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Introduction:

The rise of hard parts: evolutionary consequences.

We know very little about the early life on Earth,
including the Ediacaria biota (580 — 542 Myr), because
it was composed mainly by soft-tissue organisms. This
fact had implications on their preservation on the fossil
record, which was very poor.

At the evolutionary moment known as an apparent
“explosion” of life in Cambrian, it was observed a rap-
id rise on the preserved richness, and the appearance of
ecological relations, such as between predator and prey
in fossil record. Concomitant to these changes, it was
observed the appearance of hard parts, first on rigid
organic exoskeletons and then shells, and later inner
skeletons. One of the first hard parts were probably the
result of biomineralization, which is the formation of
minerals due to biological intervention. Associated to
organic compounds, such as fibrous proteins like chi-
tin, they formed different organomineral parts, mainly
made of calcium phosphate or carbonate, which con-
veyed resistance and strength to the body, ensuring the
survival of new species in a very competitive world.

There are still many controversies around this im-
portant evolutionary innovation, and the use of new
analytical techniques is contributing to unveil the
mechanisms and details of the appearance of the first
biological hard parts.

The detection of Phosphate.

In this specific work, we concentrated on the detec-
tion of phosphorous, present in association to many
biomolecules on the form of calcium phosphate -
Casz(PO4)2 — as in many current crustaceans. On the
form of nanocrystals (~ 20nm), associated to proteins,
such as chitin, it forms a very rigid carapace [1]. De-
tecting phosphorous by a non-destructive technique is
not easy, as it is a light element. Atomic spectroscopic
methods normally require the destruction of the materi-
al and large quantities of it. Non-destructive tech-
niques, such as micro FT-IR or Raman, or SEM-EDS,
are not sensitive enough to the small amounts of phos-
phorous that last on the fossils, after hundreds of mil-
lions of years exposed to weathering, geological and
geochemical alteration.

To overcome these difficulties, our group has used
X-ray fluorescence spectroscopy, performing the ex-
periments in ultra-high vacuum (to avoid air absorp-

tion) at the SXS beamline of the Brazilian Synchrotron
Light Laboratory (LNLS), and adapting an X-Ray Ab-
sorption Near Edge Spectroscopy (XANES) method to
allow the simultaneous quantification and characteriza-
tion of the phosphorous [2].

Results and discussion: In order to do absolute
quantification of P, we constructed calibration curves
mixing Cas(PO.). in different substrates to compare
with the fossils. The difference between post and pre-
edge baselines was taken to be proportional to the ele-
mental concentration of P [2], as seen in figure 1, and
so the total amount of phosphorous was measured in
different substrates and samples as by the A.
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Fig 1: P K XANES spectrum of calcium phosphate
and the methodology for P quantification

Conclusions: We demonstrated that the X-ray fluo-
rescence technique, performed in vacuum and using
synchrotron light sources, is a reliable way of detecting
very low concentrations of phosphorous on geological
and paleobiological samples, helping to elucidate the
biomineralization process. Having the advantage of
being very sensitive (easily better than 10ppm, if nec-
essary), non-destructive and with a potential of doing
space-resolved measurements (down to 10nm) if a suf-
ficiently brilliant monochromatic X-ray source is avail-
able, such as it will be with Sirius, the next Brazilian
synchrotron light source.
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