described in the literature consist of bacterial 
remains such as bacilli, coccoid structures, as well as 
bacterial sheaths, diatoms among others. So far, these 
microfossils represent organisms that inhabited the 
water column or the sediment in the deposition envi-
ronment. In this work, fossilized pollen grains pre-
served in sedimentary pyrite are reported. The material 
was collected from sedimentary pyrite embedded in 
organic matter-rich mudstones of the Agua Nueva 
Formation (Cenomanian-Turonian/Upper Cretaceous) 
at the Xiltla county, state of San Luis Potosí, Central 
Mexico. The objective of this work is to provide a gen-
eral description of pyritized pollen grains in order to 
increase the documentation of pyritized microstruc-
tures in the stratigraphic record, as well as discuss the 
astrobiological meaning of this finding, specially in the 
prospection of life in Mars.  

Methods: Two samples of sedimentary pyrite were 
broken-up into fragments of approximately 1 cc. The 
fragments were gold coated for three minutes and ob-
served under a scanning electron microscope (SEM). 
Dispersive X-ray Spectrometry (EDS) analysis were 
performed for elemental composition.  

Results:  The three elements here reported consist 
of three-dimensional preserved structures that expose 
three different morphologies and sizes. The first ele-
ment is represented by a spherical structure with a 
rounded outline embedded in the matrix. It has a radius 
of about 40µm and its whole surface shows an orna-
mentation consisting of small pores with a diameter of 
about 0.8µm (Figure 1, above). 

The second element consists of the apparently bro-
ken fragment of an spherical structure with a diameter 
of approximately 20µm. The original specimen has 
been altered and only a small area of the original sur-
face still remains. The preserved surface exhibits main-
ly a smooth texture, however its central area shows a 
ornamentation pattern, which consists of granules as 
well as small pores with a diameter of about 0.5µm or 
less (no ilustrated). 

The third form is a boat-shaped structure with ellip-
tical outline (Figures 1, bellow). Its longest axis has a 

length of aproximately 1.5µm. Along this axis, it ex-
poses an elongated and narrow cavity or aperture, wich 
is situated in the middle of the structure. In contrast 
with the first and second specimens, the surface of the 
third element is smooth, lacking of ornamentation.  

The EDS analysis reveals the presence of sulfur (S) 
and iron (Fe) in the same percentage as that of the sur-
rounding matrix, indicating that the structures consists 
of iron minerals. However, the same analysis shows 
the presence of carbon (C) in the structures (Figure 2). 
is relative high (%), whereas in the matrix this element 
is absent.  

Discussion and astrobiological comment:  The 
biomorphic structures here reported expose some fea-
tures in their surface, which have been also described 
in the outer wall of ancient and modern pollen grains. 
This suggests that the Tectum or Sporodermis is pre-
served in the grains of the sedimentary pyrite from 
Xilitla.  

The exposed area of the first element has a radius 
of 40µm,  indicating that it could be part of a large 
pollen grain of  about 80 µm of diameter and with 
spherical shape. The ornamentation consists of  0.8µm 
in diameter pores and strongly resembles the perforat-
ed ornamentation reported for some groups of pollen 
grains [5]. The second structure represents a medium 
sized pollen grain with a smooth surface with a patch 
of granulated-perforated ornamentation. This kind of 
superficial patterns is also characteristic of some pollen 
grains of different taxonomic groups [5]. The aperture 
was not observed in neither of both structures. The 
third form exposed is boat-shaped with an elliptical 
outline resembling the very small pollen grains with 
lobbed morphology [5], probably as a consequence of 
a dry condition. It bears an elongated and narrow aper-
ture situated along the longest axis of the grain, which 
is very similar to the typical culpus aperture-type of 
modern and ancient pollen grains [5].  

The presence of Fe and S in the structures indicates 
they are preserved in pyrite. This is also suggested by 
the presence of these elements  embebbed in the stru-
ture of the matrix, which means they are not the result 
of contaminations during the handling. The EDS anal-
ysis also reveals the presence of C in the grains. The 
comparative analysis of the composition of the grains 
and the pyrite matrix shows that the content of C is 
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considerably higher in the grains than in the matrix, it 
also indicate the preservation of organic material. In 
some cases the presence of C in sedimentary minerals 
like pyrite is due to the presence of calcium carbonate 
(CaCO3) minerals from the sorrounding rocks (e.g. 
limestone) [6]. However, a high content of C is only 
present in the grains, ratifying its biotic nature. 

 Several scientific documents have highlighted the 
importance of the finding of fossil microorganisms in 
sedimentary rocks on Earth as a basis for the prospec-
tion of extraterrestrial life [3], [7]. Besides, the micro-
scopic bioforms documented in Martian meteorites [7], 
[8] open the posibility of the existence of microscopic 
life in the geological past of Mars. On the other hand, 
the possibility of the presence of pyrite in Martian 
mudrocks [9], [10] lead to the feasibility of associating 
biotic activity to the genesis of this mineral, as occurs 
on Earth. The presence of pollen in the Upper Creta-
ceous sedimentary pyrite from Central Mexico is re-
markable because, so far, only aquatic organisms that 
lived in the water column, in the sediment or both, had 
represented the findings of fossil microorganisms in 
ancient sedimentary pyrite. Furthermore, the presence 
of pollen grains represents an important fossil reccord 
of aerial and consequently, alochtonous and ademic 
elements which did not live within the sedimentary 
environment and in this case, with a continental origin. 
If pyrite was present in ancient Mars, an inference 
based on indirect evidences [9], [10], and its genesis 
has a sedimentary origin as occurs on Earth, the pro-
spection of sedimentary pyrite open the possibility to 
find not only fossils of organisms that could live in 
aquatic environments, such as lakes or oceans, but also 
to aerial elements that could represent organisms that 
live outside the sedimentary environment. According 
to this, finding aerial elements in Martian rocks would 
represent a real opportunity to get valuable information 
about organism and ancient environments, maybe from 
a continental realm. 
 

 
 
 
 

 
 
 
 
 
 

 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. SEM image of polen granins in Upper Creta-
ceous sedimentary pyrite from Central Mexico. Above: 
rounded grain with perforated ornamentation. Below: 
boat-shaped grains with elliptic outline. 
 
 

 
Figure 2. EDS analysis showing the elemental compo-
sition of the fragment shown of the figure 1A. 
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